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Can Surrogate Markers Help Define Cardiovascular Disease in Youth?
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Abstract

Purpose of Review Non-invasive measurements such as arterial stiffness serve as proxy surrogates for detection of early
atherosclerosis and ASCVD risk stratification. These surrogate measurements are influenced by age, gender, and ethnicity
and affected by the physiological changes of puberty and somatic growth in children and adolescents.

Recent Findings There is no consensus of the ideal method to measure surrogate markers in youth (< 18 years of age), nor
standardized imaging protocols for youth. Currently, pediatric normative data are available but not generalizable.
Summary of the Review In this review, we provide rationale on how currently used surrogates can help identify subclinical
atherosclerosis in youth and affirm their role in identifying youth at risk for premature CVD.

Keywords Atherosclerotic cardiovascular disease - Children - Vascular surrogates - Arterial stiffness - Carotid intima media

thickness

Introduction
Atherosclerosis: Evidence of origins in youth

Vascular aging begins at conception, and precursors of athero-
sclerosis are present as early as fetal life [1, 2]. Atherosclerosis
is a chronic process that begins early in life and accelerated
by adverse genetic and acquired atherosclerotic cardiovascular
disease (ASCVD) risk factors such as obesity, hypertension,
dyslipidemia, and insulin resistance. An autopsy study of 204
young persons, 2-39 years, showed that as the number of
ante-mortem ASCVD risk factors increased, so did the sever-
ity of asymptomatic coronary and aortic atherosclerosis [3].

Table 1 provides ASCVD risk factors as updated by the
American Heart Association [4ee].

How to Assess the Vasculature for CVD
in Youth

Several non-invasive methods have been proposed to assess
vascular health in youth, including (1) vascular structure
which measures carotid intima media thickness (cIMT), (2)
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endothelial function which measures metabolic capability of
endothelium to release nitrous oxide in response to stimuli,
and (3) arterial stiffness which measures the intrinsic “clas-
tic” properties of the arterial wall [5-7].

These measures are defined as “surrogates” as they are
noninvasive measurements which are convenient to perform,
have shorter imaging time, and do not require use of radioac-
tive intravenous contrast materials. Therefore, they serve as
a “proxy” measurements of other gold standard techniques
used for CVD risk stratification such as angiography, cardiac
MRI (magnetic resonance imaging), cardiac positron emission
tomography (PET) scanning, and coronary computed tomo-
graphic (CT) angiography.

Non-invasive methods examining structural and functional
vascular parameters such as arterial wall thickness, stiffness,
and endothelial function are commonly used in adults for
risk stratification and prediction of CVD such as myocardial
infraction (MI) and stroke. Adult with elevated ASCVD risk
factors (n=2232; 63 years, 58% women) had thicker measure-
ments of cIMT, which predicted stroke and myocardial infarc-
tion [8], and elevated baseline pulse wave velocity (PWV) was
associated with a 48% in CVD risk even after adjustment for
ASCVD risk factors [9]. While these techniques are available
in youth studies, validating their utility is limited.

In this review, we provide rationale on how currently avail-
able surrogates can help identify the presence of subclinical
atherosclerosis and affirm their role in identifying ASCVD risk.
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Table 1 High and moderate ASCVD risk factors [4®®]

Category Condition

High risk Homozygous FH, T2DM, end-stage renal disease, T1DM, Kawasaki disease with persistent aneurysms, solid-organ transplant

vasculopathy, childhood cancer survivor (stem cell recipient)

Moderate risk ~ Severe obesity, heterozygous FH, confirmed hypertension, coarctation, Lp(a), predialysis CKD, AS, childhood cancer survivor

(chest radiation)

At risk Obesity, insulin resistance with comorbidities (dyslipidemia, NAFLD, PCOS), white-coat hypertension, HCM and other car-
diomyopathies, pulmonary hypertension, chronic inflammatory conditions (JIA, SLE, IBD, HIV), s/p coronary artery translo-
cation for anomalous coronary arteries or transposition of the great arteries, childhood cancer (cardiotoxic chemotherapy

only), Kawasaki disease with regressed aneurysms (z Max > 5)

AS indicates aortic stenosis, CKD chronic kidney disease, FH familial hypercholesterolemia, HCM hypertrophic cardiomyopathy, /BD inflam-
matory bowel disease, JIA juvenile rheumatoid arthritis, Lp(a) lipoprotein (a), NAFLD nonalcoholic fatty liver disease, PCOS polycystic ovarian
syndrome, SLE systemic lupus erythematosus, s/p status post, /DM type 1 diabetes mellitus, T2DM type 2 diabetes mellitus, z Max maximum z

score at any time during the course of illness

Most measurements of vascular surrogates require an
overnight fast and performed after the subject has been
supine > 10 min in a quiet room. In this review, we provide
information from the literature within the past 5 years for
the most commonly used surrogates. Surrogates are rated
from those that are the most clinically relevant and useful to
those that are less so.

Vascular Structure

**Carotid intima media thickness (cIMT) is the average of
the end diastolic intima-media thickness of the right and
left common carotid arterial far wall (10 mm proximal to
the bulb) using B mode imaging and a 12-MHz linear array
transducer, with automatic edge detection analysis technol-
ogy. Imaging protocols are used in pediatric studies and may
not align with the standard assessment guidelines published
by American Heart Association (1). Sass et al. studied cIMT
in 160 children (1018 years) and found no correlation with
age and sex [10].

In normal-weight children (n=141; age 12.5 years),
Torigoe [11ee] reported mean cIMT 0.44 (interquartile
range =0.41-0.47).cIMT has been measured in high-risk
groups such as familial hypercholesterolemia (FH) and
diabetes with over 400 publication reporting results using
this surrogate in the past 5 years (Table 2). cIMT increases
across CVD risk factors, with the highest values reported in
adolescents with type 2 diabetes (T2D), compared to those
with hypertension, high triglycerides/low HDL (insulin
resistance), followed by youth with obesity, being signifi-
cantly higher compared to lean peers [12, 13]. In a 40-year
longitudinal study of 3 to 18-year-old Finnish children
(Young Finns Study: YFS; n=1809), low HDL/LDL ratio
in childhood and adulthood translated to a greater adult
cIMT compared to other ratio trajectories (improving, dete-
riorating, consistently good) [14]. Studies of obese, T2D,
and lean adolescents have shown cIMT progression (average
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4.6 years, n=226) is determined by age, baseline cIMT,
glucose, and LDL-C at baseline [15].

Advantages and Disadvantages

cIMT is a safe and reproducible surrogate which can track
subclinical atherosclerosis and can also be used to assess
effectiveness of interventions to reverse early atherosclerosis.
cIMT physiologically increases with age, growth [16-19],
male gender [19, 20], pubertal maturation [20], ethnicity
[17], and geography [21, 22]. Normal values of cIMT in
youth differ by tracing method (point to point versus manual
trace versus auto trace) at locations such as common carotid,
bulb, and internal and composite cIMT. When manual trac-
ing was used in 275 healthy lean children, cIMT measure-
ments differed by site, the common carotid versus bulb ver-
sus internal cIMT. Combined AHA and European Pediatric
Cardiology Working Group [23] published normal values but
recognized that scanning and readings differed by the side
(right versus left carotid or both) and site (common vs. bulb
vs. internal vs. composite) which were measured (1).
Recently, semi-automated edge detection programs such
as radiofrequency signal tracing quality intima media thick-
ness (RF-QIMT) have emerged as more accurate method
since they circumvent B mode image quality and the level
of experience of the vascular ultrasonographer. Torkar
et al. published mean CIMT using the RF-QIMT in 1137
non-obese normotensive children (mean age 12+ 3.5 years,
females n=625) using age, height, and gender-specific per-
centile tables, showing cIMT increased with age, height, hip
circumference, BMI, and is higher in males [24].

Endothelial Function
**Flow mediated dilatation (FMD) uses a 5—12 MHz linear

array transducer and automatic edge detection algorithm
to obtain longitudinal end diastolic images of the brachial
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artery above the antecubital fossa. Images are obtained 1 min
before blood pressure cuff inflation, during the 5-min infla-
tion (50 mmHg > systolic blood pressure to induce ischemia)
and 5-min post deflation (usually at 60, 90, and 120 s). FMD
is calculated as the percentage increase in diameter after
reactive hyperemia compared to baseline (1). FMD reaches
a peak at 10 years-of-age and declines after 60 years-of-age,
being affected by age, BMI, and resting blood flow [25].
Torigoe [11ee] showed in normal weight children (n=141;
age 12.5 years) a change in FMD% of 7.1% (IQR 5.2-9.7).

Studies

Table 3 shows some key studies among over 100 articles
published in the last 5 years of disease states which are con-
sidered high to moderate risk for CVD. In healthy adoles-
cents, a lower apolipoprotein B/apolipoprotein a ratio was
associated with lower FMD measured 21 years later, a find-
ing which was independent of LDL-C levels at baseline [26,
27]. In youth with FH (n=60; 7-17 years), there is lower
mean FMD compared to healthy controls although there
is wide variability [28]. Urbina et al. showed FMD to be
significantly different between lean (n=241) versus obese
(n=234) versus T2D (n=195) in youth aged 10-24 years
(6.97+1.19 vs 5.51 £1.04 vs 5.28 + 1.00: all p <0.05) [29].
Youth with T2D (n=60) have reduced FMD (5.2 +0.9 vs.
6.1+ 1.2%/mmHg: p<0.01) compared to those with T1D
(n=1535) [30].

Peripheral Arterial Tonometry (PAT: Non-Ultrasound
Measure)

An appropriate finger cuff is placed on the index finger of
each hand and inflates to sense blood volume at baseline
and after ischemia (cuff inflated for 5 min), and the differ-
ence was used to derive the reactive hyperemia index (RHI).
Laser flow Doppler (LFD) measures microvascular function
and correlates with FMD [31].

Advantages and Disadvantages

All endothelial measurements (FMD, PAT, and LFD) require
expertise and operator training as repeat measurements can
vary by 5-10%, have biological variability [32, 33], and are
affected by fasting versus non-fasting state, temperature,
position of probe, and physiological hemodynamic changes
such as menstruation in females [34, 35]. FMD when used
as the primary surrogate often does not show measurement
differences between the ASCVD risk and control group, and
the need to correct for shear rate (mean velocity at baseline)
is unclear as the associations between ASCVD risk factors,
and FMD may be attributable to reduce stimulus for dila-
tion rather than impaired response to hyperemia (9). Other

investigators choose not to correct for shear rate as they state
that the relationship between shear rate and FMD is weak,
nonlinear, or varies between samples, and that ratio normali-
zation should not be applied [36].

*#* Arterial stiffness describes the stiffness of the arterial
wall which is modulated by the integrity of the extracel-
lular matrix as well as the tone of the smooth muscle tone
(endothelial function) in the vessel wall. Arterial stiffness
measures the rate at which a pressure waves along a vessel
segment. The American Heart Association [37] has pub-
lished a recommendation of standardizing vascular research
dealing with arterial stiffness.

Arterial stiffness can be measured using MRI (higher
cost, requires access to a scanner), ultrasound measures
(arterial distensibility of carotid, aorta and brachial vessels)
or echocardiography (pulse wave velocity), or non-imaging
modalities like pulse wave velocity (PWV) and augmenta-
tion index.

Carotid stiffness (ultrasound) is the baseline 2D image
measurement of the artery followed by M mode cursor to
measure minimum and maximum stiffness of the carotid
artery. Instead of manual measurements, a radiofrequency
wall tracker can be used.

Pulse wave velocity (PWV) records electrocardiographic-
gated waveforms between carotid and femoral arteries (cf
PWYV: stiffness of central arteries) or carotid and radial arter-
ies (cr PWV: stiffness of peripheral arteries). The distance
between the two points is measured and PWV =length/ tran-
sit time in m/s, with higher PWYV reflective of stiffer ves-
sels. Tonometry uses pressure sensors (hand held, clamps,
or cuffs) with applanation tonometer (Sphygmocor AtCor
Medical, Australia) being the most widely used. Published
reproducibility of PWV using with SphygmorCor by Bland
Altman analysis is excellent [38]. Mechanotransducer-based
techniques (Complior, ALAM Medical France) and pulse
pen (DiaTecne, Milan Italy) are devices used widely in
Europe. Volumetric, photoplethysmographic, and oscillo-
metric methods are also used. Torigoe et al. (11) showed in
normal weight children (n=141; age 12.5 years) cf PWV is
5.2 (4.4-5.6 m/s) and cr PWV 6.8 (6.2-7.5 m/s).

Table 4 lists key studies among the over 500 PWYV publi-
cations within the last 5 years. The number of ASCVD risk
factors (high LDL-C) present in childhood is associated with
increased PWV measured at 30-45 years [39]. When obese
and lean adolescents were compared a high TG/HDL ratio
reflected more atherogenic particles, and an increased ratio
was associated with greater PWV in obese youth [40, 41].
Wadwa et al. reported in the SEARCH study that youth (age
10-23 years) with T2D (n=60) have greater impairments
in PWYV than age-matched youth with T1D (n=535 PWV:
6.44+1.3vs.5.3+0.8 m/s: p<0.01) [30]. Studies in adoles-
cents with FH have shown that LDL-C, LDL sub particle
size, and number were not independent predictors of PWYV,

@ Springer



Current Atherosclerosis Reports (2023) 25:275-298

282

doip A

SIy) 10J SI0JOB}
10301pa1d juo
-puadaopur urewr
Se Xopul ssewt

pasn sem
I90npsueI) Ie|
-noseA Aouanb

S[OIJUO0D JTWAP
-1drijourtou 0}
uostredwod ur
Hi £q paroaye
SJU2IS[OpE
pue uaIp[Iyo
Jjo dnoi3 e ur
SISoua3oIayIe
[eorur[ogns jo
usIs Js1y se

Apoq jo Sur -a13-y31y pue J21p SuLIOMO] ‘AN Sursn
-SBAIOUI pUR ‘1o1ddo( 10100 pidi] uo AJuo a1om “OTWI[019)
Ky1aqnd ‘1opuad ‘Surewt ((qg) Aoy pue ‘uaIp[Iyd -sojoyoradAy
Srew D11 [euoISUSWIIP HA ut s1eak 76y [er]rure; ur 91-0
Jo Jursearour -0M]) JOJ 9Iem dn morjo} a3eroAe uonounysAp €01 S[onuod (61
WOIJ $)[NSI -1JOS Je[NOSBA oy ur A ur doxp [e1r[oyIopus —¥)L°6) dSuer
pooypIyo ur s paddinba %+G © sem 1Y, Y} sorenyeAd JUBTPOW = USIP[IYD
SuIdo9p uonosuny ZHINO'L  %EL+8I'TI=2Ul] ‘%T6+L9L=oull  A[reurpmiSuo cl/cr=1on (HA) o1ws[o1ns9] [L9] 1207 TR P
[ereyiopuy  Arelre [ergoerg NOSNOV -9seq 18 INA -oseq e dINd s Apmg  -u0d ‘Z[/¢1 =HA -oyoxadAy ferfrure, 8y zznag
oje3orms 10)0€] IoquINu U1
uo Jurpuy Aoy Q0IAQ([ Wik 0qade[d/[onuo) sase) IS JADSV STewoj/oTRIN (s1e9K) 98y IoquinN -JoI/Ieak/IOUINY

s1eak ¢ jse[ ayy ur paystiqnd sa[onIe )] I9A0 UT JADSY 10§ JSLI YSIY 0) 91LISpOW PIISPISUOD T8 YOIYM SAJB)S 9SBISIP UT UOBIB[IP POIRIPIW-MO PIsn Jey) SAIPN)S JUBAJ[SY € d|qel

pringer

Qs



283

Current Atherosclerosis Reports (2023) 25:275-298

erwopidifskp
UIIA UQIP[IYD

s1o1owered
uonounysAp
[eI[eyIopu

0) paredwod
pue D uneisko
10 QUIUNEIO
WNIdS uo
paseq ‘(YAD9)
Jje1 uonen[y
Ie[niowol3
parewnsa ay)
Aq pue ‘oner
(10/a1v)
QUIUNEAIO 0}
urwnqpe Areu
-1IN ‘S[OAQ] UI]
-nqoy3oIoru-g
©)oq Areurin
‘STOAD] D
unejsko pue
QuUIUNBAID
WNIdS JO juowt
-oInseowr £q
Possasse sem
uonounysAp
[euy "Sedu
-I9Ja1 oy1oads

ur 1oy31y oner X3s pue a3e
1D :qry Areutm (vsn 10} %S Mmo[eq
9y} pue Iomo[ VA ‘TIRYIog (r000=4d D-HdH 10
9q 0} punoy sem ‘000S IAH %EL'TFH0S°8) s1000 %S6 2r0qe
aNA ‘paes “1LV punos -qns [01uod Ay Ul D-1a7 10
-DiseAur uon -en[n) €€t el ueIp[Iyd drwep ‘D) erwopidi| CS/8Y s|onuod §CT+ P11 sjonuod [69 ‘891
-ounysAp [euor sdifryd punos -idisAp oyp ursomo[  -sAp qum waIp  ipp/9g=swwened gz +601 =iuened 120T ‘610C
pue [ereyiopuy  A1ue [ergoerg  -enn eddoq  Sev+ €501 =ANA A1om sanfeA QN -1yo jo Apms orwepidifsfg orwepidisig 001 ‘Te 39 LIoWSOY]
oje3orms JuswIN I0)o€] IoquUNu 0UId
uo Surpuy £oy[ -SBou JO 9IS 01A9 wIe 0qodeld/[onuo) sose) S ADSVY S[eWay/ATRIN (s1eaK) 98y Joquuny -JoI/Ieak/I0UINY

(ponunuoo) ¢ 3jqey

pringer

a's



Current Atherosclerosis Reports (2023) 25:275-298

284

uoIsud)
-19dAy pue ggq
PaIBAJ[® YIIM

SJUQOSI[OpE

ur Kyrenb jo1p
pue uonouny

(%1°¢)

sypuowt @1 e QINA
ur JuowAoxdwr
1918013 puE SYjuowW 9

18 (S00=d ‘%$7)

(OY) o1e0
aUNNOI SNSIOA

uonrnnu mcﬂms

[el[ayiopus ut AW pue ¢o'0=d (HSVQ) uors
juswdAoxduur ‘SHww /7-) -uoyradAy 1
w19} 1o3uo0] pue dd O11018ASs ur a3e)s dojs 03
juowaAoxdwr JuawdAoxdur yoeoidde Are)
dg o103sAs 10)ea13 ' pey 218D -9Ip yjuowr 9
[eDIUL Ul 918D (AemiIoN QUIINOI SNSIOA © JO S109}9
unnor ey ‘U0LIOH) %S8=C9 HSVA "%€£8-C'L Jo dn mofog
QAT}ORYJQ AI0W Wo)SAS punos —G'/ =syjuowr §] —¢'9=syjuowt §| yjuow Q| pue dnoi3 2+ LP1=(8L) DY
paaoid uonuaa -eNMN9I6LA pue g 0) duIfaseq pue 9 0} aurfaseq uonuoAIul DY 67/6% ‘dnoid THLYI=(18=1u) [1L] 0202
-1l HSVA oYL, AIene [eryoerg —L PIATA HD woiy %dNA wolp %dNg 1s0d jo Apmig HSVA 8¢/es dno13 HSVA 6S1 ‘[e 39 yonop
JSBASIP 9AN)
-OBUI UBY) JAT)OR UT
as1om Apyueoyrugis
sem A "uoneinp
uonounysAp 9SBASIP M A[ATY
Ie[NOSBAOIPIED -e3ou pue JQH YUM  SISOIS[ISOIAYIE
AJTe9 JO QAT (Auewron Aoanisod pajerar 10§ J0J0BJ
-sa33ns ‘QINA ‘SUQWIAIS) -100 QINA ‘S[onu0d IS JADSV
K1911e [RTyORIq juowINISUy Ayireay 0) paredwod  9)eIOPOW B ‘ST
poonpai oyoxd punosenyn uoym $0'0=d  -uyue orgjedo
pidi] as10m dAey 16 eronbag (ro1-1'8) 1'8—¢"L dnenb -Ipt o[ruaAn( YE/LY S|onuod 8L=s[01 loL] 120T
VIf Wim waIp[y) - A1oMre [ergoerg uosnoy £6=%0ANA -1oWun) L =%ANA oy jo Apmig 1E/0S =V Al -uod 8=Vl 6S1 ‘[e 3o ulessny
eSorns juowIaIN 10)00] JoqUINU 90UID
uo Suipuy A9y] -SeaW JO 9IS 1A W 0qaded/jonuo) sose) IS JADSV SRR/ (s1e0K) 93y IoqUINN -Jol/Ieok/Ioyiny

(ponunuoo) ¢ 3jqey

pringer

Qs



285

Current Atherosclerosis Reports (2023) 25:275-298

uonouny e[
-NOSBA UO JO32

ua3011$9 0} vsn ‘(1] K[eanoadsar Suoy
paje[ar sus ur pleywoorg L6°0+6€°8 pue Suoy uo uaIp
sIeak ¢1 -71 18 ‘A3orouyoa], I +$6'8=(sIeak 81) -[1yd [00yos
sem (N deod BwWOS) snid So[eWR)/So[eIN AIepuooos
"PaysIqeIss 110IN00Y ‘A1oAn0adsax pue Arewrrxd
QIOM SOUAIRJAI adoosereq 160+ 6€°8 pue JoJ sonyea
QATIRWLIOU OYIO Ay yim And [++6'8=(sTeaKg)  QAEWLIOU YSI [¥L]
-ods xos pue 93y K1o)re [eyoRIg -Wo[I9sQ - SO[EWR)/SOLIN  -qelsd 0) Aprig 678/808 81-8 LE9T 810C T 1T
BIWAYDST 19)Je
S OC] Q1Pm
SJUOWIAINSEW
AINA Pakejag
s[onuod Ayieay 'S|ONU0D
uey} QN JoMo] pey payorew-oSe
PLL Yyatm uaIp[yn 8¢ 01 pored
sonIewLIOUqE '20'0=d syun o3e -Wood YIIM
TR[NOSBA QIOAJS -uodrad €8 ¢ FH1°9 SOsED 8¢ YT,
alow aAey oym SAT19°EF0SD) %99+8'8
USIp[IYo 19319p AN paAe[ap Mo STVQH ynm
pue sajoqeIp -[JIM UQIP[IYO UBY)  SIBQK 9y ++°G
[ odAy qim vsn S 09 AN Tomo] Jo uoneinp
uaIpyryo ut ‘UOISUIYSLA pey s ¢l ¥ dNA S9JoqeIp |
mooo suraped ‘Teyog poAe[op pue sojoqerp  odA) Yim uaip [€£] 810T
ANA pakepq  Arovre feryoerg  “sdi[ryd ‘gz [ 2dK) yam waIpIy) -[1yo jo Apmig 87/8¢ 8T+sel 99 Te 10 Keqiid
uonounysAp
[eI[eyIopud
pue (S[oA9]
aprxoradoIiky
painseawr)
SSons oA}
-BpIX0 JO
Ioonpsuern UoneIO0SSE
a Ae1re reaur| ¢ dnoi3 235 01 ("TVD)
s syuaned S EARA 1N JO 1B} UBY) JOMO[ SUOIS[ A19)18 (¢ dnoi3) [onuod
pooyp[Iyo Ares SQ01AD (VSN Apueoyrusis sem AIeuo1od Aqiteay 79 (g
ur uonounysAp ‘VIA ‘Joropuy (970'0=4d) ¢ dnoi3 oYM pue dnoi3) TvD moym
[BI[eYI0pUd ‘SWRISAS 1B pue (1000>49) 1 [)IM ISRISIP a3l L9 (] dnoi3
)M PIJRIOOSSE -1paIA sdIfTyg) dnoi3 Jo QINH% QUL DJesEMEY] {SUOIS9[ AI9)IE
A[Suons st HXTIdH "€0°0+ 0 dnoi3 arm uaIpqiys £reuo100) TvD [zL] 8102
sSoNs 2ANEPIXQ  AIole [eryorIg sdiiyq P00+TH0 €00+’ 0=1 dnoiy jo Apmg MM Y 1eak-G°L 0S  ‘Te o emeNIyS]
oje3orms JuswIN I0)o€] IoquUNu 0UId
uo Surpuy £oy[ -SBou JO 9IS 01A9 wIe 0qodeld/[onuo) sose) S ADSVY S[eWay/ATRIN (s1eaK) 98y Joquuny -JoI/Ieak/I0UINY

(ponunuoo) ¢ 3jqey

pringer

a's



286

Current Atherosclerosis Reports (2023) 25:275-298

Key finding on
surrogate

Site of meas-

urement

Control/placebo arm  Device

ASCVD risk Cases

factor

Male/female

Author/year/ref- Number Age (years)

Table 3 (continued)
erence number

@ Springer

17 to 5 MHz Brachial artery Metformin

Placebo Mean

Mean

Study the effect

13.6+ 2.5 placebo 41/49

90

Anderson et al.

improved

linear array

CIMT=0.4+0.1

CIMT=0.4+0.1.

of metformin
1 g bid on
vascular

arm; 12+ 2.5 met-

formin arm

2017 [75]

vascular smooth

transducer

No significant

muscle function
measured by

(iU22; Phil-

effect of metformin
mean carotid IMT
(=0.01 mm; 95%
CI-0.04,0.01)

function in

lips, Bothel,

GTN independ-
ent of HbAlc,
and lowered

WA). Sublin-
gual glyceryl

nitrate was

children with

Type 1 diabe-

tes compared
to healthy
controls

insulin dose in
type 1 diabetes

children

given to GTN

scan

though HDL-size did appear to be a predictor, independ-
ent of ASCVD risk markers [42]. Overall, determinants of
PWYV progression over time include adiposity, BP, glycemic
control, and LDL [43e].

Augmentation index (AI) and central waveform are also
measured. Pressure peaks created by the antegrade wave-
form (from the left ventricle) and retrograde (reflected
from the periphery to the center) create the augmentation
pressure; Al is derived as the augmentation pressure (dif-
ference in the amplitude of the two waves)/pulse pressure
(difference between systolic and diastolic central arterial
pressure) X 100 adjusted to a heart rate of 75 beats/min
[37]. Healthy flexible vessels will return waveform slowly
arriving late in the cardiac cycle while stiff vessels return
the waveform during early systole augmenting central aor-
tic pressure [44]. The augmentation index adjusted to 75
beats/min (Alx 75) in study of 141 children and adolescents
(age=12.5 years (6.7-15.2 years); 48% male, weight 43.4 kg
(23.9-57) was —5 (— 13 to 5). Alx 75 was significantly dif-
ferent between lean (n=241) versus obese (n=234) versus
T2D (n=195) aged 10-24 years (—0.5+10.8 vs 2.7+ 11.6
vs 6.6+ 11.3: all p<0.05) (29). Recent follow up of ado-
lescents with T2D (Treatment Options of Adolescents and
Youth: TODAY n =304, 34% male; duration of diabetes
8 years) reported indices of PWV and Alx (75%) worsened
over the 5-year assessment interval (cf PWV 6.3 to 7.1 m/s;
cr PWV 7.8 to 9 m/s; Alx 9.4 to 14.9), and these changes
tracked with higher BP measurements and increasing levels
of HbAlc [45].

Advantages and Disadvantages

Longitudinal cohorts such as the Cardiovascular Risk in
Young Finns have demonstrated higher PWV in adulthood
with clustering of ASCVD in childhood [46]. Investigators
have found that arterial stiffness increases with age [47, 48]
which is related to the vessel wall size and distensibility of
the vessel wall, starting around age 2.3 years-of-age and pla-
teauing around age 15 years as measured using MRI imaging
[49]. Fischer et al. found sex differences in PWV both before
and after puberty [48] while in contrast, Voges found none
[49]. PWYV also changed by race and sex in a study of 559
young adults (mean 22 years) [50]. Factors confounding the
measurement of the arterial stiffness are mean arterial pres-
sure and heart rate recorded at the time of measurements
[51, 52]. Measurements should be conducted in a quiet tem-
perature-controlled room, performed after participants have
supine for 10 min, caffeine avoided for 2—4 h, and in female
subjects at the same stage during their menstrual cycle.
These methodological confounders should be considered
when comparing indexes obtained from different vascular
beds (carotid femoral; cf versus brachial; ba PWV). Selec-
tive devices (SphycomoCor versus Complior) report 5-15%
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differences in values related to the algorithm used. There is
also a lack of agreement of what constitutes normal PWV
in youth when comparing oscillometric device (single point
estimate) which tend to be lower, versus results utilizing a
tonometric device. Brachial ankle PWYV is reported in cm/s
rather than m/s, but results are much higher than carotid
femoral PWV (n=262 adolescents; 12-18 years) [53].
Tonometric devices report similar results, and some have
been cross validated [1, 54] [11ee, 55]. The most important
confounder is the distance (surface measurements between
the recorded sites) which is often performed using a tape
measure (calipers being preferred) and can account for up to
30% difference in the PWV calculation. Operators perform-
ing arterial stiffness require training and should be able to
demonstrate consistently reproducible results.

*CAC

Agatston et al. used helical and spiral CT measurement of
microcrystalline calcium within the lipid core to calculate a
volume composite, which was calculated as coronary artery
calcification (CAC). This modality has not been extensively
used to study early atherosclerosis in youth, due to concern
for radiation exposure, except in a few studies for Kawasaki
disease [56], FH [57], and diabetes [58]. There exists no
correlation with other vascular surrogates, and no threshold
exists about the amount calcification by age, ethnicity, and
sex. CAC is valuable as a surrogate for advanced vascular
lesion; thus, it has a limited role in youth.

Issues with Measuring Vascular Surrogates
in Youth

To date, the literature for measuring vascular parameters
has been limited by the lack of references and the lack of
standardization of the equipment and protocols used across
centers. Vascular surrogates have a complex relationship
with age and anthropometric variables as there are physi-
ological changes in the arterial wall during periods of rapid
somatic growth such as infancy and adolescence. Torigoe
et al. [11ee] studied the most common used vascular studies
in 292 healthy children (0-18 years) and proposed pediat-
ric reference values using multivariate regression models
adjusting for the effect weight, height, and age.

Conclusions

Measurement of vascular health is important in primary
prevention, and in those with subclinical disease, a
helpful guide to determine the need for more aggressive

treatment in high-risk ASCVD groups. Use of vascu-
lar surrogates in longitudinal studies has independently
predicted cardiovascular end points such as MI, stroke,
and death. Over the last few decades, several devices
and different approaches have been used which have cre-
ated challenges but also provided opportunities to better
delineate the utility of surrogates in children and ado-
lescents. There exist gaps in our understanding of sur-
rogates in children and adolescents.

e Lack of validation of measurement methods in children.
Can dedicated devices be identified which are reliable
non-invasive tools? This will require validation studies
in youth undergoing simultaneous invasive catherization
or MRI-based imaging modalities. Alternatively, it may
be reasonable to validate studies using dedicated devices
that have been widely used in prospective trials such as
PWYV measurements by SphygmoCor.

e Lack of normative data by age/body, size/puberty
stage, sex, and race. In the last 5 years, several studies
have been performed by single centers to provide age,
sex, and gender-specific normative data [11ee, 24].
A comparison of different cohorts demonstrates high
heterogeneity beyond ethnic and geographical factors
limiting the generalizability of results. The American
Heart Association [59], European Pediatric Cardiol-
ogy [23], and American Society of Echocardiogra-
phy [17] recognize the value of surrogates to provide
actionable information on CVD risk especially in pedi-
atric populations with moderate to high-risk ASCVD
risk conditions. Such organization (1) needs to analyze
the currently available literature and provided updated
consensus statement on the acceptable imaging proto-
cols, devices, and how to account for the confounding
variables such as age, gender, sex, and ethnic differ-
ences. To date, in the USA, there is no normative data
on vascular surrogates in children based on racial and
ethnic differences. Therefore, such guidelines will
serve as valuable resource for investigators planning
to use surrogates in prospective studies.

e Longitudinal data in children with high-risk ASCVD
in the in Bogalusa study, Young Finns, and Avon Lon-
gitudinal Study of Parents and Children (ALSPAC)
have shown over the past several decades that these
surrogates can predict ASCVD outcomes. CIMT
and PWYV have predicted hard CV events, although
normative data across pediatric populations are lack-
ing. Endothelial function testing has high variability.
With consensus and better reference values, surro-
gates will increasingly become standardized and offer
a valid and reliable tool for ASCVD risk stratifica-
tion, and to assess the effect of interventions in high-
risk ASCVD groups
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