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Abstract

Objectives—To determine if the ratio of triglycerides to high-density lipoprotein cholesterol
(TG/HDL) and non-HDL cholesterol concentration could identify youth with small dense low-
density lipoprotein (LDL).

Study design—One hundred forty-one (75 black and 66 white) overweight adolescents (9 to
<18 years) had a fasting measurement of plasma lipids and LDL particle concentrations and size.
Receiver operating characteristic curves were used to indicate the ability of different TG/HDL
ratios and non—HDL cholesterol concentrations to identify overweight youth with atherogenic
LDL concentration and size.

Results—Youth with a TG/HDL ratio of >3 vs <3 had higher concentrations of small dense LDL
(1279.5 £ 60.1 vs 841.8 £ 24.2 nmol/L, P< .001) and smaller LDL particle size (20.3 £ 0.1 vs
21.2 + 0.1 nm, £<.001). In receiver operating characteristic analyses a TG/HDL cut-point of 3
best predicted LDL concentration in white youth, and 2.5 in black youth. Non-HDL cholesterol
cut-point of 120 mg/dL and 145 mg/dL predicted LDL particle concentration in white and in black
youth, respectively. TG/HDL ratio with body mass index or waist circumference explained 71%
and 79% of the variance, respectively, in total small LDL.

Conclusions—TG/HDL ratio and non-HDL cholesterol can identify overweight youth with
atherogenic LDL particles. These easily obtained clinical lipid markers, in combination with body
mass index and waist circumference, could be cost effective, in observational or interventional
studies, for screening and follow-up of youth at heightened risk for atherogenic LDL.

Pediatric obesity is associated with dyslipidemia,’-2 including adverse lipoprotein particle
size and subclass concentration.3# Methods of assessing elevated atherogenic lipoproteins is
important as these particles, in particular, small dense low-density lipoprotein (LDL), are
predictive of adult coronary heart disease.5-6

Our group previously showed that the ratio of fasting triglycerides to high-density
lipoprotein (TG/HDL) cholesterol can predict insulin resistance in youth.” Such a
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measurement is easily obtained as part of a traditional lipid panel and is available to health
care providers. Whether the same marker can be used to identify the presence of small dense
LDL in obese youth38 is uncertain but seems plausible. In obese 13- to 16-year-old
adolescents, TG and HDL cholesterol were found to explain 32% and 16% of the individual
variation in LDL particle size, respectively.® More recently, TG/HDL ratio was shown to be
negatively related to LDL particle size and large LDL concentration in youth and positively
related to small LDL concentration in adulthood.® Thus, TG/HDL ratio could provide a
method of early identification of youth at risk for atherogenic LDL particles in later life.

An alternative marker to TG/HDL ratio, easily derived from a lipid panel, is non-HDL
cholesterol.11 It is calculated by subtracting HDL cholesterol from total cholesterol and
reflects the concentration of many atherogenic lipoproteins, including LDL cholesterol.11
Non-HDL cholesterol measured in childhood has been found to persist into adulthood and
predict adult dyslipidemial? and adult subclinical atherosclerosis.1® Whether non-HDL
cholesterol can be used to identify atherogenic LDL particles in adolescents, however, has
not been shown. The purpose of the present study, therefore, was to investigate if TG/HDL
ratio and non-HDL cholesterol concentration could be used as markers for LDL particle size
and concentration in overweight youth.

Participants were 141 overweight (body mass index [BMI] =85th percentile for age and
sex), otherwise healthy youth (age range, 9 to <18 years, 75 black and 66 white; 60 boys and
81 girls), recruited through advertisement. Some participants were reported previously as
part of an ongoing study.814 Procedures took place after institutional review board approval,
parental written informed consent, and participant assent were received. Participants were
screened by medical history, physical examination, and hematologic and biochemical tests.

Body composition was assessed using dual energy x-ray absorptiometry.14 Abdominal
subcutaneous and visceral adipose tissues were determined at L4-5 by computed
tomography scan.14 Blood samples were collected from all children after an overnight fast
for analysis of lipids and lipoproteins. Plasma lipid concentrations (total, HDL, and LDL
cholesterol and total and very low-density lipoprotein TG) were determined using the
standards of the Centers for Disease Control and Prevention as described.® Non-HDL
cholesterol concentration was calculated by subtracting HDL cholesterol concentration from
total cholesterol concentration.11 LDL particle concentration and size were determined using
nuclear magnetic resonance spectroscopy (LipoScience Inc, Raleigh, North Carolina).1®
Using this method, the quantity of each LDL subclass is reported in particle concentration
units (nanomoles of particles per liter). Total LDL is separated into 4 subclass categories:
intermediate-density lipoprotein (IDL; 23-27 nm); large LDL (21.2-23 nm); medium-small
LDL (19.8-21.2 nm); and very small LDL (18-19.8 nm).

Statistical Analyses

Statistics were performed using SPSS 18.0 (SPSS Inc, Chicago, Illinois). Receiver operating
characteristic (ROC) curves were plotted and the area under the ROC curve was used as an
indicator of the ability of different TG/HDL ratios (1.5, 2.0, 2.5, 3.0, 3.5, and 4.0) to identify
overweight youth with the highest small dense LDL particle concentrations and smallest
LDL particle size. Individual ROC curves were also constructed for males and females, and
black and white overweight youth. Similarly ROC curves were constructed for non-HDL
cholesterol at cut-off concentrations of 120 mg/dL and 145 mg/dL. These concentrations
were chosen as they are suggested to reflect acceptable and high non-HDL cholesterol in
children12 and equate to the 70th and 90th percentile of non-HDL cholesterol, respectively,
for 12- to 19-year-old youth examined in the National Health and Nutrition Examination
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Survey between 1999 and 2004.11 Two-way ANOVA was used to identify differences in
body composition, lipids, and lipoproteins at the identified TG/HDL ratios between black
and white youth. Categorical variables (sex, race, Tanner stage) were compared using 2
tests. Pearson correlation analysis was used to examine the relationships between LDL
particle concentrations and size and TG/HDL ratio and body composition. Multiple
regression analyses were used to identify the independent contribution of age, sex, race,
Tanner stage, BMI, and TG/HDL ratio to total small LDL particle concentrations and LDL
particle size. In further multiple regressions analyses, BMI, was substituted for BMI
percentile, percentage body fat, fat mass, waist circumference, or visceral fat. Data are
presented as mean + SE. Significance was set at < .05.

For the group as a whole, the greatest area under the ROC curve as a marker of total and
total small, medium small, and very small LDL particle concentrations was a TG/HDL cut-
point of 3 (Figure 1, A). The same cut-point had the smallest area under the ROC curve for
LDL particle size. Analyzed separately, the greatest area under the ROC curve for small
LDL concentration for whites remained a cut-point of 3.0 (Figure 1, B), whereas for blacks
it was a TG/HDL ratio cut-point of 2.5 (Figure 1, C). For males a TG/HDL ratio cut-point of
2.5 and for females a cut-point of 3.0 was the best marker for small LDL concentration (data
not shown).

For the group as a whole, the area under the ROC curve showed little difference between the
2 cut-points of 120 mg/dL and 145 mg/dL for medium small (area under ROC curve: 0.795
vs 0.787, respectively) or very small (area under ROC curve: 0.810 vs 0.814, respectively)
LDL particles. Analyzed by race, a cut-point of 120 mg/dL had the largest area under the
curve for white youth, but for blacks, 145 mg/dL was larger (Figure 2). Analyzed by sex,
cut-point of 120 mg/dL had a greater area under the curve for females for medium small
(0.828) and very small LDL (0.837). For males, a cut-point of 145 mg/dL was the best
marker for medium small (0.797) and very small LDL (0.828).

The Table presents the characteristics of all participants grouped according to TG/HDL ratio
of <3 vs =3 and race. Significantly higher BMI, BMI percentile, waist circumference, fat
mass, and absolute and percentage visceral and subcutaneous abdominal fat mass were
observed in participants with a TG/HDL ratio of >3 compared with those with a ratio of <3.
Youth with a TG/HDL ratio of =3 had higher concentrations of total cholesterol, TG, non-
HDL cholesterol, and very low-density lipoprotein TG and lower concentrations of HDL
cholesterol than those whose TG/HDL ratio was <3. There was a significant race difference
between the 2 groups, with more black children with a TG/HDL ratio of <3 than =3. There
was a significant main effect of race for visceral adiposity, total cholesterol, TG, LDL
cholesterol, and non-HDL cholesterol. Black youth grouped according to a TG/HDL ratio of
<2.5 vs 2.5 had lower visceral fat (43.3 + 3.2 cm? vs 69.1 + 10.4 cm?, £=.027). There
were no TG/HDL ratio by race interactions for any variables presented in the Table.

Figure 3 presents the LDL subclass concentrations and particle size by TG/HDL ratio of <3
vs =3 and by race. Children with a TG/HDL ratio of =3 had significantly higher
concentrations of total LDL, medium small, and very small LDL, and IDL particles (72.2 £
8.3vs 28.9 + 3.1 nmol/L, £<.001) and lower concentrations of large LDL particles with
smaller LDL particle size than youth with a TG/HDL ratio of <3 (Figure 3). There was a
tendency for total LDL to be higher in white children (P=.072). No significant interactions
were found for LDL particles grouped by TG/HDL ratio and race; however, total LDL, IDL
(interaction £=.060), and medium small LDL tended to be greater in white than in black
children with a TG/HDL ratio of =3.
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Total small LDL concentrations were significantly correlated with BMI (r=0.337, P<.
0001), BMI percentile (r=0.386, £ < .0001), percentage body fat (r= 0.328, £<.0001), fat
mass (r=0.405, P<.0001), waist circumference (r= 0.436, £< .0001), visceral fat (r=
0.529, P<.0001), and TG/HDL ratio (r=0.668, A< .0001) but not age or Tanner stage.
Similar correlations were seen for medium and very small LDL particles, while for LDL
particle size, significant negative correlations were observed.

In multiple regression analysis with total small LDL as the dependent variable and age, sex,
race, Tanner stage, BMI, and TG/HDL ratio as the independent variables, TG/HDL ratio
(partial r=10.658, P<.001) and BMI (partial r=0.305, P< .001) explained 71% of the
variance in total small LDL concentration. These contributions remained similar when BMI
was substituted by BMI percentile, percentage body fat, or fat mass. When BMI was
substituted by waist circumference, together with TG/HDL ratio they explained 79% of the
variance in small LDL (TG/HDL ratio partial = 0.733, £< .001; waist circumference
partial r=0.359, P<.001). When visceral fat replaced waist circumference, 74% of the
variance in small LDL was explained by TG/HDL ratio (partial r=0.603, A< .001) and
visceral fat (partial r=0.433, £<.001). In multiple regression analyses with LDL particle
size as the dependent variable, BMI (partial r=-0.320, £< .001) and TG/HDL ratio (partial
r=-0.621, P<.001), or waist circumference (partial r=-0.335, #=.001) and TG/HDL
ratio (partial r=-0.594, P< .001), both explained ~68% of the variance in LDL particle
size.

Discussion

Both TG and HDL cholesterol have been suggested to be useful markers for LDL particle
size in overweight youth.® In 80 obese, black or white 13- to 16-year-olds, TG and HDL
cholesterol were found to explain 32% and 16% of the individual variation in LDL particle
size, respectively.® Our data support these findings because TG/HDL was the single
strongest marker of small dense LDL. Moreover, used in combination with a simple marker
of adiposity such as BMI or waist circumference, TG/HDL ratio explained >70% of the
variance in small LDL particle concentration and LDL particle size in overweight youth.
These data are important as cardiovascular risk factors persist over time from childhood to
adulthood,8 and small dense LDL are predictive of coronary heart disease in adults.>8 One
recent study found that TG/HDL cholesterol ratio measured in late adolescence (17 years)
was negatively related to LDL particle size and large LDL concentration and positively
related to small LDL concentration in 770 Israelis followed into adulthood over an average
period of 13 years.10 The same study demonstrated that youth with a TG/HDL cholesterol
ratio in the highest quintile (>2.54) had a sharply increased OR of being in the upper quartile
of small LDL concentration in adulthood (OR = 7.5).10 The present study extends these data
by targeting overweight youth rather than normal weight youth, across the entire pubertal
range, and by including black children. Collectively, these data suggest that TG/HDL ratio is
a useful marker of elevated small LDL and heightened cardiovascular risk profile early in
overweight youth.

We have previously demonstrated that fasting TG/HDL cholesterol ratio can predict insulin
resistance in youth” and also found a strong relationship between insulin resistance and LDL
particle size and small dense LDL concentrations in both black and white youth.8 However,
the clinical importance of small dense LDL concentrations for atherosclerotic risk in obese,
insulin-resistant youth may be the contribution it makes to total LDL particles. In the present
study, total LDL concentrations were greater in youth with a TG/HDL ratio of =23 and 77%
of total LDL particles were small in the children with TG/HDL ratio of 23 compared with
only 57% in youth whose TG/HDL ratio of <3. Possibly, therefore, small LDL particles are
a marker for the atherosclerotic risk represented by total LDL particles in obese youth.
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Studies in adults have found that total LDL particle number has a strong association with
coronary artery calcificationl and total LDL particle concentration displays a stronger
predictive value for cardiovascular risk than LDL particle size.18

For white children, the greatest area under the ROC curve was found at a TG/HDL cut-point
of 3, whereas for black children it was 2.5. Cross-sectional studies have demonstrated
favorable traditional lipid profiles, characterized by lower TG, in black compared with white
children, 1220 and we8 and others2! previously demonstrated that black children have larger
LDL particle size than their white counterparts—an effect mediated by race differences in
visceral adiposity.8 The finding in the present study that a lower TG/HDL ratio
discriminates the presence of elevated small LDL particles is, therefore, not surprising given
the favorable concentrations in black youth. Higher HDL cholesterol concentrations22 may
explain why a lower TG/HDL cholesterol ratio was a better indicator of LDL particles in the
girls in the present study.

Non-HDL cholesterol has emerged as an important lipid marker that reflects the
concentration of many atherogenic lipoproteins, including LDL cholesterol.}1 Retrospective
analysis of non-HDL cholesterol measured in participants from the Bogalusa Heart Study
demonstrates that non-HDL cholesterol levels measured in childhood persist into
adulthood!? and predict adult subclinical atherosclerosis!3® and adult dyslipidemia.12
Importantly, individuals in the top quartile of non-HDL cholesterol as a child were 4.5 times
more likely to develop adult dyslipidemia independently of baseline BMI and change in
BMI after 27 years of follow-up.12 Data from the present study build on these findings by
demonstrating that non-HDL cholesterol predicts not just total LDL cholesterol but also
LDL particle concentration and size. A non-HDL cholesterol cut-point of <120 mg/dL has
been suggested to be acceptable in children.11:12:23 |n the present study, this cut-point
reflected increased LDL particle concentration and size in the white youth and highlights the
increased risk of dyslipidemia that falls below traditional cut-points for high cholesterol.
According to recent national clinical practice guidelines,23 53% of white youth in this cohort
had borderline (35%) or high (18%) cholesterol, whereas 65% had non-HDL cholesterol
greater than the recommended <120 mg/dL and 35% were classified in the high range of
=145 mg/dL. Interestingly, we found a higher non-HDL cholesterol cut-point of <145 mg/
dL was more appropriate in the black children. This may reflect the overall lower LDL
cholesterol concentrations of the black children and the tendency for lower total LDL
particles.

In the current study, the presence of elevated small dense LDL concentration and smaller
LDL particle size was related to both TG/HDL ratio and adiposity. Dyslipidemia associated
with adiposity is shown in a number of studies in youth,12 and the present data are
supportive that adiposity is a driving force in adverse lipid profiles in youth. Our data also
support our previous findings that abdominal adiposity along with whole-body adiposity
plays an important role in determining lipid profiles in both black and white children.320
Waist circumference and visceral adiposity explained a similar amount of variation in small
LDL concentration and LDL size as BMI, BMI percentile, percentage body fat, or fat mass.
Our data are consistent with those from the Bogalusa Heart Study, where waist
circumference showed the strongest association with pediatric lipid profiles in 2996 children
and adolescents compared with a number of other measures of general and regional
adiposity.2* We have also demonstrated that the inclusion of waist circumference to BMI
significantly improves the prediction of the lipid component of the metabolic syndrome in
overweight children.2> Moreover, we found LDL particle size and concentrations differed
significantly between children above and below the 90th percentile for waist
circumference.3 Thus, the present study suggests that waist circumference, as well as BMI,
when combined with TG/HDL cholesterol ratio is a useful predictor of small dense LDL.
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Figure 1.

ROC curves for total, total small, medium small, and very small LDL particle concentrations
and LDL particle size A, at a TG/HDL ratio and B, cut-point of 3 in all overweight and
white overweight youth, and C, cut-point of 2.5 in black overweight youth. AUC, area under
the curve.
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Figure 2.

ROC curves for total, total small, medium small, and very small LDL particle
concentrations, and LDL particle size, at a non-HDL cholesterol cut-point of A, 120 mg/dL
for overweight white youth and B, 145 mg/dL for overweight black youth.
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Concentrations of A, total, B, large, C, medium small, and D, very small LDL, and E, LDL

particle size in black and white youth with a TG/HDL ratio <3 and =3. Differences

compared using 2-way ANOVA. NS, not significant.
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