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Abstract

Background—Data suggest that the prediction of adult cardiovascular disease using a model 
comprised entirely of adult non-laboratory based risk factors is equivalent to an approach that 
additionally incorporates adult lipid measures. We assessed and compared the utility of a risk 
model based solely on non-laboratory risk factors in adolescence vs. a lipid model based on non-
laboratory risk factors + lipids for predicting high-risk carotid intima-media thickness (cIMT) in 
adulthood. 
Methods—The study comprised 2,893 participants aged 12-18 years from four longitudinal 
cohort studies from the United States (Bogalusa Heart Study and the Insulin Study), Australia 
(Childhood Determinants of Adult Health Study) and Finland (The Cardiovascular Risk in 
Young Finns Study) and followed into adulthood when cIMT was measured (mean follow-up 
23.4 years). Overweight status was defined according to the Cole classification. Hypertension 
was defined according to the Fourth Report on High Blood Pressure in Children and Adolescents 
from the National High Blood Pressure Education Program. High-risk plasma lipid levels were 
defined according to the National Cholesterol Education Program (NCEP) Expert Panel on 
Cholesterol Levels in Children. High cIMT was defined as a study- th

percentile. Age-and sex were included in each model.
Results—In univariate models all risk factors except for borderline high-and high triglycerides in 
adolescence were associated with high cIMT in adulthood. In multivariable models (RR [95% 
CI]), male sex (2.7 [2.0-2.6]), pre-hypertension (1.4 [1.0-1.9]), hypertension (1.9 [1.3-2.9]), 
overweight (2.0 [1.4-2.9]), obesity (3.7 [2.0-7.0]), borderline high LDL-cholesterol (1.6 [1.2-
2.2]), high LDL-cholesterol (1.6 [1.1-2.1]) and borderline low HDL-cholesterol (1.4 [1.0-1.8]) 
remained significant predictors of high cIMT (P always < 0.05).  The addition of lipids into the 
non-laboratory risk model slightly, but significantly, improved discrimination in predicting high 
cIMT compared with non-laboratory-based risk factors only (c-statistics for laboratory-based 
model 0.717 [95%CI 0.685-0.748] and for non-laboratory 0.698 [95%CI 0.667-0.731], P=0.02). 
Conclusions—Non-laboratory-based risk factors and lipids measured in adolescence 
independently predicted preclinical atherosclerosis in young adulthood. The addition of lipid 
measurements to traditional clinic based risk factor assessment provided a statistically significant 
but clinically modest improvement on adolescent prediction of high cIMT in adulthood.  

Key Words: risk prediction; lipids; intima-media thickness
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Clinical Perspective

What is new? 

Non-laboratory-based risk factors (sex, blood pressure status, body mass index status) 

and lipids (HDL- and LDL-cholesterol status) measured in adolescence independently 

predicted high carotid intima media thickness, a marker of preclinical atherosclerotic 

cardiovascular disease, in young adulthood. 

The addition of lipid measurements to a prediction model that only considered non-

laboratory-based risk factors provided a clinically modest improvement in the ability to 

predict adolescents likely to develop high carotid intima media thickness in adulthood. 

What are the clinical implications?

In the absence of information on lipids, risk assessment using only non-laboratory-based 

risk factors might be a useful alternative in predicting adolescents at risk of developing 

adult preclinical atherosclerotic cardiovascular disease.

Future research should determine the utility of multiple lipid and non-laboratory-based

risk factor measurements collected throughout youth to the prediction of adult preclinical 

atherosclerotic cardiovascular disease.

In the absence of information on lipids, risk assessment using only non-laaboboorraratototoryryry-bababased 

risk factors might be a useful alternative in predicting adolescents at risk of ddeveloping 

adult preclinical atherosclerotic cardiovascular disease.

FuFuFutututurerere reseaearch should determine the utilityty of multiple lippidi  andnd non-laboratory-based

risk facttor mmeaasusuurererememeentntn sss cococollll eccted throouughohoutt yyyouououththth ttto ththhe ee prpreddici tiiononon ooofff adadadultt prprprecceclililinininicalr

atheroscsclell roroticc ccardioioi vascular ddisease.
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Atherosclerosis is a multifactorial disease with its roots in childhood1, suggesting that primary 

prevention of cardiovascular diseases would ideally be targeted to children and adolescents. 

Recent pediatric guidelines in cardiovascular disease (CVD) risk assessment recommend 

universal (population-wide) lipid screening in youth2. However, efforts to create a risk 

stratification system that could be implemented cost effectively and on a large scale, based on 

routine and easily collected measures, and without a need for additional laboratory testing. A 

study in adults3 showed promising results supporting this kind of approach, with a non-

laboratory-based risk model predicting cardiovascular events as accurately as one that relied on 

laboratory-based measurements.

Increased carotid intima-media thickness (cIMT), as assessed noninvasively by 

ultrasound, is a marker of structural atherosclerosis4. We and others have previously shown that 

elevated risk factors in youth predict greater cIMT in adulthood1. cIMT has also been shown to 

be an independent risk factor for cardiovascular events5. Thus, in the absence of cardiovascular 

events, measurements of cIMT by non-invasive imaging techniques provide a surrogate end-

point to assess early atherosclerosis4.

 In this study, we use data from four cohort studies of cardiovascular risk factors initiated 

in childhood that have followed participants into adulthood: the Cardiovascular Risk in Young 

Finns Study, Finland1, the Childhood Determinants of Adult Health Study, Australia6, the 

Bogalusa Heart Study, USA.7, and the Insulin Study, USA.8,9. Our aim was to compare risk 

prediction models based on non-laboratory vs. non-laboratory + lipids data obtained during 

adolescence for predicting high-risk cIMT in adulthood. For simplicity in the text we refer to the 

non-laboratory + lipids-model as a “lipid” model.

Increased carotid intima-media thickness (cIMT), as assessed noninvasiveelylyy bbby yy

ultrasound, is a marker of structural atherosclerosis4. We and others have previously shown that 

elevated risk factors in youth predict greater cIMT in adulthood1. cIMT has also been shown to 

be aaan nn independddeene t t t rirr skkk fffacacactotor r fofofor rr cacacardrr ioovav scularara  eveventsss55. . ThThThususu , ininn tttheheh aabsb encecece oof f f cacac rdioioi vavavascscsculululara  

evenennttst , measurrrememe enentss oof cIMTMM  by non--invasivevev  imamagigigingngng tttechnhhniqueues prroovididide e a surrrrogogo aatee end-

point to assess early atheh rosclerosiis44.
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Methods

Study sample

Data were analyzed in 2,893 participants aged 12-18 years at baseline from four longitudinal 

cohort studies with mean follow-up of 23.4 years. Each study was approved by the appropriate 

institutional review boards, and written informed consent or assent was obtained from all the 

study participants over age 18, or assent from the participants and consent from their parents for 

participants under the age of 18. Risk factors in each cohort were measured as part of selective 

screening. None of the participants were using lipid lowering- or antihypertensive medication or 

diagnosed with type 2 diabetes at baseline. Participants with type 1 diabetes were excluded from 

the present study. The data, analytic methods, and study materials will not be made available to 

other researchers outside i3C consortium for purposes of reproducing the results or replicating 

the procedure. Researchers interested in the data, methods, or analysis can contact the 

corresponding author for more information. 

Cardiovascular Risk in Young Finns Study (YFS)

The YFS sample has been previously described in detail1. YFS is an ongoing epidemiological 

cohort study. In 1980, 3596 children and adolescents aged 3, 6, 9, 12, 15, and 18 years 

participated in the first cross-sectional examination. Study participants were chosen randomly 

from national population registers from five Finnish university cities and their rural 

surroundings. The majority of subjects in the present study were from YFS, including 2,079 

participants aged 12, 15, and 18 years at baseline (1986) and who had low density lipoprotein 

(LDL)- and high density lipoprotein (HDL)-cholesterol and smoking data at baseline and carotid 

artery ultrasonography data in 2001 (ages 27, 30 and 33) or 2007 (ages 33, 36 and 39). Data from 

he present study. The data, analytic methods, and study materials will not be madede aaavavavailililababablelee ttto 

other researchers outside i3C consortium for purposes of reproducing the results or replicating 

he procedure. Researchers interested in the data, methods, or analysis can contact the 

corrresesponding g aaua ththoro fforor mmorree e ininfoformr atatioi n. 

Cardrdrdiovasculararar RRiiskk iin Youououng Finnsns SStudyyy ((YFFSS)

The YFFS sample hhas bbeen previously describbedd in ded tail1. YFS S is an ongoing epidi emioi logical 

 by guest on M
arch 7, 2018

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.029726

7 

the most recent visit that included measurement of cIMT were used to maximize the follow-up 

period.

Childhood Determinants of Adult Health (CDAH)

The CDAH sample has been described in detail elsewhere6. CDAH baseline data were collected 

in 1985 on a representative sample of 8,498 school children 7 to 15 years of age as part of the 

Australian Schools Health and Fitness Survey. The present study included data from 272 

participants, 12-15 years old at baseline, with risk factor data at baseline and carotid artery 

ultrasound measurements at 28 to 36 years of age (2004–06). 

Bogalusa Heart Study (BHS) 

The BHS sample has also been described in detail elsewhere7. The BHS is a biracial community-

based investigation of the early natural history of CVD.  For this analysis 436 participants aged 

12-18 years at baseline who had risk factor data available from either the 1984-85 or 1987-88 

cross-sectional surveys (baseline) and had measures including ultrasound data collected during 

2001-10 (follow-up) were included. Data from the first and the most recent visits were used to 

maximize the follow-up period.

The Insulin Study (IS)

The Insulin Study (Minneapolis, Minnesota) has been described in detail elsewhere8,9. The initial 

cohort was selected randomly after blood pressure screening of 12,043 fifth- to eighth-grade 

public school children. This analysis included data on 106 participants who were measured 

between 2000-08 at the age of 17-18 years and who had adulthood risk factor measurements 

available at the age of 21-24 years. 

The BHS sample has also been described in detail elsewhere7. The BHS is a biracciaiaalll cococommmmmmunununitii y-

based investigation of the early natural history of CVD.  For this analysis 436 participants aged 

12-18 years at baseline who had risk factor data available from either the 1984-85 or 1987-88 

crossssss-sectionalall sssurrrvevv ysysy (((babab seselililinenene))) ananand hahad measasa urres incncnclululudididingngng uultlttraaasosounund dadaatatata cccololollel ctededed dddurururinining g

20010101-10 (folloow-ww upup) wewere incncncluded. Datata frommm tthee firrrststst aaanddnd tthhe mmoost reeccentntnt visits wewew ree used toto 

maximiize theh  follow-up period.
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Clinic measurements and smoking status

Height and weight were measured at all time points. Body mass index (BMI) was calculated 

using the formula: weight [kg] / height [m] 2. A random zero sphygmomanometer was used to 

measure blood pressure (BP) in the YFS, BHS and IS. In CDAH, BP was measured with a

standard mercury sphygmomanometer at childhood and a digital automatic monitor (Omron 

HEM907, Omron Healthcare Inc, Kyoto, Japan) at adulthood. In YFS the average of three 

measurements of the first and fifth Korotkoff sounds were used to define systolic and diastolic 

BP. The mean of two measurements was used in the CDAH, BHS and IS analyses. Venous blood 

samples were taken after a 12-hour fast from the antecubital vein. In YFS at baseline, serum 

cholesterol and triglycerides were measured using fully enzymatic Boehringer CHOD-PAP kits 

with an OLLI 3000 analyzer. Subsequently, an Olympus System reagent analyzer in a clinical 

chemistry analyzer (AU400, Olympus), was used to determine lipid levels. Serum HDL-

cholesterol was measured by the dextran sulphate 500,000 method. In CDAH in 1985, serum 

total cholesterol and triglycerides were determined according to the Lipid Research Clinics 

Program and HDL-cholesterol was analyzed after precipitation of apolipoprotein-B–containing 

lipoproteins with heparin-manganese10. In BHS the HDL-cholesterol and triglycerides were 

measured using chemical procedures with a Technicon Auto Analyzer II (Technicon Instrument 

Corp, Tarrytown, NY), according to the laboratory manual of the Lipid Research Clinics 

Program11. LDL-cholesterol was calculated using the Friedewald formula12. Since baseline years, 

these variables were determined by enzymatic procedures using the Abbott VP instrument 

(Abbott Laboratories, North Chicago, IL)13. Serum concentrations of LDL- and HDL-cholesterol

were analyzed by a combination of heparin-calcium precipitation and agar-agarose gel 

electrophoresis procedures. In IS serum lipids were analyzed in the University of Minnesota 

cholesterol and triglycerides were measured using fully enzymatic Boehringer CHOHOODDD-PAPAPAPPP kikik ttst  

with an OLLI 3000 analyzer. Subsequently, an Olympus System reagent analyzer in a clinical 

chemistry y analyzer (AU400, Olympus), was used to determine lipid levels. Serum HDL-

chololo eeesterol waass mememeasaa ururu ededed bby yy thththe e e dededextxx raan n sulphahah te 5500,0,0,0000000 mmmetee hohood.dd IIn CDC AHAHAH iin n n 19191 855, seseserururum m m

otaaal l chc olesteroool l l anndd trriglyceeerrir des weree ddetermmim nnedd accccococordrdrdiingg to tthhe Lippiid RRResearchh h CCliinics

Program and d HDL-L chholesterol was analyzedd after precipitation of apolipoprotein-B–containing 
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laboratory with a Cobas FARA14. HDL-cholesterol was determined after precipitation of non-

HDL lipoproteins with a dextran-sulfate magnesium precipitating reagent. Triglycerides were 

determined with a standard glycerol blanked enzymatic triglyceride method. LDL-cholesterol 

was calculated using the Friedewald formula in YFS, CDAH and IS12. The coefficient of 

variation (CV) for within-assay precision in YFS was 2.2% for total cholesterol, 2.3% for HDL-

cholesterol and 3.8% for serum triglycerides. Both US cohorts and CDAH used chemical and 

enzymatic procedures meeting the performance requirements of the Lipid Clinics Program and 

Lipid Standardization Program of the Centers for Disease Control and Prevention, which 

routinely monitors the accuracy of measurements of total cholesterol, triglyceride and HDL-

cholesterol concentrations. Participants were asked a series of questions about smoking at 

baseline. Details of these questionnaires are presented in online supplement. Responses were 

collapsed into a binomial categorical variable indicating: 1) regular smoking or at least five 

(<5/week). Physical activity was assessed by using a self-administered questionnaire at baseline 

in the YFS cohort only (see online supplement).

Carotid artery ultrasound studies 

B-mode ultrasound studies of the left carotid artery were performed at follow-up examinations 

using standardized protocols for each study described in detail elsewhere1,15-17. In YFS, to assess 

intra-individual reproducibility of ultrasound measurements, 57 participants were re-examined 3 

months after the initial visit. The average absolute difference and standard deviation between 

measurements was 0.05±0.04 mm. In CDAH, reproducibility for replicate maximum cIMT 

measurements was assessed in a random sample of 30 participants. The average absolute 

difference and SD was 0.02±0.04 mm. In BHS, 75 participants underwent repeat ultrasound 

cholesterol concentrations. Participants were asked a series of questions about smmokokkinining g g atatat 

baseline. Details of these questionnaires are presented in online supplement. Responses were 

collapsed into a binomial categorical variable indicating: 1) regular smoking or at least five 

<5/5/5/wwew ek). Physysysiccaal actctivityy y waww s assessseed by ususu ing g a seseselflflf a-admddminisstteredd ququuesse tionnaairiri e atat bafff sellinne 

n the YYFS cohort only (see online suppllement).)
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examinations 10-12 days after their initial visit to determine intra-individual reproducibility. The 

average absolute difference and standard deviation between measurements for all cIMT 

segments was 0.05±0.03 mm. In IS reproducibility of the cIMT showed a mean difference (±SD) 

of 0.02 ± 0.03 for analyses separated by one week.

Definition of high cIMT in adulthood

th percentile for study-cohort and study-year specific 

values. In sensitivity analyses, similar results were found using cutpoints corresponding to the 

80th cIMT percentiles (data not shown). 

Definition of risk factors during adolescence

Due to generalizability of these data to the clinical setting and to be consistent with current 

recommendations, we analyzed the data by using categorical adolescent risk factors classified 

according to the recent recommendations from the Expert Panel on Integrated Guidelines for 

Cardiovascular Health and Risk Reduction in Children and Adolescents2. This enabled 

standardization among cohorts by adjusting to the same external standard while accounting for 

age-, sex-, and height- (where appropriate) specific growth patterns. Overweight status was 

defined according to the Cole classification of BMI18. Prehypertension or hypertension was 

defined according to the Fourth Report on High Blood Pressure in Children and Adolescents 

from the National High Blood Pressure Education Program19. High-risk plasma lipid levels were 

defined according to the National Cholesterol Education Program (NCEP) Expert Panel on 

Cholesterol Levels in Children20. However, due to differences in the range of risk factor levels 

among the cohorts, and changes in secular trends21, the main analyses were also performed by 

using study- and visit-specific z-scores. The results were similar in terms of the direction of 

Due to generalizability of these data to the clinical setting and to be consistent witith h cucucurrrrrenenentt t

categorical adolescentecommendations, we analyzed the data by using risk factors classified 

according g to the recent recommendations from the Expert Panel on Integrated Guidelines for 

Cardrdrdiioi vasculararr HHHeaeaealth h h ananandd d RiRiisksksk RRRedededucctition in ChC illddrennn aaandndnd AAAdooleleescscs ene tsts2. ThThThisisis eeenananableddd 

tannndddardizationnn amamamooongg g cohooorrrts by adjjuusttting too o ttht ee sssamememe eeextxtxteerrnnal sttandarrd wwwhile accccccououounnting foforr 

agagee-, sesexx-, aandnd hheieighght-t  (w(wheherere aapppproroprpriaiatete) ) spspececifificic ggrorowtwth h papatttterernsns. Overweigi ht status was 
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effect and level of significance with results obtained from the main analyses.  Detailed results 

and discussion from these analyses are presented in the text and in online supplement.

Statistical methods

Statistical analyses were performed with SAS 9.4. Statistical significance was inferred at a two-

tailed value of P

histograms of the residuals and normal probability plots. The residuals were normally 

distributed. Values for plasma triglycerides were loge-transformed to correct for skewness. No 

significant interactions were observed between sex and adolescent risk factors with continuous 

ultrasound variables, indicating that the associations of risk markers and ultrasound variables 

were similar between sexes. Therefore, data from males and females were combined in all 

models. In the online sensitivity analyses, study-cohort and -year specific z-scores were 

constructed for each adolescent risk factor. Age- and sex adjusted ANOVA was used to compare 

differences in characteristics among study groups. Risk ratios and 95% confidence intervals were 

estimated using log binomial regression and used to examine associations between adolescent 

risk measurements and adulthood risk for high cIMT. Linear and polynomial regression models 

were used to examine the associations for the non-laboratory and lipid measurements with adult 

preclinical atherosclerosis. The ability of non-laboratory and lipid risk data in adolescence to 

predict high cIMT in adulthood was assessed using area under receiver-operating characteristic 

curves (AUC), category-free net reclassification improvement (NRI) and integrated 

discrimination improvement (IDI) measures. Calibration was assessed by using the Hosmer-

Lemeshow (H- Additionally, for each event using Poisson regression, 

we estimated the event probability under the non-laboratory model (age, sex, BMI, blood 

pressure, smoking) and under the lipid model (non-laboratory plus lipids). Improvement in 

were similar between sexes. Therefore, data from males and females were combinnededd iiin n n alalall ll

models. In the online sensitivity analyses, study-cohort and -year specific z-scores were 

constructed for each adolescent risk factor. Age- and sex adjusted ANOVA was used to compare

diffffererrences in ccchhharararacterere isisstititicsc aaamomomongngng stuudyd  groupupu s.. RRisk k k rarar tititiososos aandndd 995%5% connfififidededencncnce ee intetet rvrvrvalala s s s weww re

estiiimmam ted usinnng g g loogg biinnomialalal regression n and uusu eed too exexexamamamiinee assoocciationsnss bbbetweennn aadodolescennt 

isk measurements and d adulthood risk for high cIMTM . Linear and polynomiall regression moddells
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prediction probability (IPP) was estimated as the observed risk difference as a function of the 

reclassification probability, that is, the alternative probability minus base probability, which each 

probability was the individual solution to the whole regression equation (expected value of the 

mean for each individual). The logic of IPP is as follows. For fixed expected risk for an 

individual under the base model IPP, if the expected risk under the alternative model is less, the 

observed risk should be less; and if the expected risk under the alternative model is more, the 

observed risk should be greater. IPP was operationalized in two ways: first, the differential 

observed event rate for those whose reclassification probability was negative (classified to lower 

risk status) compared to those whose reclassification probability was positive (classified to 

higher risk status), and, second, the P-value of the regression coefficient of observed higher 

cIMT on the reclassification probability. In both methods, we also adjusted for base risk. Details 

of this method is described elsewhere22.

Results 

Baseline characteristics

Baseline risk factors stratified by study cohort, with age- and sex-adjusted differences, are shown 

in Table 1. The gender distribution was similar among study groups, but significant differences 

were observed for BP, BMI, lipids and smoking among the cohorts (all P < 0.0002). 

Non-laboratory- vs Lipid (i.e. Non-laboratory with lipid measurements) based risk 

assessment in predicting high cIMT in adulthood

Univariate analyses (Table 2) assessing relations between risk factors and cIMT showed 

significant associations for age, sex and categorical risk factors (BMI, smoking, LDL- and HDL-

cholesterol). Table 3 shows the results for a multivariable model assessing risk ratios for high 

higher risk status), and, second, the P-value of the regression coefficient of observeved d d hihih ghghgherere  

cIMT on the reclassification probability. In both methods, we also adjusted for base risk. Details 

of this method is described elsewhere22.

Resssuulu ts 

Baseline characteristiics
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cIMT ( th percentile) in adulthood according to non-laboratory and lipid risk factors measured 

during adolescence. Among the non-laboratory risk factors sex, categorical BMI and categorical 

blood pressure were significantly associated with high cIMT. When lipids were introduced into 

the model, the significant association remained for sex, overweight, obesity, prehypertension-

/hypertension, borderline-high -, and high LDL-cholesterol and borderline-low HDL. Similar 

associations were observed for study- and visit-specific continuous z-score risk factors (online 

supplemental tables 1 and 2).

 Figure 1 shows the receiver operating characteristic (ROC) curves for non-laboratory 

model (blood pressure, BMI, smoking) and lipid model (non-laboratory plus lipids) prediction of 

th percentile. Addition of lipids to the non-laboratory model led to a higher C 

statistics: (0.688; 0.655-0.721) versus (0.701; 0.669-0.733), P for difference 0.038. 

When study cohorts were analyzed separately, no significant differences between models were 

observed: for YFS the non-laboratory based AUC was 0.702 (0.665-0.739) and lipid based AUC 

0.711 (0.675-0.747), P for difference 0.07. For CDAH the non-laboratory based AUC was 0.584 

(0.452-0.717) and lipid based AUC 0.691 (0.543-0.839), P for difference 0.19. For BHS the non-

laboratory based AUC was 0.706 (0.623-0.788) and lipid based AUC 0.716 (0.632-0.799), P for 

difference 0.59. For IS the non-laboratory based AUC 0.885 (0.796-0.974) and lipid based AUC 

0.890 (0.789-0.99), P for difference 0.87. 

 Table 4 provides data to compare the utility of non-laboratory vs. lipid based risk 

assessment in predicting adult high cIMT. Adding lipids to the non-laboratory model 

significantly improved the AUC, IDI, and NRI values as shown in model 1 (P always <0.04). 

Model 2 shows the results when a comparison was made between non-laboratory and modified 

lipid models where BMI is removed from the lipid model. AUCs were now similar between the 

th percentile. Addition of lipids to the non-laboratory model led too aaa hhhigigi heheher rr CCC

tatistics: (0.688; 0.655-0.721) versus (0.701; 0.669-0.733), P for difference 0.038. 

When studyyy cohorts were analyzed separately, no significant differences between models were

obseses rrrved: for YFYFYFSSS thtt eee nonoon-n-n laaboboborararatototoryrr bbasa ed AAAUCUC wwass 000.7.77020202 (0.0.6666665-5-0.737 9)) aaandndnd lllipipipid bbbasasasededed AAAUCUU

0.7111111 (0.675-00.77747)), PP for dddififi ference 00.007. Forr r CDDAHAHH ttthehehe nonon-laaboratorory bbab sed AUAUAUCC wwas 0.58584 

0.452-00.7177) and d liipiid d based AUC C 0.691 (00.5434 -0.839), P for diffef rence 0.19. For BHHS the non-
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models (in model 2) predicting high cIMT (P for difference 0.39). In addition, neither IDI nor 

NRI (0.007 and 0.002, P for difference always > 0.10) changed significantly with the lipid-based 

model compared to the non-laboratory based model (Table 4). Goodness-of-fit indicated by the 

Hosmer- The IPP reclassification of high 

cIMT probability based on adding lipids to the base regression equation led to an improvement 

in prediction (Table 5). Cumulative incidence for high cIMT was 6.35 % in participants whose 

risk was reclassified downward by adding lipids versus 9.70 % in participants whose risk was 

reclassified upward with an absolute difference of 3.35 % (P=0.0021) which means an added 

discrimination of 43 % of the average risk for everyone. The cumulative risk does not account 

for time between risk factor and cIMT measurements. The Poisson model, which does account 

for elapsed time, showed similar results but a lower reclassification percentages compared to the 

linear model (5.59 % in participants whose risk was reclassified downward versus 8.09 % in 

participants whose risk was reclassified upward, P for difference 0.0078). 

 Figure 2 shows the incremental value of cumulative risk factor burden. Non-laboratory 

risks included overweight or obese, elevated blood pressure and smoking. Lipid risk factors 

additionally included elevated LDL- and triglyceride levels and low HDL-levels. Risk for 

developing high cIMT in adulthood was similar whether a participant had positive risk for all 

three non-laboratory risk factors (RR 10.6, 95 % CI 4.0-28.4) or had positive risk for all six risk 

factors including lipid measurements (RR 6.9, 95 % CI 1.2-41.4, P for difference 0.59). 

 Sensitivity analyses were conducted using study- and visit-specific z-scores. The C-

statistics (95% CI) were 0.698 (0.667-0.731) for the non-laboratory measurements and 0.717 

(0.685-0.748) for the lipid measurements (online supplemental figure 1). This difference was 

statistically significant (P=0.022). IDI and NRI-values (0.010 and 0.32, respectively, P always < 

for time between risk factor and cIMT measurements. The Poisson model, which ddoeoeoess s acacaccococ unununtt t

for elapsed time, showed similar results but a lower reclassification percentages compared to the 

inear model (5.59 % in participants whose risk was reclassified downward versus 8.09 % in 

parttticiccipants whohohoseee rrrisk k k wawawass rereeclclclasasassisisifif edd upwarrrd,d PP for dddifififfefeferererencncee 0.00 00007878). 

Figure 222 shhowows the ininincrementall vvalue ofofo  cumumulululatatativivive rir ssk ffaactor bburdrdrden. Non-n-n laabboratoryry 

isks included overweight or obese, elevatedd bloodd pressure and smoking. Lipi id risk faf ctors
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0.0002) showed small but significantly better discrimination for lipid based risk factors 

compared with non-laboratory risk factors (online supplemental table 3). The IPP reclassification 

of high cIMT probability based on adding LDL, triglycerides and HDL to the non-laboratory 

regression equation led to an improvement in prediction (online supplemental table 4).

Cumulative incidence for high cIMT was 7.2 % in subjects whose risk was reclassified 

downward by adding lipids versus 11.2 % in subjects whose risk was reclassified upward with a 

difference of 4.0 % (P=0.0005).  

 Further analysis was done by using study specific risk factor z-scores to calculate 

whether replacing LDL-cholesterol with non-HDL-cholesterol would improve the prediction 

model. The results were essentially similar (LDL-cholesterol model: AUC [95% CI] 0.716 

[0.685-0.748] versus non-HDL-cholesterol model: 0.717 [0.685-0748] P for difference 0.73). 

When triglycerides and HDL-cholesterol were replaced with triglyceride/HDL-cholesterol-ratio 

in the lipid model the prediction values for AUC and NRI for high adult cIMT were no longer 

statistically significant compared with the non-lab model: AUC (95 % CI) 0.709 (0.677-0.741), 

P-value 0.11; IDI 0.0046, P-value 0.01, NRI 0.067, P-value 0.067. Additional analyses were 

made using insulin as a marker of insulin resistance in childhood. Insulin data was available for 

2,475 participants from YFS, BHS and IS cohorts. Prediction was not improved when insulin 

was included in the lipids model (Model 1) compared to lipids model without insulin (AUC, 

NRI, IDI P-value always > 0.11). Results for YFS, BHS and IS are presented in the online 

supplemental table 3. Although physical activity data were not available in all cohorts, a physical 

activity index was obtained at baseline in the YFS cohort (see online supplement). The results 

remained similar (data not shown) when this was added to separate analyses conducted in the 

YFS.

model. The results were essentially similar (LDL-cholesterol model: AUC [95% CCI]I]I] 000.777161616 

0.685-0.748] versus non-HDL-cholesterol model: 0.717 [0.685-0748] P for difference 0.73). 

When triglg ycyy erides and HDL-cholesterol were replaced with triglyceride/HDL-cholesterol-ratio 

n thehehe lipid modododel tthehh pprereredidid ctctioioion n n vavavalulul ess ffor AUCUCU aannd NNNRIRIR fffororor hhigiggh hh adadulult t cIMTMTMT wwwerere e nonon lllononongegeger rr

tatttisisistit cally signgngnifificicannt compmpmparaa ed with thhe nonnn-llabb mmodododelelel:: AUAUAUC ((95 % CCI)) ) 00.0 709 (000..67777-0.741)), 

P-value 0.111; IDI 0.0 000464 , P-value 0.01, NRI I 0.060 7,7  P-value 0.0067. Addiitional analyses were 

 by guest on M
arch 7, 2018

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.029726

16

Discussion

The findings from four international cohorts examined in this study show that the risk of early 

atherosclerosis, represented by measurements of cIMT in young adults, could be predicted by 

non-laboratory measures (BMI, BP, smoking) of CVD risk factors in adolescence. The addition 

of blood lipids statistically improved models of prediction for pre-clinical atherosclerosis in 

adulthood. 

 In prior reports from these and other cohorts, it has been shown that childhood risk 

factors, and especially their clustering, are predictive of adult cIMT, as well as other non-

invasive measures of preclinical atherosclerosis1,17. Moreover, findings from the BHS and the 

Pathobiological Determinants of Atherosclerosis in Youth (PDAY) study have shown that CVD 

risk factors are strongly associated with early atherosclerotic lesions found in autopsies of youth 

dying from non-CVD related causes7. The findings in this study are consistent with these earlier 

observations showing the relation of early risk factor profiling to CVD pathophysiology. 

 In the NHANES I adult population (baseline age 25-74 years, N=14,407) Gaziano et al3

examined whether a risk prediction method that did not require any laboratory tests could be as 

accurate as one requiring laboratory information. They observed that a model with non-

laboratory-based risk factors predicted cardiovascular events as accurately as one that relied on 

laboratory-based values. The non-laboratory model included age, blood pressure, smoking, BMI, 

history of diabetes and history of blood pressure treatment, whereas in the laboratory based 

model BMI was replaced with total cholesterol levels. Consistent with these previous data, our 

findings from four cohort studies among youth aged 12 to 18 years (with no history of diabetes 

or treatment for blood pressure and hypercholesterolemia) were essentially similar concerning 

the association between adolescent risk factors and increased cIMT when the laboratory based 

Pathobiological Determinants of Atherosclerosis in Youth (PDAY) study have shohownwnwn tthahahat tt CVCVCVD 

isk factors are strongly associated with early atherosclerotic lesions found in autopsies of youth 

dying from non-CVD related causes7. The findings in this study are consistent with these earlier 

obseses rrrvations shohohowiwiw ngngng tthehehe rrele atatatioioion n n ofofo  eararly risk k k faf cctoor ppprororofifiilililingngn ttoo  CVCVC DD pap thhhopopophyhyhysisisiologggy.y.y. 

In the NHNHNHANANESES I adududult populattion (baasa elinne agagageee 252525-7-744 yeeaars, NN=1=1144,4 407) GGGaaziaiano et alal3
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model substituted BMI for lipids – a similar approach used by Gaziano et al. In the present study, 

the results also showed statistically better discrimination for laboratory based risk factors over 

non-laboratory based risk factors when BMI was included in both models. While the addition of 

blood lipids statistically improved models of prediction for future pre-clinical atherosclerosis, the 

difference was modest with unclear clinical significance. Further studies are needed to clarify the 

predictive utility from measuring lipids at this age. 

 We have previously found in a pediatric setting by using pooled data from the YFS and 

the BHS, that high BMI alone was as good as and in some cases was superior to clustering of 

risk factors (high insulin, low-HDL-cholesterol, high triglycerides, high blood pressure and high 

BMI) in predicting high cIMT in adulthood23. Moreover, our previous analyses have shown an 

increase in CVD risk associated with childhood overweight or obesity and the tracking of 

adiposity between childhood and adulthood24. It was also stipulated that one measurement of 

BMI is more accurate than one measurement of the laboratory components. It is not known 

whether prediction using a lipid model could be improved by including lipid measurements 

obtained at repeated clinic visits over time25. Repeated lipid measurements were not available in 

the present study. These findings about the impact of lipids on future cIMT should be interpreted 

with caution given the biologic variability in lipid measurements.

 Based on the present study the cumulative risk factor burden was quite similar between 

the non-laboratory and lipid models, suggesting that a risk assessment using only non-laboratory 

data is a useful alternative in the absence of information on lipids in predicting adult preclinical 

atherosclerosis. This would allow the immediate identification of youth at elevated risk who 

might benefit from therapeutic lifestyle intervention. Obvious benefits include avoiding the need 

to subject a child to a blood draw. Additional costs associated with lipid measurement in 

BMI) in predicting high cIMT in adulthood23. Moreover, our previous analyses haaveveve ssshohohownwnw aaan nn

ncrease in CVD risk associated with childhood overweight or obesity and the tracking of 

adiposity y between childhood and adulthood24. It was also stipulated that one measurement of 

BMMMI iisi  more acacccucucurararate tthahahann n onnneee mememeasasa urremement ofofo  thehe labbborororatatatororory yy cocoompmpm ononene ts.. ItItIt iis s s nonon t knknknowowown nn
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childhood could include unnecessary worry, and time to interpret and follow-up on results. The 

revised pediatric guidelines recommend lipid screening both for identifying familiar 

hypercholesterolemia (FH), and for predicting atherosclerosis2. We acknowledge that our 

findings do not address the question of screening for FH in childhood, which is an important 

reason to measure lipid levels in childhood. 

 Although evidence suggesting that CVD has its origins in childhood is strong1, there is no 

widely accepted childhood risk stratification system that uses risk factor data obtained from 

apparently healthy youths. From the PDAY data, a risk score has been developed estimating the 

probability for coronary artery lesions observed in autopsy, but it is only applicable for 

individuals aged 15-34 years26,27. After performing risk stratification, the main issue is how to 

intervene among high-risk children. In this sense, the results from the STRIP study show promise 

in that dietary intervention initiated in infancy has shown favorable effects on cardiovascular risk 

factors and arterial function28. In addition, among children with extreme cardiovascular risk such 

as in FH, statins have been shown to be effective in reducing the progression of preclinical 

atherosclerosis29, though long-term efficacy has not been determined. Much variation exists in 

smoking across countries, regions, races, and social groups. During the past three decades, 

smoking prevalence among youth has fluctuated in unexpected ways that may have an impact on 

epidemiological studies. While major efforts have taken place to reduce smoking among 

adolescence, new trends such as other drug use have increased the use of tobacco among 

youths30. 

 The main strength of this study is the use of pooled data on childhood risk factors and 

adult cIMT from four international longitudinal cohorts. However, the study has some potential 

limitations. First, because the study cohorts are comprised of young adults at follow-up, it was 

ndividuals aged 15-34 years26,27. After performing risk stratification, the main isssueuee iisss hohohoww w tototo 

ntervene among high-risk children. In this sense, the results from the STRIP study show promise
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not possible to study associations between risk factors and definite cardiovascular events. 

Instead, we have used cIMT as a surrogate end-point, but one that has been associated with 

future overt CVD. Second, study participants were predominantly Caucasian, and the results may 

not be generalizable to other ethnicities. Third, we were unable to consider pubertal stage or 

family history, both of, which have an influence on CVD risk factors, because data were not 

available for all cohorts. Waist circumference could not be used, because it was not collected at 

baseline in these cohorts. However, BMI, which is highly correlated to waist circumference, 

previously has been shown to give similar results as waist circumference in pediatric settings31,32.

Finally, the analyses were based on adolescent risk factors, so the analyses are not necessarily 

applicable in younger children. However, we have previously shown that the association between 

childhood risk factors and adult preclinical atherosclerosis is weak or nonsignificant before the 

age of 11 years33.

 In summary, our data from four international cohort studies show that non-laboratory risk 

factors and lipids independently predict preclinical atherosclerosis in young adulthood. Although 

we found the predictive value of an approach that additionally considered lipids to be statistically 

superior to an approach that only considered non-laboratory factors, the clinical utility of lipid 

measurements remains uncertain given the modest improvements in risk prediction of preclinical 

atherosclerosis.
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Table 1. Baseline characteristics in the four study cohorts

Young 
Finns Study
(1986)

Childhood 
Determinants 
of Adult Health 
Study (1985)

Bogalusa 
Heart Study 
(1984-1988)

The Insulin 
Study 
(2000-2008)

P-value* All

N 2,079 272 436 106 2,893
Age, years 14.1±2.3 13.9±1.5 15.9±2.1 18.4±0.3 <0.0001 14.5±2.4
Sex (males %) 45 50 41 55 0.59 46
Systolic blood pressure, mmHg 114±11 112±13 110±10 111±9 <0.0001 113±11
Diastolic blood pressure, mmHg 66±10 66±12 57±11 60±13 <0.0001 65±11
Smoking, % 12 13 19 18 0.0002 14
BMI, kg/m2 19.3±2.9 19.5±2.8 21.9±4.5 25.4±6.2 <0.0001 19.9±3.7
LDL cholesterol, mmol/L 3.21±0.81 2.68±0.70 2.46±0.75 2.30±0.66 <0.0001 3.01±0.84
HDL cholesterol, mmol/L 1.57±0.31 1.44±0.29 1.46±0.48 1.13±0.27 <0.0001 1.52±0.35
Triglycerides, mmol/L 0.80±0.36 0.72±0.31 0.86±0.40 1.09±0.58 <0.0001 0.81±0.38

* Age- and sex adjusted group comparisons among study cohorts 
Data are mean ± SD, or proportions 
Abbreviations: BMI = body mass index; LDL = low-density lipoprotein; HDL = high-density lipoproteineviations: BMI  body mass index; LDL low density lipoprotein; HDL  high density lipopoprotein
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Table 2. Univariate relative risks for high cIMT in adulthood according to non-laboratory risk 
factors and lipids 

Adolescent risk factor RR 95%CI

Age (years) 1.10 1.04-1.17

Sex (male) 2.97 2.25-3.92

Blood pressure* Normotensive 1.00 ref
Prehypertensive 1.62 (1.21-2.18)
Hypertensive 3.04 (2.08-4.43)

BMI† Normal weight 1.00 ref
Overweight 2.14 (1.47-3.13)
Obese 4.26 (2.36-7.68)

Smoking <1 cigarette/week 1.00 ref
1.57 1.12-2.18

LDL cholesterol Normal (<2.85 mmol/L) 1.00 ref
Borderline- -3.36 mmol/L) 1.57 1.14-2.16

1.48 1.09-2.01

HDL cholesterol Normal  (>1.56 mmol/L) 1.00 ref
Borderline-low (1.56-0.91 mmol/L) 1.67 1.26-2.20
Low (<0.91 mmol/L) 2.34 1.25-4.39

Triglycerides Normal (<1.02 mmol/L) 1.00 ref
Borderline- -1.46 mmol/L) 1.15 0.82-1.62

1.47 0.92-2.36
th percentile 

* age- and sex specific values defined according to the Fourth Report on High Blood Pressure in Children 
and Adolescents from the National High Blood Pressure Education Program19

† age- and sex specific values defined according to the Cole classification18

SI-unit conversion to mg/dL for lipids: 
LDL: Normal <110mg/dL, Borderline High 110 - 
Triglycerides: Normal < 90, Bordeline High 90 – 
HDL: Normal >45mg/dL, Borderline Low 40 – 45mg/dL, Low < 40 mg/dL 

1.57 1.12 2.18

LDL cholesterol Normal (<2.85 mmol/L) 1.00 rerrefff
Borderline- -3.36 mmol/L) 1.57 1.14-2.16

1.48 1.09-2.01

HDLLL chchchololesesesteteterorr l Normal  (>1.56 mmol/L)L)L 1.00 ref
Boordrdrderererlil ne-lolow (1.566-0.9191 mmomomol/l/L)L)L) 1.6777 1..26266-22.202020
LoLoLow (<<<0.0.0.9199 mmmol/LL) 2...343434 1.252525-4.393939

Trigigiglylylyceridesss NoNoNormal (((<1<< .0.0.02 mmmmoolo //L)) 1.1..00000 reeff
BoBoBordrdrderlililinene-- --11.1 46464 mmmmol//l/L)L)L) 11.151515 00.0 82828 --11.62622

1 47 0 92-2 36
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Table 3. Multivariable relative risks for high cIMT in adulthood according to a non-laboratory 
model that includes only non-laboratory risk factors and a lipid model that also includes lipids 
measured in adolescence 

Adolescent risk factor RR 95%CI

Non-laboratory

Age Years 1.04 0.97-1.10

Sex Male 2.71 2.05-3.60

Blood pressure* Normotensive 1.00 ref
Pre-hypertensive 1.45 1.07-1.98
Hypertensive 2.12 1.41-3.19

BMI† Normal weight 1.00 ref
Overweight 2.02 1.37-2.99
Obese 3.69 1.99-6.83

Smoking <1 cigarette/week 1.00 ref
1.27 0.87-1.85

Lipid
Age Years 1.04 0.97-1.11
Sex Male 2.70 2.03-2.59

Blood pressure* Normotensive 1.00 ref

Pre-hypertensive 1.40 1.03-1.91
Hypertensive 1.91 1.26-2.90

BMI† Normal weight 1.00 ref
Overweight 1.98 1.36-2.90
Obese 3.68 1.95-6.97

Smoking <1 cigarette/week 1.00 ref
1.28 0.87-1.86

LDL cholesterol Normal (<2.85 mmol/L) 1.00 ref
Borderline- -3.36 mmol/L) 1.60 1.15-2.22

1.55 1.12-2.14

HDL cholesterol Normal (>1.56 mmol/L) 1.00 ref
Borderline-low (1.56-0.91 mmol/L) 1.36 1.01-1.83
Low (<0.91 mmol/L) 1.36 0.66-2.77

Triglycerides Normal (<1.02 mmol/L) 1.00 ref

Obese 3.699 1.1.1.999999-6.66 83

Smoking <1 cigarette/week 1.00 ref
1.27 0.87-1.85

Lipiddd
Age Years 1.1 04 0.0.97977-1.11
SSexx Malee 2.22 707070 222.0333--22.2 59

BBlooood presesessusus re* Normmmootennssiveveve 1.000000 ref

Pre-hhyh pertten isive 1.40 1.03-1.91
H i 1 91 1 26 2 90
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Borderline- -1.46 mmol/L) 0.92 0.63-1.33
0.92 0.54-1.57

Abbreviations: RR = relative risk, CI = confidence interval (Data are pooled, N = 2,893 for both non-lab 
and lab models); cIMT = carotid intima media thickness; high th

percentile
* age- and sex specific values defined according to the Fourth Report on High Blood Pressure in Children 
and Adolescents from the National High Blood Pressure Education Program19

† age- and sex specific values defined according to the Cole classification18

SI-unit conversion to mg/dL for lipids: 
LDL: Normal <110mg/dL, Borderline-high 110 - 
Triglycerides: Normal < 90, Bordeline-high 90 – 
HDL: Normal >45mg/dL, Borderline-low 40 – 45mg/dL, Low < 40 mg/dL 
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Table 4. Performance and comparisons of adolescence non-laboratory model (non-laboratory 
risk factors) with lipid model (non-laboratory risk factors + lipids) in predicting adult high cIMT. 

H- AUC 95% CI P-value 
for AUC 
difference

IDI P-value 
for IDI

NRI P-value 
for NRI

Non-laboratory 6.91 0.688 0.655-0.721 ref ref ref ref ref
Lipid (Model 1) 15.9 0.701 0.669-0.733 0.038 0.0045 0.007 0.19 0.003
Lipid (Model 2) 3.94 0.691 0.659-0.723 0.39 0.007 0.10 0.002 0.97

Lipid model = non-laboratory risk factors + lipids
Model 1 including all risk factors (age, sex, blood pressure, BMI, triglycerides, LDL- and HDL-
cholesterol).
Model 2 BMI replaced with lipids (age, sex, blood pressure, triglycerides, LDL- and HDL-cholesterol) 
Abbreviations: H- -
intervals, IDI=Integrated discrimination improvement measurement, NRI=Net reclassification 
improvement measurement. Models are adjusted for study year and race.
Risk factor cutoff values according to international criteria18-20. cIMT = carotid intima media thickness; 

th percentile
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Table 5. Improvement in Prediction Probability for non-laboratory- and lipid models 

Reclassification down: 
% events (n/N)

Reclassification up: 
% events (n/N)

Relative risk P categorical 
reclassification

P continuously 
graded 
reclassification

High cIMT 6.35 (90/1418) 9.70 (105/1082) 1.43 0.0021 0.0078
P based on 2-sample z test for proportions comparing cumulative events rates for those reclassified up versus 
reclassified down
P for graded reclassification (Poisson regression of outcome on reclassification probability adjusted for 
continuous base risk) 
cIMT = carotid intima-media thickness
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Figure Legends

Figure 1. Receiver operating characteristic (ROC) curves comparing non-laboratory (age, 

sex, blood pressure, BMI, smoking) and lipid (non-laboratory plus lipids) cardiovascular 

th percentile. 

C-statistic (95% CI): non-laboratory = 0.688 (0.655-0.721); laboratory = 0.701 (0.669-0.733). P 

for difference 0.038. Lipid model = non-laboratory risk factors + lipids, cIMT = carotid intima 

media thickness

Figure 2. The risk relative to participant with no risk factors (relative risk) for high cIMT 

according to the number of risk factors stratified by non-laboratory- and lipid (non-

laboratory + lipids) models. 

If a risk factor was above (BMI, blood pressure, LDL-cholesterol, triglycerides) or below (HDL-

cholesterol) normal cut-points derived from the recent recommendations from the Expert Panel 

on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and 

Adolescents18-20 or a participant reported smoking, the risk factor was considered positive.

Lipid model = non-laboratory risk factors + lipids, cIMT = carotid intima media thickness

Figure 2. The risk relative to participant with no risk factors (relative risk) fofor r r hihihighghgh cccIMIMIMT TT

according to the number of risk factors stratified by non-laboratory- and lipid (non-

aboratoryyy + lipids) models. 

f aaa rrriisi k factor wwwasss aboooveveve ((BMBMMI,I,I, bbblololood ppressurrre,e LLDDL-c-cchohoh lelelestststerrololl, trtrigi lylyceriiidededes)s)) ooor r beeeloloow w w (H(HHDLDD -

cholololeese terol) nororormamam ll cuutt-poinnnttst  derived ffrrom thhhee reeccentntnt rrrecece omommmendndationsn fffroorom the EExE pepert Panneel 

on Integrated d Guiddelines for Cardiiovascular Healthh and Risk ReR duction in Chih lddren and 
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SUPPLEMENTAL MATERIAL 

 

Impact of lipid measurements in youth in addition to conventional clinic-based 

risk factors on predicting preclinical atherosclerosis in adulthood. The 

International Childhood Cardiovascular Cohort (i3C) Consortium  



 

2 

 

Methods 

Smoking questionnaires 

In BHS subjects were asked at baseline (ages 8 to 17y) and follow-up about smoking. 

participants were categorized as: 1) currently smokes at least one cigarette a week (≥1/week), 

2) currently experimenting with cigarettes (fewer than one cigarette per week) (<1/week), 3) 

used to smoke at least one cigarette a week but no longer smokes cigarettes (former) 4) at one 

time was experimenting (<1/week) with cigarettes but quit smoking (former experimenter) 5) 

never experimented with cigarettes (never). In YFS at baseline (those aged 12 years or older) 

and follow-up, participants were categorized: 1) once per day or more often (≥1/day), 2) at 

least once per week, but not daily (≥1/week), 3) less than once per week (<1/week), 4) 

stopped smoking or do not smoke at present (former), 5) never smoked (never). In CDAH at 

baseline, participants aged 9 years and older were asked a series of questions on smoking 

behavior that included the following question: ‘How long have you been smoking regularly? 

(regularly means 1 or more times a week)’ and categorized as follows 1) ‘I don’t smoke’; 2) 

‘just started’; 3) ‘1 to 6 months’; 4) ‘7 months to 1 year’; 5) ‘1 to 2 years’; 6)‘2 to 4 years’; 

7)‘more than 4 years’. In IS, subjects categorized whether subject was 1) Smoking regularly, 

2) Not smoking regularly. These responses were collapsed into a binomial categorical 

variable indicating: 1) regular smoking or at least once per week (≥1/week), i.e. those that 

indicated any of options 2-7. 2) No smoking or less than once per week (<1/week), i.e. those 

that indicated ‘I don’t smoke’. 

 

Physical activity questionnaires 

The participants were asked to report their habitual leisure-time physical activity intensity, 

frequency, and duration1. A metabolic equivalent (MET) index for leisure-time physical 

activity (later called “MET-index”) was calculated from the product of 

intensity×frequency×duration (MET h/wk). The coefficients for the intensity of physical 
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activity were estimated from the existing tables. One MET is the consumption of 1 kcal of a 

person per weight kilogram per hour in rest. The MET-index ranged between 0 and 52 MET 

h/wk in 1986. 

 

Insulin samples 

Additional analyses were made using insulin as a marker of insulin resistance in childhood. 

Insulin data was available for 2,475 participants from YFS, BHS and IS cohorts. In YFS 

serum insulin concentrations were measured by microparticle enzyme immunoassay kit (CV 

2.1%) (Abbott Laboratories, Diagnostic Division, Dainabot). In BHS, a commercial 

radioimmunoassay kit was used to measure plasma insulin levels (Phadebas, Pharmacia 

Diagnostics, Piscataway, NJ). In IS the insulin samples were determined with a 

radioimmunoassay kit (Equate RIA, Binax Corp, Portland, ME, USA). 
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RESULTS 

Non-laboratory- vs Laboratory (i.e. Non-laboratory with additional lipid 

measurements) based risk assessment in predicting high cIMT in adulthood 

 

Supplemental table 1 shows the results for a univariable model assessing risk ratios for high 

cIMT (≥90th percentile) in adulthood according to individual risk factors measured between 

12 to 18 years of age. Age, sex, systolic blood pressure, BMI, smoking, LDL- and HDL-

cholesterol in adolescence were associated with high adult cIMT (P always < 0.05), but not 

triglycerides (P=0.17). Multivariable analyses (Supplemental table 2) assessing youth non-

laboratory based risk factors and adult high cIMT showed significant associations for 

adolescent sex, systolic blood pressure and BMI, but not smoking. When lipids were 

introduced into the model, the association was significant for sex, systolic blood pressure, 

BMI, LDL- and HDL-cholesterol. Age, smoking and triglycerides were not independent 

predictors of high cIMT in the final model including all lipid measurements.  

 

Supplemental figure 1 shows the results for receiver operating characteristic (ROC) curves 

for non-laboratory-based (age, sex, systolic blood pressure, BMI, smoking) and lipid-based 

(non-laboratory plus lipids) cardiovascular risk factors in adolescence for prediction of adult 

cIMT ≥90th percentile. The C-statistic (95% CI) for the non-laboratory measurements was 

significantly lower 0.698 (0.667-0.731) compared with the model that included the laboratory 

measurements 0.717 (0.685-0.748). 

 

When study cohorts were analyzed separately, no significant differences between models 

were observed: for YFS the non-laboratory based AUC was 0.717 (0.682-0.753) and lipid 

based AUC 0.725 (0.689-0.760), P for difference 0.22. For CDAH the non-laboratory based 
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AUC was 0.605 (0.497-0.712) and lipid based AUC 0.691 (0.550-0.832), P for difference 

0.30. For BHS the non-laboratory based AUC was 0.738 (0.657-0.820) and lipid based AUC 

0.755 (0.675-0.834), P for difference 0.21. For IS the non-laboratory based AUC 0.757 

(0.531-0.983) and lipid based AUC 0.903 (0.789-1.000), P for difference 0.09. 

 

Supplemental table 3 provides data that compares the utility of lipid-based risk assessment 

with non-laboratory risk assessment in predicting adult high cIMT. The data for the non-

laboratory based model (age, sex, systolic blood pressure, BMI, smoking) and lipid-based 

model (non-laboratory risk factors plus triglycerides, LDL and HDL cholesterol) in terms of 

AUC, IDI and NRI-values showed significantly better discrimination with the lipid based 

model (Model 1). Model 2 shows the results when a comparison was made between non-

laboratory and lipid-based models where BMI is removed and replaced with lipids in the 

lipid-based model. AUCs were similar between the models predicting high cIMT (P for 

difference 0.15). In addition, no significantly improved IDI or NRI (0.004 and 0.063, P for 

difference always > 0.32) was observed with the lipid-based model over the non-laboratory 

based model (Supplemental table 3). Goodness-of-fit indicated by the Hosmer-Lemeshow χ2 

was acceptable for all models examined. The IPP reclassification of high cIMT probability 

based on adding lipids to the base regression equation led to an improvement in prediction 

(Supplemental table 4). Cumulative incidence for high cIMT was 7.19 % in subjects whose 

risk was reclassified downward by adding lipids versus 11.20 % in subjects whose risk was 

reclassified upward with a difference of 4.01 % (P=0.0005) which is added discrimination of 

45 % of the average risk for everyone. The Poisson model showed similar results but a lower 

reclassification percentages compared to the linear model (6.74 % in subjects whose risk was 

reclassified downward versus 9.91 % in subjects whose risk was reclassified upward, P for 

difference 0.0026). 
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SUPPLEMENTAL TABLE 1. Univariable relative risks for high cIMT in adulthood 

according to non-laboratory and laboratory risk factors measured in adolescence 

 

Risk factor RR 95% CI P-value 

Age (years) 1.10 1.04-1.17 0.0009 

Sex (male) 2.97 2.25-3.92 <0.0001 

Systolic blood pressure* 1.54 1.36-1.74 <0.0001 

Body mass index* 1.51 1.35-1.68 <0.0001 

Smoking (yes) 1.57 1.13-2.18 0.0076 

LDL-cholesterol* 1.24 1.10-1.40 0.0003 

HDL-cholesterol* 0.71 0.62-0.82 <0.0001 

Triglycerides* 1.10 0.97-1.25 0.13 

 

Abbreviations: RR = risk ratio; CI = confidence interval; cIMT = carotid intima media 

thickness cIMT = carotid intima media thickness 

high cIMT = study cohort and -year specific ≥90th percentile 

*Study cohort and year specific z-score 
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SUPPLEMENTAL TABLE 2. Multivariable relative risks for high cIMT in adulthood 

according to non-laboratory and laboratory risk factors measured in adolescence  

      

 Adolescent risk 

factor 

 RR 95 % CI P-value 

Non-

laboratory 

     

 Age (years)  1.06 0.99-1.12 0.09 

 Sex (male)  2.88 2.16-3.84 <0.0001 

 Blood pressure*  1.25 1.08-1.43 0.0015 

 BMI*  1.36 1.19-1.53 <0.0001 

 Smoking (yes)  1.15 0.81-1.63 0.44 

      

Lipid      

 Age (years)  1.06 0.99-1.12 0.92 

 Sex (male)  2.72 2.10-3.78 <0.0001 

 Blood pressure*  1.25 1.08-1.43 0.0016 

 BMI*  1.33 1.16-1.52 <0.0001 

 Smoking (yes)  1.17 0.82-1.67 0.39 

 LDL cholesterol*  1.31 1.15-1.49 <0.0001 

 HDL cholesterol*  0.82 0.70-0.96 0.012 

 Triglycerides*  0.87 0.74-1.01 0.064 

      

Abbreviations: RR = relative risk, CI = confidence interval; BMI = body mass index; LDL = 

low-density lipoprotein; HDL = high-density lipoprotein, cIMT = carotid intima media 



 

8 

 

thickness; cIMT = carotid intima media thickness; high cIMT = study cohort and -year 

specific ≥90th percentile 

*Study specific z-score  
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SUPPLEMENTAL TABLE 3, Model performance and comparisons of youth non-laboratory risk 

factors with laboratory risk factors in predicting adult high cIMT (study cohort and -year specific). 

 

  H-

Lχ2 

AUC 95% CI P-value 

for AUC 

difference 

IDI P-value 

for IDI 

NRI P-value 

for NRI 

 

 Non-

laboratory 

6.64 0.698 0.667-

0.731 

ref ref ref ref ref 

 Lipid 

(model 1) 

9.14 0.717 0.685-

0.748 

0.022 0.010 0.0002 0.320 <0.0001 

 Lipid 

(Model 2) 

6.79 0.707 0.675-

0.739 

0.15 0.004 0.51 0.063 0.32 

 Lipid 

(Model 1) 

+ Insulin* 

8.70 0.722 0.690-

0.755) 

0.017 0.012 <0.0001 0.392 <0.0001 

 

Abbreviations: H-Lχ2 = Hosmer-Lemeshow χ2 statistics, AUC = Area under the curve, CI = 

confidence intervals, IDI = Integrated discrimination improvement measurement, NRI = Net 

reclassification improvement measurement. cIMT = carotid intima media thickness. 

Model 1 including all risk factors (age, sex, systolic blood pressure, BMI, triglycerides, LDL- and 

HDL-cholesterol). 

Model 2 BMI replaced with lipids 

*Analysis included only participants from YFS, BHS and IS studies who had insulin data available 

in adolescence (N=2,475). 
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SUPPLEMENTAL TABLE 4, Improvement in Prediction Probability for non-laboratory- and lipid 

model 

 

 Reclassification 

down: % events 

(n/N) 

Reclassification 

up: % events 

(n/N) 

Relative 

risk 

P categorical 

reclassification 

P continuously 

graded 

Reclassification 

High cIMT 7.19 (115/1600) 11.20 (133/1187) 1.45 0.0005 0.0026 

 

P based on 2-sample z test for proportions comparing cumulative events rates for those reclassified 

up versus reclassified down 

P for graded reclassification (Poisson regression of outcome on reclassification probability adjusted 

for continuous base risk) 

cIMT = carotid intima media thickness 
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SUPPLEMENTAL FIGURE 1.  

 

 

Receiver operating characteristic (ROC) curves for non-laboratory-based (age, sex, blood pressure, 

BMI, smoking) and laboratory-based (non-lab plus lipids) cardiovascular risk factors in adolescence 

for prediction of adult carotid IMT ≥90th percentile. C-statistic (95% CI): non-laboratory = 0.698 

(0.667-0.731); laboratory = 0.717 (0.685-0.748) 
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