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Abstract
The Pathobiological Determinants of Atherosclerosis in Youth (PDAY) study of autopsied 15-34
year old young people developed a risk score using the coronary heart disease (CHD) risk factors
(sex, age, serum lipoprotein concentrations, smoking, hypertension, obesity, and hyperglycemia) to
estimate the probability of advanced atherosclerotic lesions in the coronary arteries. The
Cardiovascular Risk in Young Finns Study measured CHD risk factors in a population-based cohort
in 1986 and 2001 and measured carotid artery intima-media thickness (IMT) with ultrasound in 2001.
We computed the PDAY risk score from risk factors measured in 1279 subjects who were 12-24
years old in 1986 and 27-39 years in 2001. The PDAY risk score early in life (1986) and the change
in risk score over the following 15 years (between 1986 and 2001) were independent predictors of
carotid artery IMT; the multiplicative effect of 1 point in the 1986 risk score was 1.008 (95% CI
1.005-1.012) and the multiplicative effect of a 1 point increase between 1986 and 2001 risk scores
was 1.003 (95% CI 1.001-1.006) (multiplicative effect 0.997 for 1 point decrease). In conclusion,
the change over time (either a decrease or an increase) in the risk score during adolescence and young
adulthood as well as the risk score early in life are important predictors of atherosclerosis.
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Longitudinal observational studies have shown that coronary heart disease (CHD) risk factors
measured in adolescence predict markers of atherosclerosis measured by noninvasive methods.
Both carotid artery intima-media thickness (IMT) and coronary artery calcification were
associated with concurrently measured risk factors in the Muscatine Study.1 The Muscatine
Study,2 the Bogalusa Heart Study,3 and the Cardiovascular Risk in Young Finns Study4
showed that the CHD risk factors predicted carotid artery IMT measured 15 to 20 years later.
The Cardiovascular Risk in Young Finns Study also showed that the CHD risk factors measured
in childhood and adolescence predicted decreased carotid elasticity in adulthood.5 The
Pathological Determinant of Atherosclerosis in Youth (PDAY) study of autopsied young
people developed a risk score that provides a weighted summary of the effects of the CHD risk
factors on atherosclerotic lesions in the coronary arteries.6 When tested in living young persons
in the CARDIA study, this risk score predicted calcium in their coronary arteries up to 15 years
after the risk factors were measured.7

Methods
Study Subjects

The Cardiovascular Risk in Young Finns Study is an on-going 5-center follow-up study of
atherosclerosis precursors in Finnish children and adolescents. In 1980, 4,320 children and
adolescents aged 3-18 years (born in years 1962, 1965, 1968, 1971, 1974 or 1977) were
randomly chosen from the Finnish Social Insurance Institution's population register of study
areas. Of those invited, 3,596 participated in the cross-sectional study in 1980.8 In 1986, 2,977
of these subjects were re-examined at age 9-24 years, and in 2001, 2,265 were re-examined at
age 24-39 years.4 The study was approved by local ethics committees and all subjects gave
their written informed consent.

Risk factors measured at ages younger than 12 did not predict carotid IMT.4 We analyzed data
from 1279 subjects age 12 and older in 1986 for whom risk factors were measured in 1986 and
2001 and IMT measured in 2001. A subject that was pregnant at either examination was
excluded. There were no significant differences in risk factors measured in 1980 between the
1279 selected subjects and other subjects age 6 and older in 1980.

Risk Factor Measurements
Details of methods have been presented elsewhere.9 Smoking, diabetes and medication were
assessed by questionnaires. Height and weight were measured and body mass index (BMI) was
calculated. Obesity was defined as BMI >30 kg/m2. Lipid and lipoprotein concentrations were
determined using enzymatic methods. Non-HDL cholesterol was calculated by subtracting
HDL cholesterol from total cholesterol. Blood pressure was measured using a random-zero
sphygmomanometer with the subject in a sitting position after 5 minutes rest. Korotkoff's fifth
phase was used as the sign of diastolic blood pressure and the first phase as the sign of systolic
blood pressure. Readings to the nearest even number of mmHg were performed at least 3 times
on each subject; the average of these measurements was used in the statistical analysis. Because
of the young age of the cohort, hypertension was defined as systolic blood pressure ≥130
mmHg, or diastolic blood pressure ≥85 mmHg10,11 or taking antihypertensive medication. In
2001, fasting glucose concentrations were measured enzymatically. Hyperglycemia/diabetes
was defined as glucose ≥126 mg/dL (6.99 mmol/L) or a self-reported diagnosis of diabetes.
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Ultrasound Imaging
Carotid ultrasound studies were performed in 2001 using Sequoia 512 ultrasound mainframes
(Acuson, Mountain View, CA, USA) with 13.0 MHz linear array transducer.4 In brief, the
image was focused on the posterior (far) wall of the left common carotid artery. A magnified
image was recorded from the angle showing the greatest distance between the lumen-intima
interface and the media-adventitia interface. At least 4 measurements of the common carotid
far wall were taken 10 mm proximal to the bifurcation to derive mean carotid IMT. The
ultrasound studies were performed simultaneously in 5 centers and each center had 1 operator.
The images were analyzed by a single operator who was blinded to the subjects' details. The
between-visit (2 visits 3 months apart) coefficient of variation of IMT measurements was 6.4%;
interobserver and intraobserver coefficients of variation derived from another study by the
same research team were 5.2% and 4.0% respectively.12 The far and near walls of the left
common carotid artery and carotid bulb area were scanned for the presence of atherosclerotic
plaque, defined as a distinct area of the vessel wall protruding into the lumen >50% of the
adjacent intima-media layer.13

PDAY Risk Score
The PDAY risk score was derived from the associations of CHD risk factors measured
postmortem with atherosclerotic lesions in the coronary arteries of 1117 autopsied individuals.
6 The target lesions were American Heart Association grade IV or V lesions in the left anterior
descending coronary artery14,15 or >9% of the intimal surface area of the right coronary artery
involved with gross raised lesions, or both. Risk factors included HDL and non-HDL
cholesterol concentrations and thiocyanate concentration (as a marker of smoking) in
postmortem serum,16 BMI at autopsy >30 kg/m2 to define obesity,17 hyperglycemia assessed
by a red blood cell glycohemoglobin ≥8%,18 and hypertension assessed by the intimal
thickness of the small renal arteries.19 The normalization for the PDAY risk score was such
that 1 point was equivalent to 1 year of age. Point values for the risk factors are presented in
Table 1.

Statistical Analysis
Carotid IMT considered as a continuous variable was analyzed using multiple linear regression.
20 The IMT measurements were positively skewed and the logarithm of the IMT measurements
was analyzed. The association of risk score with high IMT (defined as IMT> 90th percentile
or a plaque or both) was analyzed using binary logistic regression.21

The ability of the 1986 risk score and the difference in risk scores measured in 2001 and 1986
used jointly to predict IMT was examined using linear regression and logistic regression.
Predictor variables were sex, age in 2001, risk score due to the modifiable risk factors measured
in 1986, and the difference in risk scores computed from the modifiable risk factors measured
in 2001 and 1986. For graphical presentation, we grouped 1986 risk scores into low, medium,
and high categories; and also grouped the changes in risk score between 1986 and 2001 into
low, medium, and high categories. Low risk was defined as -1 or 0 (37%); intermediate risk
as 1 to 4 (48%); and high risk as ≥5 (15%). The low risk definition conformed to our a
priori idea of low risk. Risk score change was grouped as ≤-2 to represent those subjects that
improved their risk score, -1 to 1 to represent those subjects with little or no change, and ≥2 to
represent subjects whose risk worsened. The category ≤-2 cannot occur for a subject with 1986
score of -1 or 0.

PDAY risk scores computed from the modifiable risk factors measured in 1986 and 2001 were
separately investigated as predictors of carotid IMT. To determine whether the 1986 score was
a better predictor of IMT than the 2001 risk score, we compared the regression coefficients
using the bootstrap22 with 1000 samples.
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Results
PDAY risk score and carotid artery IMT by sex and age

Descriptive statistics are given in Table 2. Geometric mean IMT was higher in men than in
women (P=0.0004) and higher in older ages (P=0.0001). Seventeen of the 1279 subjects had
a plaque (all in the bulbous region). The prevalence of IMT>90th percentile or a plaque or both
was higher in men than women (P=0.0034) and higher in older ages (P=0.0001).

Risk score change and change in individual risk factors
Thirty-nine subjects (3.05%) were taking medication for their risk factors in 2001. Three
subjects (0.23%) were taking lipid lowering medication only, 35 subjects (2.74%) were taking
medication for hypertension only, and 1 subject (0.08%) was taking both types of medication.
Of the 256 subjects who reduced their risk score, only 3 (1.17%) were on medication; all 3
were on lipid-lowering medication including the subject on both medications.

In the 1240 subjects not receiving medication for their risk factors, between 1986 and 2001 the
PDAY risk score change was ≤-2 points in 12.2% of subjects, remained essentially unchanged
(-1 to 1) in 40.6%, and was ≥2 in 47.2%. Overall, the median change was a 1 point increase.
Table 3 shows the fraction (%) of subjects whose risk score decreased, did not change, or
increased for each individual risk factor by risk score change (between 1986 and 2001) groups.
Some subjects whose risk score did not change experienced changes in the individual risk
factors that balanced one another.

Carotid IMT, risk score, and risk score change
Both the 1986 score and the change in risk score between 1986 and 2001 were significant
predictors of carotid IMT (Table 4). The multiplicative effect of 1 year of age was 1.008 (95%
CI 1.003-1.010) and the multiplicative effect of female sex was 0.985 (95% CI 0.969-1.003).
Figure 1 shows the geometric mean IMT by 1986 risk score and risk score change between
1986 and 2001, adjusted for sex and age.

Table 4 also gives odds ratios for predicting IMT> 90th percentile or a plaque or both. The
1986 risk score was a significant predictor but the change in risk score was not a significant
predictor. The odds ratio for 1 year of age was 1.106 (95% CI 1.056-1.158). Figure 2 shows
the prevalence of IMT> 90th percentile of IMT or a plaque or both by the 1986 risk score and
risk score change between 1986 and 2001, adjusted for sex and age.

Carotid IMT and early measurement of risk score
We also examined the 1986 and 2001 risk scores separately as predictors of IMT. The
multiplicative effect of the risk score in 1986 [1.007 (95% CI 1.004-1.010)1] was higher, but
not significantly higher (P=0.095), than the effect of the 2001 risk score [1.005 (95% CI
1.003-1.007)] although both were significant predictors of IMT. Similarly, the odds ratio for
predicting IMT >90th percentile or a plaque or both for the risk score measured in 1986 [1.100
(95% CI 1.033-1.170)1] was higher, but not significantly higher (P=0.290), than the odds ratio
for the 2001 risk score [1.066 (95% CI 1.020-1.113)].

1The multiplicative effect or odds ratio of the 1986 risk score is different from that reported in Table 4 because in Table 4 an additional
variable, the difference in 2001 and 1986 risk score, was included in the statistical model. Estimates of regression coefficients and odds
ratios usually depend on which variables are included in the model.20,21
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Discussion
The PDAY coronary artery risk score, developed to predict coronary artery lesions from CHD
risk factors in autopsied individuals, also predicted carotid artery IMT in living young adults.
Both the risk score computed from the modifiable risk factors measured 15 years prior to IMT
measurement and the change in risk score during the following 15 years were significant
predictors of IMT.

Thickness of carotid artery intima and media combined is associated with coronary heart
disease risk factors23 and predicts cardiovascular events.24 The intima is more directly
involved in atherosclerosis than the media, and the thickness of the intima alone measured by
higher resolution ultrasound shows a stronger association with other manifestations of
atherosclerosis.25

Linking the results of the present study with previous evidence concerning the significance of
carotid IMT suggests that CHD risk is established early in life. The PDAY risk score measured
at younger ages was a better predictor of carotid artery IMT (although not significantly better)
than the risk score measured concurrently with the ultrasound measurement of carotid lesions.
This finding is consistent with the results from analyses of the individual risk factors in the
Young Finns cohort4 and in the Bogalusa Heart Study.3 This finding also is consistent with
the results from applying the PDAY risk score to the prediction of coronary artery calcification
in CARDIA subjects.7

The PDAY risk score provides a simple way to calculate a weighted summary of the effects
of the major established risk factors on both carotid and coronary artery atherosclerosis. The
PDAY risk score computed from only the modifiable risk factors can be used to identify young
people at high relative risk. Controlling their risk factors should prevent their becoming subject
to high absolute risk at older ages.

Another potential use of the risk score is to select those young persons who should be screened
for markers of precocious atherosclerosis by a noninvasive method. The noninvasive
assessment could be used to separate those subjects with risk factors into those without and
those with advanced atherosclerosis. Selection of individuals to be screened must consider
absolute risk, that is, risk that includes the contributions of sex and age.
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Figure 1.
Geometric mean carotid artery intima-media thickness by 1986 Pathobiological Determinants
of Atherosclerosis in Youth (PDAY) risk score and risk score change between 1986 and 2001,
adjusted for sex and age. Error bars represent 95% confidence intervals. There was a
statistically significant effect of 1986 risk score and a significant effect of risk score change.
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Figure 2.
Prevalence of carotid artery intima-media thickness >90th percentile of intima-media thickness
or a plaque or both by the1986 Pathobiological Determinants of Atherosclerosis in Youth
(PDAY) risk score and risk score change between 1986 and 2001, adjusted for sex and age.
Error bars represent 95% confidence intervals. There was a statistically significant effect of
1986 risk score.
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Table 1
Pathobiological Determinants of Atherosclerosis in Youth (PDAY) risk score for predicting advanced atherosclerotic
lesions.

Risk factor Category PDAY coronary artery
risk score

Age, years 15-19* 0

20-24 5

25-29 10

30-34 15

Sex Male* 0

Female -1

Non-HDL cholesterol, mg/dL (mmol/L) < 130* (3.37) 0

130-159 (3.37-4.13) 2

160-189 (4.14-4.91) 4

190-219 (4.92-5.69) 6

≥ 220 (5.70) 8

HDL cholesterol, mg/dL (mmol/L) < 40 (1.04) 1

40-59* (1.04-1.54) 0

≥ 60 (1.55) -1

Smoker Nonsmoker* 0

Smoker 1

Blood pressure Normotensive* 0

Hypertensive 4

Body mass index, kg/m2Men ≤ 30* 0

> 30 6

Women ≤ 30 0

> 30 0

Hyperglycemia / Diabetes Normoglycemic/nondiabetic* 0

Hyperglycemic/diabetic 5

*
Reference category
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Table 4
Multiplicative effecta of a 1 point greater Pathobiological Determinants of Atherosclerosis in Youth (PDAY) risk score
due to the modifiable risk factors measured in 1986 on carotid artery intima-media thickness (IMT) and a 1 point
increase in risk score due to the modifiable risk factors between 1986 and 2001; and odds ratios for same points for
predicting carotid artery intima-media thickness >90th percentile or a plaque. The model includes sex and age in 2001.

Risk score due to modifiable
risk factors

Carotid artery IMT IMT >90th percentile or a plaque

Multiplicative effecta
(95% CI)

R2 Odds ratio (95% CI) c-statisticb

One point increase in 1986
PDAY risk score

1.008 (1.005-1.012) 0.097 1.118 (1.048-1.194) 0.674

One point increasec in risk
score between 1986 and 2001

1.003 (1.001-1.006) 1.004 (0.994-1.097)

a
The value of Y (that is, carotid artery IMT) for predictor variable with value X+1, labeled YX+1, is equal to the multiplicative effect eβ (the anti-log of

the regression coefficient) multiplied by the Y value at X, that is, YX+1= eβYX.

b
The c-index is the proportion of all pairs of subjects, one with and one without lesions (>90th percentile or plaque), in which the subject with the lesions

has the higher risk score.21

c
The reciprocal of the multiplicative effect or odds ratio describes the effect of a decrease in the risk score by 1 point between 1986 and 2001
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