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Abstract 

Background and aims 

Carotid plaque is a specific sign of atherosclerosis and adults with carotid plaque are at 

increased risk for cardiovascular outcomes. Atherosclerosis has roots in childhood and 

pediatric guidelines provide cut-off values for cardiovascular risk factors. However, it is 

unknown whether these cut-offs predict adulthood advanced atherosclerosis. 

Methods 

The Cardiovascular Risk in Young Finns Study is follow-up of children begun in 1980 when 

2653 participants with data for present analyses were aged 3-18 years. In 2001 and 2007 follow-

ups, in addition to adulthood cardiovascular risk factors, carotid ultrasound data was collected. 

Long-term burden as the area under the curve was evaluated for childhood (6-18 years) risk 

factors. To study the associations of guideline-based cut-offs with carotid plaque, both 

childhood and adult risk factors were classified according to clinical practice guidelines. 

Results 

Carotid plaque, defined as focal structure of arterial wall protruding into lumen >50% 

compared to adjacent intima-media thickness, was present in 88 (3.3%) participants. Relative 

risk for carotid plaque, when adjusted for age and sex, was 3.03 (95%CI, 1.76-5.21) for 

childhood dyslipidemia, 1.51 (95%CI, 0.99-2.32) for childhood elevated systolic blood 

pressure, and 1.93 (95%CI, 1.26-2.94) for childhood smoking. Childhood dyslipidemia and 

smoking remained independent predictors of carotid plaque in models additionally adjusted for 

adult risk factors and family history of coronary heart disease. Carotid plaque was present <1% 

of adults with no childhood risk factors. 

Conclusions 

Findings reinforce childhood prevention efforts and demonstrate the utility of guideline-based 

cut-offs in identifying children at increased risk for adulthood atherosclerosis. 
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Introduction 

Cardiovascular diseases with atherosclerotic etiology, are the leading cause of mortality 

worldwide.1 Although the clinical complications of atherosclerosis typically present in middle 

to older age, the disease process has a long silent stage that commences in early life.2–4 

Longitudinal studies have shown that the association between childhood cardiovascular risk 

factors and adult preclinical atherosclerosis is not completely reversed by the improvement of 

risk factors from childhood to adulthood.5,6 Recognizing that atherosclerosis is a lifelong 

disease, best clinical practice guidelines have been issued by leading authorities for application 

in children and adolescents.7–9 These guidelines are aimed at the primordial and primary 

prevention of cardiovascular risk factors and behaviors shown to accelerate atherosclerosis 

development. 

 

The association of pediatric cut-offs recommended in guidelines has been shown for child low-

density lipoprotein (LDL) and high-density lipoprotein (HDL) cholesterol with adult high 

carotid artery intima-media thickness (cIMT), and child blood pressure with adult increased 

arterial stiffness.10,11 While cIMT and arterial stiffness are considered early markers of 

atherosclerosis, these phenotypes may not be entirely specific for atherosclerosis, as they can 

also reflect medial hypertrophy.12 Instead, distinct carotid atherosclerotic plaques that can be 

detected using non-invasive ultrasound are considered a more specific indicator of ongoing 

atherosclerosis,12 and compared to cIMT are more strongly associated with clinical 

cardiovascular outcomes.13 However, no previous studies have examined the utility of 

guideline-based cut-offs for childhood risk factor levels in predicting manifest atherosclerosis, 

such as carotid plaque, in adulthood. Moreover, no data have yet determined the independent 

effect of the long-term exposure to early life risk factors on carotid plaque. 
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Therefore, using data from a prospective cohort of children, we aimed to examine the 

association of childhood risk factors long-term burden, classified according to clinical practice 

guidelines, with carotid plaque almost three decades later. In addition, by using risk factor data 

both in childhood and adulthood, we tested the ‘childhood origins’ hypothesis by examining 

whether childhood exposure to risk factor levels exerts an effect on adult atherosclerosis that 

is independent of adult risk factor exposure. 

 

 

Patients and methods 

Study population 

The Cardiovascular Risk in Young Finns Study is an ongoing multicenter follow-up study that 

was conducted in five Finnish cities (Helsinki, Kuopio, Oulu, Tampere, and Turku) and their 

rural surroundings. In 1980, 4320 children aged 3, 6, 9, 12, 15, and 18 years were randomly 

chosen from the national population register of these areas and invited to participate in the 

study. Of those invited, 3596 children participated in the first cross-sectional survey.14 Since 

then, follow-up studies have been conducted in 1983, 1986, 1989, 1992, 2001, 2007, and 2011. 

The entire cohort was invited to participate in follow-up studies in 1983, 1986, 2001, 2007, and 

2011 when 2991, 2799, 2620, 2243, and 2115 subjects participated, respectively. In 1989 and 

1992, physical examination and blood tests were gathered from a part of the cohort. In addition, 

during these two follow-ups background information questionnaire was gathered from the 

entire cohort.15 Carotid ultrasound studies and adulthood cardiovascular risk factors were 

collected in 2001 and 2007 follow-ups when participants were aged 24-45 years. Altogether, 

carotid ultrasound was performed to 2653 subjects in 2001 or 2007, comprising the study 

cohort for this analysis. Flowchart for the Cardiovascular Risk in Young Finns Study is 

provided in the Supplemental material (Supplemental Table 1). The study was approved by 
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local ethics committees and was performed according to the Declaration of Helsinki. Written 

informed consent was obtained from all participants or their parents. 

 

Cardiovascular risk factors 

In 1980, systolic blood pressure was measured with an ultrasound scanning device 

(Arteriosonde 1020, Roche) in participants aged 3 years. For all other participants, blood 

pressure was measured with a standard mercury sphygmomanometer in 1980 and 1983, and 

from 1986 onward using a random zero sphygmomanometer. At each visit, blood pressure was 

measured three times and the average of these three measurements was used in the analyses. 

Diastolic blood pressure was determined from Korotkoff’s fifth sound. Body mass index (BMI) 

was calculated from the measured weight in kilograms divided by the square of the measured 

height in meters. Standard methods were used to determine total cholesterol and triglyceride 

concentrations from fasting blood samples.16 LDL-cholesterol was calculated indirectly using 

the Friedewald formula.17 Due to high triglyceride levels, the Friedewald formula could not be 

applied to 57 adults. Based on elevated triglyceride levels, these individuals were classified as 

having dyslipidemia in adulthood. All childhood triglyceride levels were within acceptable 

limits to be included in the Friedewald formula for calculation of child LDL-cholesterol. HDL-

cholesterol was analyzed after precipitation of very low-density lipoprotein and LDL-

cholesterol with dextran sulfate 500000. Non-high-density lipoprotein (non-HDL) cholesterol 

was calculated as total cholesterol minus HDL-cholesterol. Family history of coronary heart 

disease (CHD) and smoking habits were collected using self-report questionnaires. Information 

on childhood smoking habits was collected from children aged 12-18 years. If a participant was 

aged less than 12 years in the first cross-sectional survey then information on childhood 

smoking habits was collected in the subsequent follow-ups. 
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Instead of using childhood risk factor measurements from a single time point, we leveraged 

repeatedly measured data from the longitudinal Cardiovascular Risk in Young Finns Study to 

describe long-term cumulative burden of childhood blood pressure, BMI, and serum lipids as 

detailed in the Supplemental material (Supplemental Methods and Supplemental Figure 1). In 

brief, we utilized several risk factor measurements from 1980 to 2011 to calculate the area 

under the curve (AUC) separately for each risk factor as a measure of risk factor long-term 

cumulative burden. First, subject-specific curves for the cardiovascular risk factors were 

estimated by mixed model regression splines.18 Then, similar to the approach of Lai et al.19 

AUCs were evaluated for each risk factor. AUC variables were defined for the age period of 

6-18 years indicating the risk factors long-term cumulative burden in childhood. For adulthood, 

risk factor measurements from a single time-point, either 2001 or 2007, was used. If carotid 

plaque was present or the only carotid ultrasound was performed in 2001, then risk factors from 

2001 were used. Otherwise, risk factors from 2007 were used. This approach enabled 

comparison of childhood risk factors with the risk factors at the time of the carotid scan. 

 

Cardiovascular risk factor classification 

To study the associations of guideline-based cut-offs with carotid plaque, both childhood and 

adult risk factors were classified according to clinical practice guidelines.8,9,20,21 Comparable 

cut-offs for childhood long-term cumulative burden was calculated and childhood risk factors 

were classified as abnormal if the long-term burden exceeded, or in case of HDL-cholesterol 

being below the cut-off. Elevated childhood blood pressure was defined as levels above 90th 

percentile or blood pressure ≥ 120/80 mmHg.9 Elevated adult blood pressure was defined by 

grade 1 hypertension as blood pressure ≥ 140/90 mmHg or self-reported use of antihypertensive 

medicine.21 Overweight in childhood was defined as per international age- and sex-specific 

BMI percentiles,22 and adult overweight as BMI ≥ 25 kg/m2. Abnormal childhood lipid levels 
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were defined using high cut-offs as total cholesterol ≥ 5.17 mmol/l (200 mg/dl), LDL-

cholesterol ≥ 3.36 mmol/l (130 mg/dl), non-HDL-cholesterol ≥ 3.75 mmol/l (145 mg/dl), 

triglycerides ≥ 1.13 mmol/l (100 mg/dl) for ages ≤  9 years, and ≥ 1.47 mmol/l (130 mg/dl) for 

ages 10-18 years, and low cut-off for HDL-cholesterol < 1.0 mmol/l (40 mg/dl).8 Abnormal 

adulthood lipid levels were defined as total cholesterol > 5.0 mmol/l (190 mg/dl), LDL-

cholesterol > 3.0 mmol/l (115 mg/dl), non-HDL-cholesterol > 3.8 mmol/l (145 mg/dl), 

triglycerides > 1.7 mmol/l (150 mg/dl), HDL-cholesterol < 1.0 mmol/l (40 mg/dl) in men, and 

< 1.2 mmol/l (48 mg/dl) in women.20 Participants self-reporting current use of lipid-lowering 

medication were considered as having elevated total-, LDL-, and non-HDL-cholesterol. 

Dyslipidemia was defined as abnormality of any lipid value. Childhood smoking status was 

defined as positive for participants indicating they had ever smoked daily when aged 12-18 

years and in adulthood if the participant indicated they were currently smoking daily. Family 

history of CHD was classified as positive if a participant indicated their father or mother had 

been diagnosed with CHD, experienced myocardial infarction or had percutaneous coronary 

intervention or coronary bypass surgery performed at < 55 years of age. In the 2007 

questionnaire, mother’s age was raised to < 65 years. 

 

Carotid atherosclerotic plaque 

Carotid ultrasound studies were performed on the left carotid artery including common carotid 

artery and carotid bifurcation using B-mode ultrasound (Sequoia 512; Acuson) with a 13.0 

MHz linear-array transducer according to a standardized protocol.5 Digitally stored images 

were scanned for the existence of carotid atherosclerotic plaques, defined as a focal structure 

of the arterial wall protruding into the lumen > 50% compared to the adjacent intima-media 

thickness.23 
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Statistical methods 

Association between risk factors and carotid plaque 

Poisson regression models with robust standard errors were used to calculate relative risks and 

95% confidence intervals for carotid plaque according to risk factors. First, models for each 

childhood and adult risk factor were examined. Second, to evaluate the independent effect of 

childhood risk factors on the outcome, both childhood and adult risk factors were included into 

the same model. Third, multivariable models including all childhood and/or adult risk factors 

were created. All models were adjusted for sex and age. To test if sex modified the association 

between risk factors and carotid plaque, sex by risk factor interaction terms were examined. 

With the exception of adult overweight and BMI, no significant interaction was observed (p 

always >0.1). To evaluate potential collinearity between childhood and adult risk factors 

variance inflation factor values were examined.24 All variance inflation factor values were < 

1.7, indicating no prevailing collinearity. Systolic blood pressure was used in multivariable 

models due to low prevalence of elevated childhood diastolic blood pressure. To study the 

association of risk factor accumulation with carotid plaque an additive score for abnormal 

childhood and adult risk factors was calculated. 

 

In sensitivity analyses, models were repeated after excluding participants with diabetes; 

adjusting for cIMT; and replacing family history of premature CHD with family history of 

CHD at any age. Because measures from the random zero sphygmomanometer may 

underestimate blood pressure levels, we repeated our analyses after adding 1.35 mmHg and 

2.54 mmHg to random zero systolic and diastolic blood pressures, respectively.25 Finally, 

regression models were repeated using Z-scores resulting in variables with mean 0 and SD 1. 

In all sensitivity analyses, associations remained essentially similar to the main results shown. 
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Statistical analyses were performed with SAS 9.4, and statistical significance was inferred at 

2-sided p<0.05. 

 

 

Results 

Of the 2653 participants, carotid plaque was present in 88 (3.3%) individuals. All plaques were 

detected in carotid bifurcation. Mean length of follow up from first risk factor measurement 

was 25.9 (2.3) years. Prevalence of plaque was higher among males (4.7% vs. 2.2%, p<0.001) 

and those with plaque were, on average, older (38.2 [4.6] vs. 36.4 [5.6] years, p<0.001). 

Childhood and adult characteristics according to plaque status are displayed in Table 1. 

 

Single risk factors and carotid plaque 

Childhood risk factors that significantly associated with carotid plaque were elevated total 

cholesterol, LDL-cholesterol, non-HDL-cholesterol, dyslipidemia, and smoking. In addition, 

the effect of childhood elevated systolic blood pressure was of borderline significant (Table 2). 

Adult risk factors that significantly associated with carotid plaque were elevated total 

cholesterol, LDL-cholesterol, non-HDL-cholesterol, and dyslipidemia. The effect of adult 

smoking was of borderline significant. In addition, positive family history of CHD significantly 

associated with carotid plaque. After adjusting for adult risk factors, independent effects 

remained significant for childhood elevated total cholesterol, LDL-cholesterol, non-HDL-

cholesterol, dyslipidemia, and smoking (indicated as residuals in Table 2). In analyses with Z-

scores, results remained essentially similar except that the effects for childhood diastolic blood 

pressure and adult triglycerides were significant and adult HDL-cholesterol and BMI were 

inversely associated with carotid plaque (Supplemental Table 2). 
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In addition, we performed analyses to study the association of childhood smoking volume with 

the presence of adulthood carotid plaque. Childhood smoking volume was divided into four 

groups: never smoked; smoked 1 cigarette; smoked 2 to 50 cigarettes; smoked over 50 

cigarettes during childhood. Across these four groups, carotid plaque prevalence increased 

from 1.9%, 2.3%, 4.0%, to 5.1%, respectively. Furthermore, we calculated relative risks for 

carotid plaque using the never smoked group as the reference category yielding relative risks 

of 1.14 (95% CI 0.42-3.09), 1.86 (95% CI 0.99-3.50), and 2.27 (95% CI 1.24-4.15), 

respectively [p for trend 0.005, (Supplemental Table 3)]. 

 

Multiple risk factors and carotid plaque 

In the childhood multivariable risk model (Table 3, Model 1) dyslipidemia, smoking, and 

positive family history were significant predictors of carotid plaque. In an equivalent model 

but using adult risk factors (Table 3, Model 2), dyslipidemia and positive family history were 

significantly associated with carotid plaque. When the childhood model was additionally 

adjusted for adult risk factors (Table 3, Model 3), childhood dyslipidemia, smoking, and 

positive family history of CHD remained independent predictors of carotid plaque. Results 

were essentially similar with Z-scores (Supplemental Table 4). 

 

Dyslipidemia, smoking, elevated systolic blood pressure, and positive family history of CHD 

were included into models for evaluating the effects of risk factor accumulation on carotid 

plaque prevalence. When the number of childhood risk factors increased, the proportion of 

participants with carotid plaque increased from 0 risk factors=1.0%, 1 risk factor=1.9%, 2 risk 

factors=5.9%, and 3 to 4 risk factors=8.7% (Figure 1). For adulthood risk factors, the 

proportion of participants with carotid plaque were 1.0%, 2.1%, 6.6%, and 5.2%, respectively 

(Supplemental Figure 2). Sex stratified figures are provided in the supplemental material 
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(Supplemental Figures 3 and 4). To evaluate the independent effect of childhood risk factor 

accumulation, we built a model that included both childhood and adult risk factors. The 

proportion of participants with carotid plaque increased as the number of childhood and adult 

risk factors increased (Figure 2). 

 

Finally, the relative risk for carotid plaque was estimated according to the presence of 0 

(reference), 1, 2, or 3 to 4 childhood risk factors. Relative risks were 1.9 (p=0.16), 5.7 

(p<0.001), and 8.1 (p<0.001), respectively. The model was repeated adjusting for adult risk 

factors, yielding the relative risks of 1.6 (p=0.32), 3.9 (p=0.003), and 5.4 (p=0.001), 

respectively. 

 

 

Discussion 

We found that long-term exposure to cardiovascular risk factors in childhood predicted carotid 

atherosclerotic plaque three decades later. Irrespective of risk factor levels measured at the time 

carotid ultrasound was performed, childhood dyslipidemia and smoking were both associated 

with about a doubling of risk for having carotid plaque as an adult. Childhood elevated systolic 

blood pressure and a heightened continuous diastolic blood pressure levels were associated 

with a higher risk of having carotid plaque in adulthood, albeit the effect was of borderline 

significant for elevated systolic blood pressure. Our findings suggest a cumulative childhood 

risk factor burden on atherosclerosis that persists into adulthood. 

 

Although child cardiovascular risk factors have been shown to predict markers of adult 

preclinical atherosclerosis such as cIMT, coronary calcification, and arterial elasticity 

independent of contemporary risk factor levels,5,6,26 the independent association of childhood 



13 
 

risk factors with the development of carotid plaque has not previously been shown. 

Importantly, the effects observed for childhood dyslipidemia, diastolic blood pressure, and 

smoking were not attributable to tracking of these risk factors from childhood to adulthood, as 

the presence of childhood risk factors had a greater effect on mid-adulthood carotid plaque than 

contemporary risk factors. These data are consistent with the long stage of atherosclerosis and 

suggest that cumulative lipid levels, heightened blood pressure, and smoking in childhood may 

induce permanent changes in the vasculature that contribute to the development of manifest 

atherosclerosis later in life. 

 

Childhood guidelines cut-offs associations have been demonstrated for child LDL- and HDL-

cholesterol with adult high cIMT and child blood pressure with adult increased arterial 

stiffness.10,11 Our results extend these findings to the presence of carotid plaque, a specific 

phenotype of active atherosclerosis,12 that is more strongly influenced by modifiable risk 

factors, and has improved the predictive utility for cardiovascular diseases, especially to CHD, 

compared to cIMT.13,27–32 To our knowledge, our study is the first to demonstrate the 

associations of childhood cardiovascular risk factors guideline-based cut-offs with adulthood 

advanced atherosclerosis. 

 

Childhood diastolic blood pressure, as a continuous variable, was significantly associated with 

carotid plaque but the cut-off for systolic blood pressure showed only borderline significantly 

increased risk in this cohort. Because a random zero sphygmomanometer may underestimate 

blood pressure, we repeated our analyses after adding 1.35 mmHg and 2.54 mmHg to random 

zero systolic and diastolic blood pressures, respectively.25 However, the results remained 

essentially similar. In addition, we repeated our analyses using the reference values from a 

recent blood pressure recommendation issued by the American Academy of Pediatrics.33 The 
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cut-off values for elevated diastolic blood pressure in this treatment recommendation are lower 

than those recommended by the International Child Blood Pressure References Establishment 

Consortium.9 However, the results remained essentially similar. This may suggest that the 

recommended cut-offs for childhood blood pressure, at least for diastolic blood pressure, are 

not optimal for predicting future atherosclerosis. 

 

Childhood smoking is a well-known risk factor for atherosclerosis.2,5,6,26 To our knowledge, 

the association between the amount of childhood smoking and adult atherosclerosis has not 

been previously studied. Instead, regular childhood smoking has been widely used as an 

exposure variable.2,5,6,26 For this study, we performed additional analyses to study whether 

childhood smoking volume is associated with the presence of adult carotid plaque. When the 

childhood smoking volume was divided into four groups: never smoked; smoked 1 cigarette; 

smoked 2 to 50 cigarettes; smoked over 50 cigarettes, we observed plaque prevalence increase 

across these four groups from 1.9%, 2.3%, 4.0%, to 5.1%, respectively. In addition, relative 

risk for carotid plaque increased as the childhood smoking volume increased. Although further 

analyses are still needed with additional adjustment for other risk factor exposures, these 

findings highlight the importance of measures to reduce smoking in childhood. 

 

Family history and genetics are well known predictors of atherosclerosis,34 and our findings 

are in line with this previous knowledge. The effect of multiple childhood risk factors on 

atherosclerosis and markers of atherosclerosis has been observed.2,5,26 Our data was consistent 

with these findings with the proportion of participants with carotid plaque increasing as the 

number of childhood risk factors increased. Notably, carotid plaque was present in less than 

1% of participants with no childhood risk factors irrespective of their adult risk factors. These 

findings, to our knowledge, are the first to show the independent effect of childhood risk factor 
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accumulation on formation of carotid plaque in adulthood. Furthermore, findings suggest that 

a favorable childhood risk factor profile might be protective of atherosclerosis development, at 

least by mid-adulthood. 

 

Of interest, we found neither childhood nor adult BMI to be associated with carotid plaque. 

Similar findings in adult studies have been observed.28–31,35,36 Evidence on the role of child 

BMI on adult atherosclerosis is equivocal. In the present cohort, we have demonstrated that 

elevated BMI in childhood is associated with increased cIMT and decreased carotid 

distensibility in adulthood.5,26 Furthermore, data from the International Childhood 

Cardiovascular Cohort Consortium showed that although elevated child BMI is a strong 

predictor of high adulthood cIMT, the effect tends to be attenuated with a non-obese BMI in 

adulthood.37 Moreover in a subsample of the Cardiovascular Risk in Young Finns Study, we 

did not find an association between child BMI and adult coronary calcification.6 Contrary to 

this, Tirosh et al. found that BMI at the end of adolescence was an independent predictor of 

angiography-confirmed coronary heart disease in men approximately 17 years later.38 Similarly 

in the Muscatine study, childhood BMI was associated with coronary calcification in middle 

aged men.39 The PDAY study found that BMI was associated with coronary artery 

atherosclerosis in men aged 15-34 years, however no association was seen for females.3 

Therefore, most available data indicate that elevated BMI in childhood predict the appearance 

of atherosclerotic phenotypes in adulthood and that there might be sex-difference. Findings 

from our cohort, when using specific adult atherosclerosis phenotypes as the outcomes, suggest 

that the effect of childhood adiposity on atherosclerosis may be weaker than previously 

assumed. 
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This study had limitations. Ultrasound scanning included only the left carotid artery and the 

protocol did not involve imaging of the internal carotid artery. However, plaque typically 

begins to form at the carotid bifurcation,40 and previous studies among age-groups comparable 

to this study do not suggest a higher prevalence of carotid plaques.29,35 Still, some 

misclassification might have occurred. Bias due to differential loss to follow-up is possible in 

prospective cohort studies. However, the Cardiovascular Risk in Young Finns Study has a high 

retention of participants relative to similar cohort studies and have shown that participants do 

not differ with non-participants except that participants are more likely to be females and of 

older age.15,41 Strengths include the large, population-based cohort, who have been serially 

followed for risk factors from childhood to adulthood. 

 

In summary, we showed that childhood guideline-based cut-offs applied to cumulative 

dyslipidemia, as well as smoking, and heightened diastolic blood pressure predicted adulthood 

carotid atherosclerotic plaque independent of concurrent risk factors. Our data highlights the 

importance of primordial prevention and demonstrates the utility of guideline-based cut-offs in 

identifying children with increased risk of developing advanced atherosclerosis later in life. 

 

 

 

 

 

 

 

 

 



17 
 

Conflict of interest 

No potential conflict of interest was reported from any authors. 

 

 

Financial support 

The Cardiovascular Risk in Young Finns Study has been financially supported by the Academy 

of Finland: grants 286284, 134309 (Eye), 126925, 121584, 124282, 129378 (Salve), 117787 

(Gendi), and 41071 (Skidi), the Social Insurance Institution of Finland, Competitive State 

Research Financing of the Expert Responsibility area of Kuopio, Tampere and Turku 

University Hospitals (grant X51001), the Turku University Foundation, Tampere University 

Hospital Supporting Foundation, the Juho Vainio Foundation, Paavo Nurmi Foundation, the 

Finnish Foundation of Cardiovascular Research, Orion-Farmos Research Foundation, Sigrid 

Juselius Foundation, Emil Aaltonen Foundation, Yrjö Jahnsson Foundation, Signe and Ane 

Gyllenberg Foundation, Diabetes Research Foundation of Finnish Diabetes Association, 

Tampere Tuberculosis Foundation, the Finnish Cultural Foundation, EU Horizon 2020 (grant 

755320 for TAXINOMISIS), European Research Council (grant 742927 for MULTIEPIGEN 

project), JSK is supported by Maud Kuistila Memorial Foundation, and Päivikki and Sakari 

Sohlberg Foundation, CGM is supported by a National Heart Foundation of Australia Future 

Leader Fellowship (100849). 

 

 

 

 

 



18 
 

Author contributions 

JSK made substantial contributions to the conception and design of the study, analysis of the 

data, interpretation of the data, drafted the article, and revised it critically based on comments 

received from co-authors. VK co-supervised JSK, made substantial contributions to the 

conception and design of the study, analysis of the data, interpretation of the data, and writing 

the article. MJ made substantial contributions to the conception and design of the study, 

analysis of the data, interpretation of the data, and revised the article critically for important 

intellectual content. JSAV made substantial contributions to the conception and design of the 

study, interpretation of the data, and revised the article critically for important intellectual 

content. JN made substantial contributions to the conception and design of the study, analysis 

of the data, interpretation of the data, and revised the article critically for important intellectual 

content. MK, TL, NH-K, PT, and EJ made substantial contributions to the conception and 

design of the study and revised the article critically for important intellectual content. CGM 

co-supervised JSK, made substantial contributions to interpreting the data, and writing the 

article. OTR supervised the Cardiovascular Risk in Young Finns Study, co-supervised JSK, 

made substantial contributions to the conception and design of the study, analysis of the data, 

interpretation of the data, and writing the article. 

 

 

Acknowledgments 

Technical assistance in statistical analyses by Johanna Ikonen, Irina Lisinen, and Noora 

Kartiosuo from the University of Turku is gratefully acknowledged. 

 

 

 



19 
 

References 

1.  Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, et al. Global and regional 

mortality from 235 causes of death for 20 age groups in 1990 and 2010: a systematic 

analysis for the Global Burden of Disease Study 2010. Lancet. 2012;380:2095-2128. 

doi: 10.1016/S0140-6736(12)61728-0. 

2.  Berenson GS, Srinivasan SR, Bao W, Newman WP III, Tracy RE, Wattigney WA. 

Association between multiple cardiovascular risk factors and atherosclerosis in 

children and young adults. The Bogalusa Heart Study. N Engl J Med. 1998;338:1650-

1656. doi: 10.1056/NEJM199806043382302. 

3.  McGill HC Jr, McMahan CA, Herderick EE, Malcom GT, Tracy RE, Strong JP. 

Origin of atherosclerosis in childhood and adolescence. Am J Clin Nutr. 2000;72(5 

suppl):1307S-1315S. doi: 10.1093/ajcn/72.5.1307s. 

4.  Webber BJ, Seguin PG, Burnett DG, Clark LL, Otto JL. Prevalence of and risk factors 

for autopsy-determined atherosclerosis among US service members, 2001-2011. 

JAMA. 2012;308:2577-2583. doi: 10.1001/jama.2012.70830. 

5.  Raitakari OT, Juonala M, Kähönen M, Taittonen L, Laitinen T, et al. Cardiovascular 

risk factors in childhood and carotid artery intima-media thickness in adulthood. 

JAMA. 2003;290:2277-2283. doi: 10.1001/jama.290.17.2277. 

6.  Hartiala O, Magnussen CG, Kajander S, Knuuti J, Ukkonen H, et al. Adolescence risk 

factors are predictive of coronary artery calcification at middle age: the Cardiovascular 

Risk in Young Finns Study. J Am Coll Cardiol. 2012;60:1364-1370. doi: 

10.1016/j.jacc.2012.05.045. 

 

 

 



20 
 

7.  Steinberger J, Daniels SR, Hagberg N, Isasi CR, Kelly AS, et al. Cardiovascular 

Health Promotion in Children: Challenges and Opportunities for 2020 and Beyond: a 

Scientific Statement from the American Heart Association. Circulation. 

2016;134:e236-e255. doi: 10.1161/CIR.0000000000000441. 

8.  Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction 

in Children and Adolescents; National Heart, Lung, and Blood Institute. Expert Panel 

on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children 

and Adolescents: Summary Report.. Pediatrics. 2011;128 Suppl 5:S213-S256. 

 doi: 10.1542/peds.2009-2107C. 

9.  Xi B, Zong X, Kelishadi R, Hong YM, Khadilkar A, et al. International Child Blood 

Pressure References Establishment Consortium. Establishing international blood 

pressure references among non-overweight children and adolescents aged 6-17 years. 

Circulation. 2015;133:398-408. doi: 10.1161/CIRCULATIONAHA.115.017936. 

10.  Magnussen CG, Venn A, Thomson R, Juonala M, Srinivasan SR, et al. The association 

of pediatric LDL-cholesterol and HDL-cholesterol dyslipidemia classifications and 

change in dyslipidemia status with carotid intima-media thickness in adulthood: 

evidence from the Cardiovascular Risk in Young Finns Study, the Bogalusa Heart 

Study, and the Childhood Determinants of Adult Health (CDAH) Study. 

 J Am Coll Cardiol. 2009;53:860-869. doi: 10.1016/j.jacc.2008.09.061. 

11.  Aatola H, Magnussen CG, Koivistoinen T, Hutri-Kähönen N, Juonala M, et al. 

Simplified definitions of elevated pediatric blood pressure and high adult arterial 

stiffness. Pediatrics. 2013;132:e70-e76. doi: 10.1542/peds.2012-3426. 

 

 

 



21 
 

12.  Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, et al. Mannheim carotid 

intima-media thickness and plaque consensus (2004–2006–2011). An update on behalf 

of the advisory board of the 3rd, 4th and 5th watching the risk symposia, at the 13th, 

15th and 20th European Stroke Conferences, Mannheim, Germany, 2004, Brussels, 

Belgium, 2006, and Hamburg, Germany, 2011. Cerebrovasc Dis. 2012;34:290-296. 

doi: 10.1159/000343145. 

13.  Inaba Y, Chen JA, Bergmann SR. Carotid plaque, compared with carotid intima-media 

thickness, more accurately predicts coronary artery disease events: a meta-analysis. 

Atherosclerosis. 2012;220:128-133. doi: 10.1016/j.atherosclerosis.2011.06.044. 

14.  Åkerblom HK, Viikari J, Uhari M, Räsänen L, Byckling T, et al. Atherosclerosis 

precursors in Finnish children and adolescents. I. General description of the cross-

sectional study of 1980, and an account of the children’s and families’ state of health. 

Acta Paediatr Scand Suppl. 1985;318:49-63. doi: 10.1111/j.1651-

2227.1985.tb10082.x. 

15.  Raitakari OT, Juonala M, Rönnemaa T, Keltikangas-Järvinen L, Räsänen L, et al. 

Cohort profile: the Cardiovascular Risk in Young Finns Study. Int J Epidemiol. 

2008;37:1220-1226. doi: 10.1093/ije/dym225. 

16.  Porkka KVK, Raitakari OT, Leino A, Laitinen S, Räsänen L, 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. doi: 

10.1093/oxfordjournals.aje.a009192. 

17.  Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-

density lipoprotein cholesterol in plasma, without use of the preparative 

ultracentrifuge. Clin Chem. 1972;18:499-502. 

 



22 
 

18.  Welham SJ. Smoothing spline models for longitudinal data. In: Fitzmaurice G, 

Davidian M, Verbeke G, Molenberghs G, eds. Longitudinal data analysis. Handbooks 

of modern statistical methods. 1st ed. Boca Raton, Florida: Chapman & Hall/CRC, 

2009:253-89. 

19.  Lai C-C, Sun D, Cen R, Wang J, Li S, et al. Impact of long-term burden of excessive 

adiposity and elevated blood pressure from childhood on adulthood left ventricular 

remodeling patterns: the Bogalusa Heart Study. J Am Coll Cardiol. 2014;64:1580-

1587. doi: 10.1016/j.jacc.2014.05.072. 

20.  Catapano AL, Graham I, De Backer G, Wiklund O, Chapman MJ, et al. 2016 

ESC/EAS Guidelines for the management of dyslipidaemias. The Task Force for the 

management of dyslipidaemias of the European Society of Cardiology (ESC) and 

European Atherosclerosis Society (EAS). Developed with the special contribution of 

the European Assocciation for Cardiovascular Prevention & Rehabilitation (EACPR). 

Eur Heart J. 2016;37:2999-3058. doi: 10.1093/eurheartj/ehw272. 

21.  Williams B, Mancia G, Spiering W, Rosei EA, Azizi M, et al. 2018 ESC/ESH 

Guidelines for the management of arterial hypertension: The Task Force for the 

management of arterial hypertension of the European Society of Cardiology and the 

European Society of Hypertension. Eur Heart J. 2018;39:3021-3104. doi: 

10.1093/eurheartj/ehy339. 

22.  Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for 

child overweight and obesity worldwide: international survey. BMJ. 2000;320:1240-

1243. doi: 10.1136/bmj.320.7244.1240. 

 

 

 



23 
 

23.  Tonstad S, Joakimsen O, Stensland-Bugge E, Leren TP, Ose L, Bønaa KH. Risk 

factors related to carotid intima-media thickness and plaque in children with familial 

hypercholesterolemia and control subjects. Arterioscler Thromb Vasc Biol. 

1996;16:984-991. doi: 10.1161/01.ATV.16.8.984. 

24.  Allison PD. Multicollinearity. In: Allison PD ed. Logistic regression using SAS®: 

Theory and application. 2nd ed. Cary, NC, USA: SAS Institute Inc. 2012:60-2. 

25.  Mackie A, Whincup P, McKinnon M. Does the Hawksley random zero 

sphygmomanometer underestimate blood pressure, and by how much? J Hum 

Hypertens. 1995;9:337-343. 

26.  Juonala M, Järvisalo MJ, Mäki-Torkko N, Kähönen M, Viikari JSA, Raitakari OT. 

Risk factors identified in childhood and decreased carotid artery elasticity in 

adulthood: the Cardiovascular Risk in Young Finns Study. Circulation. 

2005;112:1486-1493. doi: 10.1161/CIRCULATIONAHA.104.502161. 

27.  Naqvi TZ, Lee M-S. Carotid intima-media thickness and plaque in cardiovascular risk 

assessment. JACC Cardiovasc Imaging. 2014;7:1025-1038. doi: 

10.1016/j.jcmg.2013.11.014. 

28.  van der Meer IM, Iglesias Del Sol A, Hak AE, Bots ML, Hofman A, Witteman JCM. 

Risk factors for progression of atherosclerosis measured at multiple sites in the arterial 

tree: the Rotterdam Study. Stroke. 2003;34:2374-2379. doi: 

10.1161/01.STR.0000088643.07108.19. 

29.  Prati P, Vanuzzo D, Casaroli M, Di Chiara A, De Biasi F, et al. Prevalence and 

determinants of carotid atherosclerosis in a general population. Stroke. 1992;23:1705-

1711. doi: 10.1161/01.STR.23.12.1705. 

 

 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwjG25id6MfgAhXKJpoKHfveAjQQFjABegQICRAB&url=https%3A%2F%2Fwww.ahajournals.org%2Fdoi%2Fpdf%2F10.1161%2F01.STR.23.12.1705&usg=AOvVaw14HGJSM64yMrkHjN91qKI8
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwjG25id6MfgAhXKJpoKHfveAjQQFjABegQICRAB&url=https%3A%2F%2Fwww.ahajournals.org%2Fdoi%2Fpdf%2F10.1161%2F01.STR.23.12.1705&usg=AOvVaw14HGJSM64yMrkHjN91qKI8


24 
 

30.  Herder M, Johnsen SH, Arntzen KA, Mathiesen EB. Risk factors for progression of 

carotid intima-media thickness and total plaque area: a 13-year follow-up study: The 

Tromsø Study. Stroke. 2012;43:1818-1823. doi: 10.1161/STROKEAHA.111.646596. 

31.  Ebrahim S, Papacosta O, Whincup P, Wannamethee G, Walker M, et al. Carotid 

plaque, intima media thickness, cardiovascular risk factors, and prevalent 

cardiovascular disease in men and women: the British Regional Study. Stroke. 

1999;30:841-850. doi: 10.1161/01.STR.30.4.841. 

32.  Polak JF, Szklo M, Kronmal RA, Burke GL, Shea S, et al. The value of carotid artery 

plaque and intima-media thickness for incident cardiovascular disease: The Multi-

Ethnic Study of Atherosclerosis. J Am Heart Assoc. 2013;2:e000087. doi: 

10.1161/JAHA.113.000087. 

33.  Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE, et al. Clinical 

practice guideline for screening and management of high blood pressure in children 

and adolescents. Pediatrics. 2017;140(3):e20171904. doi:10.1542/peds.2017-1904 

34.  Khera AV, Emdin CA, Drake I, Natarajan P, Bick AG, et al. Genetic risk, adherence to 

a healthy lifestyle, and coronary disease. N Engl J Med. 2016;375:2349-2358. doi: 

10.1056/NEJMoa1605086. 

35.  Fabris F, Zanocchi M, Bo M, Fonte G, Poli L, et al. Carotid plaque, aging, and risk 

factors: a study of 457 subjects. Stroke. 1994;25:1133-1140. doi: 

10.1161/01.STR.25.6.1133. 

36.  Gardener H, Della Morte D, Elkind MS V, Sacco RL, Rundek T. Lipids and carotid 

plaque in the Northern Manhattan Study (NOMAS). BMC Cardiovasc Disord. 

2009;9:55. doi: 10.1186/1471-2261-9-55 

 

 



25 
 

37.  Juonala M, Magnussen CG, Berenson GS, Venn A, Burns TL, et al. Childhood 

adiposity, adult adiposity, and cardiovascular risk factors. N Engl J Med. 

2011;365:1876-1885. doi: 10.1056/NEJMoa1010112. 

38.  Tirosh A, Shai I, Afek A, Dubnov-Raz G, Ayalon N, et al. Adolescent BMI trajectory 

and risk of diabetes versus coronary disease. N Engl J Med. 2011;364:1315-1325. 

 doi: 10.1056/NEJMoa1006992. 

39.  Mahoney LT, Burns TL, Stanford W, Thompson BH, Witt JD, 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-

284. doi: 10.1016/0735-1097(95)00461-0. 

40.  Solberg LA, Eggen DA. Localization and sequence of development of atherosclerotic 

lesions in the carotid and vertebral arteries. Circulation. 1971;43:711-724. doi: 

10.1161/01.CIR.43.5.711. 

41.  Dwyer T, Sun C, Magnussen CG, Raitakari OT, Schork NJ, et al. Cohort profile: the 

International Childhood Cardiovascular Cohort (i3c) Consortium. Int J Epidemiol. 

2013;42:86-96. doi: 10.1093/ije/dys004. 

 

 

 

 

 

 

 

 

 



26 
 

Figure 1. Proportion of participants with carotid plaque according to the number of 

childhood risk factorsa 

 

 

a One point was given for each risk factor classified as abnormal. Risk factors included were 

dyslipidemia, elevated systolic blood pressure, smoking, and family history of coronary heart 

disease. Carotid plaque (%) indicates the proportion of individuals with carotid plaque across 

different groups. Total n for 0, 1, 2, and 3 to 4 groups are 627, 1094, 711, and 219, 

respectively. 
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Figure 2. Proportion of participants with carotid plaque according to the number of 

childhood and adult risk factorsa 

 

 

a One point was given for each risk factor classified as abnormal. Risk factors included were 

dyslipidemia, elevated systolic blood pressure, and smoking. Carotid plaque (%) indicates the 

proportion of participants with carotid plaque in adulthood. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Childhood risk factors and carotid atherosclerotic plaque in 

adulthood: The Cardiovascular Risk in Young Finns Study 

 

Highlights 

• Cumulative child risk factors independently associate with adult carotid plaque. 

• Less than 1% of adults with no risk factors in childhood had carotid plaque. 

• Sustained cardiovascular health in childhood is needed to reduce future risk. 



Table 1. Childhood and adult characteristics according to adult carotid plaque status. 

For childhood risk factors the means of the long-term burden are presented.a 

 No plaque present Plaque present 

 Statistic Percentage with 

abnormal levelsb 

Statistic Percentage with 

abnormal levelsb 

No. (%) 2565 (96.7)  88 (3.3)  

Age, mean (SD), year 36.4 (5.6)  38.2 (4.6)  

Sex, No. (%)     

    Female 1410 (55.0)  31 (35.2)  

    Male 1155 (45.0)  57 (64.8)  

Systolic blood pressure, mean (SD), mmHgc    

    Childhood  111.1 (5.8) 23.0 112.9 (5.4) 35.2 

    Adult 120.2 (14.1) 13.8 123.9 (14.5) 20.5 

Diastolic blood pressure, mean (SD), mmHgd    

    Childhood 65.4 (4.9) 0.3 67.8 (4.0) 0 

    Adult 75.1 (11.4) 15.2 76.7 (11.6) 20.5 

Lipids and lipoproteins, mean (SD), mmol/Le    

  Total cholesterolf     

    Childhood 5.2 (0.7) 49.9 5.5 (0.7) 70.5 

    Adult 5.1 (0.9) 47.6 5.6 (1.1) 69.3 

  LDL cholesterolg     

    Childhood 3.4 (0.7) 48.5 3.8 (0.6) 76.1 

    Adult 3.1 (0.8) 52.0 3.7 (1.0) 75.6 

     



  HDL cholesterolh 

    Childhood 1.5 (0.2) 0.9 1.4 (0.2) 1.1 

    Adult 1.3 (0.3) 23.8 1.2 (0.3) 26.4 

  Non-HDL cholesteroli     

    Childhood 3.7 (0.7) 45.5 4.1 (0.7) 68.2 

    Adult 3.7 (0.9) 43.5 4.4 (1.1) 67.8 

  Triglyceridesj     

    Childhood 0.7 (0.2) 0.7 0.7 (0.2) 0 

    Adult 1.4 (0.9) 22.5 1.7 (1.5) 30.7 

Dyslipidemia, No. (%)k     

    Childhood 1455 (56.7)  71 (80.7)  

    Adult 1784 (69.8)  78 (88.6)  

Body mass index, mean (SD), kg/m2 l    

    Childhood 18.4 (2.1) 8.1 18.2 (1.7) 6.8 

    Adult 25.9 (4.8) 51.9 25.6 (3.4) 54.6 

Smoking, No. (%)     

    Childhood 526 (20.5)  32 (36.4)  

    Adult 525 (20.5)  26 (29.6)  

Family history of coronary heart disease, No. (%)   

 454 (17.7)  31 (35.2)  

 

a N=2565 in no plaque group and n=88 in plaque group unless stated otherwise. 

b Risk factors were classified based on guideline-based cut-offs. Childhood risk factors were 

classified as abnormal if the long-term burden exceeded, or in case of HDL-cholesterol was 

below, the comparable cut-off. 



c Two no plaque participants could not be classified due to missing height that is necessary 

for classifying childhood blood pressure. Adult n=2557 in no plaque group. 

d Childhood n=2564 in no plaque group and adult n=2555 in no plaque group. 

e To convert the values for cholesterol to mg/dL multiply by 38.67 and for triglycerides 

multiply by 88.57. 

f Adult n=2555 in no plaque group. 

g Adult n=2500 in no plaque group. Four participants with lipid lowering medication but no 

LDL cholesterol value are included to group with abnormal levels of adulthood LDL 

cholesterol. N=86 in adult plaque group. 

h Adult n=2546 in no plaque group and n=87 in plaque group. 

i Adult n=2546 in no plaque group and 3 participants with lipid lowering medication but no 

non-HDL cholesterol value are included to group with abnormal levels of adulthood non-

HDL cholesterol. N=87 in adult plaque group. 

j Adult n=2555 in no plaque group. 

k Adult n=2555 in no plaque group. 

l Adult n=2528 in no plaque group. 

 

 

 

 

 

 

 

 

 



Table 2. Relative risks (RR) and 95% confidence intervals (CI) between childhood and 

adult risk factors and presence of adult carotid plaquea 

 RR (95% CI) p value 

Elevated systolic blood pressure   

    Childhood 1.51 (0.99-2.32) 0.06 

    Adult 1.23 (0.73-2.05) 0.44 

    Residual 1.49 (0.97-2.31) 0.07 

Elevated diastolic blood pressure   

    Childhood nonestimableb  

    Adult 1.09 (0.65-1.83) 0.74 

    Residual nonestimableb  

Lipids and lipoproteins   

  Elevated total cholesterol   

    Childhood 2.32 (1.45-3.71) <0.001 

    Adult 2.03 (1.30-3.18) 0.002 

    Residual 1.92 (1.16-3.16) 0.01 

  Elevated LDL cholesterol   

    Childhood 3.20 (1.89-5.42) <0.001 

    Adult 2.30 (1.42-3.74) <0.001 

    Residual 2.80 (1.56-5.01) <0.001 

  Low HDL cholesterol   

    Childhood 1.02 (0.15-6.78) 0.98 

    Adult 1.17 (0.73-1.86) 0.51 

    Residual 0.92 (0.14-6.23) 0.93 

     



Elevated non-HDL cholesterol 

    Childhood 2.42 (1.54-3.81) <0.001 

    Adult 2.15 (1.36-3.40) 0.001 

    Residual 1.96 (1.19-3.24) 0.009 

  Elevated triglycerides   

    Childhood nonestimableb  

    Adult 1.21 (0.77-1.91) 0.41 

    Residual nonestimableb  

Dyslipidemia   

    Childhood 3.03 (1.76-5.21) <0.001 

    Adult 2.78 (1.45-5.33) 0.002 

    Residual 2.50 (1.42-4.42) 0.002 

Overweight   

    Childhood 0.93 (0.41-2.10) 0.86 

    Adultc 0.89 (0.59-1.33) 0.56 

    Residual 0.98 (0.42-2.32) 0.97 

Smoking   

    Childhood 1.93 (1.26-2.94) 0.002 

    Adult 1.56 (0.99-2.46) 0.05 

    Residual 1.78 (1.11-2.86) 0.02 

Family history of coronary heart disease  

 2.28 (1.48-3.53) <0.001 

 

a Adjusted for sex and age. Residual indicates the independent association for childhood risk 

factor after additional adjustment for the equivalent adult risk factor. 



b Due to low number of participants with high diastolic blood pressure and elevated 

triglycerides in childhood relative risks were not able to be estimated. 

c p<0.1 for adult overweight by sex interaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 3. Multivariable models showing relative risks (RR) and 95% confidence intervals 

(CI) between risk factors and carotid plaque 

 RR (95% CI) p value 

Model 1a   

  Childhood elevated systolic blood pressure 1.47 (0.94-2.29) 0.09 

  Childhood dyslipidemia 2.94 (1.71-5.05) <0.001 

  Childhood overweight 0.76 (0.32-1.80) 0.54 

  Childhood smoking 2.04 (1.34-3.11) <0.001 

  Family history of coronary heart disease 2.14 (1.38-3.31) <0.001 

   

Model 2b   

  Adult elevated systolic blood pressure 1.16 (0.70-1.95) 0.56 

  Adult dyslipidemia 2.85 (1.49-5.43) 0.002 

  Adult overweight 0.75 (0.50-1.12) 0.16 

  Adult smoking 1.48 (0.94-2.33) 0.09 

  Family history of coronary heart disease 2.22 (1.43-3.44) <0.001 

   

Model 3c   

  Childhood elevated systolic blood pressure 1.43 (0.92-2.22) 0.11 

  Childhood dyslipidemia 2.41 (1.36-4.24) 0.002 

  Childhood overweight 0.79 (0.31-2.00) 0.62 

  Childhood smoking 1.93 (1.21-3.09) 0.006 

  Family history of coronary heart disease 2.11 (1.36-3.27) <0.001 

 



a Model 1 with all childhood risk factors and family history of coronary heart disease. 

Adjusted for sex and age. 

b Model 2 with all adult risk factors and family history of coronary heart disease. Adjusted for 

sex and age. 

c Model 3 indicates the independent association for childhood risk factors when adjusted for 

sex, age, and all adult risk factors. 
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Supplemental Table 1. Flowchart for the Cardiovascular Risk in Young Finns Study 

 
a No. refers to the number of subjects who participated in any phase of the study in a given year. 

b In 1989, physical examinations and blood tests were gathered only in one center (N=632). 

c In 1992, cohorts from Helsinki, Kuopio and Turku areas were included for blood sampling and/or physical examinations (N=891). In 1992, the 

limitation in sampling size was due to economic constraints. 

d In 2001 and 2007, carotid ultrasound was performed to 2283 and 2204 participants, respectively.

Study year No.a Age cohorts                            

1980 3596 3  6  9  12  15  18                      

1983 2991   6  9  12  15  18  21                    

1986 2799     9  12  15  18  21  24                  

1989 2737b       12  15  18  21  24  27                

1992 2730c         15  18  21  24  27  30              

2001 2620d               24  27  30  33  36  39        

2007 2243d                   30  33  36  39  42  45    

2011 2115                      34  37  40  43  46  49 
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Supplemental Methods 

Area under the curve – childhood risk factor long-term burden 

Area under the curve (AUC) was defined for childhood blood pressure, BMI, and serum lipids 

as a measure of childhood risk factor long-term cumulative burden. AUC variables were 

generated using repeatedly measured data from 1980 to 2011 (measurements from 3-34 years 

and for diastolic blood pressure from 6-34 years). First, subject-specific curves were estimated 

by mixed model regression splines.1 The covariance structure for the longitudinal setting was 

modelled by allowing for subject-specific regression spline coefficients, which were 

incorporated as random effects into the model. To avoid overfitting at participant level, the 

number of knots were reduced on the calendar time for the subject-specific part from that of 

the fixed effect parts on age. For triglycerides and diastolic blood pressure, the number of knots 

on age were reduced for the subject-specific part from that of the fixed effect parts on the 

calendar time. The mean profile was allowed to vary across birth cohorts, ages, gender and in 

case of blood pressure family's area of residence at the beginning of the study and in case of 

diastolic blood pressure parent's hypertension in terms of possibly different fixed effect parts. 

Then, similar to the approach of Lai et al,2 AUCs were evaluated for each risk factor for the 

age period of 6-18 years as a measure of childhood risk factor long-term cumulative burden. 

 

 

 

 

 

 

 

 



6 
 

Supplemental Figure 1. Graphical illustration for the area under the curve 
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Supplemental Table 2. Relative risks (RR) and 95% confidence intervals (CI) between Z-

scores and the presence of carotid plaquea 

 RR (95%CI) p value 

Systolic blood pressure   

    Childhood 1.21 (0.99-1.47) 0.06 

    Adult 1.09 (0.89-1.35) 0.40 

    Residual 1.21 (0.97-1.50) 0.09 

Diastolic blood pressure   

    Childhood 1.58 (1.25-2.00) <0.001 

    Adult 0.98 (0.78-1.22) 0.83 

    Residual 1.70 (1.33-2.18) <0.001 

Lipids and lipoproteins   

  Total cholesterol   

    Childhood 1.56 (1.30-1.88) <0.001 

    Adult 1.56 (1.31-1.84) <0.001 

    Residual 1.27 (0.99-1.63) 0.06 

  LDL-cholesterol   

    Childhood 1.76 (1.46-2.11) <0.001 

    Adult 1.67 (1.41-1.98) <0.001 

    Residual 1.42 (1.08-1.86) 0.01 

  HDL-cholesterol   

    Childhood 0.88 (0.72-1.06) 0.17 

    Adult 0.80 (0.64-1.00) 0.05 

    Residual 0.97 (0.74-1.27) 0.84 
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Non-HDL-cholesterol 

    Childhood 1.64 (1.37-1.96) <0.001 

    Adult 1.61 (1.38-1.88) <0.001 

    Residual 1.32 (1.03-1.69) 0.03 

  Triglycerides   

    Childhood 0.98 (0.74-1.29) 0.88 

    Adultb 1.22 (1.00-1.48) 0.05 

    Residual 0.82 (0.59-1.14) 0.23 

Body mass index   

    Childhood 0.95 (0.78-1.17) 0.64 

    Adultc 0.82 (0.69-0.99) 0.04 

    Residual 1.13 (0.85-1.51) 0.40 

 

a Relative risk indicates the change in risk for having carotid plaque in adulthood for a 1 SD 

increase in the risk factor level. Models are adjusted for sex and age. Residual indicates the 

independent association for childhood risk factor after additional adjustment for the equivalent 

adult risk factor. 

b Due to skewness, adult triglycerides were log-transformed. 

c p<0.1 for adult body mass index by sex interaction. 
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Supplemental Table 3. Childhood smoking volume and adulthood carotid plaque 

 Proportion with 

carotid plaque 

RRa 95% CIb p value 

Childhood smoking volume     

    Never smoked 1.9 % 1.0 Referent Referent 

    1 cigarette 2.3 % 1.14 0.42-3.09 0.80 

    2 to 50 cigarettes 4.0 % 1.86 0.99-3.50 0.06 

    Over 50 cigarettes 5.1 % 2.27 1.24-4.15 0.008 

    p for trend    0.005 

 

a Relative risk (RR) indicates the change in risk for having carotid plaque in adulthood when 

compared with the referent group (never smoked). Adjusted for sex and age. 

b CI indicates the confidence intervals. 
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Supplemental Table 4. Multivariable models showing relative risks (RR) and 95% 

confidence intervals (CI) between Z-scores, smoking, family history of coronary heart 

disease and the presence of carotid plaque 

 RR (95% CI)a p value 

Model 1b   

  Childhood systolic blood pressure 1.21 (0.98-1.50) 0.08 

  Childhood LDL cholesterol 1.70 (1.42-2.04) <0.001 

  Childhood body mass index 0.86 (0.69-1.07) 0.17 

  Childhood smoking 2.01 (1.32-3.06) 0.001 

  Family history of coronary heart disease 2.05 (1.32-3.17) 0.001 

   

Model 2c   

  Adult systolic blood pressure 1.08 (0.87-1.33) 0.51 

  Adult LDL cholesterol 1.66 (1.40-1.96) <0.001 

  Adult body mass index 0.73 (0.59-0.91) 0.004 

  Adult smoking 1.38 (0.88-2.18) 0.16 

  Family history of coronary heart disease 2.18 (1.39-3.41) <0.001 

   

Model 3d   

  Childhood systolic blood pressure 1.22 (0.95-1.55) 0.12 

  Childhood LDL cholesterol 1.33 (0.99-1.78) 0.06 

  Childhood body mass index 1.12 (0.82-1.53) 0.48 

  Childhood smoking 1.98 (1.23-3.18) 0.005 

  Family history of coronary heart disease 2.07 (1.32-3.24) 0.002 
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a Relative risk indicates change in risk for having carotid plaque for a 1 SD increase in risk 

factor level. 

b Model 1 with all childhood risk factors and family history of coronary heart disease. Adjusted 

for sex and age. N=2565 in no plaque group and n=88 in plaque group. 

c Model 2 with all adult risk factors and family history of coronary heart disease. Adjusted for 

sex and age. N=2462 in no plaque group and n=86 in plaque group. 

d Model 3 indicates the independent association for childhood risk factors when adjusted for 

sex, age, and all adult risk factors. N=2462 in no plaque group and n=86 in plaque group. 
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Supplemental Figure 2. Proportion of participants with carotid plaque according to the 

number of adult risk factors 

 

 

One point was given for each risk factor classified as abnormal. Risk factors included were 

dyslipidemia, elevated systolic blood pressure, smoking, and family history of coronary heart 

disease. Carotid plaque (%) indicates the proportion of participants with carotid plaque across 

different groups. N for 0, 1, 2 and 3 to 4 risk factor groups are 513, 1198, 730, and 194, 

respectively. 
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Supplemental Figure 3. Proportion of participants with carotid plaque according to the 

number of childhood risk factors, stratified by sex 

 

 

One point was given for each risk factor classified as abnormal. Risk factors included were 

dyslipidemia, elevated systolic blood pressure, smoking, and family history of coronary heart 

disease. Carotid plaque (%) indicates the proportion of participants with carotid plaque across 

different groups. N for females in 0, 1, 2, and 3 to 4 risk factor groups are 320, 610, 392, and 

118, and for males 307, 484, 319, and 101, respectively. 
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Supplemental Figure 4. Proportion of participants with carotid plaque according to the 

number of adult risk factors, stratified by sex 

 

 

One point was given for each risk factor classified as abnormal. Risk factors included were 

dyslipidemia, elevated systolic blood pressure, smoking, and family history of coronary heart 

disease. Carotid plaque (%) indicates the proportion of participants with carotid plaque across 

different groups. N for females in 0, 1, 2, and 3 to 4 risk factor groups are 357, 645, 334, and 

91, and for males 156, 553, 396, and 103, respectively. 
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