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The purpose of this study was to examine the roles of adolescence risk factors in predicting coronary artery calcium (CAC).

Elevated coronary heart disease risk factor levels in adolescence may predict subsequent CAC independently of

CAC was assessed in 589 subjects 40 to 46 years of age from the Cardiovascular Risk in Young Finns Study.

Objectives
Background
change in risk factor levels from adolescence to adulthood.
Methods
Risk factor levels were measured in 1980 (12 to 18 years) and in 2007.
Results

The prevalence of any CAC was 19.2% (27.9% in men and 12.2% in women). Age, levels of systolic blood pres-

sure (BP), total cholesterol, and low-density lipoprotein cholesterol (LDL-C) in adolescence, as well as systolic BP,
total cholesterol, diastolic BP, and pack-years of smoking in adulthood were higher among subjects with CAC
than those without CAC. Adolescence LDL-C and systolic BP levels predicted CAC in adulthood independently of
27-year changes in these risk factors. The multivariable odds ratios were 1.34 (95% confidence interval: 1.05 to
1.70; p = 0.02) and 1.38 (95% confidence interval: 1.08 to 1.77; p = 0.01), for 1-SD increase in adolescence
LDL-C and systolic BP, respectively. Exposure to both of these risk factors in adolescence (defined as values at or
above the age- and sex-specific 75th percentile) substantially increased the risk of CAC (multivariable odds ratio:
3.5 [95% confidence interval: 1.7 to 7.2; p = 0.007]) between groups with no versus both risk factors.

Conclusions

Elevated adolescence LDL-C and systolic BP levels are independent predictors of adulthood CAC, indicating that
adolescence risk factor levels play an important role in the pathogenesis of coronary heart disease.

(J Am Coll

Cardiol 2012;60:1364-70) © 2012 by the American College of Cardiology Foundation

The development of coronary heart disease (CHD) starts in
childhood decades before clinical symptoms. The presence
of preclinical atherosclerotic lesions in adolescents and
young adults and their associations with CHD risk factors
have been shown in autopsy studies (1).
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Coronary artery calcium (CAC) is a sign of coronary
atherosclerosis (2) most frequently present in advanced
lesions and older individuals (3). The amount of calcified
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plaque correlates with the total amount of atherosclerotic
plaque (4), and there is a direct association between CAC
and CHD events (5-7). The presence of atherosclerotic
plaque is confirmed by a positive scan finding, whereas the
absence of detectable CAC on computed tomography (CT)
among asymptomatic subjects implies that the presence of
atherosclerotic plaque is substantially less likely (3,4,8).

The CARDIA (Coronary Artery Risk Development in
Young Adults) study has demonstrated that early adulthood
risk factors, including dyslipidemia, high blood pressure
(BP), cigarette smoking, and elevated plasma glucose, are
associated with increased coronary calcification 2 decades
later in middle age independently of contemporary risk
factors (9,10). In the Muscatine study, elevated body mass
index (BMI) in childhood was associated with adult CAC
(11). However, it is unclear whether exposure to other risk
factors in adolescence is predictive of increased CAC in
adulthood and whether adolescence risk exposure has an
independent effect after taking into account a change in risk
factors. The residual effect of adolescence CHD risk factor
exposures on CAC risk would have implications for primary
prevention programs (12). Childhood risk factors, such as
dyslipidemia and elevated BP, have been associated with
increased preclinical carotid atherosclerosis in adulthood
(13-15), but no direct evidence exists linking adolescence
lipid and BP levels to coronary atherosclerosis in adulthood.
In the present study, we aimed to examine the roles of
adolescence risk factors in predicting CAC 3 decades
later in adulthood. To distinguish the effects of adoles-
cence risk factor exposure from that of adult exposure, we
estimated the residual effect due to adolescence risk
exposure by taking into account the change in CHD risk
factors from adolescence to adulthood (16). The study
subjects were 589 participants in the prospective Cardio-
vascular Risk in Young Finns Study.

Methods

For detailed methods, please see the Online Appendix.

Participants. The Cardiovascular Risk in Young Finns
Study is an ongoing follow-up study of atherosclerosis risk
factors of Finnish children and young adults. The first
cross-sectional survey was conducted in 1980 on 3,596
participants 3 to 18 years of age. The latest adult follow-up
survey was conducted in 2007, in which 2,204 individuals
participated (17). In 2008, a cardiac CT study to measure
CAC was conducted for 589 individuals, then 40 to 46 years
of age. This was a convenience sample; the 3 oldest cohorts
from 3 centers with a possibility to perform CAC imaging
were invited (N = 711), and the attendance rate was 80%.
Risk factor levels among those who participated and those
who did not are shown in Online Table 1. Sixty-two
participants were taking antihypertensive medication, 19
were taking lipid-lowering medication, 4 used injected
insulin, and 2 were taking oral medication for diabetes. No
significant difference in results was observed after these
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participants were excluded from
the analyses. Participants gave
written informed consent, and
the study was approved by local
ethics committees.

Clinical characteristics. BMI
was calculated as: BMI = weight
in kilograms/height in meters
squared (kg/m?). BP was mea-
sured using a standard mercury
sphygmomanometer in 1980 and
a random zero sphygmomanom-
eter in 2007. Smoking was de-
fined as daily smoking in adoles-
cence and/or in adulthood. Pack-
years of smoking were calculated
as the number of cigarette packs
smoked daily multiplied by the
duration of daily smoking in
years.

Biochemical analyses. Venous blood samples were taken
after an overnight fast. Standard methods were used to
determine total cholesterol, high-density lipoprotein cho-
lesterol (HDL-C), and triglyceride concentrations. Low-
density lipoprotein cholesterol (LDL-C) was calculated
indirectly using the Friedewald formula. In 1980, serum
insulin was measured using a modification of the immuno-

BP = blood pressure

CAC = coronary artery
calcium

CHD = coronary heart
disease

Cl = confidence interval
CRP = C-reactive protein
CT = computed
tomography

HDL-C = high-density
lipoprotein cholesterol
LDL-C = low-density
lipoprotein cholesterol

OR = odds ratio

assay method. In 2007, serum insulin concentrations were
measured by a microparticle enzyme immunoassay Kkit.
Serum high-sensitivity C-reactive protein (CRP) was ana-
lyzed with a turbidimetric immunoassay kit.

CAC scoring. CT scans were performed at 3 study loca-
tions: Turku, Tampere, and Kuopio, Finland. The scans
were performed with a GE Discovery VCT 64-slice C'T/
positron emission tomography device (GE Healthcare, Mil-
waukee, Wisconsin) (Turku), a Philips Brilliance 64-slice
CT device (Philips Medical Systems, Best, the Netherlands)
(Tampere), and a Siemens Somatom Sensation 16-slice C'T
device (Siemens Healthcare, Erlangen, Germany) (Kuopio).
CAC scores were calculated using the Agatston method for
each coronary artery (18). The coefficient of variation for
intraobserver measurements was 4%. Absence of CAC was
defined as an Agatston score of 0 and presence of CAC as an
Agatston score of 1 or greater (9). A phantom with deposits of
known calcium concentration was also scanned twice using 3
projections at all of the study centers, and the calcium scores
from these scans were compared. The coefficient of variation
between all of the phantom scans was 3.9%.

Statistical methods. Logistic regression analysis adjusted
for sex and age was used to test how risk factors predict the
presence or absence of CAC. A series of multivariable
logistic regression models were fitted, positing the dichot-
omous CAC variable (0 = absence of CAC, 1 = presence
of CAC) as the outcome. First, a stepwise multivariable
model adjusting for age, sex, and all continuous adolescence
risk factors was fitted. Second, a multivariable model in-
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cluding sex, age, all significant adolescence variables from
the stepwise model (systolic BP and LDL-C), and change
in risk factor levels between adolescence and adulthood
(adult level—adolescence level) for these variables was fitted.
This model was finally adjusted with adolescence and
adulthood levels of BMI, insulin, and CRP as well as
pack-years of smoking. Odds ratios (ORs) were standard-
ized for a 1-SD increase in risk factor levels. Spearman
correlation coefficients were used to assess associations
between adolescence and adulthood risk factor levels and
regional CAC scores. Adolescence risk factor variables were
available for all 589 participants (587 for lipid variables).
Adulthood risk factor variables were available for 569
participants (565 for lipid variables) (i.e., there were 20
individuals with CT scan data who had not participated in
the latest adulthood follow-up field clinics).

The combined effect of LDL-C and systolic BP in
adulthood versus adolescence on CAC prevalence was
studied by dividing the participants into 9 groups according
to the presence or absence of high levels of LDL-C, systolic
BP, or both in adolescence and adulthood. High levels of
LDL-C and systolic BP were defined as values at or above
the age- and sex-specific 75th and 80th percentiles with
similar results (data shown for the 75th percentile). The
effect of multiple high-risk factor levels on prevalence of
CAC was studied by a multivariable logistic regression
model adjusted for sex and age. A significance level of 0.05
was used for all analyses. The statistical analyses were
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performed with SAS software version 9.2 (SAS Institute
Inc., Cary, North Carolina).

Results

The mean age of participants at follow-up was 42.7 = 2.4
years, and 44.5% were male. The prevalence of CAC was
19.2%. Total CAC scores of 1 to 100, 101 to 400, and >400
were measured in 16.7%, 1.9%, and 0.7% of the subjects,
respectively; 3.4% of men and 3.7% of women had CAC
scores above the age- and sex-specific 95th percentile based
on large U.S. population data (19).

To study the representativeness of the participating study
population, a comparison between the participants and
nonparticipants within the 3 oldest cohorts was conducted
(Online Table 1). No significant differences between the
participants and nonparticipants were found.

Adolescence and adulthood risk factor levels are shown in
Table 1. Individuals with CAC were more often male and
older than individuals without CAC. They also had higher
systolic BP, total cholesterol, and non-HDL-C levels in
both adolescence and adulthood, a higher total cholesterol
to HDL-C ratio and higher LDL-C levels in adolescence,
and higher diastolic BP levels in adulthood. Individuals with
CAC had significantly higher pack-years of smoking than
individuals without CAC.

In age- and sex-adjusted logistic regression models, the
significant ORs for adult CAC were 1.37 (95% confidence
interval [CI]: 1.11 to 1.69; p = 0.003) for a 1-SD change in

I CR B Adolescence and Adult Characteristics by CAC Status in Adulthood in the Cardiovascular Risk in Young Finns Study

Adolescence (Age 12-18 Yrs)

Adult (Age 39-45 Yrs)

CAC Absent CAC Present p Value* CAC Absent CAC Present p Value*
n 476 113 460 109
Male, % 39.7 64.6 <0.0001 39.5 65.4 <0.0001
Age, yrs 14.7 + 2.4 152 +25 0.02 41.7 = 2.4 422 +25 0.03
Weight, kg 51.9 = 12.0 56.3 = 13.8 0.14 787 £17.3 83.8 = 17.7 0.43
BMI, kg/m? 19.6 = 2.9 20.3 3.2 0.12 26.9 = 5.1 275+ 4.7 0.41
Systolic BP, mm Hg 116 = 10 120 = 12 0.02 122 = 16 129 = 15 0.02
Diastolic BP, mm Hg 70.4 £9.8 70.7 £ 9.4 0.84 76.6 = 12.0 81.7 £ 12.3 0.01
Total cholesterol, mmol/It 5.14 + 0.92 5.26 = 0.90 0.01 5.14 = 0.92 5.48 = 1.07 0.04
LDL-C, mmol/I 3.23 +£0.77 3.41 + 0.80 0.003 3.18 = 0.81 3.43 £ 0.92 0.09
HDL-C, mmol/I 1.55 = 0.31 1.51 = 0.30 0.65 1.32 +0.31 1.32 = 0.34 0.34
Triglycerides, mmol/I 0.73 = 0.35 0.74 = 0.32 0.55 1.48 £ 1.0 1.63 = 0.91 0.93
Non-HDL-C, mmol/I 3.6 0.8 3.8+09 0.004 3.8 £0.9 42 *1.0 0.02
Total cholesterol/HDL-C 34 +0.7 3.6 = 0.9 0.01 4.0+12 44 +13 0.33
Triglycerides/HDL-C 0.5*+0.3 0.5*+0.3 0.66 1.2+09 1.4 +09 0.80
CRP, mg/I 1.0 = 3.2 1.1 +3.7 0.87 1.9+29 29 +10.1 0.15
Insulin, mU/I 13.1+58 126 5.1 0.84 9.1 +84 12.0 = 15.9 0.07
Daily smoking, % 16.2 18.9 0.97 16.4 18.3 0.99
Pack-years of smoking 33 4.9 0.007
Antihypertensive medication 11.3 11.7 0.93
Lipid-lowering medication 3.2 4.9 0.40

Values are n, %, or mean * SD. For triglycerides, CRP, and insulin, the p values were calculated for log-transformed values. *p Values are from logistic regression models adjusted for age and sex (except
the model for sex, which was adjusted for age only, and the model for age, which was adjusted for sex only). 11 mmol/I = 38.66976 mg/dI.
BMI = body mass index; BP = blood pressure; CAC = coronary artery calcium; CRP = high-sensitivity C-reactive protein; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein

cholesterol.
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ORs and 95% Cls for CAC in Adulthood

LEL A in a Multivariable Logistic Regression Model
(N = 563) Adjusted for All of the Listed Variables
OR 95% CI p Value
Age 1.09 0.99-1.20 0.09
Male 2.52 1.56-4.05 0.0001
Adolescence LDL-C 1.34 1.05-1.70 0.02
Adolescence systolic BP 1.38 1.08-1.77 0.01
ALDL-C 1.07 0.84-1.37 0.58
ASystolic BP 1.25 0.98-1.60 0.08

Increase in ORs for 1-year increase in age and 1-SD increase in LDL-C, systolic BP, ALDL-C, and
Asystolic BP. Adolescence risk markers that were not included in the final model included BMI,
HDL-C, triglycerides, insulin, CRP, and smoking.

CAC = coronary artery calcium; Cl = confidence interval ALDL-C = change in LDL-C between
adolescence and adulthood; OR = odds ratio; ASystolic BP = change in systolic blood pressure
between adolescence and adulthood; other abbreviations as in Table 1.

adolescence LDL-C and 1.31 (95% CI: 1.04 to 1.63; p =
0.02) for 1-SD change in adolescence systolic BP. In a
multivariable analysis adjusted for sex, age, and change in
LDL-C and systolic BP levels between adolescence and
adulthood, both LDL-C and systolic BP measured in
adolescence remained independent predictors of adult CAC
(Table 2). Changes in these risk factors between adolescence
and adulthood were not significant predictors of adult
CAC. The effects of adolescence LDL-C and systolic BP
remained statistically significant after further adjustment for
adolescence and adulthood levels of BMI, insulin, and CRP,
and pack-years of smoking (p = 0.04 for LDL-C and p =
0.01 for systolic BP). Substituting LDL-C with non—
HDL-C did not significantly alter the results.

We further examined the combined effects of high (values
at or above the age- and sex-specific 75th percentile)
LDL-C and systolic BP levels on the prevalence of adult
CAC. In a multivariable logistic regression model adjusted
for age and sex, the number of adolescence risk factors was
significantly associated with CAC. The OR was 3.5 (95%
CI: 1.7 to 7.2; p = 0.002) between groups with zero versus
both risk factors, whereas the effect of adult risk factors was

Table 3
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nonsignificant: OR: 1.1 (95% CI: 0.5 to 2.5; p = 0.27)
between groups with zero versus both risk factors.

We also examined the relationships between established
risk algorithms, the Framingham Risk Score calculated
using adulthood risk factors (10-year risk of the develop-
ment of CHD) (20) and the Pathobiological Determinants
of Atherosclerosis in Youth score (21) calculated using the
adolescence risk factors and adult CAC scores. In bivariate
analysis, the adult CAC score correlated significantly with
the Framingham score (Spearman’s r = 0.22; p < 0.0001)
and with the Pathobiological Determinants for Atheroscle-
rosis in Youth score (r = 0.15; p = 0.0002). In a multivari-
able logistic regression model, both scores were significant
predictors of adult CAC (Framingham score, p < 0.0001;
Pathobiological Determinants for Atherosclerosis in Youth
score, p < 0.05).

The distribution of CAC was examined by assessing the
regional CAC scores in the 113 subjects with prevalent
calcium (total score >0). The highest average CAC scores
were found in the left anterior descending and right coro-
nary arteries (Online Table 2). The correlations of regional
CAC scores with adolescence and adulthood LDL-C and
systolic BP levels are shown in Table 3. In general, LDL-C
in adolescence correlated more strongly with the regional
scores than LDL-C in adulthood. Both adolescence and
adulthood systolic BP values correlated with total CAC
scores, but no significant relationships were seen for regional
scores.

Discussion

We demonstrate that elevated adolescence levels of LDL-C
and systolic BP are predictive of CAC in adulthood nearly
3 decades later. These associations remained significant
after further adjustment for the longitudinal change in
these risk factors. The data thus suggest that exposure to
adverse levels of LDL-C and systolic BP in adolescence
contribute to the development of CAC in adulthood and

Age- and Sex-Adjusted Spearman’s Correlations Coefficients Between
Risk Variables (LDL-C and Systolic Blood Pressure) and Regional Calcium Scores

r Value p Value r Value p Value
Adolescence LDL-C Adulthood LDL-C
Total score 0.130 0.002 0.082 0.05
LAD 0.158 0.0001 0.109 0.01
LMA 0.094 0.02 0.027 0.53
LCX 0.037 0.38 0.019 0.66
RCA 0.102 0.01 0.043 0.30
Adolescence Systolic BP Adulthood Systolic BP
Total score 0.090 0.03 0.103 0.01
LAD 0.065 0.12 0.065 0.12
LMA 0.051 0.22 0.027 0.53
LCX 0.075 0.07 0.016 0.71
RCA 0.019 0.65 0.071 0.09

LAD = left anterior descending artery; LCX = left circumflex artery; LMA = left main artery; RCA = right coronary artery; other abbreviations as in

Table 1.
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that these effects are independent of adult levels of LDL-C
and systolic BP. This is in line with the findings that we
reported using carotid artery intima-media thickness as a
surrogate marker for atherosclerosis (13).

One previous study examined whether childhood risk
factor levels are predictive of CAC in adulthood (11). As
part of the Muscatine Study, Mahoney et al. (11) examined
384 individuals and observed a significant association be-
tween increased BMI at ages 8 to 18 years (mean age, 15
years) and CAC measured at the mean age of 33 years.
Significant associations between childhood exposure to
adverse lipids or BP and CAC were not observed in the
Muscatine data, although individuals in whom CAC sub-
sequently developed had nonsignificantly higher levels of
total cholesterol in childhood. Compared with the Musca-
tine study, we had a slightly larger sample size and infor-
mation on HDL-C that enabled us to calculate LDL-C
concentration. Other markers of subclinical atherosclerosis
that have been associated with childhood levels of systolic
BP and LDL-C include decreased carotid artery elasticity
(22) and increased brachial-ankle pulse wave velocity (23).

We used a modeling approach suggested by De Stavola et
al. (16) to examine the independent effects of adolescence
LDL-C and systolic BP levels on adult CAC. The inclusion
of both adolescence risk factors and adult risk factors in the
same model would only quantify the direct effect of adoles-
cence risk factors on the outcome because part of the effect
of adolescence risk is indirect via the mediating effect of
current risk due to tracking. Therefore, we re-specified the
model into a mathematically equivalent alternative form,
using adolescence risk factors and the change in risk factor
level from adolescence to adulthood as the predictor vari-
ables. The effect estimate for the adolescence risk factors
quantifies the total effect of the adolescence risk factors,
whereas the effect estimate for change in risk factor level
quantifies the additional influence mediated by the change
in risk factor level from adolescence to adulthood. Previ-
ously, the effect of change in risk factor levels on CAC was
studied in the CARDIA study in which the 15-year change
in systolic BP from young adulthood to middle age (mean
ages, 25.1 and 40.3 years, respectively) remained an inde-
pendent predictor of CAC (9). In the present study, change
in systolic BP from adolescence to adulthood remained a
borderline significant predictor of adult CAC when ad-
justed for adolescence systolic BP and LDL-C (p = 0.08),
but was not as important as the adolescence measure.
Together, these longitudinal data suggest that maintaining
low systolic BP levels throughout life is important in the
prevention of subsequent coronary atherosclerosis.

We also found a significant association between the
combined effect of LDL-C and systolic BP in adolescence
and subsequent CAC. This finding was consistent with
previous observations indicating that the presence of mul-
tiple risk factors may lead to acceleration of atherosclerosis
in young people (1,13,22). The prevalence of CAC in our

study was 19.2%. Previous studies of subjects of similar age
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have reported CAC prevalences of 13.3% to 20.6% (9,11).
Most CAC was found in the left anterior descending artery,
which is consistent with previous data (24). Individuals who
had been exposed to both elevated LDL-C and high systolic
BP in adolescence had approximately a 2-fold increased risk
of CAC than unexposed individuals (CAC prevalence
~40%), and this association was observed regardless of
adulthood levels. This observation suggests that early expo-
sure to these risk factors plays an important independent
role in the development of adult CAC. In line with this,
baseline risk factor levels in young adults of the CARDIA
study were equally or more predictive of CAC in middle age
than the subsequent levels (9). Similarly as seen here with
the CAC score, we observed that the effects of childhood
LDL-C level and systolic BP remained independently
associated with an elevated carotid intima-media thickness
when adjusted for the adulthood LDL-C and BP levels.
These observations may indicate hypothetical vulnerability
phases for atherosclerosis during development. Supporting
age-dependent effects, we recently showed, using data from
4 longitudinal studies, that risk factor measurements ob-
tained at or after 9 years of age are predictive of subclinical
atherosclerosis in adulthood (25). Additionally, risk vari-
ables measured in childhood have a tendency to maintain
their rank order into adulthood (26-28). This may explain
that measurements of single risk variables seem to be as
informative as the risk load in identifying groups of children
who are at increased risk of atherosclerosis as adults (13).

The roles of LDL-C and elevated BP in the pathogenesis
of CHD are well established. Elevated BP is known to
accelerate atherosclerosis, collagen synthesis, and arterial
smooth muscle hyperplasia and hypertrophy (29). The rate
of movement of LDL-C particles from plasma into the
arterial wall depends on the plasma concentration of
LDL-C (30). Lowering LDL-C levels by statin therapy is
associated with decreased CHD-related events (31). A
recent consensus statement from the American Heart As-
sociation regarding the guidelines for therapy in boys older
than 10 years of age and girls after menarche favored use of
statins when diet and exercise fail to achieve the set goals for
lipid levels, especially for boys with multiple risk factors
(32). In the statement, LDL-C levels of =3.35 mmol/l are
considered high and drug therapy should be considered for
those with average levels of =4.9 mmol/l. The 75th per-
centile for LDL-C in youth in our study was 3.6 to 4.2
mmol/L.

The definition of hypertension in children and adoles-
cents according to the National High Blood Pressure
Education Program Working Group on High Blood Pres-
sure in Children and Adolescents is based on BP percentiles
(33). Children with systolic and/or diastolic BP that is at or
above the 95th percentile for age, sex, and height are
considered hypertensive, whereas those with BP levels that
are at or above the 90th percentile but lower than the 95th
percentile are prehypertensive. In our study, the 75th
percentile was 112 to 133 mm Hg. Therapy for pediatric
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hypertension includes lifestyle changes and antihypertensive
drugs in children with secondary hypertension or those who
have an insufficient response to lifestyle modifications. In
the present study, the combination of high BP and LDL-C
in adolescence was especially unfavorable for the develop-
ment of adult CAC, even with levels that are somewhat
lower than the recommended cut points for therapy. There-
fore, our results support the prevention and treatment of
high LDL-C and BP levels in adolescents.

Substantive research has demonstrated the potential im-
portance of CRP in risk prediction in adults. In this study,
adolescence CRP was not associated with adult CAC. This
is consistent with our previous data showing a lack of
association between childhood CRP and adult carotid artery
intima-media thickness (34,35). This suggests that youth
CRP may not be a useful marker for the prediction of adult
subclinical atherosclerosis. Recent epidemiological observa-
tions using the Mendelian randomization approach have
not been able to demonstrate a causal relationship between
CRP and CHD (35). Exposure to adolescence smoking was
similar in individuals in whom CAC subsequently devel-
oped but they had higher lifetime exposure to smoking
(higher pack-years) than individuals who remained free of
CAC. Smoking was previously linked with CAC among
young adults in the CARDIA study (9). One possible
mechanism explaining the association between LDL-
cholesterol and pack-years of smoking and CAC is
smoking-induced LDL oxidation. The percentages of daily
smokers as well as the LDL-C concentrations were almost
identical in adolescence and adulthood. Similar smoking
rates are explained by the fact that the prevalence of
smoking peaks at 20 years of age and decreases thereafter
(unpublished observations). Concerning LDL-C, there has
been a significant declining secular trend between 1980 and
2007 that counteracts an age-associated increase (26-28).
Study limitations. Because the study subjects are young
adults, we were not able to study associations between
adolescence risk factor exposures and cardiovascular events.
Instead, we measured CAC with CT as an indicator of
atherosclerosis. The CT scans were performed at 3 centers
using different devices. The scan protocols, however, were
similar, and the images were analyzed by 1 reader blinded to
participants’ details. A phantom with deposits of known
calcium concentration was scanned in the 3 study centers,
and no significant differences were found between the
phantom scans. Also, use of contrast CT angiography to
study noncalcified plaque was not feasible because this was
an asymptomatic young population. Previously, we and
others (13-15) have shown that childhood adiposity is
associated with increased carotid intima-media thickness
and decreased arterial elasticity in adulthood. In the present
study, however, we were unable to demonstrate an associa-
tion between BMI measured in adolescence and subsequent
CAC. Similarly, we found no association between other
metabolic risk factors, such as adolescence levels of insulin

and HDL-C with adult CAC. Our study may have been
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underpowered to detect such associations. Therefore, the
negative results need to be interpreted with caution. As
expected in this relatively young population, the prevalence
of CAC was quite low. However, compared with a large
U.S. population (19), the prevalence of subjects with ele-
vated age-dependent values (above the 95th percentile) was
rather similar in our population. We observed a sex differ-
ence in the prevalence of CAC, which may be due to risk
factor levels, sex hormone levels, or other factors. Finally,
genetic susceptibility (36) and all of the risk factors possibly
contributing to the development of CAC, such as air
pollution (37), were not studied.

Conclusions

Elevated LDL-C and systolic BP levels in adolescence may
induce permanent effects on coronary arteries, which con-
tribute to the development of future atherosclerosis. Our
data add to the evidence base that adolescence risk factor
levels play an important role in the pathogenesis of CHD.

Acknowledgments
The expert technical assistance in the statistical analyses by

Irina Lisinen and Ville Aalto is gratefully acknowledged.

Reprint requests and correspondence: Dr. Olli Hartiala, Re-
search Centre of Applied and Preventive Cardiovascular Medicine,
University of Turku, Kiinamyllynkatu 10, FIN-20520 Turku,
Finland. E-mail: olli.hartiala@utu.fi.

REFERENCES

1. Berenson GS, Srinivasan SR, Bao W, Newman WP, Tracy RE,
Wattigney WA. Association between multiple cardiovascular risk
factors and atherosclerosis in children and young adults. The Bogalusa
Heart Study. N Engl ] Med 1998;338:1650—6.

2. Rumberger JA, Schwartz RS, Simons DB, Sheedy PF III, Edwards
WD, Fitzpatrick LA. Relation of coronary calcium determined by
electron beam computed tomography and lumen narrowing deter-
mined by autopsy. Am ] Cardiology 1994;73:1169-73.

3. Wexler L, Brundage B, Crouse ], et al. Coronary artery calcification:
pathophysiology, epidemiology, imaging methods, and clinical impli-
cations. A statement for health professionals from the American Heart
Association. Writing Group. Circulation 1996;94:1175-92.

4. Greenland P, Bonow R, Brundage B, et al. ACCF/AHA 2007 clinical
expert consensus document on coronary artery calcium scoring by
computed tomography in global cardiovascular risk assessment and in
evaluation of patients with chest pain: a report of the American
College of Cardiology Foundation Clinical Expert Consensus Task
Force (ACCF/AHA Writing Committee to Update the 2000 Expert
Consensus Document on Electron Beam Computed Tomography)
developed in collaboration with the Society of Atherosclerosis Imaging
and Prevention and the Society of Cardiovascular Computed Tomog-
raphy. ] Am Coll Cardiol 2007;49:378-402.

5. Secci A, Wong N, Tang W, Wang S, Doherty T, Detrano R. Electron
beam computed tomographic coronary calcium as a predictor of
coronary events: comparison of two protocols. Circulation 1997;96:
1122-9.

6. Detrano R, Guerci A, Carr J], et al. Coronary calcium as a predictor
of coronary events in four racial or ethnic groups. N Engl ] Med
2008;358:1336—45.

7. Taylor A, Bindeman J, Feuerstein I, Cao F, Brazaitis M, O'Malley P.
Coronary calcium independently predicts incident premature coronary
heart disease over measured cardiovascular risk factors: mean three-


mailto:olli.hartiala@utu.fi

1370

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hartiala et al.
Adolescence Predictors of Coronary Calcification

year outcomes in the Prospective Army Coronary Calcium (PACC)
project. ] Am Coll Cardiol 2005;46:807-14.

. Simons DB, Schwartz RS, Edwards WD, Sheedy PF, Breen JF,

Rumberger JA. Noninvasive definition of anatomic coronary artery
disease by ultrafast computed tomographic scanning: a quantitative
pathologic comparison study. ] Am Coll Cardiol 1992;20:1118-26.

. Loria C, Liu K, Lewis C, Hulley S, et al. Early adult risk factor levels

and subsequent coronary artery calcification: the CARDIA Study.
J Am Coll Cardiol 2007;49:2013-20.

Pletcher M, Bibbins-Domingo K, Liu K, et al. Nonoptimal lipids
commonly present in young adults and coronary calcium later in life:
the CARDIA (Coronary Artery Risk Development in Young Adults)
study. Ann Intern Med 2010;153:137-46.

Mahoney LT, Burns TL, Stanford W, et al. Coronary risk factors
measured in childhood and young adult life are associated with
coronary artery calcification in young adults: the Muscatine Study.
J Am Coll Cardiol 1996;27:277—-84.

Berenson G, Srinivasan S. Cardiovascular risk in young persons:
secondary or primordial prevention? Ann Intern Med 2010;153:202-3.
Raitakari OT, Juonala M, Kihénen M, et al. Cardiovascular risk
factors in childhood and carotid artery intima-media thickness in
adulthood: the Cardiovascular Risk in Young Finns Study. JAMA
2003;290:2277-83.

Davis PH, Dawson JD, Riley WA, Lauer RM. Carotid intimal-medial
thickness is related to cardiovascular risk factors measured from
childhood through middle age: the Muscatine Study. Circulation
2001;104:2815-9.

Li S, Chen W, Srinivasan S, et al. Childhood cardiovascular risk
factors and carotid vascular changes in adulthood: the Bogalusa Heart
Study. JAMA 2003;290:2271-6.

De Stavola B, Nitsch D, dos Santos Silva I, et al. Statistical issues in
life course epidemiology. Am ] Epidemiol 2006;163:84-96.
Raitakari O, Juonala M, Ronnemaa T, et al. Cohort profile: the
cardiovascular risk in Young Finns Study. Int ] Epidemiol 2008;37:
1220-6.

Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M,
Detrano R. Quantification of coronary artery calcium using ultrafast
computed tomography. ] Am Coll Cardiol 1990;15:827-2.

Mitchell TL, Pippin JJ, Devers SM, et al. Age- and sex-based
nomograms from coronary artery calcium scores as determined by
electron beam computed tomography. Am ] Cardiol 2001;453-6, A6.
Anderson KM, Wilson PW, Odell PM, Kannel WB. An updated
coronary risk profile. A statement for health professionals. Circulation
1991;83:356—-62.

McMahan CA, Gidding S, Fayad Z, et al. Risk scores predict
atherosclerotic lesions in young people. Arch Intern Med 2005;165:
883-90.

Juonala M, Jirvisalo M, Miki-Torkko N, Kihénen M, Viikari JSA,
Raitakari O. Risk factors identified in childhood and decreased carotid
artery elasticity in adulthood: the Cardiovascular Risk in Young Finns
Study. Circulation 2005;112:1486-93.

Li S, Chen W, Srinivasan S, Berenson G. Childhood blood pressure
as a predictor of arterial stiffness in young adults: the Bogalusa heart
study. Hypertension 2004;43:541-6.

Schmermund A, Méhlenkamp S, Baumgart D, et al. Usefulness of
topography of coronary calcium by electron-beam computed tomog-

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

JACC Vol. 60, No. 15, 2012
October 9, 2012:1364-70

raphy in predicting the natural history of coronary atherosclerosis.
Am ] Cardiol 2000;86:127-32.

Juonala M, Magnussen C, Venn A, et al. Influence of age on
associations between childhood risk factors and carotid intima-media
thickness in adulthood: the Cardiovascular Risk in Young Finns Study,
the Childhood Determinants of Adult Health Study, the Bogalusa
Heart Study, and the Muscatine Study for the International Child-
hood Cardiovascular Cohort (i3C) Consortium. Circulation 2010;122:
2514-20.

Juonala M, Viikari JSA, Hutri-Kihénen N, et al. The 21-year
follow-up of the Cardiovascular Risk in Young Finns Study: risk factor
levels, secular trends and east-west difference. J Internal Med 2004;
255:457-68.

Raiko JRH, Viikari JSA, Ilmanen A, et al. Follow-ups of the
Cardiovascular Risk in Young Finns Study in 2001 and 2007: levels
and 6-year changes in risk factors. ] Intern Med 2010;267:370—84.
Porkka KV, Raitakari OT, Leino A, et al. Trends in serum lipid levels
during 1980-1992 in children and young adults. The Cardiovascular
Risk in Young Finns Study. Am J Epidemiol 1997;146:64-77.

Safar ME, London GM, Asmar R, Frohlich ED. Recent advances on
large arteries in hypertension. Hypertension 1998;32:156-61.

Tabas I, Williams K, Born J. Subendothelial lipoprotein retention as
the initiating process in atherosclerosis: update and therapeutic impli-
cations. Circulation 2007;116:1832—-44.

Ford E, Ajani U, Croft ], et al. Explaining the decrease in U.S. deaths
from coronary disease, 1980—-2000. N Engl ] Med 2007;23:2388-98.
McCrindle B, Urbina E, Dennison B, et al. Drug therapy of high-risk
lipid abnormalities in children and adolescents: a scientific statement
from the American Heart Association Atherosclerosis, Hypertension,
and Obesity in Youth Committee, Council of Cardiovascular Discase
in the Young, with the Council on Cardiovascular Nursing. Circula-
tion 2007;115:1948-67.

The fourth report on the diagnosis, evaluation, and treatment of high
blood pressure in children and adolescents. Pediatrics 2004;114:555-76.
Juonala M, Viikari JSA, Rénnemaa T, Taittonen L, Marniemi J,
Raitakari O. Childhood C-reactive protein in predicting CRP and
carotid intima-media thickness in adulthood: the Cardiovascular Risk
in Young Finns Study. Arterioscler Thromb Vasc Biol 2006;26:
1883-8.

Kivimiki M, Lawlor D, Eklund C, et al. Mendelian randomization
suggests no causal association between C-reactive protein and carotid
intima-media thickness in the young Finns study. Arterioscler
Thromb Vasc Biol 2007;27:978-9.

O’Donnell C, Kavousi M, Smith A, et al. Genome-wide association
study for coronary artery calcification with follow-up in myocardial
infarction. Circulation 2011;124:2855—64.

Bauer M, Moebus S, Méhlenkamp S, et al. Urban particulate matter
air pollution is associated with subclinical atherosclerosis: results from
the HNR (Heinz Nixdorf Recall) study. ] Am Coll Cardiol 2010;56:
1803-8.

Key Words: adolescents ® coronary calcium ® risk factors.
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For a supplemental Methods section and supplemental tables, please see
the online version of this article.
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