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Abstract

Background—The nuclear magnetic resonance (NMR) lipoprotein profile provides additional
cardiovascular risk information beyond traditional lipids in high risk adults. Similar studies have
not been conducted in youth.

Objective—To evaluate the relationship between the NMR profile and pre-clinical vascular
measures in youth.

Methods—We studied 96 obese youth with pre-diabetes (mean age 18.1+3.6 years, 63% female,
78% African-American) and 118 obese normoglycemic controls (mean age 18.0+3.1 year, 75%
female, 62% African American) cross-sectionally. Traditional lipids (triglycerides, total, HDL and
LDL cholesterol), NMR particle size (particle concentration (P) and size) and vascular thickness
(carotid IMT) and stiffness (pulse wave velocity (PWV)) were measured. Independent associations
between lipoproteins with carotid IMT and PWYV after adjustment for group, age, race, sex, BMI z
score, blood pressure, HOMA-IR and Alc were studied.

Results—NMR analysis revealed youth with pre-diabetes exhibited a more atherogenic profile
with higher levels of small LDL-P and HDL-P and lower levels of intermediate and large HDL-P
(p<0.03). In addition, lower intermediate HDL-P was associated with a higher carotid IMT while
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higher small HDL-P was associated with a higher PWV (p<0.01). Traditional lipids were not
significantly different between groups and were not associated with either vascular outcome.

Conclusions—NMR lipoprotein subclasses have improved sensitivity compared to traditional
lipids to detect lipoprotein abnormalities in normoglycemic and pre-diabetic obese youth and are
independently associated with pre-clinical vascular thickness and stiffness. Whether this enhances
future cardiovascular risk in youth needs to be determined.
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Introduction

In adults, pre-diabetes, a precursor to type 2 diabetes, is associated with an increased risk to
develop future cardiovascular events including myocardial infarction, stroke (1) and death
(2). Youth with pre-diabetes appear to be on the same trajectory for similar complications.
Youth with pre-diabetes have higher body weight, blood pressure, insulin levels (3, 4) and
higher vascular stiffness and thickness (3), known predictors of future myocardial infarction
and stroke (5, 6) compared to their normoglycemic obese peers.

Elevated total and low density lipoprotein (LDL) cholesterol levels are well-established risk
factors for cardiovascular disease (CVD) in adults (7, 8). In fact, as part of the Framingham
Risk Score, traditional lipids have long been used to assess CVD risk in adults (9). However,
the role of these traditional lipid measurements (total, HDL, and LDL cholesterol and
triglycerides) in adolescents and young adults is less clear as previous work has
demonstrated that traditional lipids are not different in pre-diabetic and normoglycemic
obese youth (3, 4) and are not associated with early markers of CVD (3). These findings
may be explained by the fact that traditional lipid measurements are not sensitive enough to
detect subtle lipoprotein changes because they only quantify the cholesterol within HDL and
that associated with LDL is calculated.

NMR (nuclear magnetic resonance) lipoprotein measurements, on the other hand, have the
ability to quantitate specific particle concentrations and sizes which may provide more
information about the atherogenic properties of the lipoprotein (10-15). As a result, NMR
profile has been shown to enhance CVD risk stratification (10-15). Whether the NMR
profile improves CVD risk assessment in high risk youth has not been established.

Given youth with pre-diabetes appear to have a higher CVD risk, it is important to clarify
the role of modifiable risk factors such as lipids and lipoproteins on markers of early
atherosclerosis. As such, we sought to determine if lipoproteins derived from NMR
spectroscopy could detect lipoprotein changes between obese normoglycemic and pre-
diabetic youth. Additionally, we sought to determine if lipoprotein particle concentrations
and/ or size were independently associated with measures of vascular thickness and stiffness.
We hypothesized that the NMR profile would be superior to traditional lipids to detect
associations with measures of vascular thickness and stiffness.
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Materials and Methods

Participants

Participants in this analyses were recruited as part of a larger cross sectional study designed
to assess the effects of obesity and type 2 diabetes on the heart and the vasculature between
2006-2010 at Cincinnati Children’s Hospital Medical Center (16-18). Only obese (body
mass index (BMI) = 95th percentile for sex and age) participants are included here as the
research question here is an extension of our previous work that found no difference in
traditional lipids between obese and normoglycemic youth and no association between
traditional lipids and pre-clinical vascular measurements (3). Obese participants in this study
were defined as having pre-diabetes using the American Diabetes Association Criteria,
either 1) impaired fasting glucose defined as a fasting plasma glucose level >100-125mg/dl;
2) impaired glucose tolerance 2-hour plasma glucose concentration, measured by a 75-g oral
glucose tolerance test (OGTT), 2140-199 mg/dL; or 3) hemoglobin Alc (Alc) value of
>5.7-6.4% (19). Normal glucose tolerance was defined as a normal fasting glucose level
defined as <100mg/dl, normal glucose tolerance defined as 2 hour oral glucose tolerance
plasma glucose concentration of <140mg/dl and Alc <5.7%. Any obese participant using
metformin was excluded. Any participant with missing data was excluded.

Written informed consent was obtained from participants older than 18 years or from a
parent or guardian with written assent for participants less than 18 years according to the
guidelines established by the local institutional review board and in accordance with the
Declaration of Helsinki.

Anthropometrics

Trained personnel measured height and weight twice with the average used in the analysis.
Body mass index (BMI) was calculated as kg/m? with a z score generated according to the
U.S. Centers for Disease Control and Prevention reference criteria (20). Blood pressure was
measured three times manually with a mercury sphygmomanometer (Baum Desktop model
with V-Lok cuffs, Copiague, NY) according to the Fourth Report of the National High Blood
Pressure Education Program Working Group on High Blood Pressure in Children and
Adolescents (21) and averaged.

Blood Analysis

Fasting blood was drawn for traditional lipids, glucose, insulin, Alc and an additional
plasma aliquot was stored at —80 degree °C. Total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), and triglycerides were analyzed in a National Institute of Health and
Centers for Disease Control and Prevention standardized laboratory using a Roche reagent
on a Hitachi Modular P autoanalyzer (Roche Diagnostics, Indianapolis, IN, USA). Low
density lipoprotein cholesterol (LDL-C) was calculated by the Friedewald equation for
individuals with triglyceride levels<400 mg/dL and by Lipid Research Clinics Beta
Quantification for those with triglyceride levels 2400 mg/dL. Glucose was measured using a
Hitachi model 704 glucose analyzer. Fasting insulin was measured by radioimmunoassay
with an anti-insulin serum raised in guinea pigs, 125I-labeled insulin (Linco, St Louis, MO),
and a double antibody method to separate bound from free tracer. The homeostatic model
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assessment for insulin resistance (HOMA-IR) was calculated (glucose *insulin) /22.5.
Hemoglobin Alc was measured in red blood cells by using high-performance liquid
chromatography. C-reactive protein (CRP) was measured with the use of a high-sensitivity
ELISA (Linco Research, Inc).

NMR lipoproteins were analyzed using LipoProfile-3 algorithm by LipoScience, Inc
(Raleigh, North Carolina) on plasma that had been stored at —80 °C. Previous studies have
shown NMR lipoprotein particle analyses are unaffected by frozen storage (22). To
summarize NMR technology utilizes the concept that each size lipoprotein in plasma emits
its own NMR signal characteristic of its lipid methyl group with intensity proportional to its
abundance. Different particles concentrations are therefore derived from the measured
amplitudes. The amplitude of each signal is proportional to the quantity of the lipoprotein
subclass and is converted to a particle concentration (nmol/L). The size of the particles in
nanometers (nm) is then calculated by the sum of the diameter of each subclass multiplied
by its relative mass percentage as estimated from the amplitude of its NMR methyl signal
(23, 24).

Outcome Variables (Vascular Measurements)

Statistics

Carotid intima media thickness (IMT) was measured using B mode ultrasonography with a
high resolution linear array transducer centered at 7.5MHz (GE Vivid 7, GE Medical
Systems, Wauwatosa W1). For each participant, three independent measurements of bilateral
far walls of the common carotid artery were measured in millimeters (mm). Digital images
were transmitted and read offline by a single sonographer using a manual trace technique to
measure the maximum carotid thickness. The right and left carotid segments were averaged
in the analysis. Coefficients of variation for repeat readings are 5.4-8.0% (18).

Pulse wave velocity (PWV) was measured with a SphygmoCor SCORPVX System
(AtcorMedical). For each participant, the distance (in mm) from the carotid artery to the
suprasternal notch (using a tape measure) and from the suprasternal notch to the femoral
artery (using calipers, Cardiovascular Engineering, Norwood MA) was measured three
times, and averaged. Additionally, a tonometer was used to collect proximal and distal
arterial waveforms at both sites using a simultaneously recorded electrocardiogram. PWV
then was calculated as the distance from the carotid-to-femoral artery divided by the time
delay measured between the carotid and femoral waveforms reported in meters per second
(5). Pulse wave velocity is based on the principle that the pressure pulse generated by the left
ventricular ejection travels at a speed determined by the size, shape, and properties of the
artery (25) with a higher pulse wave velocity indicating increased vascular stiffness. PWV is
the gold standard measurement of arterial stiffness in both adults and children (5, 26) and
has been shown to predict future cardiovascular events and mortality (27). Three
measurements were obtained on each participant and averaged. Repeat measures show a
coefficient of variation of <5.2%.

All analyses were performed using SAS Version 9.3 (SAS, Cary North Carolina). Values are
reported as mean + standard deviation or median (15t quartile, 3™ quartile). Group
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comparisons were made by t-tests for normally distributed variables and by Wilcoxon rank-
sum test for non-normally distributed variables with a p value of <0.05 indicating
significance. Variance stabilizing procedures were employed as needed. Predictors of carotid
IMT and PWV were sought after using backward elimination linear regression analysis to
allow us to assess the most predictive variables of each outcome. The criterion for variables
to remain in the model was set to <0.05. Variables considered in each model included group
(pre-diabetes vs. obese), age, race, sex, systolic and diastolic blood pressure, body mass
index z score, HOMA-IR, hemoglobin Alc and CRP. These variables were chosen since
each has been previously found to be associated with one or both of the outcomes of interest.
Model 1 evaluated the role of traditional lipid measures (LDL-C, HDL-C and triglycerides)
on the outcomes of interest. Model 2 excluded LDL-C, HDL-C and triglycerides and
included total particle concentration (VLDL-P, LDL-P and HDL-P) and size. Model 3
sought to determine whether specific particle subtypes (small, intermediate and large VLDL,
LDL, HDL) were associated with carotid IMT or PWV. Model 3 therefore excluded LDL-C,
HDL-C and triglycerides, total particle concentration (VLDL-P, LDL-P and HDL-P) and
size and only including subparticle concentrations. This multistep modelling was taken 1) to
decrease the number of lipids variables in each model, and 2) to allow for each of the
lipoprotein classes (LDL, VLDL and HDL) to compete with one another to determine, if
any, were independently associated with the vascular outcomes. This approach has been
shown to be a valid way to detect meaningful disease associations (15). Collinearity amongst
the lipoproteins in each model was assessed using a variance inflation factor (VIF). Group
by lipid interactions were tested on PWV and carotid IMT. Given that the sample size for
this study was fixed as the cohort was recruited from a previous cross sectional study,
sample size calculations were not performed. Analyses were done without correction of for
multiple comparisons given the exploratory nature study.

Table 1 shows there were no differences in age and sex distribution among obese youth with
and without pre-diabetes. There was a higher proportion of African Americans in the
prediabetes group compared with the normoglycemic group, p<0.006. The pre-diabetes
group also had a higher body mass index (and z scores), fasting insulin, HOMA-IR levels
and evidence of more dysglycemia (higher fasting and 2 hour oral glucose tolerance test
glucose and Alc), all p<0.05. For details of how pre-diabetes was diagnosed, see Table 2.

There were no significant differences in total cholesterol, LDL-C, HDL-C or triglycerides
between groups (Table 3). The NMR lipid profile revealed the pre-diabetes group had a
significantly higher concentration of small LDL-P and significantly smaller average LDL-P
size, p<0.05. Similarly, the pre-diabetes group had a higher concentration of small HDL-P
but a lower concentration of large and intermediate sized HDL-P with an overall a smaller
average HDL-P size, p<0.05. There were no differences in IDL or VLDL (total, large,
intermediate, small) concentrations or size. The above analyses were repeated excluding
participants with pre-diabetes diagnosed by Alc only and the data were unchanged.

Multiple linear regression analyses found that LDL-C, HDL-C and triglycerides were not
independently associated with either carotid IMT or PWV (model 1, Table 4). Variables that
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were significantly associated with a higher carotid IMT included older age, male sex and
non-Caucasian race (majority African American). Older age, female sex, non-Caucasian
race, body mass index z score and systolic and diastolic blood pressure were significantly
associated with a higher PWV.

When total lipoprotein particle number and size were evaluated, total HDL-P and HDL size
were independently and inversely associated with carotid IMT and PWYV, respectively
(model 2). To determine which lipoprotein subtypes may be responsible for the associations
seen in model 2, model 3 was evaluated using only particle subtypes. Model 3 shows a lower
intermediate HDL-P was associated with a higher carotid IMT while a higher small HDL-P
was associated with a higher PWV (p<0.01). Figure 1a and b depicts carotid IMT and PWV
for each quartile of intermediate and small HDL-P, respectively, adjusted for other risk
factors.

Model 3 for carotid IMT and PWV was adjusted for LDL-P and the results were unchanged.
Collinearity was assessed among the lipid parameters included in each model using VIF and
no collinearity was detected. The maximum VIF for any model was 2, where a value of >5
suggests collinearity among the variables in each model (28). Group by lipid interactions
were not significant in the final models suggesting the association of intermediate and small
HDL-P on thickness and stiffness was not different between normoglycemic and pre-
diabetic obese youth. Finally, all models were repeated first by removing group and then by
replacing Alc and HOMA-IR with fasting glucose and insulin and the results were
unchanged. Fasting glucose and insulin were not associated with carotid IMT and PWV and
did not change the associations between lipids and lipoproteins and the outcomes of interest.

Discussion

Using NMR lipoprotein analysis we show youth lipoprotein abnormalities exist in youth
with pre-diabetes and they have higher levels of small LDL-P and small HDL-P and lower
levels of intermediate and large HDL-P. We also show that higher concentrations of small
HDL-P and lower concentrations of intermediate HDL-P are independently associated with
vascular thickness and stiffness. These results suggest that NMR subparticle analysis is a
more sensitive measure of lipoprotein changes that occur in pre-diabetic youth and may be a
better predictor of early vascular thickness and stiffness.

Obese youth with pre-diabetes had a more atherogenic lipid profile (16, 29-31) with an
enrichment of smaller particles (higher small LDL-P and HDL-P) and lower intermediate
and large HDL-P compared to normoglycemic youth. This was seen despite no significant
difference in the TC, LDL-C, HDL-C or triglycerides quantified by the traditional lipid
profile. This finding is in agreement with prior work in youth published by Magge et al in
2012 where they showed in a younger and smaller cohort of n=21 pre-diabetics and n=76
controls higher concentrations of small LDL-P and HDL-P in youth with pre-diabetes
without changes in total cholesterol, HDL-C or LDL-C. This enrichment of smaller particles
with less intermediate and large particles in pre-diabetes is likely driven by inefficient
insulin action in the muscle (32) and liver (33) that promotes increased VLDL production
from the liver and increased cholesterol ester transfer protein (CETP) transfer of triglyceride
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to LDL and HDL particles. The resulting triglyceride enriched HDL and LDL particles
become a good substrate for increased action by hepatic and lipoprotein lipase which
generates smaller HDL and LDL particles (34).

In high risk youth with obesity, the association between the NMR lipoprotein profile and
non-invasive arterial stiffness and thickness has not been demonstrated. Thus, our work
extends on the current literature. This observation lends itself to three additional points that
will each be discussed separately below 1) different HDL subtypes appear to have different
effects on the vasculature; 2) HDL-P is independently associated with higher arterial
thickness and stiffness; and 3) the lipoprotein subclass profile may be a better predictor of
early vascular thickness and stiffness.

Higher small HDL-P were found to be associated with a higher PWV while lower
intermediate HDL-P were associated with a higher carotid IMT. This suggests that HDL
subtypes are not all equal or atheroprotective. We have previously shown similar results
utilizing a gel filtration chromatography system to separate HDL subspecies by size. We
found that while a depletion of large HDL subspecies was significantly inversely associated
with higher PWV in adolescents with type 2 diabetes, the opposite was seen for small HDL
particles, there was a significant direct correlation with PWV (35). The reason for the
differential associations between HDL subtypes and vascular measures is not clear but may
be due to impaired function in small HDL particles. Nobecourt et al has previously found
antioxidant activity is impaired in small HDL particles (HDL 3b, 3c) in adults with type 2
diabetes (36).

We found no relationship with LDL-P. Lack of association between LDL-P and carotid IMT
and PWV may be because the mean LDL-P for this group falls close to the low risk
reference range for adults. It is therefore possible that with worsening LDL-P that an
independent association would be observed similar to adult studies (12, 13). Studies that
include other racial/ethnic distributions, larger sample size, and additional vascular
endpoints such as brachial ankle PWV or femoral ankle PWV is also important as previous
work has detected associations between these vascular measurements and LDL-P but not
carotid femoral PWV (37).

Instead, we found measures of HDL-P to have an association with carotid IMT and PWV
after adjustment for LDL-P. HDL-P has been shown to predict coronary events and death in
adults (14, 22, 38-41). Specifically, the Multi-Ethnic Study of Atherosclerosis (MESA)
cohort found HDL-P predicted cardiovascular risk better than HDL-C even after adjusting
for LDL-C and LDL-P (14). Whether therapies aimed at improving intermediate HDL-P
while lowering small HDL-P will improve future CVD risk remains to be established.

Traditional lipid measurements were not independently associated with arterial thickness
and stiffness. This finding is discordant with work in adults (42) and previous work in lean,
obese and youth with type 2 diabetes where HDL-C and TG/HDL-C ratio have been shown
to associate with carotid IMT and arterial stiffness, respectively (43, 44). Lack of
associations between traditional lipids and preclinical vascular thickness and stiffness in
obese youth with and without pre-diabetes may be due to the smaller number of individuals
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evaluated here but also point to the improved sensitivity of NMR lipids over the traditional
lipid panel.

Data evaluating the association between lipoprotein subclasses and early arterial thickness
and stiffness in youth is limited. Gallo et al showed no relationship between lipoprotein
subclasses and augmentation index (by radial tonometry), in youth with type 1 diabetes
(n=35) concluding that in type 1 diabetes, other risk factors besides lipids may play a more
important role in arterial stiffness (45). Potential explanations for why we detected
associations between lipoprotein subclasses and vascular thickness and stiffness include a
larger sample size here, a more atherogenic lipoprotein profile as a result of concomitant
obesity and insulin resistance, and clear differences in the pathophysiology of the two
different forms of diabetes. Given the many studies in adults demonstrating enhanced CVD
risk stratification using the NMR profile over traditional lipids, our data suggest this may
also be the case for high risk adolescents with obesity. However, it should be noted though
that the improved variance in the vascular outcomes explained by the NMR lipid profile are
small. Thus, the cost benefit analysis of this testing need to be considered before decisions
of utility in youth can be decided.

This study has some limitations. It is cross sectional study and cannot demonstrate causality.
We also collected lipids at one point in time and the NMR lipoproteins were performed on
frozen samples. We lacked pubertal staging, other inflammatory markers, oxidized LDL
particles, and acute glycation end products all of which could be important confounders to
explain the low R in carotid IMT that need to be addressed in future work. We also lack
apo-Al and apoB levels and therefore could not compare these measures to the NMR lipid
profile. Additionally, a large majority of participants studied were diagnosed with pre-
diabetes by hemoglobin Alc at a single time point. While the results in Table 3 were
unchanged with this group excluded, there are limitations of the hemoglobin Alc
measurement and future work should include additional metrics to rule out spurious results
(46). These analyses were performed on a previous recruited study cohort therefore our
sample was fixed. Thus, whether these results can be extended to a non-obese cohort or
other race/ethnicity (that are not majority African American) needs to be confirmed. Finally,
we performed statistical tests on multiple outcomes thus caution must be exercised in
interpreting these findings.

In conclusion, the NMR lipoprotein analysis has improved sensitivity to detect early
lipoprotein changes in pre-diabetic youth. Additionally, the NMR lipoprotein analysis can
detect associations with measures of vascular thickness and stiffness not seen with
traditional lipids.
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Highlights
Traditional lipids are not different between normoglycemic and pre-diabetic youth
Traditional lipids are not associated with carotid IMT and pulse wave velocity
NMR analysis shows pre-diabetic youth have a more atherogenic lipid profile
NMR lipoproteins are associated higher carotid IMT and pulse wave velocity

NMR lipoproteins have improved sensitivity compared to traditional lipids

J Clin Lipidol. Author manuscript; available in PMC 2017 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Shah et al.

cIMT (mm)

Page 13

0.55 -

o

o

o
1

0.45 -

1 2 3 4

Quartiles of Intermediate HDL-P
[[] Obese Normoglycemic [l Obese Pre-diabetic

J Clin Lipidol. Author manuscript; available in PMC 2017 May 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Shah et al.

PWV (m/s)

Page 14

|

1 2 3 4

Quartiles of Small HDL-P
[] Obese Normoglycemic ] Obese Pre-diabetic

Figure 1.
a: Carotid IMT by group per quartile of intermediate HDL-P adjusted for covariates

including age, race, sex, systolic and diastolic blood pressure, body mass index z score,
HOMA-IR, hemoglobin Alc and hs-CRP.

b. Carotid femoral PWV by group per quartile of small HDL-P adjusted for covariates
including age, race, sex, systolic and diastolic blood pressure, body mass index z score,
HOMA-IR, hemoglobin Alc and hs-CRP.
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Table 1

Characteristics of the Study Population

Variable Obese Obese Pre-diabetic | p value
Normoglycemic n=118 n=96

Age, years 18.0+ 3.1 18.1+ 3.6 0.92
Sex (female), n (%) 88 (75%) 60 (63%) 0.06
Race 0.014

Caucasian, n (%) 45(38%) 20(21%)

African American, n (%) 73(62%) 75(78%)

Hispanic, n (%) 0(0%) 1(1%)
Smokers, n (%) 5 (4%) 2 (2%) 0.38
Weight (kg) 100.3+ 20.3 106.7+ 22.6 0.030
Body mass index (kg/m2) 36.2+ 6.4 38.3+7.8 0.036
BMI z score 21+04 2.2+03 0.014
Systolic blood pressure (mm Hg) 116+ 12 118.4+ 9.8 0.06
Diastolic blood pressure (mm Hg) 66+ 13 66+ 11 0.94
Fasting insulin (mIU/mL) 17.4 (12.7, 22.8) 20.2 (15.3, 29.6) 0.003
Fasting glucose (mg/dL) 90.0 (86.5, 93.5) 95.1(89.1, 100.9) <0.001
2-h OGTT glucose (mg/dL) 103.4 (90.4, 117.2) 114.8 (98.5,132.8) | <0.001
Hemoglobin Alc (%) 5.3(5.1,5.5) 5.7 (5.6,5.9) <0.001
HOMA-IR 3.9(2.8,5.2) 5.7 (5.6, 5.9) <0.001
C reactive protein (mg/dL) 2.8(1.1, 6.8) 2.8(1.4,6.8) 0.53
Carotid intima media thickness (mm) 0.48 (0.43, 0.54) 0.50 (0.45, 0.55) 0.13
Pulse Wave Velocity (m/s) 6.2 (5.6, 6.8) 6.3(5.5,7.1) 0.29

Smoking was self-report data. HOMA-IR= homeostatic model assessment of insulin resistance.

Values are mean + SD or median (Q1, Q3).
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Table 2

Classification of Study Population by Pre-diabetes Group

Diagnosis of Pre-diabetes

N (%)

Hemoglobin Alc only

50 (52%)

Impaired fasting glucose (IFG) only 18 (19%)

Impaired glucose tolerance (IGT) only 6 (6%)

IFG and Hemoglobin Alc 12 (13%)
IFG and IGT 2 (2%)
IGT and Hemoglobin Alc 7 (7T%)
IFG, IGT and Hemoglobin Alc 1 (1%)

Total

96 (100%)
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Table 3

Lipids and Lipoprotein Values in the Study Population

Variable Obese Obese Pre-diabetic | p value

Normoglycemic =

n=118

Lipids (mg/dl)
Total cholesterol 172 (147, 193) 169 (149, 192) 0.85
LDL cholesterol 102 (85, 121) 102 (86, 128) 0.62
HDL cholesterol 47 (42, 54) 45 (41, 51) 0.25
Triglycerides 81 (60, 111) 86 (62, 113) 0.44
Lipoprotein Particle Concentrations
LDL-P (nmol/L)
Total 1037 (834, 1266) 1098 (898, 1353) 0.10
Large 527 (398, 649) 484 (393, 648) 0.46
Small 426 (247,559) 468 (339, 673) 0.010
IDL-P (nmol/L) 1245 (72.0,177.0) | 106.5 (63.5,160.5) | 0.19
HDL-P (umol/L)
Total 32.2 (28, 38.8) 31.9 (29.5, 36.6) 0.75
Large 4.4(3.1,6.1) 4.0(24,5.2) 0.027
Intermediate 12.5 (9.2, 15.5) 10.8 (8.3, 13.0) 0.007
Small 15.6 (12.7, 18.3) 17.2 (14,5, 19.7) 0.004
VLDL_P (nmol/L)
Total 2.4 (1.3,4.0) 25(15, 4.2) 0.72
Large 43.2 (26.5, 60.6) 41.8 (25.1, 56.8) 0.71
Intermediate 13.7 (7.9, 26.8) 11.8 (7.5, 23.4) 0.64
Small 23.7 (14.6, 33.9) 21.7 (14.7, 32.3) 0.53
Lipoprotein Particle Size (nm)
LDL 21.1(20.8, 21.4) 21 (20.6, 21.3) 0.033
HDL 9.0 (8.7,9.3) 8.8 (8.6,9.1) 0.010
VLDL 47.2 (44.1,51.3) 47.8 (4.1, 51.6) 0.58

Values are median (Q1, Q3).
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