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BACKGROUND: Cardiovascular disease depends on the duration and time course of risk factor exposure. Previous reports on
risk factors of progression of carotid intima-media thickness (cIMT) in the young were mostly restricted to high-risk popula-
tions or susceptible to certain types of bias. We aimed to unravel a risk factor signature for early vessel pathology based on
repeated ultrasound assessments of the carotid arteries in the general population.

METHODS AND RESULTS: Risk factors were assessed in 956 adolescents sampled from the general population with a mean age
of 15.8+0.9 years, 56.2% of whom were female. cIMT was measured at baseline and on average 22.5+3.4 months later by
high-resolution ultrasound. Effects of baseline risk factors on cIMT progression were investigated using linear mixed models
with multivariable adjustment for potential confounders, which yielded significant associations (given as increase in cIMT for a
1-SD higher baseline level) for alanine transaminase (5.5 pm; 95% CI: 1.5-9.5), systolic blood pressure (4.7 pm; 0.3-9.2), arte-
rial hypertension (9.5 pm, 0.2-18.7), and non-high-density (4.5 pm; 0.7-8.4) and low-density lipoprotein cholesterol (4.3 pum;
0.5-8.1).

CONCLUSIONS: Systolic blood pressure, arterial hypertension, low-density and non-high-density lipoprotein cholesterol, and
alanine transaminase predicted cIMT progression in adolescents, even though risk factor levels were predominantly within
established reference ranges. These findings reemphasize the necessity to initiate prevention early in life and challenge the
current focus of guideline recommendations on high-risk youngsters.

REGISTRATION: URL: https:/www.clinicaltrials.gov; Unique identifier: NCT03929692.
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in childhood and may progress to advanced le-
sions in later life.! Atherosclerosis progression
depends on the cumulative exposure to risk factors
but also on the time course of exposure: high low-
density lipoprotein-cholesterol (LDL-C) levels in early
life confer a particularly high cardiovascular disease

Early stages of atherosclerosis already manifest

(CVD) risk independently of total exposure,? suggest-
ing that risk factor management should already start
in the young. Previous investigations in youngsters
found associations of atherosclerosis with hyperten-
sion, dyslipidemia, diabetes mellitus, obesity, and
smoking and weaker or less consistently with physical
activity and low high-density lipoprotein-cholesterol
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CLINICAL PERSPECTIVE

What Is New?

* Previously reported associations between risk
factors and early vessel pathology in adoles-
cents as assessed by carotid intima-media
thickness were either cross-sectional in design
or restricted to high-risk populations; here, de-
terminants of carotid intima-media thickness
progression in community-dwelling adoles-
cents were identified using repeated ultrasound
measurements.

e Systolic blood pressure, arterial hypertension,
low-density and non-high-density lipoprotein
cholesterol, and alanine transaminase pre-
dicted increases in carotid intima-media thick-
ness after =2 years.

e Risk factor levels were predominantly within ref-
erence ranges.

What Are the Clinical Implications?

e These findings suggest that primary prevention
should start in adolescence and not be con-
fined to high-risk subjects.

Nonstandard Abbreviations and Acronyms

cIMT
NAFLD

carotid intima-media thickness
non-alcoholic fatty liver disease

(HDL-C).® These investigations mainly focused on ca-
rotid intima-media thickness (cIMT) as a surrogate
of early atherosclerosis. Barring studies in selected
high-risk groups,*® previous investigations were either
cross-sectional in design® or related earlier risk factor
levels to later assessments of cIMT.”8 The latter ap-
proach, however, cannot define whether changes in
the outcome preceded assessment of risk factors and
may overestimate effect sizes if risk profiles are stable
over time.3

Here, we relate baseline levels of risk factors to
progression of cIMT as ascertained by repeated as-
sessments in the Early Vascular Ageing (EVA)-Tyrol
study. cIMT progression has recently been firmly es-
tablished as a surrogate of CVD risk in a large-scale
meta-analysis.®

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.
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Study Design and Participants

The EVA-Tyrol study is a prospective cohort study
conducted throughout Tyrol, Austria and South Tyrol,
ltaly between May 2015 and July 2018 at local schools
and companies. The number of students sampled
from each school or company is shown in Table S1. All
schools and larger companies throughout Tyrol were
contacted. Because of regulatory and organizational
issues, in South Tyrol only schools in Bruneck were
invited to participate. Students attending 9th or 10th
grade (target age 14-16 years) and apprentices of the
same age were eligible for participation. Follow-up
was performed =2 years after the baseline examina-
tion. Age range and duration of follow-up period were
chosen to enable follow-up before graduation for most
students. The EVA-Tyrol study investigates a health
promotion intervention to improve lifestyle risk factors
in White adolescents. All participants included in the
current analysis received the same intervention, which
included counseling on individual risk factors. A de-
tailed description of the methods has been published.’®
The study was approved by the ethics committee of
the Medical University of Innsbruck and all participants
and their legal representatives gave informed consent.

Laboratory Analysis

Plasma samples were drawn in the morning after an
overnight fast, cooled, and immediately delivered to
the laboratory of the Medical University of Innsbruck,
Austria for analysis. A detailed description of all labo-
ratory analysis methods has been published.® The
Homeostatic Model Assessment for Insulin Resistance
index was calculated as fasting insulin (mIU/L) multiplied
by fasting glucose (mmol/L) divided by 22.5. Elevated
alanine transaminase (ALT) was defined as >22 U/L
in girls and >26 U/L in boys."" The definitions of the
2018 American Heart Association/American College
of Cardiology/American Association of Cardiovascular
and Pulmonary Rehabilitation/American Academy of
Physician Assistants/Association of Black Cardiologists/
American College of Preventive Medicine/American
Diabetes Association/American  Geriatrics  Society/
American Pharmacists Association/American Society
for Preventive Cardiology/National Lipid Association/
Preventive Cardiovascular Nurses Association Guideline
on the Management of Blood Cholesterol for low HDL-C
(<40 mg/dL), hypercholesterolemia (LDL-C >130 mg/
dL), and hypertriglyceridemia (triglycerides >130 mg/dL)
in adolescents were used.”?

Assessment of Lifestyle Risk Factors and
Socioeconomic Status

Behavioral risk factors were assessed by standardized
medical interviews with questionnaires adapted from
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the Atherosclerosis Risk-Factors in Male Youngsters,
Atherosclerosis Risk-Factors in Female Youngsters,
and Bruneck studies.”®"® Smoking and physical ac-
tivity were assessed in physician-guided interviews.
Participants were categorized as smokers if they regu-
larly smoked at least 1 cigarette per week. Physical
activity was assessed as engagement in moderate- or
vigorous-intensity sports (ie, leading to an increase in
heart rate and/or sweating) in minutes per day. Alcohol
consumption was assessed in a face-to-face interview,
and alcohol intake in grams/week was obtained by
summing, for each participant, the product of alcohol
content and intake frequency for each alcoholic bev-
erage type. Socioeconomic status was assessed by
means of the Family Affluence Scale score,'® a proxy
for family wealth, ranging from O to 9 points.

Anthropometry
Participants wore light indoor clothes and no shoes
for weight and height measurements. Weight was as-
sessed using calibrated medical precision scales and
height was determined using a Harpenden stadiom-
eter (Holtain, Crymych, United Kingdom). Body-mass
index (BMI) was calculated as body weight in kilograms
divided by the square of height in meters. Systolic and
diastolic blood pressure were calculated as the mean
of 3 measurements on the left and right upper arm in a
sitting position, recorded after a 5-minute seated rest
(automated oscillometric device OMRON M4-I, Omron
Healthcare Co., Lake Forest, IL). Z scores for blood
pressures were calculated using a reference data
set' and arterial hypertension was considered pre-
sent if any of the following conditions applied: systolic
blood pressure >130 mm Hg, diastolic blood pressure
>80 mm Hg, or any of the 2 at or above the age- and
sex-specific 95th percentile.'®

Based on a German reference data set Z scores
for BMI and waist circumference were calculated
(Table $2).1920 Overweight was defined as BMI >85th
percentile, and obesity as BMI >95th percentile.?!
Central obesity was defined as waist circumference at
or above the 90th age- and sex-specific percentile.??23

High-Resolution Ultrasound

Ultrasound measurements were taken in the supine
position using a 6.0 to 13.0 MHz linear probe (GE
12L-RS) on a Vivid g ultrasound device (both General
Electric Healthcare, Chicago, IL). Carotid intima-
media thickness (cIMT) was assessed on the far wall
of the distal 4 cm of the common carotid arteries on
both sides by identifying the greatest far-wall thick-
ness in longitudinal images. Three representative
measurements were taken per side and cIMT taken
as the maximum of all 6 measurements in order to
identify the area with the greatest focal thickening.

J Am Heart Assoc. 2021;10:e020233. DOI: 10.1161/JAHA.120.020233

Predictors of cIMT Progression in Adolescents

The maximum cIMT represents the focal nature of
atherosclerosis (early plaque precursors) better than
mean IMT that is also subject to homogenous, adap-
tive changes especially in the young.?#2® A single rater
experienced in ultrasound techniques and blinded to
the clinical characteristics of the study participants
(A.S.) performed all measurements on digitally stored
images. For 103 participants, repeated assessment
was performed to obtain a measure of intraobserver
reproducibility, which yielded a Pearson correlation
coefficient of 0.634 and an agreement-based intra-
class correlation of 0.621.

Statistical Analysis

Characteristics of the study cohort at baseline and at
follow-up are shown as count (percentage), mean+SD,
or median (interquartile range). Associations with
cIMT progression were investigated by linear mixed
models with random intercepts for individual schools
and adjusted for baseline cIMT, age, and sex (Model
1) or for baseline cIMT, age, sex, and measurements
of the following variables both at baseline and at fol-
low-up: systolic and diastolic blood pressure, BMI Z
score, LDL-C, fasting glucose, smoking status (ever
versus never smokers), and Family Affluence Scale
score (Model 2, termed “multivariable adjustment”).
To avoid multicollinearity, LDL-C, high LDL-C, and
non-HDL-C were not adjusted for LDL-C; arterial hy-
pertension and systolic and diastolic blood pressure
were not adjusted for systolic or diastolic blood pres-
sure; smoking status (current and ever smoking) and
pack years of smoking were not adjusted for smok-
ing status (ever versus never smoker); fasting glucose,
fasting glucose >100 mg/dL, insulin resistance and
Homeostatic Model Assessment for Insulin Resistance
>2.6 mlUxmmol were not adjusted for fasting glucose;
and BMI DrZ score, overweight, and obesity were not
adjusted for BMI Z score. In each case, neither the
baseline nor the follow-up measurement was adjusted
for. Additionally, in analyses involving liver parameters,
alcohol intake in grams/day was adjusted for. Only
established and probable risk factors but not the ad-
justment variables of Model 1 and Model 2 are shown
in Figure 1. Continuous variables were scaled to unit
variance for this analysis, such that effects represent
the difference in cIMT progression for a 1-SD higher
level. Assessment of predictors (Figure 1) was 93.5%
complete. For glucose, insulin, and triglyceride meas-
urements, values of nonfasting participants were set to
the median of fasting participants’ values (3.6%, 4.5%,
and 1.5% of values, respectively). For all other variables
complete case analyses were performed. Analysis
was conducted using R 4.0.1 (R Project for Statistical
Computing, Vienna, Austria). All P values are 2 sided
and an alpha level of 0.05 is used.
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Model 1 Model 2
Effect (95% CI) P value Effect (95% Cl) P value
BMI z-score 00— 1.5(-2.2,53) 0431 —C— -0.9(-5.0,3.3) 0.684 >
BMI > 85th percentile -—O0— 6.3 (-3.1,15.8) 0.190 — 10— 2.1(-8.0,12.1) 0.686 ::_g
BMI = 95th percentile 1 —T—O0——> 10.1(-3.4,23.6) 0.143 — 00— 5.6(-8.6,19.7) 0.440 E—’%
Waist circumference z-score 10— 1.7(-2.1,5.5) 0.379 —0— 0.5(-5.5,6.5) 0.878 g%
Central obesity T 10— 5.3(-3.9,14.6) 0.258 — 2.5(-9.0,14.0) 0.673 g
Physical activity FO— 3.8(-0.1,7.7) 0.056 FO— 3.3(0.7,7.2) 0.104
R AT ——— o 44(03,86) 0036 o 47(03,92) 0038 |8
Diastolic blood pressure, mmHg TOo— 25(-1.3,6.3) 0.199 +O— 24(-14,6.3) 0.217 *§L
Arterial hypertension t —— 9.8(0.7,18.9) 0.034 —— 9.5(0.2,18.7) 0.045 %-
Current smoking T | €O——— -8.8 (-20.1,2.6) 0.130 <«O— -9.3(-20.8,2.2) 0.113 @
Ever smoking t | €<—O1— -2.9(-12.5,6.7) 0.554 <—O1+— -3.1(-12.9,6.7) 0.532 §
Pack years*, Packs x years —1O0— 6.7 (-5.1,18.4) 0.262 — ] 2.5(-10.5,15.5) 0.705 =
Total cholesterol, mg/dL o— 3.9(0.1,7.8) 0.047 «—O1— -3.0(-13.1,7.1) 0.558
HDL cholesterol, mg/dL —Ot -2.7(-6.6,1.2) 0.180 —Or -1.9(-6.0,2.2) 0.364
HDL cholesterol < 40 mg/dL t —T—O0——> 10.6(-4.9,26.2) 0.180 —O—> 9.4 (-6.4,25.3) 0.244
LDL cholesterol, mg/dL - 48(1.0,85) 0.014 —o— 43(05,81) 0028 | ¢
LDL cholesterol = 130 mg/dL 1 ——> 16.3(0.7,29.8) 0.040 —O0—> 13.9(-0.8,28.5) 0.064 @
Non-HDL cholesterol, mg/dL —— 5.1(1.3,8.8) 0.009 —o— 45(0.7,84) 0.021
Triglycerides, md/dL - 47(1.0,84) 0.012 TO0— 28(-1.3,6.8) 0.180
Triglycerides = 130 mg/dL ¥ T—O0—> 12.9(-1.1,26.9) 0.071 — O 6.5(-8.1,21.1) 0.382
Fasting glucose, mg/dL —O— -0.1(-4.3,4.1) 0.975 —O— -0.4(-4.7,3.8) 0.849 5
Fasting glucose > 100 mg/dL t | €«——1—0O>  17.6 (-34.0, 69.2) 0.504 «—1—O> 18.3(-33.2,69.9) 0485 (g2
HOMA-IR, miU x mmol 1)'_— 0.7 (-3.1,4.5) 0.714 - -0.7 (-4.6,3.2) 0.726 %2
HOMA-IR > 2.6 mIU x mmol t -0.5(-9.2,8.1) 0.907 —OT— -3.0 (-11.9,6.0) 0.515
Gamma-glutamyltransferase, U/L TO— 26(-14,6.6) 0.201 —O— 0.6(-3.7,48) 0799 |3
Alanine transaminase, U/L —— 5.8(2.0,9.7) 0.003 —— 55(1.5,9.5) 0.007 § -
Elevated alanine transaminase ——> 11.8 (0.6, 23.0) 0.039 T—O0——> 10.3(-1.3,21.8) 0.082 %%
Aspartate transaminase, U/L FO— 3.2(-0.6,7.0) 0.095 FO— 3.2(-0.6,7.0) 0.103 ?5_3'
C-reactive protein = 1 mg/L T —+—O0— 55(-34,14.4) 0.223 —— 3.7(-54,129) 0420 3
e ° e g e °c e R
Change in carotid intima-media thickness, pm
O P20.05 @ P<0.05

Figure. Predictors of carotid intima-media thickness progression in adolescents.

Predictors are shown on the y-axis and change in cIMT after 22.5 months of follow-up on the x-axis as points (main estimate) and
horizontal ranges (95% CI). Effects are given for a 1-SD higher level for continuous variables and vs the reference category for
categorical variables. Model 1: adjustment for baseline cIMT, age, and sex; Model 2: adjustment for baseline cIMT, age, sex, and
for the following variables both at baseline and at follow-up: systolic and diastolic blood pressure, BMI Z score, LDL-cholesterol,
fasting glucose, smoking status (never vs ever smoker) and Family Affluence Scale score (except for highly correlated variables,
see Methods section for details), and alcohol consumption in grams/week (only for liver parameters). Only predictors but not the
adjustment variables of Model 1 and Model 2 are shown on the y-axis. Under multivariable adjustment (Model 2), systolic blood
pressure, arterial hypertension, LDL cholesterol, non-HDL cholesterol, and alanine transaminase were significantly associated with
cIMT progression. Central obesity was defined as a waist circumference at or above the 90th age- and sex-specific percentile. Arterial
hypertension was defined as a systolic blood pressure >130 mm Hg, a diastolic blood pressure >80 mm Hg, or any of the 2 at or above
the age- and sex-specific 95th percentile. Elevated ALT was defined as an ALT 222 U/L in girls and 226 U/L in boys. *Never-smokers
were excluded for this analysis. ALT indicates alanine transaminase; BMI, body mass index; cIMT, carotid intima-media thickness;
HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; and LDL, low-density lipoprotein.
TCategorical variable.
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RESULTS

A flow chart of the study population is shown in
Figure S1. In brief, 1573 subjects participated in the
baseline assessment, 1000 of them had a follow-up
assessment, and complete data for cIMT measure-
ments and adjustment variables were available for
956. Loss to follow-up was mostly because of gradu-
ating school, change of school, or illness on the day
of examination. At baseline, participants who dropped
out were on average older than participants who had
a follow-up assessment (mean+SD; 16.2+1.2 versus
15.8+0.9 years), more often smokers (30.9% versus
13.2%) and apprentices (27.9% versus 5.5%), and had
higher BMI Z scores (0.362+1.140 versus 0.173+0.999),
whereas blood pressure, physical activity levels, liver
enzymes, and lipid parameters were similar, as was
baseline cIMT (473+54 and 473+54 pm).

Characteristics of the study population are shown
in Table 1. The study participants were derived from
28 different schools and companies. Mean cIMT
was 473 pm at baseline and 479 pym at follow-up
22.5+3.4 months later.

Systolic blood pressure, LDL-C, non-HDL-C, and
ALT showed robust associations with cIMT progres-
sion under multivariable adjustment, with effect sizes of
a4.31t0 5.5 pym higher cIMT for a 1-SD higher level, and
arterial hypertension (defined as systolic blood pressure
>130 mm Hg, diastolic blood pressure >80 mm Hg,
or any of the 2 at or above the age- and sex-specific
95th percentile) was associated with a 9.5 pm greater
cIMT increase (Figure 1). Elevated ALT (defined as ALT
>22 U/L in girls and >26 U/L in boys), LDL-C >130 mg/
dL, and total cholesterol and triglyceride levels signifi-
cantly predicted cIMT progression under adjustment
for age, sex, and baseline cIMT but not under further
multivariable adjustment. No significant associations
with cIMT progression were detected for variables re-
lating to body composition or overweight, smoking,
physical activity, or glucose metabolism.

DISCUSSION

In community-dwelling adolescents, systolic blood
pressure, arterial hypertension, LDL-C and non-
HDL-C, and ALT predicted progression of cIMT, a
measure of subclinical atherosclerosis and early vas-
cular aging and a surrogate of CVD.?® To the best of
our knowledge, this is the first large community-based
study investigating risk profiles for CIMT progression in
adolescents. Previous longitudinal studies correlated
earlier, childhood, or adolescent risk factor levels with
later, adolescent, or adult cIMT measurements.”® Other
studies that prospectively assessed changes in cIMT
were confined to high-risk groups and found systolic
blood pressure and BMI predicting cIMT progression

J Am Heart Assoc. 2021;10:e020233. DOI: 10.1161/JAHA.120.020233
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in children with type 1 diabetes mellitus® and lower
cIMT progression during statin therapy in children with
familial hypercholesterolemia.*

Among lipid parameters, LDL-C and non-HDL-C were
directly associated with cIMT progression (Figure 1).
LDL-C is among the most important predictors of
cardiovascular events in adults, and strong evidence
from intervention trials®” and Mendelian randomiza-
tion analyses®® suggests that it is a causal risk factor.
The small cholesterol-rich LDL particles penetrate the
intima, where they ignite an inflammatory process that
represents early atherosclerosis.?® Non-HDL-C is the
sum of LDL-C and remnant cholesterol, the cholesterol
content of mostly delipidated triglyceride-rich lipopro-
teins. Remnant cholesterol has also been implicated as
causative for ischemic heart disease,®®3' and current
guidelines recommend non-HDL-C for assessment of
cardiovascular risk in standard lipid panels.®?

Systolic blood pressure and arterial hypertension (de-
fined as systolic blood pressure >130 mm Hg, diastolic
blood pressure >80 mm Hg, or any of the 2 at or above
the age- and sex-specific 95th percentile) were associ-
ated with cIMT progression, consistent with prior stud-
ies.”33 High blood pressure is the leading modifiable risk
factor for premature CVD3* and accounts for about half
of the incidence of ischemic heart disease and stroke
worldwide.3® A causal relationship is highly probable,3®
and evidence is accumulating that blood pressure levels
earlier in life and its cumulative burden are robust pre-
dictors of later CVD.®"38 Therefore, blood pressure as-
sessment and control starting early in life might be one
of the most effective tools for preventing incident CVD.
Some prior reports surmised that associations of cIMT
with blood pressure in adolescents reflect physiological
adaptations of the tunica media to hemodynamic stress’
rather than subclinical atherosclerosis. However, we de-
fined arterial hypertension according to age- and sex-
standardized blood pressure Z scores,'® making a purely
physiological explanation for results found unlikely.

Liver enzymes are less established as cardiovascu-
lar risk markers in adults. Although a meta-analysis®®
and a Mendelian randomization study*® reported a
null association, a large high-quality analysis from the
Framingham study found ALT to be directly associated
with CVD*' and this association was not confined to ab-
normally high ALT levels. ALT is considered to be linked
to CVD because it is a sensitive marker of non-alcoholic
fatty-liver disease (NAFLD).*> NAFLD is associated with
excess cardiovascular risk in adults because of its close
association with metabolic abnormalities including hy-
pertension, hypertriglyceridemia, and abnormalities of
glucose homeostasis.*® Although overweight and hy-
pertension were prevalent in the current study (Table 1),
insulin resistance, impaired fasting glucose, or diabetes
mellitus were not, and none of these factors showed
robust associations with cIMT progression on its own
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Table. Baseline Characteristics of the Study Participants

Predictors of cIMT Progression in Adolescents

All Men Women
956 (100%) 419 (43.8%) 537 (56.2%)
Demographics
Age, y 15.8+0.9 16.0+0.9 15.7+0.8
Education
General high-school 243 (25.4%) 60 (14.3%) 183 (34.1%)
Profession-oriented high-school 660 (69.0%) 3283 (77.1%) 337 (62.8%)
Apprenticeship 53 (5.5%) 36 (8.6%) 17 (3.2%)
Family Affluence Scale score 6.24+1.59 6.32+£1.57 6.17+1.60
Anthropometrics
BMI, kg/m? 21.5+3.2 21.6+£3.4 21.4+31
BMI, Z score 0.173+0.999 0.212+1.010 0.143+0.989
BMI >85th percentile 186 (19.5%) 84 (20.0%) 102 (19.0%)
BMI >95th percentile 78 (9.2%) 35 (9.5%) 43 (9.0%)
Waist circumference, Z score 0.450+0.931 0.434+0.920 0.462+0.940
Central obesity 197 (20.6%) 82 (19.6%) 115 (21.4%)
Physical activity
Physical activity, min/d 45.0 (30.0) 60.0 (60.0) 30.0 (40.0)
Hemodynamics
Systolic blood pressure, mm Hg 123+12 128+11 119+10
Diastolic blood pressure, mm Hg 71+8 717 71+8
Arterial hypertension 208 (21.8%) 98 (23.4%) 110 (20.5%)
Smoking and alcohol intake
Current smoker 126 (13.2%) 49 (11.7%) 77 (14.3%)
Ever smoker 190 (19.9%) 74 (17.7%) 116 (21.6%)
Pack-years* 0.124 (0.409) 0.150 (0.405) 0.106 (0.380)
Alcohol intake, g/wk 3.2 (25.0) 5.0 (32.8) 3.2 (22.5)
Lipids
Total cholesterol, mg/dL 168+29 148+26 166+29
HDL cholesterol, mg/dL 58.3+13.2 53.7+11.5 61.8+13.3
HDL cholesterol <40 mg/dL 60 (6.3%) 46 (11.0%) 14 (2.6%)
LDL cholesterol, mg/dL 92.8+25.2 87.5+24.0 96.8+25.4
LDL cholesterol =130 mg/dL 67 (7.0%) 19 (4.5%) 49 (8.9%)
Non-HDL cholesterol, mg/dL 99.8+27.6 94.3+26.6 104.0£27.6
Triglycerides, mg/dL 68.0 (35.0) 67.0 (37.0) 69.0 (33.0)
Triglycerides >130 mg/dL 73 (7.6%) 30 (7.2%) 43 (8.0%)
Glucose metabolism
Fasting glucose, mg/dL 75.8+9.9 78.7+9.5 73.6+9.7
Fasting glucose >100 mg/dL 5(0.5%) 4 (1.0%) 1(0.2%)
HOMA-IR, mlUxmmol 1.97 (1.14) 1.97 (1.21) 1.97 (1.07)
HOMA-IR >2.6 mlUxmmol 242 (25.3%) 112 (26.7%) 130 (24.0%)
Liver and inflammation markers
Gamma-glutamyltransferase, U/L 14.0 (6.0) 16.0 (7.0) 12.0 (4.0)
Alanine transaminase, U/L 16.0 (7.0) 18.0 (8.0) 14.0 (6.0)
Elevated alanine transaminase’ 122 (12.8%) 61 (14.6%) 61 (11.4%)
Aspartate transaminase, U/L 22.0 (6.0) 23.0(8.0) 21.0 (6.0
C-reactive protein >1.0 mg/L 223 (23.3%) 96 (22.9%) 127 (23.6%)

Values are given as mean+SD, median (interquartile range), or count (%). Missings were <2% except for fasting glucose (3.6%) and fasting insulin (4.5%) for
which median imputation was performed. BMI indicates body mass index; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment for Insulin
Resistance; and LDL, low-density lipoprotein.

*Never-smokers excluded.

Defined as >22 U/L in girls and >26 U/L in boys.
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(Figure 1). NAFLD may be a more proximate correlate of
cardiovascular risk, reflecting the combined effects of
these metabolic factors.

In our study, overweight or central obesity, physical
activity, smoking, and abnormalities of glucose homeo-
stasis were not associated with cIMT progression in
adolescents (Figure 1) although these are established
cardiovascular risk factors in adults.**+*® This may partly
be explained by a low prevalence or burden of some
risk conditions such as impaired fasting glucose and
pack years of smoking (Table 1) as well as the relatively
short follow-up. Previous longer-term studies in adoles-
cents and young adults with a higher burden of these
risk factors have consistently shown associations with
future CVD outcomes or subclinical CVD.*647

The mean absolute cIMT increase over the course
of =2 years was 6.08 pm (95% ClI, 1.6-10.3), and risk
factors showed effects of 4.3 to 5.5 pm higher cIMT
progression per 1-SD higher baseline level (Figure 1).
Direct translation of these effects into risks of incident
CVD in community-dwelling adolescents is difficult be-
cause of very low event rates. In adults, a large meta-
analysis reported a relative risk of 0.91 for incident CVD
for each 10 pym/year slower progression of cIMT,? such
that a 6.0 um faster progression over 2 years would
amount to a relative risk of 1.09, and 1-SD higher risk
factor levels to relative risks between 1.04 and 1.07.

CONCLUSIONS

Efforts to prevent CVD already in childhood and ad-
olescence are gaining traction because it is increas-
ingly recognized that early atherosclerotic lesions are
already present at this age.*® Current American Heart
Association guidelines do justice to this and recom-
mend measurement of lipid profiles between ages 9
and 11 and again at ages 17 to 21 in children or ado-
lescents irrespective of cardiovascular risk factors or
family history of early CVD in order to detect moderate
to severe lipid abnormalities.” Our results add to these
recommendations by demonstrating a significant as-
sociation of LDL-C with cIMT progression in adoles-
cents from the general population, with generally low
LDL levels (Table 1), suggesting that the “the lower the
better” concept may apply to adolescents similarly as
to adults.*® Levels of both LDL-C and remnant choles-
terol may be ameliorated by weight loss, management
of hypertension,?® and lifestyle-modification interven-
tions in children and adolescents.%5'!

Current guidelines of the North American Society
for Pediatric Gastroenterology, Hepatology & Nutrition
recommend screening for NAFLD only in overweight
children and adolescents or those with risk factors."
Our study revealed a significant association of ALT, a
marker of NAFLD, with cIMT progression in healthy
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adolescents and, as in adults, this association was not
confined to elevated ALT levels.®® CVD is the leading
cause of death in NAFLD and NAFLD is responsive to
lifestyle changes and weight reduction. %253

Strengths of our study include its large size, uniform
assessment of cIMT by a single experienced rater, and
the novelty of associating cardiovascular risk factors with
cIMT progression in a sample representative of the ado-
lescent general population. There are limitations as well;
Data on pubertal stage were not available, although al-
most all participants are expected to have been in Tanner
stage IV or V?* and previous evaluations in 13-year-olds
did not find an influence of Tanner stage on atherosclero-
sis.5556 ALT is inferior for detection of NAFLD to transient
elastography, ultrasound, magnetic resonance imaging,
or histopathology, which were not available in our study.
However, ALT has been shown to predict coronary heart
disease events and is preferred for NAFLD screening in
children at risk according to the 2017 North American
Society for Pediatric Gastroenterology, Hepatology &
Nutrition guidelines." Further limitations include that the
health intervention participants received may have ame-
liorated risk factor levels after the baseline examination,
that the follow-up period of 2 years was comparatively
short, that prevalence or burden of some risk factors was
low, and that a relevant portion of the study population
that featured a less favorable cardiovascular risk profile
dropped out of the study. Intracbserver reproducibility of
cIMT measurements was modest with a Pearson cor-
relation of 0.634 and an intraclass correlation of 0.621.
This is consistent with known limited measurement pre-
cision of ultrasound for cIMT, and possibly limited our
ability to detect true associations.

The study population consisted of adolescents of
White descent in an economically developed country.
Hence, findings may not be applicable to other ethnic
groups or different economic backgrounds.

Future studies could extend the current study by
considering alternative measures of early vascular pa-
thology such as pulse-wave velocity®” and by investi-
gating the effects of early risk factor management on
change in cIMT and on later life cardiovascular risk.

In summary, systolic blood pressure, arterial hyperten-
sion, LDL-C, non-HDL-C, and ALT already predicted cIMT
progression in community-dwelling adolescents with risk
factor levels predominantly within reference ranges, sug-
gesting that preventative efforts should start in adoles-
cence and should not be restricted to high-risk subjects.

APPENDIX

EVA Study Group Investigators

Markus Anliker, MD, Central Institute of Clinical
Chemistry and Laboratory Medicine (ZIMCL), Medical
University of Innsbruck, Innsbruck, Austria.



Kiechl et al

Mandy Asare, Department of Neurology, Medical
University of Innsbruck, Innsbruck, Austria and
VASCage, Research Centre on Vascular Ageing and
Stroke, Innsbruck, Austria.

Benoit Bernar, MD, Department of Pediatrics |l
and Department of Pediatrics Ill, Medical University of
Innsbruck, Innsbruck, Austria.

Manuela Bock-Bartl, MSc, VASCage, Research
Centre on Vascular Ageing and Stroke, Innsbruck,
Austria.

Maximilian Bohl, MD, Department of Neurology,
Medical University of Innsbruck, Innsbruck, Austria.

Nina Gande, MD, Department of Pediatrics I,
Medical University of Innsbruck, Innsbruck, Austria.

Ralf Geiger, MD, Department of Pediatrics Il
Medical University of Innsbruck, Innsbruck, Austria.

Andrea Griesmacher, MD, Central Institute of
Clinical Chemistry and Laboratory Medicine (ZIMCL),
Medical University of Innsbruck, Innsbruck, Austria.

Christoph Hochmayr, MD, Department of Pediatrics
I, Medical University of Innsbruck, Innsbruck, Austria.

Sophia J. Kiechl, MD, Department of Neurology,
Medical University of Innsbruck, Innsbruck, Austria
and VASCage, Research Centre on Vascular Ageing
and Stroke, Innsbruck, Austria.

Stefan Kiechl, MD, Department of Neurology,
Medical University of Innsbruck, Innsbruck, Austria
and VASCage, Research Centre on Vascular Ageing
and Stroke, Innsbruck, Austria.

Ursula Kiechl-Kohlendorfer, MD, Msc, Department
of Pediatrics Il, Medical University of Innsbruck,
Innsbruck, Austria.

JuliaKlingenschmid, MD, Department of Pediatrics
Il, Medical University of Innsbruck, Innsbruck, Austria.

Michael Knoflach, MD, Department of Neurology,
Medical University of Innsbruck, Innsbruck, Austria.

Martina Kothmayer, Department of Pediatrics I,
Medical University of Innsbruck, Innsbruck, Austria.

Julia Marxer, MD, Department of Pediatrics I,
Medical University of Innsbruck, Innsbruck, Austria.

Raimund Pechlaner, MD, PhD, Department of
Neurology, Medical University of Innsbruck, Innsbruck,
Austria.

Maximilian Pircher, Department of Pediatrics I,
Medical University of Innsbruck, Innsbruck, Austria.

Carmen Reiter, Department of Pediatrics Il, Medical
University of Innsbruck, Innsbruck, Austria.

Christina Schreiner, MD, Department of Pediatrics
I, Medical University of Innsbruck, Innsbruck, Austria.

Anna Staudt, MD, Department of Pediatrics I,
Medical University of Innsbruck, Innsbruck, Austria.

Katharina Stock, MD, Department of Pediatrics Ill,
Medical University of Innsbruck, Innsbruck, Austria.

Bernhard Winder, MD, Department of Pediatrics
I, Medical University of Innsbruck, Innsbruck, Austria

J Am Heart Assoc. 2021;10:e020233. DOI: 10.1161/JAHA.120.020233

Predictors of cIMT Progression in Adolescents

and VASCage, Research Centre on Vascular Ageing
and Stroke, Innsbruck, Austria.

ARTICLE INFORMATION
Received November 20, 2020; accepted July 30, 2021.

Affiliations

Department of Neurology (S.J.K., S.K., M.K., R.P); Department of Pediatrics
II(A.S., K.S.,, N.G.,, B.B,, C.H., B.W.,, U.K.); Department of Pediatrics Il (K.S.,
R.G.); Department of Pediatrics | (B.B.); and Central Institute of Clinical
Chemistry and Laboratory Medicine (A.G., M.A.), Medical University of
Innsbruck, Innsbruck, Austria; and VASCage, , Research Centre on Vascular
Ageing and Stroke, Innsbruck, Austria (S.J.K., BW., S.K).

Sources of Funding

The EVA-Tyrol study is supported by the excellence initiative (Competence
Centers for Excellent Technologies—COMET) of the Austrian Research
Promotion Agency: “Research Center of Excellence in Vascular Ageing—
Tyrol, VASCage” (K project number 843536) and VASCage (Research
Centre on Vascular Ageing and Stroke, project number 868624) funded
by the Austrian Ministry for Climate Action, Environment, Energy, Mobility,
Innovation and Technology, the Austrian Ministry for Digital and Economic
Affairs and the federal states Tyrol, Salzburg, and Vienna.

Disclosures
None.

Supplementary Material
Tables S1-S2
Figure S1

REFERENCES

1. Berenson GS, Srinivasan SR, Bao W, Newman WP I, Tracy RE, Wattigney
WA. Association between multiple cardiovascular risk factors and athero-
sclerosis in children and young adults. The Bogalusa Heart Study. N Engl J
Med. 1998;338:1650-1656. DOI: 10.1056/NEJM199806043382302.

2. Domanski MJ, Tian X, Wu CO, Reis JP, Dey AK, Gu Y, Zhao L, Bae S, Liu
K, Hasan AA, et al. Time course of LDL cholesterol exposure and car-
diovascular disease event risk. J Am Coll Cardiol. 2020;76:1507-1516.
DOI: 10.1016/j.jacc.2020.07.059.

3. Expert Panel on Integrated Guidelines for Cardiovascular Health and
Risk Reduction in Children and Adolescents, National Heart, Lung, and
Blood Institute. Expert panel on integrated guidelines for cardiovascular
health and risk reduction in children and adolescents: summary report.
Pediatrics. 2011;128(suppl 5):5213-S256.

4. Braamskamp MJAM, Langslet G, McCrindle BW, Cassiman D, Francis
GA, Gagne C, Gaudet D, Morrison KM, Wiegman A, Turner T, et al.
Effect of rosuvastatin on carotid intima-media thickness in children
with heterozygous familial hypercholesterolemia: the CHARON Study
(Hypercholesterolemia in Children and Adolescents Taking Rosuvastatin
Open Label). Circulation. 2017;136:359-366. DOI: 10.1161/CIRCU
LATIONAHA.116.025158.

5. Dalla Pozza R, Beyerlein A, Thilmany C, Weissenbacher C, Netz H,
Schmidt H, Bechtold S. The effect of cardiovascular risk factors on the
longitudinal evolution of the carotid intima medial thickness in children
with type 1 diabetes mellitus. Cardiovasc Diabetol. 2011;10:53. DOI:
10.1186/1475-2840-10-583.

6. Dawson JD, Sonka M, Blecha MB, Lin W, Davis PH. Risk factors asso-
ciated with aortic and carotid intima-media thickness in adolescents
and young adults: the Muscatine Offspring Study. J Am Coll Cardiol.
2009;53:2273-2279. DOI: 10.1016/j.jacc.2009.03.026.

7. Chiesa ST, Charakida M, Georgiopoulos G, Dangardt F, Wade KH,
Rapala A, Bhowruth DJ, Nguyen HC, Muthurangu V, Shroff R, et al.
Determinants of intima-media thickness in the young: the ALSPAC
Study. JACC Cardiovasc Imaging. 2021;14:468-478.

8. Raitakari OT, Juonala M, Kahdénen M, Taittonen L, Laitinen T, Maki-
Torkko N, Jérvisalo MJ, Uhari M, Jokinen E, Ronnemaa T, et
al. Cardiovascular risk factors in childhood and carotid artery


https://doi.org/10.1056/NEJM199806043382302
https://doi.org/10.1016/j.jacc.2020.07.059
https://doi.org/10.1161/CIRCULATIONAHA.116.025158
https://doi.org/10.1161/CIRCULATIONAHA.116.025158
https://doi.org/10.1186/1475-2840-10-53
https://doi.org/10.1016/j.jacc.2009.03.026

Kiechl et al

20.

21.

22.

23.

J Am Heart Assoc. 2021;10:e020233. DOI: 10.1161/JAHA.120.020233

intima-media thickness in adulthood: the Cardiovascular Risk in
Young Finns Study. JAMA. 2003;290:2277-2283. DOI: 10.1001/
jama.290.17.2277.

Willeit P, Tschiderer L, Allara E, Reuber K, Seekircher L, Gao LU, Liao X,
Lonn E, Gerstein HC, Yusuf S, et al. Carotid Intima-media thickness pro-
gression as surrogate marker for cardiovascular risk: meta-analysis of
119 clinical trials involving 100,667 patients. Circulation. 2020;142:621—
642. DOI: 10.1161/CIRCULATIONAHA.120.046361.

Bernar B, Gande N, Stock KA, Staudt A, Pechlaner R, Geiger R,
Griesmacher A, Kiechl S, Knoflach M, Kiechl-Kohlendorfer U, et al. The
Tyrolean early vascular ageing-study (EVA-Tyrol): study protocol for a
non-randomized controlled trial: effect of a cardiovascular health pro-
motion program in youth, a prospective cohort study. BMC Cardiovasc
Disord. 2020;20:59. DOI: 10.1186/s12872-020-01357-9.

Vos MB, Abrams SH, Barlow SE, Caprio S, Daniels SR, Kohli R, Mouzaki M,
Sathya P, Schwimmer JB, Sundaram SS, et al. NASPGHAN clinical prac-
tice guideline for the diagnosis and treatment of nonalcoholic fatty liver dis-
ease in children: recommendations from the Expert Committee on NAFLD
(ECON) and the North American Society of Pediatric Gastroenterology,
Hepatology and Nutriton (NASPGHAN). J Pediatr Gastroenterol Nutr.
2017;64:319-334. DOI: 10.1097/MPG.0000000000001482.

Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal
RS, Braun LT, de Ferranti S, Faiella-Tommasino J, Forman DE, et al.
2018  AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/
NLA/PCNA guideline on the management of blood cholesterol: a re-
port of the American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines. Circulation. 2019;139:e1082
—e1143.

Knoflach M, Kiechl S, Kind M, Said M, Sief R, Gisinger M, van der Zee R,
Gaston H, Jarosch E, Willeit J, et al. Cardiovascular risk factors and ath-
erosclerosis in young males: ARMY study (Atherosclerosis Risk-Factors
in Male Youngsters). Circulation. 2003;108:1064-1069. DOI: 10.1161/01.
CIR.0000085996.95532.FF.

Knoflach M, Kiechl S, Penz D, Zangerle A, Schmidauer C, Rossmann A,
Shingh M, Spallek R, Griesmacher A, Bernhard D, et al. Cardiovascular
risk factors and atherosclerosis in young women: atherosclerosis risk
factors in female youngsters (ARFY study). Stroke. 2009;40:1063-1069.
DOI: 10.1161/STROKEAHA.108.525675.

Kiechl S, Willeit J. The natural course of atherosclerosis. Part I: inci-
dence and progression. Arterioscler Thromb Vasc Biol. 1999;19:1484—
1490. DOI: 10.1161/01.ATV.19.6.1484.

Currie C, Molcho M, Boyce W, Holstein B, Torsheim T, Richter M.
Researching health inequalities in adolescents: the development of
the Health Behaviour in School-Aged Children (HBSC) family afflu-
ence scale. Soc Sci Med. 2008;66:1429-1436. DOI: 10.1016/j.socsc
imed.2007.11.024.

Neuhauser HK, Thamm M, Ellert U, Hense HW, Rosario AS. Blood
pressure percentiles by age and height from nonoverweight children
and adolescents in Germany. Pediatrics. 2011;127:e978-e988. DOI:
10.1542/peds.2010-1290.

Overwyk KJ, Zhao L, Zhang Z, Wiltz JL, Dunford EK, Cogswell ME.
Trends in blood pressure and usual dietary sodium intake among
children and adolescents, National Health and Nutrition Examination
Survey 2003 to 2016. Hypertension. 2019;74:260-266. DOI: 10.1161/
HYPERTENSIONAHA.118.12844.

Kromeyer-Hauschild K, Wabitsch M, Kunze D, Geller F, GeiB HC, Hesse
V, von Hippel A, Jaeger U, Johnsen D, Korte W, et al. Perzentile fir den
body-mass-index fur das Kindes- und Jugendalter unter Heranziehung
verschiedener deutscher Stichproben. Monatsschr  Kinderheilk.
2001;149:807-818. DOI: 10.1007/s001120170107.

Kromeyer-Hauschild K, Dortschy R, Stolzenberg H, Neuhauser H,
Rosario AS. Nationally representative waist circumference percen-
tiles in German adolescents aged 11.0-18.0 years. Int J Pediatr Obes.
2011;6:129-e137. DOI: 10.3109/17477166.2010.490267.

Styne DM, Arslanian SA, Connor EL, Farooqi IS, Murad MH, Silverstein
JH, Yanovski JA. Pediatric obesity-assessment, treatment, and preven-
tion: an endocrine society clinical practice guideline. J Clin Endocrinol
Metab. 2017;102:709-757. DOI: 10.1210/jc.2016-2573.

Li C, Ford ES, Mokdad AH, Cook S. Recent trends in waist circum-
ference and waist-height ratio among US children and adolescents.
Pediatrics. 2006;118:61390-e1398. DOI: 10.1542/peds.2006-1062.
Al-Hamad D, Raman V. Metabolic syndrome in children and adoles-
cents. Trans! Pediatr. 2017;6:397-407. DOI: 10.21037/tp.2017.10.02.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

Predictors of cIMT Progression in Adolescents

Spence JD, Hegele RA. Noninvasive phenotypes of atherosclerosis:
similar windows but different views. Stroke. 2004;35:649-653. DOI:
10.1161/01.STR.0000116103.19029.DB.

Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein
N, Csiba L, Desvarieux M, Ebrahim S, Hernandez Hernandez R, et
al. Mannheim carotid intima-media thickness and plaque consensus
(2004-2006-2011). An update on behalf of the advisory board of the
3rd, 4th and 5th watching the risk symposia, at the 13th, 15th and 20th
European Stroke Conferences, Mannheim, Germany, 2004, Brussels,
Belgium, 2006, and Hamburg, Germany, 2011. Cerebrovasc Dis.
2012;34:290-296. DOI: 10.1159/000343145.

Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M. Prediction of
clinical cardiovascular events with carotid intima-media thickness: a
systematic review and meta-analysis. Circulation. 2007;115:459-467.
DOI: 10.1161/CIRCULATIONAHA.106.628875.

Cheung BM, Lauder IJ, Lau CP, Kumana CR. Meta-analysis of large
randomized controlled trials to evaluate the impact of statins on car-
diovascular outcomes. Br J Clin Pharmacol. 2004;57:640-651. DOI:
10.1111/1.1365-2125.2003.02060.x.

Holmes MV, Asselbergs FW, Palmer TM, Drenos F, Lanktree MB,
Nelson CP, Dale CE, Padmanabhan S, Finan C, Swerdlow DI, et al.
Mendelian randomization of blood lipids for coronary heart disease. Eur
Heart J. 2015;36:539-550. DOI: 10.1093/eurheartj/eht571.

Witztum JL, Steinberg D. Role of oxidized low density lipoprotein in ath-
erogenesis. J Clin Invest. 1991;88:1785-1792. DOI: 10.1172/JCI115499.
Varbo A, Benn M, Tybjeerg-Hansen A, Jorgensen AB, Frikke-Schmidt
R, Nordestgaard BG. Remnant cholesterol as a causal risk factor for
ischemic heart disease. J Am Coll Cardiol. 2013;61:427-436. DO
10.1016/j.jacc.2012.08.1026.

Nordestgaard BG, Varbo A. Triglycerides and cardiovascular disease.
Lancet. 2014;384:626-635. DOI: 10.1016/S0140-6736(14)61177-6.
Nordestgaard BG, Langlois MR, Langsted A, Chapman MJ, Aakre KM,
BaumH, Borén J, Bruckert E, Catapano A, Cobbaert C, et al. Quantifying
atherogenic lipoproteins for lipid-lowering strategies: consensus-based
recommendations from EAS and EFLM. Atherosclerosis. 2020;294:46—
61. DOI: 10.1016/j.atherosclerosis.2019.12.005.

Jourdan C, WuhI E, Litwin M, Fahr K, Trelewicz J, Jobs K, Schenk
J-P, Grenda R, Mehls O, Troger J, et al. Normative values for intima-
media thickness and distensibility of large arteries in healthy adoles-
cents. J Hypertens. 2005;23:1707-1715. DOI: 10.1097/01.hjh.00001
78834.26353.d5.

GBD 2017 Risk Factor Collaborators. Global, regional, and national
comparative risk assessment of 84 behavioural, environmental and oc-
cupational, and metabolic risks or clusters of risks for 195 countries and
territories, 1990-2017: a systematic analysis for the Global Burden of
Disease Study 2017. Lancet. 2018;392:1923-1994. DOI: 10.1016/S0140
-6736(18)32225-6.

Lawes CM, Vander Hoorn S, Rodgers A. Global burden of blood-
pressure-related disease, 2001. Lancet. 2008;371:1513-1518. DOI:
10.1016/50140-6736(08)60655-8.

Ninomiya T, Perkovic V, Turnbull F, Neal B, Barzi F, Cass A, Baigent
C, Chalmers J, Li N, Woodward M, et al. Blood pressure lowering
and major cardiovascular events in people with and without chronic
kidney disease: meta-analysis of randomised controlled trials. BMJ.
2013;347:f5680.

Vasan RS, Massaro JM, Wilson PW, Seshadri S, Wolf PA, Levy D,
D’Agostino RB. Antecedent blood pressure and risk of cardiovascular
disease: the Framingham Heart Study. Circulation. 2002;105:48-53.
DOI: 10.1161/hc0102.101774.

Nieto FJ, Diez-Roux A, Szklo M, Comstock GW, Sharrett AR. Short- and
long-term prediction of clinical and subclinical atherosclerosis by tra-
ditional risk factors. J Clin Epidemiol. 1999;52:559-567. DOI: 10.1016/
S0895-4356(99)00030-X.

Kunutsor SK, Apekey TA, Khan H. Liver enzymes and risk of cardiovas-
cular disease in the general population: a meta-analysis of prospective
cohort studies. Atherosclerosis. 2014;236:7-17. DOI: 10.1016/j.ather
osclerosis.2014.06.006.

Liu J, Au Yeung SL, Lin SL, Leung GM, Schooling CM. Liver enzymes
and risk of ischemic heart disease and type 2 diabetes mellitus: a
Mendelian randomization study. Sci Rep. 2016;6:38813. DOI: 10.1038/
srep38813.

Goessling W, Massaro JM, Vasan RS, D’Agostino RB Sr, Ellison
RC, Fox CS. Aminotransferase levels and 20-year risk of metabolic


https://doi.org/10.1001/jama.290.17.2277
https://doi.org/10.1001/jama.290.17.2277
https://doi.org/10.1161/CIRCULATIONAHA.120.046361
https://doi.org/10.1186/s12872-020-01357-9
https://doi.org/10.1097/MPG.0000000000001482
https://doi.org/10.1161/01.CIR.0000085996.95532.FF
https://doi.org/10.1161/01.CIR.0000085996.95532.FF
https://doi.org/10.1161/STROKEAHA.108.525675
https://doi.org/10.1161/01.ATV.19.6.1484
https://doi.org/10.1016/j.socscimed.2007.11.024
https://doi.org/10.1016/j.socscimed.2007.11.024
https://doi.org/10.1542/peds.2010-1290
https://doi.org/10.1161/HYPERTENSIONAHA.118.12844
https://doi.org/10.1161/HYPERTENSIONAHA.118.12844
https://doi.org/10.1007/s001120170107
https://doi.org/10.3109/17477166.2010.490267
https://doi.org/10.1210/jc.2016-2573
https://doi.org/10.1542/peds.2006-1062
https://doi.org/10.21037/tp.2017.10.02
https://doi.org/10.1161/01.STR.0000116103.19029.DB
https://doi.org/10.1159/000343145
https://doi.org/10.1161/CIRCULATIONAHA.106.628875
https://doi.org/10.1111/j.1365-2125.2003.02060.x
https://doi.org/10.1093/eurheartj/eht571
https://doi.org/10.1172/JCI115499
https://doi.org/10.1016/j.jacc.2012.08.1026
https://doi.org/10.1016/S0140-6736(14)61177-6
https://doi.org/10.1016/j.atherosclerosis.2019.12.005
https://doi.org/10.1097/01.hjh.0000178834.26353.d5
https://doi.org/10.1097/01.hjh.0000178834.26353.d5
https://doi.org/10.1016/S0140-6736(18)32225-6
https://doi.org/10.1016/S0140-6736(18)32225-6
https://doi.org/10.1016/S0140-6736(08)60655-8
https://doi.org/10.1161/hc0102.101774
https://doi.org/10.1016/S0895-4356(99)00030-X
https://doi.org/10.1016/S0895-4356(99)00030-X
https://doi.org/10.1016/j.atherosclerosis.2014.06.006
https://doi.org/10.1016/j.atherosclerosis.2014.06.006
https://doi.org/10.1038/srep38813
https://doi.org/10.1038/srep38813

Kiechl et al

42.

43.

44,

45.

46.

47.

48.

49.

J Am Heart Assoc. 2021;10:e020233. DOI: 10.1161/JAHA.120.020233

syndrome, diabetes, and cardiovascular disease. Gastroenterology.
2008;135:1935-1944, 1944.e1931.

Chang Y, Ryu S, Sung E, Jang Y. Higher concentrations of alanine
aminotransferase within the reference interval predict nonalcoholic
fatty liver disease. Clin Chem. 2007;53:686-692. DOI: 10.1373/clinc
hem.2006.081257.

Targher G, Day CP, Bonora E. Risk of cardiovascular disease in patients
with nonalcoholic fatty liver disease. N Engl J Med. 2010;363:1341-
1350. DOI: 10.1056/NEJMra0912063.

Greenland P, Knoll MD, Stamler J, Neaton JD, Dyer AR, Garside DB,
Wilson PW. Major risk factors as antecedents of fatal and nonfatal cor-
onary heart disease events. JAMA. 2003;290:891-897. DOI: 10.1001/
jama.290.7.891.

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen
M, Budaj A, Pais P, Varigos J, et al. Effect of potentially modifiable
risk factors associated with myocardial infarction in 52 countries (the
INTERHEART study): case-control study. Lancet. 2004;364:937-952.
DOI: 10.1016/S0140-6736(04)17018-9.

Perak AM, Ning H, Khan SS, Bundy JD, Allen NB, Lewis CE, Jacobs
DR Jr, Van Horn LV, Lloyd-Jones DM. Associations of late adolescent
or young adult cardiovascular health with premature cardiovascular
disease and mortality. J Am Coll Cardiol. 2020;76:2695-2707. DOI:
10.1016/j.jacc.2020.10.002.

Allen NB, Krefman AE, Labarthe D, Greenland P, Juonala M, K&hénen
M, Lehtiméaki T, Day RS, Bazzano LA, Van Horn LV, et al. Cardiovascular
health trajectories from childhood through middle age and their associ-
ation with subclinical atherosclerosis. JAMA Cardiol. 2020;5:557-566.
DOI: 10.1001/jamacardio.2020.0140.

Stary HC. Evolution and progression of atherosclerotic lesions in
coronary arteries of children and young adults. Arteriosclerosis.
1989;9:119-132.

Martin SS, Blumenthal RS, Miller M. LDL cholesterol: the lower the better.
Med Clin North Am. 2012;96:13-26. DOI: 10.1016/j.mcna.2012.01.009.

50.

51.

52.

53.

54.

55.

56.

57.

Predictors of cIMT Progression in Adolescents

Nemet D, Barkan S, Epstein Y, Friedland O, Kowen G, Eliakim A. Short-
and long-term beneficial effects of a combined dietary-behavioral-
physical activity intervention for the treatment of childhood obesity.
Pediatrics. 2005;115:e443-e449. DOI: 10.1542/peds.2004-2172.
Efficacy and safety of lowering dietary intake of fat and cholesterol in
children with elevated low-density lipoprotein cholesterol. The Dietary
Intervention Study in Children (DISC). The Writing Group for the DISC
Collaborative Research Group. JAMA. 1995;273:1429-1435.

Franzese A, Vajro P, Argenziano A, Puzziello A, lannucci MP, Saviano
MC, Brunetti F, Rubino A. Liver involvement in obese children.
Ultrasonography and liver enzyme levels at diagnosis and during fol-
low-up in an ltalian population. Dig Dis Sci. 1997;42:1428-1432.

Vajro P, Fontanella A, Perna C, Orso G, Tedesco M, De Vincenzo A. Persistent
hyperaminotransferasemia resolving after weight reduction in obese chil-
dren. J Pedliatr. 1994;125:239-241. DOI: 10.1016/S0022-3476(94)70202-0.
Brix N, Ernst A, Lauridsen LLB, Parner E, Stovring H, Olsen J,
Henriksen TB, Ramlau-Hansen CH. Timing of puberty in boys and girls:
a population-based study. Paediatr Perinat Epidemiol. 2019;33:70-78.
DOI: 10.1111/ppe.12507.

Eikendal AL, Groenewegen KA, Bots ML, Peters SA, Uiterwaal CS,
den Ruijter HM. Relation between adolescent cardiovascular risk fac-
tors and carotid intima-media echogenicity in healthy young adults: the
Atherosclerosis Risk in Young Adults (ARYA) Study. J Am Heart Assoc.
2016;5:e002941. DOI: 10.1161/JAHA.115.002941.

Volanen |, Jarvisalo MJ, Vainionpaa R, Arffman M, Kallio K, Angle S,
Ronnemaa T, Viikari J, Marniemi J, Raitakari OT, et al. Increased aortic
intima-media thickness in 11-year-old healthy children with persistent
Chlamydia pneumoniae seropositivity. Arterioscler Thromb Vasc Biol.
2006;26:649-655.

Lu Y, Pechlaner R, Cai J, Yuan H, Huang Z, Yang G, Wang J, Chen Z,
Kiechl S, Xu Q. Trajectories of age-related arterial stiffness in chinese
men and women. J Am Coll Cardiol. 2020;75:870-880. DOI: 10.1016/j.
jacc.2019.12.039.

10


https://doi.org/10.1373/clinchem.2006.081257
https://doi.org/10.1373/clinchem.2006.081257
https://doi.org/10.1056/NEJMra0912063
https://doi.org/10.1001/jama.290.7.891
https://doi.org/10.1001/jama.290.7.891
https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1016/j.jacc.2020.10.002
https://doi.org/10.1001/jamacardio.2020.0140
https://doi.org/10.1016/j.mcna.2012.01.009
https://doi.org/10.1542/peds.2004-2172
https://doi.org/10.1016/S0022-3476(94)70202-0
https://doi.org/10.1111/ppe.12507
https://doi.org/10.1161/JAHA.115.002941
https://doi.org/10.1016/j.jacc.2019.12.039
https://doi.org/10.1016/j.jacc.2019.12.039

Supplemental Material



Table S1. Distribution of participants over schools and companies.

School/company N (%)
1 15 (1.6)
2 5(0.5)
3 156 (16.3)
4 4 (0.4)
5 6 (0.6)
6 9 (0.9)
7 9 (0.9)
8 7 (0.7)
9 12 (1.3)
10 53 (5.5)
11 4 (0.4)
12 42 (4.4)
13 58 (6.1)
14 16 (1.7)
15 15 (1.6)
16 70 (7.3)
17 10 (1.0)
18 13 (1.4)

19 5 (0.5)
20 54 (5.6)
21 69 (7.2)
22 15 (1.6)
23 7 (0.7)
24 18 (1.9)
25 37 (3.9)
26 113 (11.8)
27 63 (6.6)
28 71 (7.4)

The study participants were recruited from 28 different schools and companies, with
between 4 and 156 adolescents recruited from each.



Table S2. Reference percentiles for adolescent body-mass index.

Age 85th percentile 95th percentile
[years] [kg/m?] [kg/m?]

boys girls boys girls
14 22.66 23.04 25.56 25.75
14.5 22.99 23.35 25.87 26.03
15 23.31 23.60 26.16 26.24
15.5 23.61 23.80 26.42 26.39
16 23.89 23.95 26.67 26.50
16.5 24.16 24.08 26.91 26.57
17 24.43 24.19 27.14 26.63
17.5 24.68 24.29 27.36 26.68
18 24.92 24.39 27.56 26.73

Percentiles are age- and sex-specific. The following table shows the 85" and the 95t
percentile BMI values for boys and girls as published by Kromeyer-Hauschild et al.*®
(here shown in half-year steps).



Figure S1. Study Flow Diagram.

1573 Participated at baseline
1567 Had valid IMT measurements

573 Lost to follow-up
> 145 Were sick/absent on the day of examination
428 Graduated or left school/the company

h 4

1000 Participated at follow-up
988 Had valid IMT measurements at both
baseline and follow-up

—» 32 Had missing values in the predictor variables

Y

956 Were included in the analysis




