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BACKGROUND

Although low-density lipoprotein cholesterol (LDL-C) remains the primary cholesterol target in

clinical practice in children and adults, non-high-density lipoprotein cholesterol (non-HDL-C) has

been suggested as a more accurate measure of atherosclerotic cardiovascular disease (ASCVD) risk.

We examined the associations of childhood non-HDL-C and LDL-C levels with adult ASCVD events

and determined if non-HDL-C has better utility than LDL-C in predicting adult ASCVD events.

METHODS

This prospective cohort study included 21,126 participants from the International Childhood

Cardiovascular Cohorts (i3C) Consortium. Proportional-hazards regressions were used to estimate the

risk for incident fatal and fatal/nonfatal ASCVD events associated with childhood non-HDL-Cand

LDL-C levels (age- and sex-specific z scores; concordant/discordant categories defined by guideline-

recommended cut-offs), adjusting for sex, Black race, cohort, age at and calendar year of child

measurement, body mass index, and systolic blood pressure. Predictive utility was determined by the

C-index.

RESULTS

After an average follow-up of 35 years, 153 fatal ASCVD events occurred in 21,126 participants

(mean age at childhood visits, 11.9 years) and 352 fatal/nonfatal ASCVD events occurred in a subset

of 11,296 participants who could be evaluated for this outcome. Childhood non-HDL-C and LDL-C

levels were each associated with higher risk of fatal and fatal/nonfatal ASCVD events (hazard ratio

(95% confidence interval) ranged from 1.27 (1.14-1.41) to 1.35 (1.13-1.60) per unit increase in the

risk factor z score). Non-HDL-C had better discriminative utility than LDL-C (difference in C-index

=0.0054, 95%CI: 0.0006 to 0.0102 and 0.0038, 0.0008 to 0.0068 for fatal and fatal/nonfatal events,

respectively). The discordant group with elevated non-HDL-C and normal LDL-C had a higher risk of

ASCVD events compared to the concordant group with normal non-HDL-C and LDL-C (fatal events:

hazard ratio =1.90, 95% confidence interval: 0.98-3.70; fatal/nonfatal events: 1.94, 1.23-3.06).

CONCLUSIONS
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Childhood non-HDL-C and LDL-C levels are associated with ASCVD events in midlife. Non-HDL-C

is better than LDL-C in predicting adult ASCVD events, particularly among individuals who had

normal LDL-C but elevated non-HDL-C. These findings suggest that both non-HDL-C and LDL-C

are useful in identifying children at higher risk of ASCVD events, but non-HDL-C may provide added

prognostic information when it is discordantly higher than corresponding LDL-C and has the practical

advantage of being determined without a fasting sample.

Key Words: atherosclerosis; epidemiology; lipoproteins; longitudinal studies; risk assessment; risk

factors

Non-standard Abbreviations and Acronyms

ASCVD atherosclerotic cardiovascular disease

AHA/ACC American Heart Association/American College of Cardiology

BMI body mass index

CI confidence interval

HR hazard ratio

i3C International Childhood Cardiovascular Cohorts

ICD International Classification of Diseases

LDL-C low-density lipoprotein cholesterol

Non-HDL-C non-high-density lipoprotein cholesterol

NHLBI National Heart, Lung, and Blood Institute
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Clinical Perspective

What Is New?

• Elevated non-high-density lipoprotein cholesterol (non-HDL-C) and low-density lipoprotein

cholesterol (LDL-C) levels in childhood were associated with higher risks of developing

atherosclerotic cardiovascular disease (ASCVD) events in a large prospective study of seven cohorts

from the International Childhood Cardiovascular Cohorts (i3C) Consortium.

• Childhood non-HDL-C is better than LDL-C as a predictor of adult ASCVD events, especially

among individuals who had normal LDL-C but elevated non-HDL-C.

What Are the Clinical Implications?

• By providing direct evidence to link childhood non-HDL-C and LDL-C to the occurrence of clinical

ASCVD events in adulthood, our data reinforce the merits of evaluating these markers in childhood.

• Although LDL-C remains the primary cholesterol target in clinical practice in children, elevated

non-HDL-C may provide added prognostic information in identifying children at higher risk of

ASCVD events and has the practical advantages of no fasting requirement.
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INTRODUCTION

Identifying children at potential risk of developing atherosclerotic cardiovascular disease (ASCVD) in

adulthood is a central objective for early prevention because childhood ASCVD risk factors (total

cholesterol, triglycerides, blood pressure, body mass index, smoking) predict adult risk of fatal and

non-fatal ASCVD events1. Of the various lipid risk factors, non-high-density lipoprotein cholesterol

(non-HDL-C) is considered to have more utility for screening in the assessment of ASCVD risk, even

when compared with the primary lipid target for treatment of low-density lipoprotein cholesterol

(LDL-C). We previously found child non-HDL-C to be a better predictor of adult dyslipidemia2 and

non-lipid risk factors2, and is at least as good as LDL-C in predicting arterial injury associated with

atherosclerosis3. In recognizing the advantages of non-HDL-C (which measures the mass of

cholesterol in all atherogenic lipoproteins and can be reliably measured in the non-fasting state),

current American Heart Association/American College of Cardiology (AHA/ACC) cholesterol

guidelines consider it as a reasonable test for initial screening4. Moreover, the recently released Life’s

Essential 8, aimed at primordial and primary prevention of ASCVD, has updated the metric of interest

for blood lipids from total cholesterol to non-HDL-C5. However, these recommendations were based

on cross-sectional data or ASCVD markers. The National Heart, Lung, and Blood Institute (NHLBI)-

sponsored Pediatric CV Risk Reduction Initiative also noted that the lack of data to link childhood

ASCVD risk factors to adult ASCVD events is a major research gap that needs to be addressed6. To

that end, we previously showed that childhood non-HDL-C and LDL-C levels are associated with

adult preclinical atherosclerosis7, but their links to ASCVD events remain unclear.

Therefore, using data from the International Childhood Cardiovascular Cohort (i3C) Consortium, we

1) examined the relationships of childhood non-HDL-C and LDL-C levels with adult ASCVD events;

and 2) determined whether non-HDL-C is a stronger predictor than LDL-C in predicting adult risk of

ASCVD events.

METHODS
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Study design and participants

Anonymized data are available on reasonable request from the i3C Consortium. This prospective

study included harmonized data from the seven cohorts (five from the United States and one each

from Finland and Australia) collaborating in the i3C Consortium8; the study design of the i3C

Consortium has been described in detail elsewhere1. A total of 42,324 children aged 3–19 years were

enrolled across the seven i3C Consortium cohorts in the 1970s and 1980s, of whom, 40,648 had

identifying information for follow-up (Fig. S1 in Supplementary Appendix). The current study

included 21,126 participants who had data on both childhood non-HDL-C and LDL-C in addition to

other covariates and adult ASCVD events (among whom 11,296 participants could be evaluated for

fatal/nonfatal events). Institutional review boards at all participating sites approved the study. All

participants’ legal guardians provided written informed consent with oral assent from the participant

for childhood visits. All participants provided written informed consent for in-person adult visits and

gave oral consent under waiver of documentation of consent for the recent follow-up questionnaire.

ASCVD events

Details of how ASCVD events were classified and adjudicated are described elsewhere1. From 2015

to 2019, a coordinated study was conducted to locate and survey participants of all i3C Consortium

cohorts, and to search national death indexes for those who were unable to be located. The coded

causes of death in the International Classification of Diseases (ICD, versions 9 and 10) were used to

classify fatal ASCVD events in all the cohorts. Participants of the Finnish cohort were followed for

nonfatal ASCVD events through December 31, 2017, using the Finnish national medical registry; the

events were classified based on the same version of the ICD that was used to classify deaths. Adult

participants of the U.S. and Australian cohorts who had been successfully located completed a health

history survey that included information on any ASCVD event that had occurred, and medical records

associated with the events were requested for adjudication. The medical records were examined by a

physician committee who were blinded to the participant study data, with each reported event

classified as a confirmed ASCVD event, not a ASCVD event, or not possible to adjudicate. Nonfatal
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ASCVD events included the first adjudicated occurrence of myocardial infarction, stroke, transient

ischemic attack, ischemic heart failure, angina, peripheral artery disease, carotid intervention,

abdominal aortic aneurysm, or coronary revascularization.

Risk factor assessment

Fasting levels of plasma or serum cholesterol and triglycerides in childhood were measured by means

of standard methods as described in previous i3C Consortium publications1, 7. Non-HDL-C was

calculated as total cholesterol minus high-density lipoprotein cholesterol (HDL-C) (i.e., LDL-C

estimated by Friedewald’s equation plus triglycerides/5). LDL-C was calculated by Friedewald’s

equation for participants with serum triglycerides <400 mg/dL7.

Other measures

Age, sex, race (reported by parents in childhood and updated if the participant was followed up in

adulthood), and smoking habits (smoked ≥1 cigarette/day prior to the age of 20 years were considered

smokers), were measured by questionnaire. The education levels of the parents were obtained at

childhood and adult visits. Standing height and weight were measured, with BMI calculated as weight

divided by height squared (kilograms/meters2). Systolic blood pressure was measured by mercury

sphygmomanometers at childhood visits.

Statistical analysis

Exposure calculations/definitions: Childhood non-HDL-C and LDL-C levels were normalized to z

scores within the i3C Consortium, using age- and sex-specific mean values and standard deviations;

participants were stratified into six age groups: 3-5, 6-8, 9-11, 12-14, 15-17, and 18-19 years. A single

mean z score for each participant was generated by averaging all z scores across the participant’s

childhood measurements when multiple measurements were taken (54% of participants had at least

two measures). Childhood non-HDL-C and LDL-C levels were also categorized according to cut-offs

from the NHLBI expert panel6: LDL-C: < 110 mg/dL, 110 to <130 mg/dL, and ≥130 mg/dL; non-
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HDL-C: < 120 mg/dL, 120 to <145 mg/dL, and 145 mg/dL. These cut-offs were also used to assign

the population into four concordant and discordant groups: 1) LDL-C <110 mg/dL and non-HDL-C

<120 mg/dL (reference group); 2) LDL-C ≥110 mg/dL and non-HDL-C <120 mg/dL; 3) LDL-C <110

mg/dL and non-HDL-C ≥120 mg/dL; 4) LDL-C ≥110 mg/dL and non-HDL-C ≥120 mg/dL. Likewise,

in sensitivity analysis, participants were divided into groups using higher NHLBI cut-offs (130 mg/dL

for LDL-C and 145 mg/dL for non-HDL-C) and 75th percentiles (117 mg/dL for LDL-C and 130

mg/dL for non-HDL-C). We also applied a higher and clinically relevant cut-off to define discordance

and to assess the robustness of the findings: 190 mg/dL for LDL-C corresponding to probable familial

hypercholestorolemia9; cut-off for non-HDL-C (≥208 mg/dL) was identified using equivalent

population percentiles from the i3C Consortium cohorts corresponding to this LDL-C value.

All analyses were performed for fatal and fatal/nonfatal ASCVD events separately as done in a

previous i3C Consortium publication1. We estimated hazard ratios (HRs) for the association of z

scores and categories of childhood non-HDL-C and LDL-C levels with adult ASCVD events using

Fine-Gray subdistribution hazards regressions, with adult age as the time axis (the age at the end of

follow-up or the age when the outcome or competing event occurred, whichever came first) and non-

cardiovascular mortality as a competing risk. We compared z score-related HRs for non-HDL-C and

LDL-C using two independent-sample t-test based on bootstrapped estimates (n=100). Analyses were

adjusted for cohort, sex, Black race, mean age at and mean visit year of childhood measurement, and

childhood mean age- and sex-specified z scores for body mass index and systolic blood pressure. The

proportionality assumption was checked by including interactions of the exposure and time

(log(time)). Nonlinear associations between childhood exposures (z scores) and adult ASCVD events

were examined using restricted cubic splines, using four knots (at the 5th, 35th, 65th and 95th

percentiles) as recommended10. Nonlinearity was tested by comparing the log-likelihood of the new

model with that of the linear model.

Harrell C-statistics were estimated to compare the overall predictive utility of childhood non-HDL-C

vs. LDL-C on adult risk of ASCVD events. We acknowledge that conventional epidemiological

methods of predictive analysis (such as C-statistics) examine if a new marker improves the overall
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predictive power of a model that includes established predictors of an event, which substantially

underestimate the importance of modifiable causes given the predominant role of non-modifiable

causes (e.g., age and sex)11. Thus, C-statistics often underestimate important differences in risk

prediction between highly correlated modifiable factors (e.g., non-HDL-C vs. LDL-C in our case).

Thus, we also performed discordance analysis11 to examine whether non-HDL-C predicts ASCVD

risk more accurately than LDL-C when they are discordant (discordance defined as described above).

We also examined for differences by childhood age (continuous), sex, and race (Black vs. non-Black)

through interaction (i.e., including a product term of the exposure, for example, non-HDL-C z score

with sex) and stratification analysis by these variables. Childhood age groups (<9, 9-11, 12-16, 17-19

years) were constructed according to current lipid screening age windows recommended by the

NHLBI for universal screening from age 9–11 years and again at 17-21 years6. Cohort-specific

analysis was performed for two of the seven cohorts (Bogalusa and Young Finns), where sufficient

ASCVD events allowed for meaningful analyses. Because childhood smoking and parental education

did not exist for more than half of the participants, sensitivity analyses using reduced datasets with the

addition of these two variables were performed. Moreover, we repeated the analyses for the

association of childhood exposures with adult ASCVD events using the first available observation of

these exposures in childhood. Analyses were performed in Stata version 16.0 (Stata Corp, College

Station, TX). A 2-tailed p value <0.05 was considered statistically significant.

RESULTS

Among 38,589 participants with ASCVD event data, 21,126 who had at least one childhood

measurement of both non-HDL-C and LDL-C and non-missing covariates were included in the

analysis of fatal ASCVD events. A subset of 11,296 participants who could be evaluated for

fatal/nonfatal ASCVD events were included in the analysis of fatal/nonfatal ASCVD events (Figure

S1). After an average follow-up of 35 years, 153 fatal ASCVD events occurred among 21,126

participants (49.0% male and 23.9% Black; mean [±standard deviation] age at child visits, 11.9±3.3

years) and 352 fatal/nonfatal ASCVD events occurred among the subset of 11,296 participants (Table
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1). There were 13243 (62.7%) participants with normal LDL-C and non-HDL-C, 311 (1.5%) with

elevated LDL-C but normal non-HDL-C, 970 (4.6%) with normal LDL-C but elevated non-HDL-C,

and 6062 (31.2%) with elevated LDL-C and non-HDL-C. The mean age at ASCVD diagnoses was

44.9 years and the mean age at follow-up of participants who did not have ASCVD events was 45.8

years.

Childhood non-HDL-C and LDL-C levels were associated with higher risk of fatal and fatal/nonfatal

ASCVD events (HRs ranged from 1.27 to 1.35 per unit increase in the risk factor z score) (Figure 1

and Table S1); the associations for non-HDL-C were stronger than those for LDL-C (p<0.001). When

classified according to NHLBI cut-offs, child non-HDL-C and LDL-C categories were associated

with adult ASCVD events in relation to increasing levels of the risk factors (Table S1, Figure 1,

Figure 2). There was no clear evidence of nonlinear associations between childhood non-HDL-C and

LDL-C levels with fatal or fatal/nonfatal ASCVD events (Figure S2).

Non-HDL-C had better predictive utility for ASCVD events than LDL-C when cohort was added to

the model (Table 2); these differences remained significant when baseline age and visit year, sex,

race, body mass index, and systolic blood pressure were also included in the model (difference in C-

index = 0.0054, 95%CI: 0.0006 to 0.0102 for fatal event and 0.0038, 0.0008 to 0.0068 for

fatal/nonfatal event). The discordant elevated non-HDL-C and normal LDL-C group had a higher risk

of ASCVD events compared to the concordant normal group (HR =1.90, 95%CI: 0.98 to 3.70 for fatal

events and 1.94, 1.23 to 3.06 for fatal/nonfatal events) (Figure 3, Table S2). The number of

participants with normal non-HDL-C and elevated LDL-C was too low to evaluate the association

with ASCVD events (only two events among 114 to 311 individuals). When 75th percentiles or higher

cut-offs were used to define the status of these markers, similar patterns of associations from

discordance analyses were found (Table S3).

Significant interactions were observed among these markers in childhood with sex for fatal ASCVD

events (p<0.05). Females had much stronger associations with fatal ASCVD events than males (Table

S4). There were no interactions with age or race (Table S5 and S6), though stratification analysis
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suggested that non-Black (mostly White) participants had stronger associations between the markers

with ASCVD events than Black individuals (Table S6). Cohort-specific analysis yielded similar

results in the Bogalusa Heart and Cardiovascular Risk in Young Finns studies (Table S7). In

sensitivity analysis with additional adjustment for parental education and child smoking, the

associations of non-HDL-C and LDL-C with ASCVD events remained similar for fatal/nonfatal

events but were largely reduced for fatal events (Table S8). Sensitivity analysis using the first

available measurement in childhood for non-HDL-C and LDL-C showed reduced associations with

ASCVD events (Table S9).

DISCUSSION

This large prospective cohort study, with a mean follow-up of 35 years, showed that childhood non-

HDL-C and LDL-C levels are associated with incident ASCVD events in midlife. The magnitude of

the associations is clinically important, especially among those with very high levels. For example,

each 3-SD increase (approximately 90-100 mg/dL) in non-HDL-C and LDL-C levels is estimated to

more than double the risks of ASCVD events, leading to 110% to 146% higher increase in risk.

Moreover, childhood non-HDL-C is better than LDL-C in predicting adult ASCVD events,

particularly among individuals who had normal LDL-C but elevated non-HDL-C. These findings

suggest that both non-HDL-C and LDL-C are useful in identifying children at higher risk of ASCVD

events, but non-HDL-C may provide added prognostic information when it is discordantly higher than

corresponding LDL-C and has the practical advantage of being determined without a fasting sample.

The 2011 Integrated Guidelines (sponsored by NHLBI and endorsed by the American Academy of

Pediatrics) and the AHA/ACC guidelines recommended pediatric screening for dyslipidemia4, 6, 12

because identifying and correcting dyslipidemia in childhood might reduce the risk of ASCVD in

adulthood. Our previous analysis, which focused on traditional risk factors showed that childhood

total cholesterol and triglycerides are associated with adult ASCVD events1. Non-HDL-C includes the

mass of cholesterol in all atherogenic (i.e., ApoB containing) particles and recent AHA/ACC

cholesterol guidelines consider non-HDL-C a reasonable target for initial screening4. In contrast, total
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cholesterol includes HDL-C, which is not causally associated with ASCVD based on Mendelian

randomization studies13, 14. However, non-HDL-C and LDL-C and their guideline-suggested cut-offs

have not been examined in children as predictors for ASCVD events. To that end, our findings

provide epidemiological basis for pediatric screening and control of dyslipidemia by directly linking

these markers in childhood to clinical ASCVD outcomes.

LDL-C, a major form of atherogenic cholesterol, is widely used to screen for dyslipidemia and is the

primary target of lipid lowering treatment. In comparison, non-HDL-C is an emerging marker for

ASCVD risk with evidence among middle-aged and older adults suggesting non-HDL-C had better

predictive utility or stronger associations than LDL-C for the risk of coronary heart disease15 and

ischemic stroke16. Our analysis extended these findings into childhood, showing that both LDL-C and

non-HDL-C have their roles in predicting adult ASCVD events, although non-HDL-C may add

prognostic information, especially among those with normal LDL-C but elevated non-HDL-C.

Although the proportion of children with discordant non-HDL-C and LDL-C levels is relatively small,

this would have considerable impact if lipid screening is applied to the overall pediatric population. In

line with our findings, two large cohort studies in adults identified a slightly higher proportion of

participants discordantly high non-HDL-C but low LDL-C (8%-11.6%) and these people had higher

risk of incident coronary events17, myocardial infarction, all-cause mortality18.

The 2011 Integrated Guidelines recommended universal screening of non-HDL-C levels as the initial

stage to identify children at current or future risk for ASCVD6 on the basis of lipid levels, a practice

considered reasonable by AHA/ACC4. Our study contributes to this approach by highlighting the

unique prognostic value of non-HDL-C. Importantly, children with normal LDL-C but elevated non-

HDL-C appear more likely to have metabolic syndrome, as indicated by a higher prevalence of high

BMI and blood pressure. This observation aligns with the European Society of Cardiology/European

Atherosclerosis Society’s 2019 guidelines on dyslipidemia management. These guidelines note that

LDL-C might not fully reflect the total concentration of ApoB-containing lipoproteins in individuals

with conditions such as metabolic syndrome, elevated triglycerides, diabetes mellitus, obesity, or very
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low LDL-C levels. Therefore, they recommended including non-HDL-C or ApoB in routine lipid

analysis for cardiovascular risk assessment among these populations19. Moreover, the ability to

calculate non-HDL-C in a non-fasting state adds to its utility. By underscoring the value of both non-

HDL-C and LDL-C in assessing ASCVD risk, especially given the low rates of lipid screening in

children20-23, our findings support the continuation of non-HDL-C as the preferred initial step in lipid

screening, and provide insights into its potential added benefits.

It is noteworthy that more than half of the ASCVD events occurred in children with normal non-

HDL-C and LDL-C, emphasizing the importance of global CV risk assessment beyond lipid

screening. Indeed, several traditional ASCVD risk factors in childhood such as total cholesterol,

triglycerides, blood pressure, body mass index, and smoking have been directly associated with adult

ASCVD events1. Recommended as a risk enhancer in adults24, our recent findings indicate that

lipoprotein(a) in childhood is associated with ASCVD events, independent of traditional risk factors25.

These findings suggest a multifactorial public health strategy is necessary to minimize the risk of

future ASCVD events.

Females appeared to have stronger associations between these markers and ASCVD events compared

with males. Likewise, non-Black (mainly White) individuals appeared to have stronger associations

compared with Black individuals though our study was not designed to be powered to detect race

differences. These findings may help refine the targeted population for preventive interventions,

though the mechanisms underlying the observed sex and race divergence in the associations are

unclear. Previous data from the Bogalusa Heart Study also showed that child LDL-C was associated

with adult carotid intima media thickness in white males and females and Black females, but not

Black males26. In contrast to our findings, recent Mendelian randomization analysis has shown a

stronger association of genetically determined LDL-C levels with ASCVD risk in males than

females27, but this finding may not generalize to childhood as genetic associations are likely to vary

by age28. We did not find an interaction with age and our results support the initial screening to start

as early as in ages 9 to 11 or later until age 20 if an earlier screening is missed, though the
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associations were somewhat weaker during ages of 12 to 16. This differs from our previous i3C study

using carotid intima media thickness as the outcome that suggested initial screening from a later age

of 15 years7. This could be explained by the fact of carotid intima media thickness being a predictor of

ASCVD risk and the younger age in the adult follow-up and the much smaller sample size of that

study7. This also highlights the importance of the current study that used ASCVD events.

This study benefited from the large sample and a long follow-up of more than three decades that

allowed us to directly link childhood risk factors with adult incident ASCVD events; and the rigorous

adjudication of ASCVD outcomes. There were some limitations. First, while some participants were

lost to follow-up, we employed multiple imputation that confirmed no appreciable influence on the

associations of childhood risk factors, including total cholesterol and triglycerides, with adult ASCVD

events1. Second, as ApoB was only measured in a subsample of two of the seven i3C cohorts, we

cannot rule out the possibility that ApoB levels will have better predictive utility compared to non-

HDL-C, which warrants further investigation. Third, we had a limited number of participants with

probable familial hypercholesterolemia due primarily to the low prevalence; thus, the discordance

analysis based on this cut-off warrants further investigation. Lastly, this study had a small proportion

of non-White individuals, and the results may not generalize to other ethnic groups.

This prospective study demonstrated that childhood non-HDL-C and LDL-C levels were associated

with incident ASCVD events in midlife. Moreover, childhood non-HDL-C appeared to be better than

LDL-C in identifying children at increased CVD risk in adulthood, especially among those with

normal LDL-C but elevated non-HDL-C. These findings suggest that both non-HDL-C and LDL-C

are useful in identifying children at higher risk of ASCVD events, but non-HDL-C may provide added

prognostic information when it is discordantly higher than corresponding LDL-C and has the practical

advantage of being determined without a fasting sample.
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Table 1. Baseline Characteristics of Participants and Cardiovascular Outcomes According to Categories of Concordant and Discordant Values of
Childhood non-HDL-C versus LDL-C

Characteristic LDL-C <110
Non-HDL-C <120

LDL-C ≥110
Non-HDL-C <120

LDL-C <110
Non-HDL-C ≥120

LDL-C ≥110
Non-HDL-C ≥120

Overall population

No. of participants (%) 13243 (62.7) 311 (1.5) 970 (4.6) 6062 (31.2) 21126
Age, years 9.9 (3.6) 8.7 (3.4) 10.5 (3.7) 10.1 (4.0) 10.0 (3.7)
Female sex, n (%) 6430 (48.6) 155 (49.8) 507 (52.3) 3683 (55.8) 10775 (51.0)
Race, n (%)

Black 3576 (27.0) 112 (36.0) 128 (13.2) 1291 (19.6) 5107 (24.2)
White or others 9667 (73.0) 199 (74.0) 842 (86.8) 5311 (80.4) 16019 (75.8)

Cohorts (country), n (%)
Bogalusa Heart Study (U.S.) 8385 (63.3) 250 (80.4) 428 (44.1) 2459 (37.3) 11522 (54.5)
Childhood Determinants of Adult Health (Australia) 898 (6.83) 13 (4.2) 96 (9.9) 597 (9.0) 1604 (7.6)
Minnesota Childhood Cardiovascular Cohorts (U.S) 395 (3.0) 0 (0) 51 (5.3) 92 (1.4) 538 (2.6)
Muscatine Study (U.S.) 1178 (8.9) 0 (0) 113 (11.7) 259 (3.9) 1550 (7.3)
NHLBI Growth and Health Study (U.S.) 494 (3.7) 2 (0.6) 43 (4.4) 218 (3.3) 757 (3.6)
Princeton Lipid Research Study (U.S.) 934 (7.1) 32 (10.3) 75 (7.7) 599 (9.1) 1640 (7.8)
Cardiovascular Risk in Young Finns Study (Finland) 959 (7.2) 14 (4.5) 164 (16.9) 2378 (36.0) 3515 (16.4)

BMI, kg/m2 17.5 (3.2) 17.0 (3.0) 19.1 (4.3) 18.2 (3.8) 17.8 (3.5)
Smokers, n (%) 3323 (38.1) 55 (38.2) 269 (40.6) 1802 (38.0) 5449 (38.2)
Systolic blood pressure, mmHg 100.8 (11.4) 98.0 (10.1) 104.9 (12.3) 105.6 (13.2) 102.4 (12.2)
Parental education level

Less than high school degree 1582 (21.2) 34 (15.7) 159 (26.2) 1844 (37.4) 3619 (27.3)
High school degree 2286 (30.6) 67 (30.9) 144 (23.7) 988 (20.2) 3485 (26.3)
Higher than high school degree but no college degree 689 (22.6) 55 (25.3) 148 (24.3) 1076 (21.8) 2968 (22.4)
College degree or higher 1921 (25.7) 61 (28.1) 157 (25.8) 1027 (20.8) 3166 (24.0)

LDL-C, mg/dL * 84.5 (14.7) 112.6 (2.3) 105.0 (5.0) 133.9 (21.5) 101.3 (28.1)
Non-HDL-C, mg/dL * 93.8 (15.9) 117.0 (2.2) 125.6 (5.9) 147.7 (23.2) 112.4 (30.7)
Fatal ASCVD events, no./total no. (%) 96/13243 (0.72) 2/311 (0.64) 10/970 (1.03) 45/6602 (0.68) 153/21126 (0.72)
Fatal/nonfatal ASCVD events, no./total no. (%) 193/6306 (3.06) 2/114 (1.75) 22/540 (4.07) 135/4336 (3.11) 352/11296 (3.12)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; NHLBI, National Heart, Lung and Blood Institute; BMI, body mass index; LDL-C, low-
density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol. Values are mean (standard deviation) unless otherwise stated. To
convert non–HDL-C and LDL-C from mg/dL to mmol/L, divide values by 38.67. * Individual mean (if the participant had multiple measurements) of the
measurements across childhood (3-19 years).
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Table 2. Comparisons of Utilities Between Childhood Non-HDL-C and LDL-C Levels in Predicting Adult Atherosclerotic Cardiovascular Disease Events

LDL-C Non-HDL-C Non-HDL-C vs. LDL-C

C-index (95% CI) C-index (95% CI) Difference in C-index (95% CI)

Fatal event Model 1 0.6676 (0.6206 to 0.7147) 0.6770 (0.6306 to 0.7235) 0.0094 (0.0006 to 0.0182)

Fatal event Model 2 0.7406 (0.6992 to 0.7821) 0.7460 (0.7054 to 0.7867) 0.0054 (0.0006 to 0.0102)

Fatal/nonfatal event Model 1 0.6600 (0.6282 to 0.6917) 0.6677 (0.6364 to 0.6989) 0.0077 (0.0025 to 0.0129)

Fatal/nonfatal event Model 2 0.7191 (0.6896 to 0.7485) 0.7229 (0.6937 to 0.7521) 0.0038 (0.0008 to 0.0068)

Abbreviations: CI, confidence interval; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol.

Model 1 included cohort.

Model 2 included cohort, sex, Black race, mean age at and calendar year of childhood measurement, childhood mean age- and sex-specified z scores for body

mass index and systolic blood pressure.

z scores for LDL-C and non-HDL-C were used in all models: visit-specific measurements were centered at the i3C Consortium’s age- and sex-specific mean,

and divided by the corresponding standard deviation (ranged from 31 to 37 mg/dL for non-HDL-C and 28 to 34 mg/dL for LDL-C for each stratum by age

and sex); childhood z score for each participant was calculated as the mean of each participant’s z scores across childhood.
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Figure Legend

Figure 1. Hazard Ratios for Adult ASCVD Events According to Child LDL-C and non-
HDL-C Levels or Status. Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HR,
hazard ratio; CI, confidence interval; LDL-C, low-density lipoprotein cholesterol; non-HDL-
C, non-high-density lipoprotein cholesterol. All analyses adjusted for cohort, sex, Black race,
mean age at and calendar year of childhood measurement, childhood mean age- and sex-
specified z scores for body mass index and systolic blood pressure. Childhood individual
mean of non-HDL-C and LDL-C for each participant was used to assign participants into
different categories. Visit-specific measurements were centered at the i3C Consortium’s age-
and sex-specific mean, and divided by the corresponding standard deviation (ranged from 31
to 37 mg/dL for non-HDL-C and 28 to 34 mg/dL for LDL-C for each stratum by age and
sex); childhood z score for each participant was calculated as the mean of all a participant’s z
scores across childhood.

Figure 2. Cumulative Risk of ASCVD Events According to Childhood LDL-C and non-
HDL-C categories. Abbreviations: ASCVD, atherosclerotic cardiovascular disease; LDL-C,
low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol.
All analyses adjusted for cohort, sex, Black race, mean age at and calendar year of childhood
measurement, childhood mean age- and sex-specified z scores for body mass index and
systolic blood pressure. Childhood individual mean of non-HDL-C and LDL-C for each
participant was used to assign participants into different categories.

Figure 3. Hazard Ratios for Adult ASCVD Events According to Discordant Versus
Concordant Categories of Childhood non-HDL-C with LDL-C. Abbreviations: ASCVD,
atherosclerotic cardiovascular disease; CI, confidence interval; LDL-C, low-density
lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol; NA, not
available (due to small number of cases and participants). n/N, number of events/number of
participants. All analyses adjusted for cohort, sex, Black race, mean age at and calendar year
of childhood measurement, childhood mean age- and sex-specified z scores for body mass
index and systolic blood pressure.
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Figure S1. Flow of study participants

Abbreviations: CVD, cardiovascular disease; LDL-C, low-density lipoprotein cholesterol; non-HDL-
C, non-high-density lipoprotein cholesterol.
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Figure S2. Nonlinear Analysis for Association of Child LDL-C and Non-HDL-C Levels with Adult
ASCVD Events

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein

cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol.

We used restricted cubic splines to consider nonlinear association of childhood LDL-C and non-HDL-

C levels with adult ASCVD events (see methods in main text for details). Solid line indicates the

association across LDL-C and non-HDL-C values, relative to the chosen reference group of an

individual with a value of zero (corresponding 95% confidence intervals demonstrated by dotted

lines). All analyses were adjusted for cohort, sex, Black race, mean age at and calendar year of

childhood measurement, childhood mean age- and sex-specified z scores for body mass index and

systolic blood pressure.
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Table S1. Hazard Ratios (HRs) for Adult ASCVD Events According to Child LDL-C and
non-HDL-C Levels or Status

Fatal event Fatal/nonfatal event

LDL-C n/N (%) HR (95% CI) n/N (%) HR (95% CI)

z Score * 153/21,126 (0.72) 1.28 (1.08-1.52) 352/11,296 (3.12) 1.27 (1.14-1.41)

Categories

<110 mg/dL 106/14,213 (0.75) Reference 215/6,846 (3.14) Reference

110-130 mg/dL 26/3,945 (0.66) 1.26 (0.81-1.97) 63/2,348 (2.68) 1.18 (0.88-1.60)

≥130 mg/dL 21/2,968 (0.71) 1.58 (0.94-2.65) 74/2,102 (3.52) 1.72 (1.27-2.33)

Non-HDL-C

z Score * 153/21,126 (0.72) 1.35 (1.13-1.60) 352/11,296 (3.12) 1.33 (1.19-1.48)

Categories

<120 mg/dL 98/13,554 (0.72) Reference 195/6,420 (3.04) Reference

120-145 mg/dL 29/4,669 (0.62) 1.30 (0.85-2.00) 79/2,800 (2.82) 1.41 (1.07-1.86)

≥145 mg/dL 26/2,903 (0.90) 2.15 (1.31-3.54) 78/2,076 (3.76) 2.01 (1.48-2.74)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HR, hazard ratio; CI,

confidence interval; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density

lipoprotein cholesterol.

All analyses adjusted for cohort, sex, Black race, mean age at and calendar year of childhood

measurement, childhood mean age- and sex-specified z scores for body mass index and

systolic blood pressure.

Bold denotes statistical significance, p<0.05.

Childhood individual mean of non-HDL-C and LDL-C for each participant was used to

classify different risk status.

* Visit-specific measurements were centered at the i3C Consortium’s age- and sex-specific

mean, and divided by the corresponding standard deviation; childhood z Score for each

person was calculated as the mean of all of that person’s z Scores across childhood.
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Table S2. Hazard Ratios (95% Confidence Intervals) for Adult ASCVD Events According to
Discordant Versus Concordant Categories of Childhood Non-HDL-C with LDL-C

Fatal event Fatal/nonfatal event

Non-HDL-C vs. LDL-C n/N (%) HR (95% CI) n/N (%) HR (95% CI)

<120 mg/dL & <110 mg/dL 96/13243 (0.72) Reference 193/6306 (3.06) Reference

<120 mg/dL & ≥110 mg/dL 2/311 (0.64) NA 2/114 (1.75) NA

≥120 mg/dL & <110 mg/dL 10/970 (1.03) 1.90 (0.98-3.70) 22/540 (4.07) 1.94 (1.23-3.06)

≥120 mg/dL & ≥110 mg/dL 45/6602 (0.68) 1.49 (1.01 -2.20) 135/4336 (3.11) 1.54 (1.19-1.97)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HR, hazard ratio; CI,

confidence interval; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density

lipoprotein cholesterol; NA, not available (due to small number of cases and participants).

n/N, number of events/number of participants.

All analyses adjusted for cohort, sex, Black race, mean age at and calendar year of childhood

measurement, childhood mean age- and sex-specified z scores for body mass index and

systolic blood pressure.
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Table S3. Hazard Ratios (95% Confidence Intervals) for Adult ASCVD Events According to
Discordant Versus Concordant Categories of Childhood Non-HDL-C with LDL-C Using Different
Cut-offs

Fatal event Fatal/nonfatal event

Non-HDL-C vs. LDL-C n/N (%) HR (95% CI) n/N (%) HR (95% CI)

<75th percentile & <75th percentile # 111/15315 (0.72) Reference 225/7474 (3.01) Reference

<75th percentile & ≥75th percentile 4/542 (0.74) 1.32 (0.48-3.65) 8/268 (2.99) 1.21 (0.59-2.50)

≥75th percentile & <75th percentile 6/536 (1.12) 2.05 (0.87-4.83) 13/315 (4.13) 2.01 (1.13-3.58)

≥75th percentile & ≥75th percentile 32/4733 (0.68) 1.50 (0.97-2.30) 106/3239 (3.27) 1.62 (1.24-2.12)

Non-HDL-C vs. LDL-C

<145 mg/dL & <130 mg/dL 126/17833 (0.71) Reference 269/9001 (2.99) Reference

<145 mg/dL & ≥130 mg/dL 1/390 (0.26) NA 5/219 (2.28) 1.09 (0.45-2.64)

≥145 mg/dL & <130 mg/dL 6/325 (1.85) 3.01 (1.28-7.36) 9/193 (4.66) 1.89 (0.94-3.83)

≥145 mg/dL & ≥130 mg/dL 20/2578 (0.78) 1.75 (1.04-2.95) 69/1883 (3.66) 1.75 (1.29-2.35)

Non-HDL-C vs. LDL-C

<208 mg/dL & <190 mg/dL * 148/20953 (0.71) Reference 342/11162 (3.06) Reference

<208 mg/dL & ≥190 mg/dL 0/25 (0) NA 0/18 (0) NA

≥208 mg/dL & <190 mg/dL 1/24 (4.17) 7.29 (0.87-61.17) 4/20 (20.0) 7.66 (2.45-23.96)

≥208 mg/dL & ≥190 mg/dL 4/124 (3.23) 5.54 (2.00-15.36) 6/96 (6.25) 2.27 (0.98-5.27)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HR, hazard ratio; CI, confidence

interval; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein

cholesterol; NA, not available (due to small number of cases and participants).

n/N, number of events/number of participants.

All analyses adjusted for cohort, sex, Black race, mean age at and calendar year of childhood

measurement, childhood mean age- and sex-specified z scores for body mass index and systolic blood

pressure.

* These were cut-offs to define probable familial hypercholesterolemia by LDL-C and non-HDL-C

(percentage equivalents derived from the i3C data corresponding to 190 mg/dL for LDL-C).

# 75th percentiles were 117 mg/dL for LDL-C and 130 mg/dL for non-HDL-C. To convert LDL-C or

non–HDL-C from mg/dL to mmol/L, divide values by 38.67.
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Table S4. Sex-specific Hazard Ratios for Adult ASCVD Events According to Childhood LDL-C and
non-HDL-C Levels or Status

Fatal event Fatal/nonfatal event

Males Females Males Females

LDL-C HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

z Score 1.17 (0.92-1.48) 1.60 (1.32-1.94) 1.23 (1.06-1.41) 1.35 (1.17-1.56)

Categories

<110 mg/dL Reference Reference Reference Reference

110-130 mg/dL 0.75 (0.40-1.41) 3.18 (1.56-6.48) 0.90 (0.60-1.36) 1.67 (1.07 -2.62)

≥130 mg/dL 1.16 (0.60-2.26) 3.11 (1.34-7.21) 1.47 (1.01-2.15) 2.15 (1.30-3.56)

Non-HDL-C

z Score 1.20 (0.95-1.51) 1.74 (1.42-2.13) 1.27 (1.09-1.47) 1.44 (1.25-1.66)

Categories

<120 mg/dL Reference Reference Reference Reference

120-145 mg/dL 0.73 (0.39-1.36) 3.69 (1.88-7.22) 1.01 (0.69-1.48) 2.17 (1.42-3.33)

≥145 mg/dL 1.65 (0.88-3.11) 4.36 (1.91-9.95) 1.71 (1.16-2.52) 2.60 (1.57-4.31)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HR, hazard ratio; CI, confidence

interval; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein

cholesterol.

All analyses adjusted for cohort, Black race, mean age at and calendar year of childhood measurement,

childhood mean age- and sex-specified z Scores for body mass index and systolic blood pressure.

Bold denotes statistical significance, p<0.05.

Childhood individual mean of non-HDL-C and LDL-C for each participant was used to assign

participants into different categories.
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Table S5. Age-specific Hazard Ratios for Adult ASCVD Events According to Childhood LDL-C and non-HDL-C Levels or Status
Age categories

<9 years 9-11 years 12-16 years 17-19 years <9 years 9-11 years 12-16 years 17-19 years

Fatal event Fatal/nonfatal event

LDL-C HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

z Score 1.27 (0.94-1.71) 1.16 (0.89-1.51) 1.12 (0.93-1.35) 1.30 (1.03-1.63) 1.21 (0.99-1.49) 1.31 (1.13-1.51) 1.18 (1.05-1.33) 1.27 (1.11-1.46)

Categories

<110 mg/dL Reference Reference Reference Reference Reference Reference Reference Reference

110-130 mg/dL 2.26 (1.09-4.70) 1.91 (1.01 -3.63) 0.89 (0.50-1.60) 2.45 (1.20-5.15) 2.00 (1.15-3.50) 1.78 (1.14-2.78) 1.15 (0.82-1.62) 1.92 (1.19 -3.09)

≥130 mg/dL 0.82 (0.17-3.98) 1.11 (0.46-2.68) 1.38 (0.73-2.59) 1.90 (0.85-4.28) 1.46 (0.69-3.08) 1.92 (1.17-3.17) 1.68 (1.17-2.40) 1.93 (1.19-3.01)

Non-HDL-C

z Score 1.27 (0.95-1.69) 1.18 (0.91-1.53) 1.18 (0.98-1.42) 1.33 (1.06-1.67) 1.19 (0.97-1.46) 1.34 (1.16-1.55) 1.25 (1.11-1.42) 1.30 (1.13 -1.50)

Categories

<120 mg/dL Reference Reference Reference Reference Reference Reference Reference Reference

120-145 mg/dL 2.03 (0.91-4.54) 1.42 (0.74-2.75) 1.17 (0.72-1.92) 2.89 (1.45-5.77) 2.13 (1.22-3.70) 1.66 (1.08-2.56) 1.26 (0.92-1.73) 2.18 (1.38-3.43)

≥145 mg/dL
1.52 (0.47-5.00) 1.62 (0.71-3.69) 1.58 (0.85-2.94) 2.04 (0.93-4.47) 1.63 (0.77-3.46) 2.42 (1.47-3.99) 1.82 (1.26-2.63) 1.91 (1.19-3.06)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HR, hazard ratio; CI, confidence interval; LDL-C, low-density lipoprotein cholesterol; non-

HDL-C, non-high-density lipoprotein cholesterol.

All analyses adjusted for cohort, sex, Black race, mean age at and calendar year of childhood measurement, childhood mean age- and sex-specified z Scores

for body mass index and systolic blood pressure.

Bold denotes statistical significance, p<0.05.

Childhood individual mean of non-HDL-C and LDL-C for each participant was used to assign participants into different categories.
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Table S6. Race-specific Hazard Ratios for Adult ASCVD Events According to Childhood LDL-C
and non-HDL-C Levels or Status

Fatal event Fatal/nonfatal event

Black non-Black Black non-Black

LDL-C HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

z Score 1.13 (0.85-1.51) 1.35 (1.09-1.67) 1.09 (0.86-1.37) 1.32 (1.18-1.48)

Categories

<110 mg/dL Reference Reference Reference Reference

110-130 mg/dL 1.28 (0.61-2.68) 1.26 (0.72-2.20) 1.22 (0.69-2.15) 1.15 (0.81-1.63)

≥130 mg/dL 1.35 (0.55-3.34) 1.65 (0.87-3.14) 1.35 (0.67-2.72) 1.78 (1.26-2.50)

Non-HDL-C

z Score 1.15 (0.87-1.52) 1.45 (1.17-1.79) 1.08 (0.86-1.37) 1.40 (1.25-1.58)

Categories

<120 mg/dL Reference Reference Reference Reference

120-145 mg/dL 1.13 (0.53-2.43) 1.40 (0.83-2.38) 1.25 (0.70-2.21) 1.45 (1.05-2.00)

≥145 mg/dL 1.61 (0.65-3.99) 2.48 (1.35-4.55) 1.39 (0.66-2.95) 2.15 (1.53-3.03)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HR, hazard ratio; CI, confidence

interval; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein

cholesterol.

All analyses adjusted for sex, cohort, mean age at and calendar year of childhood measurement,

childhood mean age- and sex-specified z scores for body mass index and systolic blood pressure.

Bold denotes statistical significance, p<0.05.

Childhood individual mean of non-HDL-C and LDL-C for each participant was used to assign

participants into different categories.
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Table S7. Cohort-specific Hazard Ratios for Adult ASCVD Events According to Childhood LDL-C
and non-HDL-C Levels or Status

Bogalusa Heart Study Young Finns Study

Fatal event Fatal/nonfatal event Fatal event * Fatal/nonfatal event

LDL-C HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

z Score 1.35 (1.10-1.65) 1.32 (1.13-1.54) 1.33 (0.87-2.02) 1.29 (1.07-1.55)

Categories

<110 mg/dL Reference Reference Reference Reference

110-130 mg/dL 1.36 (0.80-2.32) 1.15 (0.75-1.76) 1.80 (0.31-10.54) 1.23 (0.63-2.40)

≥130 mg/dL 1.50 (0.73-3.12) 1.64 (0.96-2.79) 2.25 (0.46-10.93) 1.83 (1.03-3.24)

Non-HDL-C

z Score 1.39 (1.13-1.70) 1.35 (1.15-1.58) 1.40 (0.95-2.06) 1.36 (1.12-1.65)

Categories

<120 mg/dL Reference Reference Reference Reference

120-145 mg/dL 1.38 (0.83-2.29) 1.42 (0.96-2.09) 0.92 (0.13-6.48) 1.38 (0.69-2.77)

≥145 mg/dL 2.29 (1.19-4.39) 2.03 (1.22-3.39) 2.33 (0.50-10.75) 2.16 (1.16-4.04)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HR, hazard ratio; CI, confidence

interval; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein

cholesterol.

All analyses adjusted for sex, Black race, mean age at and calendar year of childhood measurement,

childhood mean age- and sex-specified z scores for body mass index and systolic blood pressure.

Bold denotes statistical significance, p<0.05.

Childhood individual mean of non-HDL-C and LDL-C for each participant was used to assign

participants into different categories.

* Calendar year of childhood measurement of non-HDL-C was not adjusted because convergence was

not achieved due to zero fatal events in many categories of the covariate.
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Table S8. Hazard Ratios for Adult ASCVD Events According to Childhood LDL-C and non-HDL-C
Levels or Status – Sensitivity Analysis with Additional Adjustment for Parental Education and Child
Smoking

Fatal event Fatal/nonfatal event

LDL-C n/N (%) HR (95% CI) n/N (%) HR (95% CI)

z Score 44/9487 (0.46) 1.16 (0.88-1.54) 186/7590 (2.45) 1.30 (1.13-1.49)

Categories

<110 mg/dL 27/5620 (0.48) Reference 99/4138 (2.39) Reference

110-130 mg/dL 8/2041 (0.39) 1.30 (0.56-3.01) 34/1777 (1.91) 1.14 (0.75-1.72)

≥130 mg/dL 9/1826 (0.49) 1.37 (0.59-3.17) 53/1675 (3.16) 1.92 (1.29-2.86)

Non-HDL-C

z Score 44/9487 (0.46) 1.17 (0.87-1.56) 186/7590 (2.45) 1.33 (1.15-1.54)

Categories

<120 mg/dL 25/5320 (0.47) Reference 88/3889 (2.26) Reference

120-145 mg/dL 9/2397 (0.38) 1.31 (0.57-3.00) 44/2073 (2.12) 1.41 (0.95-2.10)

≥145 mg/dL 10/1770 (0.56) 1.70 (0.74-3.91) 54/1628 (3.32) 2.27 (1.52-3.40)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HR, hazard ratio; CI, confidence

interval; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein

cholesterol.

Childhood individual mean of non-HDL-C and LDL-C for each participant was used to assign

participants into different categories.

All analyses adjusted for cohort, sex, Black race, mean age at and calendar year of childhood

measurement, childhood mean age- and sex-specified z Scores for body mass index and systolic blood

pressure, parental education and child smoking.

Bold denotes statistical significance, p<0.05.
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Table S9. Hazard Ratios for Adult ASCVD Events According to Childhood First Available
Measurement of LDL-C and non-HDL-C Levels or Status

Fatal event Fatal/nonfatal event

LDL-C n/N (%) HR (95% CI) n/N (%) HR (95% CI)

z Score * 153/21126 (0.72) 1.24 (1.05-1.47) 352/11296 (3.12) 1.21 (1.09-1.34)

Categories

<110 mg/dL 103/13929 (0.74) Reference 209/6555 (3.19) Reference

110-130 mg/dL 28/3713 (0.75) 1.50 (0.97-2.32) 62/2196 (2.82) 1.30 (0.96-1.76)

≥130 mg/dL 22/3484 (0.63) 1.55 (0.93-2.60) 81/2545 (3.18) 1.70 (1.25-2.30)

Non-HDL-C

z Score * 153/21126 (0.72) 1.29 (1.10-1.52) 352/11296 (3.12) 1.24 (1.12-1.38)

Categories

<120 mg/dL 98/13424 (0.73) Reference 194/6238 (3.11) Reference

120-145 mg/dL 27/4491 (0.60) 1.26 (0.81-1.96) 78/2719 (2.87) 1.40 (1.06 -1.85)

≥145 mg/dL 28/3211 (0.87) 2.18 (1.34-3.56) 80/2339 (3.42) 1.85 (1.35-2.52)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; HR, hazard ratio; CI, confidence

interval; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein

cholesterol.

All analyses adjusted for cohort, sex, Black race, mean age at and calendar year of childhood

measurement, childhood mean age- and sex-specified z scores for body mass index and systolic blood

pressure.

Bold denotes statistical significance, p<0.05.

Childhood first available measurement of non-HDL-C and LDL-C for each participant was used to

assign participants into different categories.

* The first available measurement in childhood for each person was centered at the i3C Consortium’s

age- and sex-specific mean, and divided by the corresponding standard deviation.



LDL-C z score Non-HDL-C z score

ASCVD events
HR (95% CI) HR (95% CI)

P-value for 

comparison of HRs 

Fatal 1.28 (1.08-1.52) 1.35 (1.13-1.60) <0.001

Fatal/non-fatal 1.27 (1.14-1.41) 1.33 (1.19-1.48) <0.001



No. at Risk

Age (yr) 25 30 35 40 45 50 55 60

<110 mg/dL 14213 13938 12885 11421 8503 5270 2355 232

110-130 mg/dL 3945 3861 3520 3027 1991 1257 514 61

>=130 mg/dL 2968 2915 2713 2424 1567 1053 396 42

Total 21126 20714 19118 16872 12061 7580 3265 335

LDL-C Categories

LDL-C Categories

Non-HDL-C Categories

No. at Risk

Age (yr) 25 30 35 40 45 50 55 60

<120 mg/dL 13554 13292 12322 10926 8122 5028 2240 213

120-145 mg/dL 4669 4565 4163 3584 2392 1517 633 82

>=145 mg/dL 2903 2857 2633 2362 1547 1035 392 40

Total 21126 20714 19118 16872 12061 7580 3265 335

Non-HDL-C Categories

No. at Risk

Age (yr) 25 30 35 40 45 50 55 60

<110 mg/dL 6845 6649 6041 5417 3992 2221 854 73

110-130 mg/dL 2347 2285 2083 1870 1250 637 280 28

>=130 mg/dL 2102 2059 1941 1812 1150 581 269 18

Total 11294 10993 10065 9099 6392 3439 1403 119

No. at Risk

Age (yr) 25 30 35 40 45 50 55 60

<120 mg/dL 6420 6237 5685 5085 3735 2085 812 68

120-145 mg/dL 2798 2721 2483 2231 1512 780 322 34

>=145 mg/dL 2076 2035 1897 1783 1145 574 269 17

Total 11294 10993 10065 9099 6392 3439 1403 119



0 1 2 3 4
Hazard ratio (95%CI)

Non-HDL-C        vs.        LDL-C

<120 mg/dL <110 mg/dL (reference)

<120 mg/dL ≥110 mg/dL

≥120 mg/dL                   <110 mg/dL

≥120 mg/dL                   ≥110 mg/dL

n/N

96/13243 (0.72)

2/311 (0.64)

10/970 (1.03)

45/6602 (0.68)

Fatal ASCVD events

NA

0 1 2 3 4
Hazard ratio (95%CI)

Non-HDL-C        vs.        LDL-C

<120 mg/dL <110 mg/dL (reference)

<120 mg/dL ≥110 mg/dL

≥120 mg/dL <110 mg/dL

≥120 mg/dL                     ≥110 mg/dL

n/N (%)

193/6306 (3.06)

2/114 (1.75)

22/540 (4.07)

135/4336 (3.11)

Fatal/non-fatal ASCVD events

NA
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