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Background and aims: Dietary fructose may play a role in the pathogenesis of metabolic syndrome
(MetS). In a recently published study of obese children with MetS, we showed that isocaloric fructose
restriction reduced fasting triglyceride (TG) and LDL-cholesterol (LDL-C). In these ancillary analyses, we
tested the hypothesis that these effects were also accompanied by improved quantitative and qualitative
changes in LDL and HDL subclasses and their apolipoproteins; as well as change in VLDL, particularly
apoC-III.
Methods: Obese children with MetS (n ¼ 37) consumed a diet that matched self-reported macronutrient
composition for nine days, with the exception that dietary fructose was reduced from 11.7 ± 4.0% to
3.8 ± 0.5% of daily calories and substituted with glucose (in starch). Participants underwent fasting
biochemical analyses on Days 0 and 10. HDL and LDL subclasses were analyzed using the Lipoprint HDL
and LDL subfraction analysis systems from Quantimetrix.
Results: Significant reductions in apoB (78 ± 24 vs. 66 ± 24 mg/dl) apoC-III (8.7 ± 3.5 vs. 6.5 ± 2.6 mg/dl)
and apoE (4.6 ± 2.3 vs. 3.6 ± 1.1 mg/dl), all p < 0.001) were observed. LDL size increased by 0.87 Å
(p ¼ 0.008). Small dense LDL was present in 25% of our cohort and decreased by 68% (p ¼ 0.04). Small
HDL decreased by 2.7% (p < 0.001) and large HDL increased by 2.4% (p ¼ 0.04). The TG/HDL-C ratio
decreased from 3.1 ± 2.5 to 2.4 ± 1.4 (p ¼ 0.02). These changes in fasting lipid profiles correlated with
changes in insulin sensitivity.
Conclusions: Isocaloric fructose restriction for 9 days improved lipoprotein markers of CVD risk in
children with obesity and MetS. The most dramatic reduction was seen for apoC-III, which has been
associated with atherogenic hypertriglyceridemia.

© 2016 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Dyslipidemia and hypertension, two risk factors for cardiovas-
cular disease (CVD), are now common in childhood in association
with non-alcoholic fatty liver disease (NAFLD) and type 2 diabetes
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(T2DM) [1�3]; the cluster of diseases often referred to as metabolic
syndrome (MetS). Changes in dietary composition associated with
the Western Diet may be at the root of the biochemical alterations
which promote MetS and associated atherogenic dyslipoproteine-
mia. Fructose is a key suspect since: a) its consumption has
increased concurrently with incidence of MetS conditions; b) it is
metabolized almost exclusively in the liver, where it stimulates de
novo lipogenesis to drive hepatic triglyceride (TG) synthesis [4�7];
and c) it contributes to hepatic insulin resistance [4].
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Hepatic lipid accumulation is linked to overproduction of large
VLDL1 particles rich in apolipoprotein C-III (apoC-III) [8�11]. Re-
sults from two large-scale Mendelian randomization studies are
highly suggestive for a causal association between apoC-III levels
and CVD [8e11].

VLDL1 levels are associatedwith small dense LDL (sd-LDL) levels
[12e14] Increased levels of VLDL1 may alter the composition of
HDL as well, leading to the formation of small HDL [15,16].

Fructose consumption is associated with dyslipoproteinemia, as
demonstrated by a recent study by Stanhope et al. in which serum
concentrations of non-HDL-C, LDL-C, apoB, and apoC-III levels
increased in a dose-dependent manner in young adults consuming
beverages providing up 25% of calories as high fructose corn syrup
(HFCS) for 2 weeks [17]. We recently reported the effects of a
controlled dietary intervention study of isocaloric substitution of
starch for sugar on metabolic parameters in children with obesity
and metabolic co-morbidities [18]. When dietary fructose was
reduced from an average of 12%e4% of total caloric intake, reduc-
tion in fasting TG levels of 0.4 mmol/L, 46% (p < 0.002), LDL-C by
0.3 mmol/L (p < 0.001), and HDL-C by 0.1 mmol/L (p < 0.001) were
observed within 10 days.

The present ancillary analyses, using stored fasting serum
samples from the aforementioned study, tested the hypothesis that
these effects were associated qualitative changes in VLDL catabo-
lism compatible with a reversal of changes induced by insulin
resistance (i.e. improved quantitative and qualitative changes in
LDL and HDL subclasses), and changes in apolipoproteins, partic-
ularly apoC-III.
2. Materials and methods

This study was approved by the UCSF and the Touro University
Institutional Review Boards, and listed as NCT01200043 on Clin-
icalTrials.gov. As described in detail in the report of the parent
study [18], we recruited Latino and African-American childrenwith
obesity who were high habitual sugar consumers (>15% sugar and
>5% fructose) and had at least one metabolic co-morbidity.

After completion of baseline metabolic testing, including
collection of fasting serum samples, participants were provided
with nine days worth of food prepared by the UCSF Clinical
Research Service (CRS) Bionutrition Core to provide sufficient cal-
ories to maintain their body weight. The menu was prearranged so
that the percentage of calories consumed from all carbohydrate
sources was consistent with their baseline diet but fructose was
reduced from 11.7 ± 4.0% to 3.8 ± 0.5%, of daily calories. This
intervention study diet profile is consistent with recommendations
by the IOM for macronutrients [19] and the World Health Organi-
zation for dietary sugar intake [20].

On Day 10, all assessments performed at baselinewere repeated.
Fasting standard clinical analytes were measured as reported in

the previous paper [18]. HOMA-IR was calculated from fasting in-
sulin and glucose levels [21]. The new analyses reported in this
paper were:

1) apolipoproteins measured by ELISA kits from Abcam, USA:
Apolipoprotein A-I (APOA-I) Human Simple Step ELISA Kit
ab189576; Apolipoprotein C-II Human ELISA Kit ab168549;
APOC-III Human ELISA Kit ab154131; Apolipoprotein E (APOE)
Human ELISA Kit ab108813; and Apolipoprotein B (APOB) Hu-
man SimpleStep ELISA Kit ab190806.

2) human paraoxonase-1 mass was measured by ELISA,
rd191279200R, BioVendor, USA. The PON1 lactonase activity
was kinetically measured using dihydroxycoumadin DHC as a
substrate at 37 �C as described previously [22].
3) HDL and LDL subclasses were analyzed using the Lipoprint HDL
and LDL subfraction analysis systems from Quantimetrix
(Redondo Beach, CA, USA) according to the manufacturer’s
instructions.
2.1. Statistical analysis

Data are expressed as mean ± SD when normally distributed or
median and 95% confidence interval when not normally distrib-
uted. Normal distributions were tested by histogram, box-plot, q-
norm plot, and Shapiro-Wilk tests. Repeated measures analysis of
covariance (ANCOVA) was performed on each biochemical
parameter to control for weight change, and a separate regression
analysis was done to obtain the beta-coefficient (mean difference
adjusted for weight change, with 95% confidence intervals) if the
analyte was normally distributed. When data were not normally
distributed, log-transformation was performed to achieve normal
distribution and then the data were subjected to repeated mea-
sures ANCOVA. The beta-coefficients were converted back to the
raw data scale for each parameter to reflect percent change inmean
differences adjusted for weight change, with 95% confidence in-
tervals when data were log-transformed to achieve normal distri-
bution. Kruskal-Wallis non-parametric testing was used for
analysis when log-transformation did not yield a normal distribu-
tion. We ruled out the effect of minor change in weight by con-
ducting univariate regression analysis to investigate the association
between change in each metabolic analyte versus change inweight.
To measure the influence of demographic variables (sex, age, Tan-
ner stage, race/ethnicity), we re-ran the same analysis with each
included as a single covariate to the model, and with all included as
multiple covariates in one model. All statistical tests were consid-
ered significant at p < 0.05 based on two-tailed tests. All analyses
were conducted with STATA version 12.1 (StataCorp, College Sta-
tion, TX, USA).

3. Results

3.1. Characteristics of participants

As reported previously [18], 43 Latino and African-American
participants were assessed in the parent study. Due to paired
sample availability in this ancillary study, we ran supplemental
assays in 37 participants. The mean age in this subgroup was
13.3 ± 2.7 years, with BMI z-score 2.4 ± 0.3. Pubertal status was
Tanner 1 in five, Tanner 2e3 in 16, and Tanner 4e5 in 22
participants.

Analysis of DXA data established that fat and bone mass did not
change significantly during the 10-day study period, although fat-
free mass reduced by 0.6 kg (p ¼ 0.04). Despite efforts to sustain
each participant’s body weight at baseline-, average weight
decreased by 1% (p < 0.001) over the intervention [18]. Conse-
quently, all physiologic and biochemical analyses that were nor-
mally distributed, either before or after log-transformation, were
adjusted for weight change by repeated measures ANCOVA. These
results did not differ when controlled for sex, age, Tanner stage,
and/or race/ethnicity (data not shown).

3.2. Lipids, lipoprotein subclasses, and apolipoproteins

The results of lipid and lipoprotein analyses are shown in
Table 1. Fasting TG levels decreased by 46% (p¼ 0.002), low-density
lipoprotein cholesterol (LDL-C) decreased by 0.3 mmol/L
(p< 0.001), and HDL-C decreased by 0.1mmol/L (p< 0.001). The TC/
HDL-C ratio decreased by 11% (p < 0.03), and the TG/HDL-C ratio



Table 1
Lipid and lipoprotein analyses mean ± SD and median (range) on Day 0 and 10.

n Day 0* Day 10* b-coefficient(Unadjusted change)
[95% CI]

p value b-Coefficient
(adjusted change) [95% CI]

p value

Triglycerideb** (mmol/L) 43 1.4 ± 0.9
1.2 (0.8, 1.6)

1.0 ± 0.5
0.9 (0.6, 1.3)

�50.5%
(�65.7, �28.5)

<0.001 �46.0%
(�62, �25)

0.02

LDL-cholesterol b (mmol/L) 43 2.4 ± 0.6
2.3 (0.9, 1.8)

2.1 ± 0.6
1.9 (1.7, 2.5)

�0.3
(�0.4, �0.1)

<0.001 �0.3
(�0.4, �0.1)

<0.001

HDL- cholesterol b (mmol/L) 43 1.2 ± 0.2
1.1 (0.9, 1.3)

1.0 ± 0.2
1.0 (0.9, 1.5)

�0.1
(�0.14, �0.06)

<0.001 �0.1
(�0.2, �0.09)

<0.001

LDL-1** (%)*** 37 30.1 ± 10.7
27 (23e36)

26.5 ± 9.3
26 (20e33)

�25.9%
(�40.3, �8.2)

0.008 �25.5%
(�40, �7)

0.009

LDL-2y (%) 37 16.5 ± 13.5
13 (8e21)

11.8 ± 8.3
11 (5e17)

0.15 0.15

LDL-3 (%) 10& 1.9 ± 1.7
1.25 (0.9, 2.3)

0.6 ± 0.7
0.55 (0, 1.2)

�1.3
(�2.6, �0.06)

0.04 �1.3
(�2.6, �0.3)

0.04

LDL size (Angstroms) 37 271.3 ± 3.1
271.2 (269.7e273.5)

272.2 ± 2.5
272.1 (270.7e273.6)

þ0.87
(þ0.25, þ1.49)

0.008 þ0.87
(þ0.24, þ1.51)

0.008

Small HDL (%)**** 37 14.6 ± 6.1
15.2 (10.2e19.4)

11.8 ± 5.5
10.9 (7.9e15.1)

�2.79
(�4.22, �1.36)

<0.001 �2.73
(�4.19, �1.28)

0.001

Intermediate HDL (%)**** 37 58.5 ± 5.2
58.3 (54.8e62.7)

58.7 ± 5.7
59.8 (54.8e62.7)

þ0.27
(�1.21, þ1.75)

0.71 þ0.27
(�1.22, þ1.77)

0.72

Large HDL (%)**** 37 26.8 ± 7.9
26.4 (21.6e33.5)

29.3 ± 7.7
29.3 (23.6e35.2)

þ2.48
(þ0.25, þ4.71)

0.03 þ2.42
(þ0.17, þ4.67)

0.04

APO-AI** (mg/dl) 30 120 ± 61
104.5 (74.5e149)

95 ± 50
81 (58e109)

�42.6%
(�67.9, þ2.9)

0.06 �43%
(�68, þ3)

0.06

APO-B** (mg/dl) 37 78 ± 24
75 (63e�90)

66 ± 24
67 (75e�51)

�32.9%
(�44.4, �19.1)

<0.001 �32%
(�45, �19)

<0.001

APO-CII** (mg/dl) 37 8.7 ± 3.7
7.9. (6.4e10.0)

8.3. ± 4.2
7.5 (5.4e10.2)

�14%
(�31.9, þ8.5)

0.20 �15%
(�32, þ9)

0.19

APO-CIII** (mg/dl) 37 8.7 ± 3.5
8.0 (7.1e9.9)

6.5 ± 2.6
5.7 (4.6e7.2)

�48.9%
(�60.1, �34.7)

<0.001 �49%
(�61, �34)

<0.001

n Day 0* Day 10* b-Coefficient (Unadjusted change)
[95% CI]

p value b-Coefficient
(Adjusted change) [95% CI]

p value

APO-E** (mg/dl) 37 4.6 ± 2.3
4.1 (3.3e5.2)

3.6 ± 1.1
3.3 (2.8e6.7)

38.3%
(�52.1, �20.4)

<0.001 �38%
(�52, �19)

<0.001

PON activity lactonase (U/L) 37 51.7 ± 16.3
51.3 (37.9e62.72)

46.8 ± 15.1
45.2 (36.44e58.63)

�4.96
(�6.41, �3.51)

<0.001 �4.93
(�6.43, �3.43)

<0.001

PON mass mg/ml 19 23.6 ± 6.2
23.95 (18.9e29.05)

22.1 ± 5.4
22.3 (18.02e26.08)

�1.48
(�2.89, �0.06)

0.04 �1.44
(�2.92, þ0.04)

0.06

Non-HDL cholesterol (mmol/L) 43 3.0 ± 0.7
2.8 (2.4e3.3)

2.5 ± 0.7
2.5 (2.0e3.0)

�0.4
(�0.6, �0.3)

<0.001 �0.4
(�0.6, �0.3)

<0.001

Total cholesterol/HDL ratio** 43 3.7 ± 0.8
3.62 (3.13e4.12)

3.5 ± 0.7
3.40 (2.97e3.90)

�10.6%
(�18.7, �1.7)

0.02 �10.3%
(�18.7, �1.2)

0.03

Triglyceride/HDL ratio** 43 3.1 ± 2.5
2.64 (1.49e3.62)

2.4 ± 1.4
2.24 (1.23e3.22)

�38.6%
(�59.1, �7.8)

0.02 �38%
(�58.0, �7.0)

0.02

Statistical significance p < 0.05 after adjustment for weight change by repeated measures ANCOVA.
* Data are expressed as mean ± SD and median (range).
** Parameters not normally distributed and log transformed for analysis only, mean change and 95% CI are reported as percent change.
*** According to manufacturer’s reported as % of total lipid AUC.
**** According to manufacturer’s reported as % of total HDL lipid AUC.
b Data previously reported in Lustig et al. [18].
& Only 10/37 had LDL3 fractions.
y Non-parametric Kruskal-Wallis, statistical significance p < 0.05.
y Coefficient of determination for univariate regression analysis between change in lipid parameters and change in weight.
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decreased by 38% (p < 0.02). None of these outcomes were affected
by change in weight.

Analysis of LDL subclasses showed that 10 out of 37 children
exhibited a sd-LDL fraction on Day 0. Fig. 1A depicts a typical LDL
subclass profile of one of these children. Fructose restriction elim-
inated or reduced the sd-LDL fraction in 8/10 of these participants
on Day 10. The changes in sd-LDL strongly correlated with the
changes in LDL2 (Pearson correlation coeficient r¼ 0.85, p < 0.002).
The overall LDL size in our cohort increased by 0.87 nm (p < 0.008),
indicating a general shift from smaller LDL particles to larger ones.
ApoB, which correlates with the number of LDL particles, decreased
by 32% (p < 0.001).

The reduction in fasting TG [18] was accompanied by significant
changes in apolipoprotein profile. ApoC-III was reduced (p < 0.001).
ApoC-II did not decrease significantly. ApoE decreased (p < 0.001).
Changes in TG correlated with changes in apoC-III (r ¼ 0.57,
p < 0.001. These changes are consistent with a reduction in the
number and/or size of VLDL particles as well as a qualitative change
in their apolipoprotein profile toward a less atherogenic phenotype.

The previously reported slight decrease in HDL cholesterol [18]
was paralleled by a trend toward decreased apoA-I, although there
was a large splay. This was accompanied by a mild decrease in PON1
mass and lactonase activity. These quantitative changes were asso-
ciated with qualitative modifications in the distribution of HDL sub-
classes. Small HDL (HDL3) decreased by 2.73% (p < 0.001) while large
HDL increased by 2.43% (p ¼ 0.04) of total HDL, respectively. These
data are consistent with a redistribution of HDL particles [23,24].

3.3. Correlation of changes in lipoprotein profiles with insulin
resistance

Table 2 shows the correlations between the changes in lipid



Fig. 1. LDL and HDL subclasses at Day 0 and Day 10. (A) Typical profiles of a participant with high sd-LDL. (B) Typical profile of a participant with low sd-LDL. (C) Typical HDL
subclasses profile. Note (A and B) shift to the left for LDL subclasses (increase in size) as well as reduced sd-LDL levels and (C) reduced small HDL, mirrored by higher large HDL.
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outcomes and previously reported changes in fasting levels of in-
sulin, fasting C-peptide, and HOMA-IR. Most changes in fasting
lipids, apolipoproteins, and ratios correlated strongly with changes
in fasting parameters of insulin resistance. Of note, changes in
VLDL-associated apo-CIII and eCII showed the strongest correla-
tions. Weight change was not significant as a covariate in any of the
repeated measures ANCOVAs.
Table 2
Correlation coefficients of day 0 to day 10 changes in lipids and apolipoproteins
versus changes in insulin resistance measures.

Delta

HOMA-IR Fasting
C-peptide

Fasting insulin

ApoA-I �0.12 0.08 �0.14
Apo B 0.43

(0.01)
0.51
(0.001)

0.41
(0.01)

ApoC-II 0.45
(0.005)

0.54
(<0.001)

0.48
(0.003)

ApoC-III 0.40
(0.01)

0.43
(0.01)

0.41
(0.01)

Apo E 0.38
(0.02)

0.54
(<0.001)

0.40
(0.01)

Triglyceride 0.31
(0.04)

0.50
(<0.001)

0.34
(0.03)

Total cholesterol/HDL* 0.25 0.29
(0.06)

0.36
(0.02)

Triglyceride/HDL 0.31
(0.04)

0.50
(<0.001)

0.34
(0.03)

LDL size* 0.03 �0.15 0.05

Spearman correlation coefficients are reported if not otherwise noted.
*Pearson correlation coefficient.
p < 0.05 considered statistically significant. p value reported in parenthesis if < 0.1.
4. Discussion

This study provides new data demonstrating that short-term
isocaloric fructose restriction in children with obesity and MetS
can improve lipoprotein profiles compatiblewith a reduction of risk
factors for cardiovascular disease; that is, reduction in TG, apoB,
apoC-II, apoC-III, apoE, reduction in LDL-C with increase in LDL size,
reduction of small HDL, and lowering of the TG/HDL ratio. The most
dramatic reduction was seen for apoC-III, which is associated with
the pathogenesis of atherogenic hypertriglyceridemia [10,25e27].
These improvements in fasting lipid profiles correlate significantly
with the changes in parameters of insulin resistance.

The deleterious effect of dietary fructose on lipid profiles (high
TG and smaller LDL particle size) has been observed in epidemio-
logical studies [5,7,28,29]. Interventions increasing dietary fructose
consumption in adults document worsening lipid profiles [17]. To
better demonstrate a primary effect unrelated to energy intake or
weight change, we substituted dietary added fructose calorie-for-
calorie with glucose (in starch) so as to retain equivalence for
both calories, total carbohydrate content, and body weight [18].

Our intervention reduced fasting VLDL levels, as indicated by
significant reduction in TG [18], and reductions in apolipoproteins
B, C-II, C-III and E. In contrast, in a study of adolescents subjected to
acute weight loss (one month), reductions in TG levels of 31%
required commensurate weight loss of 6% [30]. Five of our partic-
ipants with severe hypertriglyceridemia on Day
0 (TG¼ 2.26e4.78mmol/L) had reduced TG levels by 9e75% on Day
10, while 8 participants with moderate hypertriglyceridemia
(TG ¼ 1.69e2.25 mmol/L) had reduced TG levels by 11e76% on Day
10. Interestingly, the changes in VLDL were not only quantitative,
but qualitative as well. Indeed, the most striking of all the changes



A. Gugliucci et al. / Atherosclerosis 253 (2016) 171e177 175
was the reduction in apoC-III (p < 0.001), evenmore so than apoC-II
(- NS). Stanhope et al. recently demonstrated an increase in ApoC-
III with added fructose administration over 2 weeks [17].
Conversely, we reduced Apo-CIII after just 9 days of isocaloric
fructose restriction. In addition to its potent inhibitory actions on
lipoprotein lipase (LPL) activity, ApoC-III exerts multiple pro-
atherogenic effects; e.g., facilitation of hepatic VLDL assembly and
secretion, and inhibition of non-LPL-mediated removal of TG-rich
particles and remnants [10]. Epidemiologic studies show direct
associations between elevated apoC-III levels and CVD [25,27,31].
For instance, both individuals with heterozygous mutations as well
those with as polymorphisms in apoC-III are characterized by a
favorable lipid profile and improved cardiovascular health [26].
ApoC-III is thus postulated to be a novel therapeutic target for re-
sidual CVD risk reduction that could be even more appropriate in
patients with MetS [10,25,27].

The most clinically useful measure of remnants and LDL size is
the TG/HDL-C ratio [32e34]. Isocaloric fructose restriction reduced
the TG/HDL-C ratio by 38%. The reduction in LDL-C [18] was also
associated with a concomitant increase in LDL particle size as
shown in subclass analysis. The prevalence of sd-LDL in children
has not been thoroughly described in the literature. One study
shows the general prevalence of the presence of sd-LDL is 7.5% in
children under 10 years of age [35]. In our cohort, 25% of the sub-
jects evidenced the presence of sd-LDL, and in these subjects,
isocaloric fructose restriction reduced sd-LDL levels by two-thirds.

Our findings are also in agreement with previous data showing
that fructose consumption correlates inversely with LDL particle
size in other pediatric populations [29].

Fasting HDL-C exhibited a mild reduction of 4% in our partici-
pants [18] together with a trend toward reduced apoA-I (as well as
the lower apoC-II and apoE noted above, which in part circulate on
HDL). Although this may seem paradoxical vis-�a-vis TG reduction, it
must be remembered that the HDL-C hypothesis is an epidemio-
logical concept that has gone out of favor mechanistically [36e45].
In this analysis, the small decrease in HDL-C was associated with a
shift in HDL subclasses characterized by reduced HDL3 and
increased HDL2, which correlate with the decline in both TG and
TG/HDL ratio.

Our data are in agreement with reports showing a dose-
dependent slight increase in HDL-C when sugar-containing bever-
ages are added to a regular diet in adults [17].

The overall changes in total lipids as well as apolipoproteins and
lipoprotein subclasses, together with their correlation with various
measures of metabolic improvement (glucose, HOMA-IR), suggest a
plausible unifying mechanism for our findings:

- Fructose restriction lowers de novo lipogenesis, resulting in less
hepatic TG production, less export of VLDL, and less conversion
to sd-LDL.

- ApoC-III gene expression is regulated by glucose directly
through carbohydrate response element binding protein
(ChREBP), which also mediates the induction of key lipogenic
enzymes by glucose [31]. ApoC-III gene expression is thereby
regulated in an opposite manner by insulin (negatively) and
glucose (positively).

- As reported previously [18], our intervention decreased glucose
levels, thereby reducing this positive input; and also decreased
insulin resistance, thereby increasing the negative input.

- Increased levels of VLDL1 may alter the composition of HDL,
leading to the formation of smaller and denser HDL, which was
also reversed by our intervention. Our data are in agreement
with the postulated key role of apoC-III in the dyslipidemia of
insulin resistance associated with hyperglycemia.
Our pediatric subjects with MetS were high consumers of sugar,
and it remains to be determined whether these beneficial changes
in lipoprotein profiles also occur in adult populations or those with
lower habitual fructose intake. We chose to reduce sugar intake to
4% of total calories, similar to guidelines recommended by theWHO
study of comparable duration showed that there is a dose-
dependent negative impact of added fructose (from 0 to 12.5% of
total calories) on fasting and more so on postprandial lipid profiles
[17,46]. Together with previous results in adults from our group [4],
we believe that our findings portend a likelihood for adults with
average consumption to evidence improvement in their athero-
genic profiles with fructose reduction.

We proffer several strengths of this study. Rather than studying
large acute oral fructose administration in normal participants, or
the addition of fructose to the diet [4,17], we instead assessed re-
striction of added dietary fructose in children with MetS to deter-
mine whether their lipoprotein profile would change d an
endpoint with clinical relevance and with few chances for artifact.
To reduce systematic bias, we maintained investigator blinding on
all data until final statistical analysis. The changes are important
even in the fasting conditions, and postprandial changes might be
even more pronounced.

As limitations, we grant that, although unintended, there was
minor (1%) weight loss; however, that weight loss occurred in the
fat-free mass compartment, and would not be expected to
contribute to metabolic improvement. Moreover, a comprehensive
study on weight loss and cardiometabolic profiles in children
showed that improvement occurred only in those children whose
BMI lowered by 20% in a year, with a magnitude far less than what
we demonstratedwith virtually noweight loss [47]. The short-term
intervention period could be considered a limitation; on the other
hand, it shows how rapidly dietary change can bring about
amelioration of metabolic dysfunctionOther limitations are that we
did not measure LDL particle number, or HDL or VLDL subclasses by
NMR spectroscopy or ion mobility assays, and we did not measure
prebeta-HDL. However, this does not detract from the significant
substantial changes we report on lipoprotein profiles.

In conclusion, we show for the first time that short-term
isocaloric fructose restriction in children with obesity and MetS
results in changes in lipoprotein profiles compatible with reduction
of critical risk factors for CVD; i.e. reduced TG, LDL-C, lower apo-B,
apo-CIII, apo-E, fewer sd-LDL, increased LDL size, and lower TG/HDL
ratio. Notably, the highest consistent reduction was seen for apoC-
III, a risk factor associated with hypertriglyceridemia. The changes
in these lipid patterns correlated significantly with changes in in-
sulin resistance. The improvement in atherogenic dyslipidemiawas
dependent on fructose restriction specifically and was indepen-
dently of its calories or its effects on weight. Further research is
warranted to assess whether dietary fructose restriction can impact
MetS dyslipidemia in adults, and whether such effects are sus-
tainable long-term.
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