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Abstract

Background: The metabolic triad [fasting insulin, apolipoprotein B, and low-density lipoporotein (LDL) peak
particle density] is characteristic of increased intra-abdominal adipose tissue and insulin resistance and can be
predicted by the simple and adoptable screening tool, the hypertriglyceridemic waist. The associations between
hypertriglyceridemic waist components [fasting triglycerides (TG) and waist circumference cut-points derived
from a child-specific metabolic syndrome definition] with the metabolic triad were examined in obese youth
before and after weight loss.

Methods: A continuous metabolic triad score (MTS) was calculated as a cumulative and standardized residual
score of fasting insulin, apolipoprotein B, and LDL peak particle density (z-scores of the metabolic triad variables
regressed onto age and sex). The predictive ability of TG and waist in assessing metabolic triad change was
undertaken in 75 clinically obese boys and girls, aged 8-18, body mass index (BMI) 34.2 +6.4 kg/m? before and
after weight loss.

Results: Fasting TG concentrations (+*=0.216, P< 0.0001) and waist circumference (r*=0.049, P=0.019) were
both significant independent predictors of the cumulative MTS, together accounting for 26.5% of its total var-
iance. All cardiometabolic risk factors [except a reduction in high-density lipoprotein cholesterol (HDL-C)] were
favorably modified following weight loss. Fasting TG change was the only significant predictor of the MTS
change (*=0.177, P<0.0001). Waist circumference was not a significant predictor of MTS change.

Conclusion: The reduction in fasting TG concentration (but not waist circumference) was the only significant
predictor of MTS change. Fasting TG may be the most important metabolic syndrome component to best
characterize the metabolic heterogeneity in obese cohorts and the changes in metabolic risk in clinically obese
youth.

Introduction

THE VARIOUS COMBINATIONS OF metabolic syndrome
components may differ in clinical significance.! In obese
youth, waist circumference has limited discriminatory po-
tential to identify those with high or low levels of intra-ab-
dominal adipose tissue (IAAT),? and most obese children

remain normoglycemic despite underlying insulin resistance
measured by clamps.® Therefore, the sensitivity of waist
circumference and or glucose to characterize increased car-
diometabolic risk may be limited. The constellation of hy-
perinsulinemia, high apolipoprotein B (ApoB), and a small
low-density lipoprotein (LDL) particle size, termed the
“metabolic triad” was associated with a substantially
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increased risk of cardiovascular disease (CVD) in middle-
aged men.* The metabolic triad was characteristic of middle-
aged men with high levels of IAAT and insulin resistance.
The increased CVD risk associated with the metabolic triad
was independent of LDL-cholesterol (LDL-C) and high
density lipoprotein-cholesterol (HDL-C) concentration.*
However, the metabolic triad components are rarely
measured in clinical settings due to accessibility, cost, and
standardization issues. The hypertriglyceridemic waist phe-
notype (HyperTG waist) is a simple screening tool, using the
combination of waist circumference and fasting triglycerides
(TG). The HyperTG waist has previously been shown to
predict the metabolic triad with high (>80%) sensitivity and
specificity in middle-aged adults.” However, the HyperTG
waist and the metabolic triad have not been previously in-
vestigated in obese youth, especially in response to weight
loss. The aim of the present study was to evaluate the relative
importance of waist circumference or fasting TG changes
on the continuous metabolic triad score (MTS) change. Fur-
thermore, we assessed whether glucose (as a surrogate for
insulin resistance) or systolic blood pressure (SBP) accounted
for any of the variance in MTS change.

Methods

Participants were attendees of the Carnegie International
Camp (CIC), a multifactorial residential weight loss program.
Details of the program are discussed elsewhere.® We recruited
both children (1 =15) and adolescents (n=60) aged between 8
and 18 years who attended from the United Kingdom and
Europe. Recruitment was based on self or parental applica-
tion, medical recommendation, or social service referral
between the years of 2004 and 2006. Acceptance into the
program was reliant on having a body mass index (BMI)
above the age-related cutoffs for overweight as suggested by
Cole.” There were no other specific inclusion criteria, which
resulted in a group of heterogeneous children and adolescents
with respect to age, sexual maturation, and degree of obesity.
The subjects were primarily caucasian (=72, Asian n=1and
black n=2). Tanner stages, family history of obesity, type 2
diabetes (T2D), or CVD were not collected.

Ethical approval

Ethical approval was granted by Leeds West National
Health Service Research Ethics Committee, Leeds, United
Kingdom. All participants and parents provided written in-
formed consent prior to inclusion in the study. More spe-
cifically, all participants and parents provided written
consent and verbal assent for blood withdrawal. However,
our sample size was affected by the inability to obtain ve-
nous access at baseline and withdrawal of consent for post-
intervention blood withdrawal.

The program incorporated energy restriction, physical
activity /exercise, and lifestyle education. All children and
adolescents undertook a daily schedule of physical activity
that was a standardized and compulsory component of the
weight loss program, consisting of six 1-hr sessions each day.
We did not monitor directly the intensity throughout the
sessions via heart rate monitors nor did we objectively cal-
culate the amount of physical activity by accelerometry.

Energy intake (kcal - day~") was provided as three meals
and a snack each day and was based on an approximation of
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basal metabolic rate (BMR), using the equations of Schofield
using age and body mass.® Each participant was assigned to
one of four specific dietary groups ranging from 1050 to 3050
kcal - day !, based upon their age and body mass. The daily
energy intake contained 15% protein, 30%-35% fat, and
50%-55% carbohydrate. Due to the residential setting, ad-
herence to the program could be ascertained. Plate waste
was also measured randomly for all meals once a week in a
subsample of children.’

Each participant also engaged in four 1-hr educational
sessions per week covering food choices, the balance of good
health, portion control, and stimulus control. Sessions de-
veloped skills regarding behavior change, cognitive rein-
forcement, goal setting, problem solving, acquiring social
support, and issues regarding bullying."

Anthropometric and blood pressure measurements

Waist circumference was assessed at the iliac crest, as re-
commended by the National Cholesterol Education Program
Adult Treatment Panel III (NCEP ATP II) to the nearest
0.1cm using a standard clinical tape measure. Bioelectrical
impedance analysis (BIA) measures were made using a
Tanita TBF-310 (Tanita Corp, Tokyo, Japan). BIA estimated
total body water and calculated fat mass was obtained using
equations derived by Jebb et al.'!

Blood pressure was measured using a mercury sphygmo-
manometer (Mercurial BK1001) on the left arm. All subjects
sat quietly for 5min prior to measurement. A single mea-
surement was taken in the semisupine position. In a sub-
sample of participants (2006 cohort), a digital blood pressure
monitoring device as opposed to manual method was used
(Omron HEM-773AC, UK). Measurement protocols defined
the appropriate cuff size to be used in all measurements.

Biochemical measurements

Fasting blood samples (12-13.5hr) were drawn by veni-
puncture. Bloods were stored on ice and analyzed within 3 hr
of venipuncture. Analyses for lipids, glucose, and insulin
were undertaken at the Department of Clinical Biochemistry,
Leeds General Infirmary, UK, using routine clinical analyses.
Insulin was analyzed by an ADVIA chemiluminescent
sandwich immunoassay using a monoclonal mouse anti in-
sulin antibody. The intra-assay coefficient of variation for
insulin was 3.5%.

Apolipoprotein B

ApoB was analyzed at the specialist Assay Laboratory,
Department of Clinical Sciences, Manchester Royal Infirmary
after storage at —80°C, by a sandwich enzyme-linked im-
munosorbent assay (ELISA) technique employing a goat
anti-human ApoB antibody (Abcam ab7616, Cambridge) and
horseradish peroxidase (HRP)-labeled goat anti-human ApoB
(Abcam ab20047). Following incubation, color development
was measured at 490 nm on a Dynatech MR 7000 plate reader.
The within-batch coefficient of variation was 8.7% and the
between-batch coefficient of variation was 9.9%.

LDL particle density

LDL peak particle density was measured in the Carnegie
Research Institute, Leeds Metropolitan University, by iodixanol
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gradient ultracentrifugation and digital photography, after
storage at —80°C. Briefly, 1.52mL of plasma was added to
0.4 mL of 60% wt/vol iodixanol (Axis Shield, UK) and stained
by addition of diluted Coomassie Blue (50 mg/mL phosphate-
buffered saline). This was layered under 3.4 mL of iodixanol 9%
(wt/vol) in Beckman Optiseal™ tubes. Tubes were placed in a
Beckman NVT 65.2 rotor and centrifuged at 65,000rpm for
25hr. A Nikon digital camera D-100 was used to photograph
the tubes, and these images were downloaded into gel scan
software (Total Lab, Non Linear Dynamics, UK). A migration
distance (RY) corresponded to a specific density based on prior
calibration experiments. It is also important to note that LDL
density in iodixanol is lower than using salt density gradient
ultracentrifugation due to the iso-osmotic properties of iodix-
anol. This method has been validated against both salt densiiiy
gradient ultracentrifugation and gradient gel electrophoresis.’?

Reproducibility for LDL peak particle density was as-
sessed in (n=11) in healthy volunteers. The coefficient of
variation was 0.1% when samples were measured fresh, at 1
week, 1 month, and 6 months (unpublished data).

HyperTG waist phenotype definition using existing
pediatric metabolic syndrome cut points

The Hyper TG metabolic screening tool was derived from a
child-specific metabolic syndrome definition."> For waist
circumference cut points, deFerranti et al.'® (2004) used the
70™ percentile for adult men described by Zhu et al.'* The
TG cut points of deFerranti et al. corresponded to 1.1 mmol/
L. The HyperTG waist phenotype was considered present
when an individual exceeded both the waist circumference
and fasting TG cut points of the metabolic syndrome defi-
nition. No reference values or cutoffs are available for any
components of the metabolic triad in children or adolescents.
Accordingly, we used a cumulative residual score of fasting
insulin, ApoB, and LDL peak particle density (after regres-
sion on to age and sex) to generate a continuous MTS. This is
supported by Lamarche,* who found that the metabolic triad
variables were more frequently observed in combination
than in isolation. A higher MTS infers a higher cumulative
burden of the three MTS components. A continuous scoring
approach may also overcome the problems of dichotomous
cut points in risk prediction.'®

Statistics

All variables were examined for normality of distribution.
Fasting TG and insulin concentrations were skewed and
were logarithmically (Ln) transformed prior to analysis. The
HyperTG waist phenotype was calculated as the number of
participants who exceeded both the waist and TG metabolic
syndrome cut points. The MTS was calculated by trans-
forming all metabolic triad variables (insulin, ApoB, and
LDL peak particle density) to standardized residual scores
after transforming to z-scores and then regressing onto age
and sex. The MTS was calculated as the sum of the cumu-
lative standardized residual scores. It was not possible to
have a dichotomous metabolic triad positive/negative di-
agnosis, because no cutoffs for these metabolic variables exist
in children and adolescents. Independent ¢-tests were used to
examine differences in anthropometric and cardiometabolic
risk factors between participants with and without the
HyperTG waist phenotype. The differences in MTS between
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those who were positive and negative for HyperTG waist
components were established by one-way analysis of vari-
ance (ANOVA). Paired t-tests were undertaken to assess
changes in anthropometric and cardiometabolic variables
after acute weight loss. The change in the MTS was calcu-
lated by subtracting the post-MTS score from the pre-MTS
for each participant.

Multiple regression analysis was conducted to assess the
contributions of waist circumference, Ln TG, SBP, and glu-
cose change to predict the baseline MTS and changes in the
MTS. All analyses were performed on SPSS version 14.0 and
statistical significance was assumed at P <0.05.

Results

The prevalence of the HyperTG waist according to de-
Ferranti® was 40%. Several mean differences in metabolic
variables were evident using the cut points of deFerranti.”®
LDL density; ApoB was significantly higher in the HyperTG
waist group, but insulin concentrations were not signifi-
cantly different P=0.09 (Table 1). There was no significant
association of waist circumference with the MTS. In contrast;
fasting TG concentration was significantly associated with
the cumulative MTS. Amongst participants with raised
fasting TG (deFerranti fasting TG>1.10mmol/L), the MTS
was +0.8211.95 compared to —0.57+1.54 in those with TG
concentrations below the cut point P <0.0001.

Multiple stepwise regression analyses were undertaken to
establish whether each HyperTG waist component (waist

TaBLE 1. ANTHROPOMETRIC, BoDY COMPOSITION,
AND CARDIOMETABOLIC VARIABLES ACCORDING
TO THE HYPERTG PHENOTYPE BASED ON WAIST

AND TGs Cut PoinTs DERIVED FROM A METABOLIC

SYNDROME DEFINITION (DEFERRANTI ET AL. 2004'%)

deFerranti et al. (2004)

HyperTG . HyperTG
negative positive
n=45 (12 n=30 (15
boys/33 girls) boys/15 girls) P value
Body mass (kg) 94.7+23.3 93.6+20.7 0.83
BMI (kg/m?) 34.2£6.2 34.116.6 0.97
SDs BMI 3.03£0.63 312+054  0.53
Waist (cm)? 111.2+13.2 1108+13.6  0.89
Fat mass (kg) 39.2+145  39.0£12.8 094
TC (mmol-L.=1) 4.02+070 434064 <0.05
LDL-C (mmol-L™Y) 243+061 2544052 042
TG (mmol-L™Y) 0.79+0.15 158043 <0.001
HDL-C (mmol-L™Y) 1.25+£020 112028 <0.05
LDL density (g-mL™") 1.024+0.002 1.026+0.003 <0.01
ApoB (mg-dL™") 851217  96.9+212 <0.05
Glucose (mmol-1.7%) 4.76+044  4.83+0.33 0.44
Insulin (mU-L™1) 159+11.0  20.3+10.8 0.09
SBP (mmHg) 120+15 12012 0.88
DBP (mmHg) 72+11 7210 0.72
MTS 057+154  0.82+1.95 <0.01

?Jliac crest (deFerranti et al. 2004'%).

HyperTG, hypertriglyceridemic; TG, triglycerides; BMI, body
mass index; SD, standard deviation; TC, total cholesterol; LDL-C,
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; ApoB, apolipoprotein B; SBP, systolic blood pressure;
DBP, diastolic blood pressure; MTS, metabolic triad score.
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TaBLE 2. ANTHROPOMETRIC, BoDY COMPOSITION, AND CARDIOMETABOLIC Risk FAcTorR CHANGES
AFTER ACUTE WEIGHT Loss IN Boys AND GIRLS

Pre Mean+SD Post Mean+SD
P values
Boys Girls Boys Girls (between sex)

Body mass (kg) 99.3+26.5 91.4+19.0 9341238 86.3+18.4 0.32
BMI (kg-m‘z) 33.6+£6.5 345+64 31.6t5.6 32.5+6.2 094
SDs BMI 3.09+0.60 3.05+0.59 2.88+0.61 2.79+0.65 0.07
Waist iliac crest (cm) 111.8+£15.1 110.8£12.0 106.3+£12.7 107.3£13.1 0.30
Fat mass (kg) 35.9+149 40.7+124 29.0£11.5 36.1+11.9 0.01
SBP (mmHg) 125+16 117+10 11911 11511 0.20
DBP (mmHg) 74+14 70+8 6619 69+11 0.01
TC (mmol-L’l) 4.17£0.62 4.13+0.73 3.15+0.42 3.33+0.64 0.05
LDL-C (mmol~L‘12 2.47+0.55 2.47+0.59 1.72£0.37 1.84+0.49 0.15
HDL-C (mmol-L™) 1.15+£0.22 1.23+£0.25 1.07+£0.22 1.13+£0.24 0.6
TG (mmol-L~ b 1.25+0.61 1.03+£0.39 0.86+0.31 0.83+0.31 0.05
LDL density (g~mL'1) 1.026£0.003 1.024+0.002 1.023+0.001 1.023£0.002 0.01
LDL pattern B (%) 38.9+15.3 302+7.7 32.9+10.7 30.2+7.7 0.01
ApoB (mg-dL‘lz 86.9+21.3 90.6+22.2 66.8+£13.5 70.7+18.4 0.11
Leptin (ng-mL™") 87.4+39.6 148.1+£72.9 31.1£19.5 70.9+55.9 0.96
Glucose (mmol-L"l) 4.85+0.40 4.76+0.40 4.641£0.22 4.51£0.35 0.18
Tnsulin mU-L™Y) 20.7+£13.7 15.7+9.0 1441104 11.6+5.5 0.29
HOMA-IR 44%32 34%19 3.0+23 23+1.1 0.43

SD, standard deviation; BMI, body mass index; SBP, systolic blood pressure;
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein; TG, triglycerides;

model assessment of insulin resistance.

circumference and fasting TG concentration) predicted the
cumulative MTS at pre intervention (after regressing onto
age and sex). Ln TG concentration (P<0.0001), and waist
circumference (P=0.019) were both independent predictors
of the MTS, together, accounting for 26.5% of the total vari-
ance. Ln TG accounted for the majority (+*=0.216 or 21.6%)
of the variance in the cumulative MTS at pre intervention.
Table 2 shows highly significant improvements in all cardi-
ometabolic risk factors (except HDL-C) following weight
loss. Waist circumference decreased by —5.516.0cm in boys
and by —3.5£4.5 in girls. TG decreased by —-0.39£0.53 in
boys and by -0.20£0.33 in girls. The prevalence of the
HyperTG phenotype decreased from 40% to 0% deFerranti."®
Multiple regression analysis was undertaken to examine
changes in waist circumference, LnTG, glucose and SBP
with change in the MTS after acute weight loss. The model
accounted for 19.6% of the variance in the MTS (Table 3). In
stepwise multiple regressions Ln TG change was the only
predictor of MTS change (#*=0.177, P <0.0001). The change
in waist, SBP, or glucose was not an independent predictor

TABLE 3. SUMMARY OF MULTIPLE REGRESSION MODEL
FOR THE ACCOUNTED VARIANCE IN THE MTS CHANGE
IN Bord Boys AND GIRLS COMBINED

R? Adjusted R® Beta P
Ln TG® 0.243 0.196 0.408 P <0.0001
Waist 0.095 0.39
SBP 0.117 0.29
Glucose -0.175 0.11

20n stepwise multiple regression analysis Ln TG accounted for
17.7% of the variance of MTS change.

MTS, metabolic triad score; Ln TG, triglycerides logarithm; SBP,
systolic blood pressure.

DBP, diastolic blood pressure; TC, total cholesterol; LDL-C,
ApoB, apolipoprotein B; HOMA-IR, homeostasis

of MTS change. We also established sexual dimorphism in
these relationships by conducting multiple regressions in
boys and girls separately, including waist, Ln TG, glucose
and SBP as dependent variables. Waist circumference, SBP,
and glucose were omitted from both the models. In con-
trast, Ln TG accounted for the majority of the variance in
the MTS change in boys (25.1%) r?=0.251. However, in the
girls Ln TG accounted for {9.6%) r*=0.096 of the variance in
the MTS change. The relationship between sex and changes
in Ln TG and the MTS are shown in Fig. 1A (boys) and 1B

(girls).
Discussion

We have shown for the first time the utility of fasting TG
to predict the metabolic triad (a constellation of CVD risk
factors associated with insulin resistance, IAAT, and meta-
bolic obesity) in both a cross-sectional study and in response
to highly significant acute weight loss in clinically obese
youth. This is the first study that has simultaneously modi-
fied the components of the metabolic triad in response to
weight loss in clinically obese youth, although some ran-
domized clinical weight loss trials do show a lowering of
traditional cardiometabolic risk factors.'>Y Multiple regres-
sion analysis including waist, Ln TG, SBP, and glucose in the
model showed that Ln TG reduction was the only significant
independent predictor of MTS change (Table 3).

Lemieux® showed that in middle-aged men fasting TG
was most strongly associated with the metabolic triad. In this
study, CVD risk increased between categories of TG (<20
mmol/L vs. >2.0 mmol/L), whereas these relationships
were not evident for waist circumference (<90.0cm vs.
>90.0 cm) and the prevalence of the metabolic triad increased
from 12% in those with waist circumference between 90 cm
and 100 cm but a TG level below 2.0 mmol/L to 83% in those
within the same waist category but with a TG level above
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FIG.1. The relationship between triglycerides logarithm (Ln TG) and the metabolic triad score (MTS) (after regressing on to

age and sex) in boys (A) and girls (B).

2.0 mmol/L. The increased emphasis on TG within the
metabolic syndrome framework is strengthened by novel
approaches to elucidate the underlying pathophysiology of
cardiometabolic risk and the recent literature emphasizing
the importance of TG as a biomarker of cardiometabolic
risk 31819

In a study of 118 severely obese adolescents (BMI range
35.5-39.1 kg/m?), waist circumference and fasting glucose
values were very similar across tertiles of IAAT (as measured
by magnetic resonance imaging), whereas the median TG
showed a stepwise increase across tertiles of JAAT. In an-
other study of severely obese adolescents (BMI 35.7£0.9),
MRI-derived subcutaneous abdominal adipose tissue
(SAAT) and glucose were no different in those with insulin
resistance (IR). In contrast, those with higher TG (1.62+0.02

mmol/L) had higher IR, fasting insulin, hepatic fat, IAAT,
intramyocellular lipid, and small dense LDL particles.*’
There is also considerable epidemiological evidence to
support the use of TG and the TG/HDL ratio to identify in-
sulin resistance in purely obese cohorts of varying ages and
sexes. This is particularly useful when considering the meta-
bolic heterogeneity within obese cohorts, notably when these
individuals remain normoglycemic and exceed all recognized
waist cutoffs. McLaughlin et al.*' evaluated the ability of BMI
(waist circumference not measured), fasting glucose, and TG
concentrations to identify subjects with clamp-derived insulin
resistance. It was shown that TG was the most sensitive to
identify insulin-resistant overweight adults.”* A similar study
in obese adolescents showed that only fasting TG cut point of
1.20 mmol/L had a sensitivity of 70% and specificity of 77%
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for identifying obese children in the lowest tertile of insulin
sensitivity, measured by clamps.” Furthermore, waist cir-
cumference and fasting insulin (glucose not measured) were
not significantly different between those stratified above and
below the 1.2 mmol/L (106 mL/dL) arbitrary cutoff.

In one study, the TG-to-HDL ratio was significantly as-
sociated with Framingham risk (22.7% of the variance) and
was more powerful than sex, blood pressure, waist-to-hip
ratio, non-HDL, and the composite metabolic syndrorne.23 In
a prospective study, the TG-to-HDL ratio and the composite
metabolic syndrome diagnosis were the strongest predictors
of the development of IFG in overweight and obese subjects.
Interestingly, fasting insulin or HOMA-IR were not predic-
tive factors in the development of IFG.**

There are some inherent limitations in this study. We were
unable to validate our preliminary findings with direct
quantification of JAAT and insulin sensitivity measured by
clamps and we did not confirm in a lean control group. Qur
cohort was heterogeneous in age, obesity status, and sexual
maturation. However, we assessed the changes in metabolic
risk according to median age (14.5 years) and found no
significant differences in the metabolic response to inter-
vention. There were no significant differences in metabolic
improvements according to those above or below the median
waist circumference (96 cm). Furthermore, we were not able
to consider the effect of differences in sexual maturity, al-
though dyslipidemia only worsens at the onset of 2puberty
and remains stable during all other pubertal stages.”

In summary, fasting TG within the HyperTG waist phe-
notype is an independent predictor and accounts for the
majority of the variance of the metabolic triad. Weight loss—
associated improvements in fasting TG concentration (not
waist circumference) predicted the cumulative change in the
MTS (fasting insulin, ApoB, LDL peak particle density) that
is characteristic of IAAT, insulin resistance, and metabolic
obesity. Therefore, fasting TG concentrations may be a
marker of metabolically abnormal obesity and a surrogate of
underlying insulin resistance within the metabolic syndrome
definitions. Furthermore, the changes in TG may characterize
the metabolic improvements in response to weight loss in
clinically obese youth.
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