Triglyceride to HDL-C Ratio and Increased Arterial
Stiffness in Children, Adolescents, and Young Adults

WHAT’S KNOWN ON THIS SUBJEGT: The triglyceride to high-
density lipoprotein cholesterol ratio (TG/HDL-C) estimates
atherogenic small, dense low-density lipoprotein cholesterol and
predicts arterial stiffness and hard cardiovascular events in
adults. Whether TG/HDL-C predicts intermediate noninvasive end
points (arterial stiffness) in youth is not known.

WHAT THIS STUDY ADDS: This study is the first to document
stiffer vessels in youth with higher cardiovascular risk factor—
adjusted TG/HDL-C, with the effect especially strong in obese
subjects. Evaluating TG/HDL-C may be helpful in identifying young
subjects at risk for obesity-related atherosclerosis. /

&
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BACKGROUND AND OBJECTIVE: Lipid levels are linked to early athero-
sclerosis. Risk stratification may be improved by using triglyceride to
high-density lipoprotein cholesterol ratio (TG/HDL-C), which relates to
arterial stiffness in adults. We tested whether TG/HDL-C was an
independent predictor of arterial stiffness in youth.

METHODS: Subjects 10 to 26 years old (mean 18.9 years, 39% male, 56%
non-Caucasian, n = 893) had laboratory, anthropometric, blood pres-
sure, and arterial stiffness data collected (brachial distensibility, aug-
mentation index, carotid-femoral pulse-wave velocity). Subjects were
stratified into tertiles of TG/HDL-C (low, n = 227; mid, n = 288; high, n =
379).

RESULTS: There was a progressive rise in cardiovascular (CV) risk fac-
tors and arterial stiffness across TG/HDL-C ratio. The high TG/HDL-C ratio
group had the stiffest vessels (all P << .03 by analysis of variance). TG/
HDL-:C as a continuous variable was an independent determinant of
brachial distensibility in GV risk factor adjusted model and for carotid-
femoral pulse-wave velocity in obese subjects, with trend for higher
augmentation index.

CONCLUSIONS: TG/HDL-C, an estimate of small, dense low-density
lipoprotein cholesterol, is an independent determinant of arterial
stiffness in adolescents and young adults, especially in obese youth.
These data suggest that use of TG/HDL-C may be helpful in identifying
young adults requiring aggressive intervention to prevent
atherosclerotic CV diseases. Pediatrics 2013;131:e1082—e1090
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Cholesterol levels were first identified
as a cardiovascular (CV) risk factor in
1959 in the Framingham Heart Study.
Since then, lipid parameters have been
linked to early atherosclerosis on au-
topsy,? increased carotid intima-media
thickness,3 and arterial stiffness. Risk
stratification may be improved by test-
ing for apolipoprotein B5 or use of lipid
ratios, such as non—high-density lipo-
protein (HDL)-cholesterol. Triglyceride
(TG) to HDL-cholesterol ratio (TG/HDL-C)
may be a better predictor of small,
dense low-density lipoprotein (LDL) 6 an
atherogenic lipoprotein particle that
strongly predicts coronary heart dis-
ease.” In adults with low total LDL cho-
lesterol (LDL-C), higher TG and lower
HDL-cholesterol (HDL-C) were found to
predict coronary heart disease® Data
on adults show a relationship among TG,
HDL-C, and arterial stiffness 210 TG/HDL-C
does correlate to LDL particle size in
youth," but correlations to vascular
damage are lacking. Therefore, we ex-
plored TG/HDL-C as an independent
predictor of arterial stiffness in chil-
dren, adolescents, and young adults.

METHODS
Study Population

Analyses were performed on pooled
data from 2 studies from Cincinnati by
using the same techniques.'2'3 One
compared GV structure in children,
adolescents, and young adults with type
2 diabetes mellitus (T2DM) with non-
diabetic controls (total n= 784, subjects
included in these analyses, n = 513).12
The other was a longitudinal school-
based study exploring development of
insulin resistance in healthy adoles-
cents and young adults (total n = 439,
subjects included in these analyses, n=
380).13 Subjects with diabetes, pregnant
female subjects, and individuals with
chronic disease or taking medication
affecting carbohydrate metabolism
were excluded from both studies. All
subjects had nondiabetic level fasting
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glucose (school study and lean subjects
from T2DM study) or normal oral glu-
cose tolerance (obese subjects from
T2DM study) test per American Diabe-
tes Association guidelines.'* Written in-
formed consent was obtained from
subjects =18 years old or the parent or
guardian if <18 years old. Written as-
sent was obtained for subjects <18
years old according to the institutional
review board at Cincinnati Children’s
Hospital.

Data Collection

After a 10-hour fast, participants had
questionnaire, anthropometric, blood
pressure (BP), laboratory, and arterial
stiffness data collected. Trained per-
sonnel obtained height using a calibrated
stadiometer (Veeder-Rood, Elizabeth-
town, NG; RoadRod, Quick Medical, North
Bend, WA; or Accustat, Genentech, South
San Francisco, CA). Weight was mea-
sured by using a calibrated digital scale
(Health-0-Meter; Sunbeam Products,
Boca Raton, FL or SECA 770; SECA, Han-
over, MD). The averages of 2 height and
weight measurements were used. BMI
was calculated as kg/mQ. The average
of 3 resting measures of systolic BP,
diastolic BP (DBP), and mean arterial
pressure (MAP) were obtained with a
validated oscillometric device (DynaPulse
Pathway; PulseMetric, Inc, San Diego,
CA) by using the method of pulse wave
form analysis.!®

The same sample processing and lab-
oratory (Cincinnati Children’s Hospital
laboratory) were used for both studies.
Fasting plasma glucose was measured
by using a Hitachi model 704 glucose
analyzer (Roche Hitachi, Indianapolis,
IN) with intra-assay and inter-assay
coefficients of variation of 1.2% and
1.6%.'6 Plasma insulin was measured
by radioimmunoassay using an anti-
insulin serum raised in guinea pigs, '*°I
labeled insulin (Linco, St. Louis, MO0),
and a double antibody method to sep-
arate bound from free tracer with
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a sensitivity of 2 pmol and intra- and
interassay coefficients of variation of
9% and 8%.'" High-sensitivity C-reactive
protein (CRP) was measured by using
a high-sensitivity enzyme-linked im-
munosorbent assay.'® Lipid profiles
were performed at a National Heart,
Lung, and Blood Institute—Centers for
Disease Control and Prevention stan-
dardized laboratory. LDL-C was calcu-
lated by using the Friedewald equation.™
TG/HDL-C was calculated. Subjects were
stratified by TG/HDL-C (low, n = 227; mid,
n=288; high, n=379) based on the race-
specific tertiles for lean subjects with
BMI <85th percentile (whites: low = 0.83
to <1.28, mid = 1.28 to <<1.92, high = >
1.92; blacks: low = 0.78 to <0.90, mid =
0.90 to <1.40, high = > 1.40).

Arterial Stiffness Measurements

The averages of 3 recordings of vas-
cular function collected after 5 minutes
of rest were used. Brachial artery dis-
tensibility (BrachD) was measured by
aDynaPulse Pathway instrument (Pulse
Metric, Inc., San Diego, CA) .20 This device
derives brachial artery pressure curves
from arterial pressure signals obtained
from a standard cuff sphygmomanom-
eter assuming a straight tube brachial
artery and T-tube aortic system.20 Qur
coefficients of variability were <<9%.12

A SphygmoCor SCOR-PVx System (Atcor
Medical, Sydney, Australia) was used for
heart rate (HR), carotid-femoral pulse
wave velocity (PWV), and augmentation
index (Alx), an arterial stiffness measure
that measures wave reflections.?!
Electrocardiogram-gated pressure wave
data were obtained with a tonometer
placed on the artery. PWV is the differ-
ence in carotid-to-femoral path length
(measured directly) divided by the dif-
ference in the electrocardiogram R-wave
to foot ofthe pressure wave. For Alx, the
pressure waves were calibrated by
using MAP and DBP obtained in the
same arm. A validated generalized
transfer function was used to calculate
central aortic pressure and Alx.22 Alx
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was adjusted to an HR of 75 beats per
minute. Coefficients of variability are
<7% for PWV and intraclass correla-
tion coefficients are 0.7 to 0.9 for Alx.”2

Statistical Analysis

Analyses were performed with Statistical
Analyses Software (SAS, version 9.2, SAS,
Inc., Cary, NC). Average values for de-
mographic, anthropometric, and labo-
ratory data were obtained by TG/HDL-C.
One-way analysis of variance was per-
formed (y® analyses for categorical
variables) to determine if differences in
mean levels of variables existed by TG/
HDL-C tertiles. Least square means were
calculated to adjust for differences in
sample size among tertiles to allow for
category-by-category comparisons in
mean levels. Variance stabilizing mea-
sures were performed as needed. Gen-
eral linear models were constructed by
using significant covariates from corre-
lation analyses to determine if TG/HDL-C
was an independent determinate of ar-
terial stiffness. The full model contained
TG/HDL-G, age, demographics, anthro-
pometrics, MAP, HR (except for Alx), LDL-C,
CRP, glucose, and insulin. Height was
added for Alx to control for distance of
wave reflection sites from the heart
related to height. Significance of each
covariate was assessed. Nonsignificant
terms were removed until remain-
ing covariates or interactions (effect
modifiers) were significant (P << .05).

RESULTS

The population consisted of 893 subjects
aged 10 to 26 years (mean 189 years,
39% male, 56% non-Caucasian, mostly
African American). TG/HDLC tertile
groups did not differ by age but there
were fewer non-Caucasian subjects in
the lowtertile and more male subjectsin
the high tertile (Table 1). There was
a progressive increase in BMI and BMI
zscore (data not shown) across TG/HDL-C
tertiles, with similar patterns for BP,
LDL-C, glucose, insulin, and CRP. The
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prevalence of obesity was high (37.6%
with BMI =95th% for age and sex).
Prevalence of hypertension was 5.3%
for systolic BP and 3.0% for DBP. Ele-
vated LDL-C (=160 mg/dL) was present
in 1.6% of subjects, 42.0% had elevated
TG/HDL-C, and 16.5% had strong family
history of GV disease (data not shown).
Elevated CRP (=1 mg/L) was found in
4.6% of lean (BMI <85th%) and 30% of
obese subjects (BMI =95th%). Impaired
fasting glucose (=100 mg/dL) was
found in 1.8% of lean and 5.6% of obese
subjects. Defining abnormal arterial
stiffness as >90th% for Alx and PWV or
<<10th% for BrachD for our healthy lean
subjects, 33% had an abnormality in 1
measure (11% high Aix; 32% low BrachD;
24% high PWV), 13% had abnormality in
2 measures, and 3% had abnormality in
all 3 measures. The prevalence of ab-
normalities in BrachD and PWV were
significantly higher in the high TG/HDL-C
tertile (P for x? <.0001 for both).

When stratified by tertiles (Table 1), ar-
terial stiffness increased across TG/HDL-
C tertile groups with significantly higher
PWV and lower BrachD. For Alx, only the

high and low tertiles differed. There are
no published normal values for TG/HDL-
C; however, using lipid tables from the
National Institutes of Health Pediatric CV
Risk Reduction Initiative?® to calculate
TG/HDL-C for youth 10 to 19 years old
produces low, mid, and high levels of
=2, >210 <3.25, and =3.25. Data from
the Healthy study, a slightly younger co-
hort (n = 6365, age 11.8 years), would
estimate high TG/HDL-C as 3.14.24 Most of
our subjects had TG/HDL-C below the
high-tertile cut point from these studies,
suggesting that vascular change may be
occurring at much lower levels than
expected based on the normative dis-
tribution for TG/HDL-C in American youth.

In multivariable analyses, TG/HDL-C as
a continuous variable was not an in-
dependent predictor of Alx (Table 2), but
using TG/HDL-C tertile as a categorical
variable produced a trend for higher
Alx in the high versus low tertiles (P =
039, data not shown). Alx was in-
fluenced by age, female gender, non-
white race, MAP, and fasting glucose
(R = 023, P =< 0001). TG/HDL-C was
a significant independent determinant

TABLE 1 CV Risk Factors and Arterial Stiffness Parameters Stratified by Tertiles of TG/HDL-C

Variable Low (n = 227) Mid (n = 288) High (n = 378) ANOVA®
Mean (SD) Mean (SD) Mean (SD)

Age,y 18.7 (3.5) 19.0 (3.1) 19.0 (3.2) NS

Race, n (% non-Caucasian) 107 (47.1) 169 (58.7) 220 (58.2) L<M & H
Gender, n (% male) 8 (34.4) 102 (35.4) 165 (43.7) L & M>H
Height, cm 167 1(10.5) 167.8 (10.2) 168.8 (10.3) NS

Weight, kg 65.1 (17.7) 78.7 (26.0) 90.9 (26.9) L<M<H
BMI, kg/m2 232 (5.6) 27.8 (8.6) 319 (9.2 L<M<H
Systolic BP, mm Hg 110.1 (12.4) 112.3 (11.6) 116.2 (12.4) L<M<H
DBP, mm Hg 63.9 (11.6) 65.4 (11.6) 67.7 (11.0) L & M<H
MAP, mm Hg 79.1 (7.6) 814 (7.9) 83.7 (8.8) L<M<H
HR, beats/min 62.5 (9.6) 64.1 (10.1) 64.4 (10.0) L<H

Total cholesterol, mg/dL 156.0 (30.0) 162.7 (30.2) 171.8 (31.9) L<M<H
LDL-C, mg/dL 824 (23.1) 94.4 (25.0) 104.0 (28.0) L<M<H
HDL-C, mg/dL 63.6 (13.9) 54.1 (10.3) 449 (8.5) L>M>H
TG 504 (14.1) 70.7 (18.7) 115.8 (50.7) L<M<H
TG/HDL-C 8(0.2) 1.3 (0.3) 2.7 (1.6) L<M<H
Glucose, mg/dL 87 4 (6.1) 89.5 (7.0) 90.9 (7.3) L<M<H
Insulin, wU/mL 12.0(6.1) 15.4 (8.6) 19.7 (12.1) L<M<H
High-sensitivity CRP, mg/L 1.02 (1.35) 1.87 (2.13) 2.57 (2.60) L<M<H
Alx, % —1.16 (12.11) 0.60 (11.04) 1.72 (11.11) L<H

BrachD, %/mm Hg 6.76 (1.23) 6.37 (1.26) 5.89 (1.23) L>M>H
PWV, m/s 5.60 (0.90) 5.84 (0.87) 6.13 (1.09) L<M<H

ANOVA, analysis of variance.

a All model Pfor XQ or ANOVA =.0001; all Pfor comparison of least square means =.03; L = low, M = mid, H = high TG/HDL-C

tertile.



TABLE 2 Multivariable Models for Independent Determinants of Arterial Stiffness (Beta-
Coefficients [SE] and Total Variance Explained)

Variable Alx

(higher = stiffer)

Intercept —43.5 (22.3)
log TG/HDL-C

Age 0.39 (0.12)
Female 4.25 (0.89)
Non-white race 1.39 (0.72)
Height —0.32 (0.044)
BMI zscore

Log TG/HDL-C * BMI zscore

MAP 0.045 (0.045)
HR

Fasting glucose 11.73 (4.64)
R 023

BrachD PWV
(lower = stiffer) (higher = stiffer)
2.16 (0.68) —6.38 (0.30)
—0.018 (0.014)* —0.46 (0.060)*

0.12 (0.0082)

0.087 (0.012)
0.29 (0.053)
—0.070 (0.0065) 0.16 (0.028)
—0.018 (0.0086) 0.1 (0.037)

0.0035 (0.0079)
—0.018 (0.00063)

0.034 (0.0036)
0.01 (0.0026)

0.36 0.48

BrachD and PWV transformed to normal distribution. All models have P = .0001 and unless indicated with asterisk, all

parameters have P = .05.

of BrachD (R = 0.36, P < .001) and PWV
(R = 048, P < 001) even after adjust-
ment for demographics, MAP, and HR.
This was strongest in overweight and
obese subjects (TG/HDL-C by BMI zscore
interaction was significant). To better
visualize the interaction, we stratified by
BMI zscore (lean =1 or overweight/
obese >1). Plotting the regression
(Figs 1,2, and 3) showed no relationship
between Alx and TG/HDL-C but a decline
in BrachD for all subjects with the in-
crease in PWV evident predominantly in
the nonlean subjects.

Analyses were repeated by using TG or
HDL-C alone (data not shown). There

were no differences in the results
for Alx, as no lipid variables were in-
dependent determinants. Use of TG
alone failed to reveal a difference
between the mid- and high-tertile
groups for BrachD and PWV by analy-
sis of variance, as was seen using
TG/HDL-C (Table 1). HDL alone failed
to delineate between mid- and high-
tertile group for PWV but results for
BrachD were similar for TG/HDL-C
(low > mid > high). Multivariable
analyses with HDL-C alone explained
slightly less of the variance in BrachD
(R 0.363 vs 0.364), suggesting TG/HDL-
C may be a more robust lipid variable

50

40

AlX (%)

__ Overweight/
Obese
— Lean

-2 -1 0 1

Loe TG/HDL

FIGURE 1

Mean Alx (solid line) and 95% confidence interval (dashed lines) by log TG/HDL-C stratified by BMI zscore
group (lean = black, overweight/obese = gray). There is no significant increase across TG/HDL-C ratio

regardless of BMI.
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for explaining differences in arterial
stiffness.

DISCUSSION

We show that TG/HDL-C is a significant
determinant of arterial distensibility
(BrachD) and pulse propagation (PWV)
in apparently healthy adolescents and
young adults. There is a trend for in-
fluence on measures incorporating
wave reflections (Alx). TG/HDL-C may be
especially helpful in predicting in-
creased arterial stiffness in young
individuals who have developed obesity.
These data suggest that using the TG/
HDL-C may be helpful for identifying
young adults requiring aggressive in-
tervention to prevent atherosclerotic
CV diseases.

In adults, small, dense LDL25 and TG/HDL-
(28 predicted burden of coronary artery
disease found on cardiac catheteriza-
tion. Furthermore, higher TG/HDL-C was
associated with abnormal HR recovery
in a large cohort of 4963 healthy adults
and presence of both of these abnor-
malities predicted increased mortal-
ity2” Small, dense LDL also predicted
preclinical change as measured by
carotid intima-media thickness in-
dependently of GV risk factors,28.29
whereas TG/HDL-C independently pre-
dicted carotid intima-media thickness
progression.3 No other studies specifi-
cally examined the relationship between
TG/HDL-C and arterial stiffness; however,
some publications examined related
lipid measures. Non—HDL-C was also
found to be correlated with leg arterial
compliance but only in healthy women,
not men.3' In addition, TG, total choles-
terol, and LDL-C were found to be cor-
related with PWV, but none were
independent predictors in a study of
hypertensive adults.”® Furthermore, a
small case-control study found higher
PWV in subjects with metabolic syn-
drome, which is defined by a high TG
and low HDL-C phenotype,®2 and HDL-C
remained an independent predictor of
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BrachD (%/mmHg)

__ Ovenweight/
Obese
— Lean

()
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FIGURE 2

Mean BrachD (solid line) and 95% confidence interval (dashed lines) by log TG/HDL-C stratified by BMI
zscore group (lean = black, overweight/obese = gray). The decline in BrachD by TG/HDL-C is steeper in

the obese group (P = .04).

PWV after correction for other CV risk
factors.® For Alx, 1 investigator found
arelationship between higher TG and Alx,
but this relationship was independent
only in men.33 Another small study found
no relationship between low HDL-C and
Alx in healthy adults,3* but a larger
cohort demonstrated that low HDLC
in youth correlated with Alx measured
18 years later, albeit in a high-risk pop-
ulation with type 1 diabetes.> Clearly,
more study is needed to determine the
importance of TG/HDL-C as a reflection of

small, dense LDL in determining arterial
health, as the atherogenicity of TG (TG
was associated with coronary heart
disease)®¢and the cardioprotective ef-
fects of HDL-C (low HDL-C predicted
incident heart disease)® may also play
a role in the utility of using the ratio to
predict vascular health.

Similartothe gapsinknowledgefoundin
the literature regarding adults, few data
are available relating TG/HDL-C to vas-
cular measures in youth. The Pathobio-
logical Determinants of Atherosclerosis

PWYV (m/sec)

__ Ovenweight/
Obese
— Lean

(=
—
o

Log TG/HDL

FIGURE 3

Mean PWV (solid line) and 95% confidence interval (dashed lines) by log TG/HDL-C stratified by BMI zscore
group (lean = black, overweight/obese = gray). The increase in PWV by TG/HDL-C is higher in the obese

group (P =.006).
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in Youth study demonstrated a relation-
ship between low HDL-C and extent of
fatty streaks and raised lesions in the
thoracic and abdominal aorta and
the right coronary artery? Low HDL-C
measured in youth also predicted
thicker carotid intima-media thickness
in adulthood in a combined longitudi-
nal cohort of children from the Young
Finns study, Bogalusa Heart Study, and
Childhood Determinants study from
Australia3” The Bogalusa Heart Study
also found that elevated non—HDL-C and
total/HDL-C cholesterol ratio measured
at age 5 to 17 years predicted thicker
carotid intima-media thickness 16 to 19
years later with odds ratios of 2.60 and
1.78 respectively.38 Recent data from the
Young Finns study found apolipoprotein
B and non—HDL-C in young adulthood
predicted PWV 6 years later.3 Similarly,
2 small studies of obese youth found
that TG was an independent predictor
of carotid thickness,*%4" and a larger
community-based study of healthy youth
found low HDL-C was an independent
predictor*2 especially if the metabolic
syndrome was present.s A few studies
have examined the relationship of PWV
to TG and HDL-C but the only study ex-
amining the ratio included only cardiac
(left ventricular mass)*¢ and not vas-
cular outcomes. Interestingly, a rela-
tionship between TG/HDL-C and left
ventricular mass was found to be in-
dependent of other CV risk factors.*
None of the pediatric studies examining
vascular measures performed multi-
variable analysis to determine the in-
dependent contribution of these lipid
parameters to arterial stiffness. Three
found higher PWV in subjects with
higher TG and lower HDL-C levels.4547
One found higher PWV only with higher
TG but not lower HDL-G,%8 and 1 found no
relation between PWV and TG4 Other
studies examined either carotid PWV,30
or brachial-ankle PWV5'52 parameters
that differ substantially from carotid-
femoral PWV measured in this study.
One study also found high TG and low



HDL-C correlated with Alx* whereas
another found low HDL-C but not high TG
correlated with Alx.#8 The only study in
youth that examined BrachD found no
relationship with TG or HDL-C; however,
the authors used a wall-tracker tech-
nique that differs from the device used
in this study.53 Our data are the first to
systematically study TG/HDL-C in relation
to 3 distinct measures of arterial stiff-
ness in a healthy adolescent and young
adult population. Our data also suggest
that measures of distensibility (BrachD)
and pulse propagation (PWV) may be
more effective in identifying target or-
gan damage related to dyslipidemia
than measures of wave reflection (Alx).

The usefulness of a marker of CV risk can
be demonstrated by reductionin riskwith
modification of the risk factor. Although
no studies have directly linked reduction
in small, dense LDL to improvement in
arterial stiffness, inferences from the
existing literature can be made. For in-
stance, LDL particle size was improved
with treatment with statins.>* Although
LDL particle size was not measured,
a meta-analysis of the effect of statin
therapy on PWV found improvement in
arterial stiffness in most studies.® Con-
versely, 1 study used a treatment that
was effective in lowering TG level but did
not change LDL particle size and no
change in distensibility was found.5¢ Data
in children are even more sparse, but in
1 study, diet and exercise were shown to
drop TG levels in children followed over 2
years,5” although no assessment of vas-
cular function was performed. When
a statin was used to lower TG and raise
HDL-C levels in children with familial hy-
percholesterolemia, an increase in bra-
chial flow-mediated dilation, a measure
of endothelial function, was seen,58
whereas a study of the use of plant sta-
nols, which did not change TG or HDL-C
levels, failed to show improved flow-
mediated dilation in children with famil-
ial hypercholesterolemia.?® To date, no
investigations have studied diet or drug

PEDIATRICS Volume 131, Number 4, April 2013

therapy for TG and HDL-C by using arte-
rial stiffness as an end point in children.

Qur data linking TG/HDL-C to vascular
target organ damage in children are
limited by our cross-sectional design. A
longitudinal study design could pro-
vide a more robust argument that
worsening of arterial stiffness over
time is related to small, dense LDL as
estimated by TG/HDL. Furthermore, an
interventional study demonstrating
improvement in arterial stiffness with
treatment of elevated TG/HDL-C in both
adults and children would provide evi-
dence for the effect of this lipid pattern
on arterial stiffness. Pooling data from
2 different studies was performed to
increase the power to detect differ-
ences in this young cohort with a lim-
ited lifetime exposure to dyslipidemia.
This approach may lead to selection
bias, however, as 1 study recruited
students from a school-based pop-
ulation and 1 included targeted di-
abetic youth and matched them to
obese and lean controls. However,
obesity, insulin resistance, and di-
abetes are increasing in prevalence in
the United States, and these are the
populations most likely to demonstrate
the abnormal TG/HDL-C pattern® and,
conversely, youth with high TG/HDL-C
are more likely to be insulin re-
sistant.61.62 Therefore, we do believe
our analyses are relevant. Another
limitation is that these data may have
limited clinical applicability, as many
pediatric practitioners do not have
access to the types of devices used in
our study to measure arterial stiffness;
however, increasingly, large pediatric
hospitals are acquiring expertise with
these measures and more normative
data are being published. Our cohort
was predominantly female and African
American because of the race and
gender breakdown of the parent stud-
ies from which subjects were re-
cruited. This may limit generalizability
to other populations, although we did
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correct for race and gender in our
multivariable models. Also of note is
that the relationship between TG/HDL-C
and insulin resistance, another risk
factor for increased arterial stiffness
in youth,'s may differ by race in obese
youth.8" Another limitation is that
we were not able to measure other
lipoprotein parameters that could
contribute to increased vascular stiff-
ness or for which TG/HDL-C might
be a marker, such as small, dense
LDL, Lipoprotein(a), oxidized LDL, lipid
peroxidation products, and lipoprotein-
associated phospholipase-A2. Further-
more, although TG/HDL-C is related to
small, dense LDL,® there is controversy
as to whether increased arterial stiff-
ness is related directly to the level of
small, dense LDL, or if it is more closely
associated with elevated levels of TG-
rich lipoprotein remnants, elevated LDL
particle numbers or the obesity-
related inflammation seen in the met-
abolic syndrome.

CONCLUSIONS

The report of the National Institutes of
Health—appointed expert panel on In-
tegrated Guidelines for CV Health and
Risk Reduction in Children and Ado-
lescents has confirmed the impor-
tance of screening for dyslipidemias in
youth, including hypertriglyceridemia.2
However, this comprehensive review of
the evidence identified many gaps in
the knowledge base, especially with
regard to the utility of targeting spe-
cific lipid abnormalities in an effort to
improve intermediate markers of fu-
ture CV disease. Whether TG/HDL-C
provides incremental data compared
with plasma TG alone is still contro-
versial,® but it is easier to perform
than advanced lipid testing and may
prove useful in identifying subjects at
high risk for accelerated vascular ag-
ing who need more aggressive, early
therapy to improve long-term GV out-
come. Future research should also
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focus on the usefulness of noninvasive
measures of arterial stiffness in strat-
ifying GV risk in young patients.
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