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Introduction: Familial hypercholesterolemia (FH) is an inheritable, autosomal dominant disorder leading
to pathologically increased levels of low-density-lipoprotein cholesterol (LDL-C). Dietary treatment re-
mains an important tool in the management of affected children even after the decision for the initiation
of pharmacotherapy is made. However, little evidence is available regarding the optimal dietary regimen
for the treatment of children affected with FH.
Methods: We present results from a randomized controlled trial in paediatric patients affected with
heterozygous FH, assessing the effect of a soy-enriched fat modified diet (soy group) compared to fat
modified diet (Control group) alone on LDL-C over a period of 13 weeks. Furthermore, we monitored
isoflavone levels in plasma and urine as markers of adherence to the dietary treatments.
Results: LDL-C decrease was statistically significantly greater in the soy group compared to the control
group at week 7 (Control group 176.3 ± 27.8 mg/dl, soy group 154.7 ± 29.2 mg/dl, p ¼ 0.038), and showed
a trend towards significant at week 13 (Control group 179.9 ± 41.8 mg/dl, soy group 155.0 ± 30.2 mg/dl,
p ¼ 0.089). Relative LDL-C decrease correlated significantly with the following plasma isoflavone con-
centrations measured in week 7: daidzein (p < 0.004, r ¼ 0.576) and genistein (p < 0.017, r ¼ 0.490).
Conclusions: We provide evidence from a small randomized-controlled trial for the effectiveness and
safety of a dietary treatment with soy in paediatric patients affected with heterozygous FH. The decrease
in LDL-C was highly correlated with isoflavone levels, further highlighting a direct effect of soy ingestion.
This study was registered under ClinicalTrials.gov Identifier No. NCT03563547.

© 2019 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Familial hypercholesterolemia (FH) is an inheritable, autosomal
dominant disorder leading to pathologically increased levels of
low-density-lipoprotein cholesterol (LDL-C). With estimated prev-
alences of 1/500 to 1/200, FH can be considered one of the most
commonmonogenetic disorders [1,2]. FH exists in both hetero- and
homozygous forms (HeFH or HoFH) with LDL-C plasma concen-
trations typically ranging from 200e600 mg/dL (5e10 mmol/L) in
patients affected with HeFH and >600 mg/dL (15.5 mmol/L) in
subjects suffering from HoFH [2,3]. In children an LDL-C >190 mg/
dL, or an LDL-C >160 mg/dL with a positive family history of pre-
mature coronary heart disease and/or high baseline cholesterol in
one parent make the phenotypic diagnosis [3]. FH is most
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commonly caused by mutations in one or more of three different
genes: (i) the LDL receptor (LDLR), (ii) apolipoprotein B (ApoB), and
(iii) pro-protein convertase subtilisin/kexin 9 (PCSK9), with varying
clinical phenotype [4]. As a direct result of its early manifestation in
childhood as a life-long risk factor for premature cardiovascular
disease (CVD), it is of special importance for family practitioners
and paediatricians to be aware of FH [3]. In the pre-statin era CVD
usually occurred in patients affected with HeFH in their fourth-to
fifth decade [5,6].

While the immediate initialization of cholesterol-lowering
medication in combination with life-style treatment is strongly
endorsed in adults, the current guidelines from the European
Atherosclerosis Society only recommend the consideration of
pharmacotherapy in children affected with HeFH starting at the age
of 8e10 [7]. Evidence based dietary treatment is therefore of special
importance in patients below 8 years of age. If the decision for
medication is made, statins are first-line therapy in both adults and
children [8]. However, dietary- and life-style treatment remains an
y Elsevier Ltd. All rights reserved.
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List of abbreviations

ALT Alanine-Aminotransferase
ApoA1 Apolipoprotein A1
ApoB100 Apolipoprotein B100
AST Aspartate-Aminotransferase
CVD Cardiovascular disease
FH Familial hypercholesterolemia
FM Fat-modified
GGT Gamma-Glutamyl-Transferase
HDL-C High density lipoprotein cholesterol
HeFH heterozygous familial hypercholesterolemia

HoFH homozygous familial hypercholesterolemia
LDL-C Low density lipoprotein cholesterol
Lp(a) Lipoprotein (a)
ODMA O-Desmethylangolensin
OH-ODMA 60-Hydroxy-O-desmethylangolensin
TC Total cholesterol
TG Triglycerides
TSH Thyroid stimulation hormone
T3 Triiodothyronine
T4 Thyroxine
VLDL-C Very low density lipoprotein cholesterol
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important tool in the management of affected children and
adherence to a healthy diet is of utmost importance in HeFH pa-
tients even after the decision for the initiation of pharmacotherapy
was made [9]. While the beneficial effects of diets low in saturated
fat and cholesterol are scientifically well established in adults, only
little data is available on the effects of such dietary regimens on
children affected with FH [10,11]. Furthermore, several studies have
indicated that the currently recommended dietary regimens for the
treatment of HeFH may be optimized by adding sources of plant
sterols to the diet [12].

Specifically, the ingestion of soy is reported to exhibit beneficial
effects on CVD by lowering LDL-C and thus could provide a thera-
peutic option through dietary means for reducing the risk of
possible long-term adverse effects of FH [13]. Interestingly, it ap-
pears that only whole soy has LDL-C reducing properties, whereas
the isolated soy isoflavones daidzein and genistein do not [14e16].
This may, in part, be explained by a displacement effect where
foods rich in soy protein replace animal products which are
generally higher in saturated fat content, thus leading to a more
favourable nutritional profile [17]. Similar findings regarding the
effectiveness of isolated isoflavones were reported from a small
trial with hypercholesterolemic subjects in paediatric age [15].
However, a meta-analysis by Zhou et al. found that the LDL-C
reducing effect of soy ingestion is greater when soy foods high in
isoflavones are consumed [18]. Furthermore, a more recent study
demonstrated that isoflavones from soy extract improved arterial
stiffness in equol producers [19]. In conclusion, the exact role of soy
isoflavones in regard to cardiovascular risk reduction remains
elusive.

It is important to point out that there are reports on possible
adverse effects of soy-enriched diets on the thyroid gland [20].
Nonetheless, administering soy is generally considered safe even in
very young children [21].

Several studies have suggested the measurement of isoflavones
in urine and/or plasma as a method of assessing adherence to soy
consumption [22]. Daidzein and genistein, due to their character-
istic of occurring naturally in soy-beans, have been identified as the
most promising parameters for adherence to soy-enriched diet in
adults as they were shown to correlate with soy-intake [23,24].
Furthermore, they have been validated as markers of adherence to
dietary treatment in adults affected with familial hypercholester-
olemia [25].

Based on these previous findings we hypothesize that the LDL-C
lowering effect of a fat-modified diet could be further increased by
the addition of soy-protein in children affected with HeFH.

2. Materials and methods

This study is a prospective randomized controlled trial.
Please cite this article as: Helk O, Widhalm K, Effects of a low-fat dietar
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2.1. Study protocol

The enrolled subjects were recruited from the outpatient clinic
for disorders of metabolism of the Medical University of Vienna.
Subjects were either allocated into a group treated with a dietary
regimen high in unsaturated fats, low in saturated fats and enriched
with soy-protein (“soy group”) or a group treatedwith a diet high in
unsaturated fats and low in saturated fats (“control group”) alone at
random. All subjects had been instructed to adhere to a fat-
modified diet as described below prior to enrolment into the
study as part of their routine treatment. Prior to being considered
for inclusion in the study all subjects had to undergo nutritional
protocoling using 24 h dietary recall protocols, which were
completed by their legal guardians, for 7 days. This was done to
confirm adherence to the routine dietary treatment. Furthermore,
all patients had been screened for metabolic diseases other than FH
as part of their initial routine assessment in our specialised centre.

Subjects in both groups had been instructed to achieve specific
daily maximum intakes in total fat (�30% of total energy intake),
saturated fatty acids (�10% of total fat intake) and cholesterol
(�300 mg). Furthermore the participating families had been
trained to replace as many visible fat sources as possible with
rapeseed oil due to its favorable composition of polyunsaturated
fatty acids [26].

Subjects allocated to the soy group and their families were
additionally instructed to consume at least 0.25 g of soy protein per
kg bodyweight per day and were provided with recipes and prac-
tical advice on how to achieve this goal. Example provided: a child
with a bodyweight of 30 kg would have to consume the equivalent
of approx. 50 g of Tofu per day to meet the treatment target. This
dosage had been reported as effective for LDL-C reduction in chil-
dren in a previous, non-controlled study [10].

Further appointments with an experienced dietitian were
made after enrolment for both treatment groups, totalling 7
training sessions (60 min each) over the course of the first 7
weeks of the trial. This was done to identify possible issues
with the practical implementation of especially the soy-
enriched diet.

Patients were asked to provide weekly urine samples and blood
was drawn immediately after enrolment, week 7 and week 13,
respectively. The urine- and plasma samples were immediately
frozen and later analysed for their isoflavone content. Isoflavone
levels were assessed at baseline to verify that the respective pa-
tients did not consume soy products prior to the trial. All enrolled
subjects had to participate for 13 weeks or were excluded from the
statistical evaluation (per protocol analysis). If relevant levels of
isoflavones were detected in either urine or plasma of subjects in
the Control-group the subjects were excluded from any further
statistical evaluation.
y regimen enriched with soy in children affected with heterozygous
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The study was approved by the Ethics Committee of the Medical
University of Vienna. Informed consent from all participating sub-
jects and their legal guardians was obtained prior to their enrol-
ment in the study. Our research was conducted in accordance with
the latest Declaration of Helsinki. This study was registered under
ClinicalTrials.gov Identifier No. NCT03563547.

2.1.1. Inclusion criteria
Informed consent of both the patient and their legal guardian,

age of 4e14, diagnosis of definite FH using the Simon Broome
criteria [27], body weight within normal age-specific percentile
range (Kromeyer-Hauschild et al.) [28], the proven ability and
willingness to adhere to a fat-modified diet.

2.1.2. Exclusion criteria
Metabolic or genetic disorders other than FH, current infectious

disease, current or history of cancerous disease, current treatment
with lipid lowering drugs, failure to complete all trial-related as-
sessments, reported habit of consuming soy products or adherence
to a non-standard diet (e.g. vegetarianism) prior to enrolment into
the study.

2.2. Laboratory methods

2.2.1. Isoflavones
In the plasma samples, the following soy isoflavones and me-

tabolites were analyzed with GC/MS after enzymatic hydrolysis as
aglycones as described in Rüfer et al., 2008 [29]: Daidzein, genis-
tein, dihydrodaidzein, dihydrogenistein, glycitein, equol, 30-
hydroxydaidzein and O-desmethylangolensin (ODMA). In urine
samples, the following isoflavones were assessed without enzy-
matic hydrolysis of the conjugative metabolites using a previously
described UHPLC-MS/MS method [30]: Daidzein, genistein and
their conjugative glucuronide, sulfate and sulfoglucuronide me-
tabolites as well as the microbial degradation products dihy-
drodaidzein, dihydrogenistein, ODMA, 6-hydroxy- O-
desmethylangolensin (OH-ODMA) and equol only as unconjugated
aglycones.

2.2.2. Further parameters
Further assessed laboratory parameters include LDL-C, HDL-C,

Very Low Density Lipoprotein Cholesterol (VLDL), TC, Triglycerides
(TG), Apolipoprotein A1 (ApoA1), Apolipoprotein B100 (ApoB100)
and Lipoprotein (a) (Lp(a)) as well as Creatinine, Thyroid stimula-
tion hormone (TSH), Triiodothyronine (T3) and Thyroxine (T4) as
safety parameters as well as Aspartate-Aminotransferase (AST),
Alanine-Aminotransferase (ALT) and Gamma-Glutamyl-Transferase
(GGT). All non-isoflavone relatedmeasurements were performed in
the centralized clinical laboratory of the Vienna General Hospital.
TC and TG levels were measured enzymatically by using test kits
from Boehringer Roche GmbH (Mannheim, Germany): CHOD-PAP
and GPO-PAP (enzymatic calorimetric methods). Aspartate Amino
Acetyl Transferase (ASAT), Alanine Amino Transferase (ALT) and
Gamma-Glutamyltransferase (g - GT), Creatinine, Urea and Platelets
were determined before and after 5 months of treatment. Levels of
ASAT, ALT, g - GT, and creatinine determined enzymatically by test
kit of Vitros chemistry. ApoA1, ApoB100 and Lp(a) were measured
by nephelometry with test kits from Roche Diagnostics. LDL-C was
calculated using the formula postulated by Friedewald et al. [31].

2.3. Statistical analysis

All statistical analyses were performed with IBM SPSS Statistics
for Windows, Version 24.0. Armonk, NY: IBM Corp. All medians are
Please cite this article as: Helk O, Widhalm K, Effects of a low-fat dietar
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reported with 25th and 75th Quantiles. Means are reported with
standard deviations.

2.3.1. Sample size calculation
The sample size calculation was performed using a precision

basedmodel.Weretrospectivelyanalyzed LDL-Cconcentrationsof10
randomly selected children suffering formHeFHwho had previously
been treated in our outpatient clinic with a fat-modified diet. Mean
LDL-C in this sample was 166mg/dl ± 13mg/dl. In order to detect an
expected difference in LDL-C concentrations of 10% between groups
[22] (corresponding to 16 mg/dl) with a statistical power of 90% a
sample size of 15 subjects per group is required (alpha ¼ 0.05). We
therefore aimed to include 30patients in our studywith anestimated
dropout rate of 10%. To reach equal patient numbers in both groups,
the required sample size was rounded up to 34 patients.

2.3.2. Evaluation of clinical parameters
Our main hypothesis was that LDL-C can be significantly low-

ered by a fat modified diet enrichedwith soy-protein compared to a
control group undergoing. Thus, we compared LDL-C between
groups over time using a two-way mixed ANOVA followed by
Tukey's post hoc-test. Possible effects on other lipoproteins (HDL-C,
VLDL-C, TC) were evaluated in the same manner.

2.3.3. Evaluation of plasma isoflavones
The concentrations of plasma isoflavones (daidzein, genistein,

glycitein, equol and ODMA) of each time point were correlatedwith
LDL-decrease in percent in the respective time frame by calculating
Spearman's Rho.

2.3.4. Evaluation of urinary isoflavones
First, themedian, creatinine adjusted concentrations of daidzein

and genistein between week 1 and 7 and week 8 and 13 were
summarized with those of their respective metabolites. In detail
daidzein was summarized with dihydrodaidzein, daidzein-40-
glucuronide, daidzein-7-glucuronide, daidzein-40-sulfate, daid-
zein-7-sulfate, daidzein-7,40-disulfate, daidzein-7-glucuronide-40-
sulfate. Genistein levels were summarized with its respective me-
tabolites in the same manner. The resulting values (Dai þ Met and
Gen þ Met) were then correlated with LDL decrease in percent in
the respective time frame.

3. Results

A total of thirty-four (34) patients had initially been enrolled
into the study. Four (4) of these subjects failed to participate for the
full duration of the study and were thus excluded. Four (4) more
subjects were excluded from the final statistical evaluation due to
incomplete data due to scheduling problems (2) and drastic
changes in dietary habits compared to baseline (2). Of the
remaining 26 subjects, 13 had been allocated to the soy- and the
control group each (Fig. 1). Age and sex distribution across groups is
provided in Fig. 2. Baseline characteristics are provided in Table 1.
Mean Energy- and macronutrient intake were not different be-
tween groups at baseline (Table 2). Data are mean ± standard error,
unless otherwise stated. As the data on LDL-C had initially been
skewed a square root transformationwas applied. Furthermore, the
assumption of sphericity was violated for VLDL-C and Lp(a),
therefore a Greenhouse-Geisser correction was applied.

3.1. Lipids and lipoproteins

Mean serum lipid and lipoprotein concentrations at baseline,
week 7 and week 13 are provided in Table 1. A statistically signifi-
cant interaction between group and time on LDL-C (p < 0.002,
y regimen enriched with soy in children affected with heterozygous
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34 subjects were enrolled 
and underwent 
randomiza on

17 were treated with a fat 
modified diet enriched 

with soy protein

2 subjects discon nued the 
trial (1 reported 
gastrointes nal 

intolerance for soy 
products, 1  no reason 

specified)

Soy group
(n=15)

2 subjects excluded from 
sta s cal analysis (1 

incomplete nutri onal 
protocols, 1 inadherance 

to diet)

13 subjects included in 
final evalua on (6 male, 

7 female)

17 were treated with a fat 
modifed diet alone

2 subjects discon nued the 
trial (2 scheduling 

problems)

Control group
(n=15)

2 subjects excluded from 
sta s cal analysis 

(incomplete data), no 
subjects had to be 

excluded due to increased 
isoflavone levels

13 subjects included in 
final evalua on

(2 male, 
11 female)

No subjects were excluded 
due to pre-exis ng 

nutri onal habits (e.g. soy 
consump on or 
vegetarianism)  

Fig. 1. Number of included subjects and drop-outs.
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partial h2 ¼ 0.253) was detected. Testing for main effect for group
revealed that LDL-C was statistically significantly greater in the
control group compared to the soy group at week 7 (p ¼ 0.038,
control group 176.3 ± 27.8 mg/dl, soy group 154.7 ± 29.2mg/dl) and
showed a trend towards significant at week 13 (p ¼ 0.089, control
group 179.9 ± 41.8 mg/dl, soy group 155.0 ± 30.2 mg/dl). No sta-
tistically significant differences were found at baseline (p ¼ 0.803)
Table 3.

Furthermore, there was a statistically significant interaction
between group and time on TC (p¼ 0.015, h2¼ 0.161). Tukey's post
hoc testing showed no significant differences between groups at
baseline (p ¼ 0.424), week 7 (p ¼ 0.211) or week 13 (p ¼ 0.312).

There was no statistically significant interaction between group
and time on HDL-C concentration (p ¼ 0.961, partial h2 ¼ 0.002),
TG (p¼ 0.240, partial h2¼ 0.117), VLDL-C (p¼ 0.276, h2¼ 0.052) or
Lp(a) (p ¼ 0.378, h2 ¼ 0.034).

3.2. Isoflavones

No relevant concentrations of isoflavones were detected in the
control group at any timepoint.

3.2.1. Plasma isoflavones
As the data on plasma isoflavone concentrations was not nor-

mally distributed, Spearman's correlation coefficient was calcu-
lated. LDL-C decrease in percent from week 1 to week 7 correlated
significantly with the following plasma isoflavone concentrations
measured in week 7: daidzein (p < 0.004, r ¼ 0.576) and genistein
(p < 0.017, r ¼ 0.490) (Fig. 3). Relative LDL-C decrease did not
Please cite this article as: Helk O, Widhalm K, Effects of a low-fat dietar
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correlate significantly with glycitein or ODMA. Furthermore, a
significant correlation was found for genistein at week 13 and LDL-
C decrease between week 1 and week 13 in percent. No significant
correlations were found for daidzein, ODMA and glycitein values
from week 13.

Detectable concentrations of equol were found in one subject in
week 7 and in another subject inweek 13. Due to these findings, no
correlations were performed for equol.

3.3. Urine isoflavones

Dai þ met and gen þ met correlated significantly with LDL-C
decrease between week 1 and 7 (p ¼ 0.006, r ¼ 0.523 and
p ¼ 0.01, r ¼ 0.493, respectively). There was no significant corre-
lation between these parameters between week 8 and 13
(dai þ met: p ¼ 0.085, r ¼ 0.330, gen þ met: p ¼ 0.190, r ¼ 0.284).

3.4. Safety parameters and side effects

No pathologically increased or decreased levels of AST, ALT, GGT,
TSH, T3 or T4 were detected at any point in time. One subject dis-
continued the study due to gastric discomfort after consumption of
soy-products. No other side effects were reported or detected.

4. Discussion

We provide evidence from a randomized controlled trial that a
diet enriched with soy may be of added benefit in the dietary
treatment in paediatric patients affected with HeFH. Side effects
y regimen enriched with soy in children affected with heterozygous
0.1016/j.clnesp.2019.09.009



Fig. 2. Age and sex distribution across groups.

Table 1
Baseline characteristics; comparisons between groups were made with t-tests.

Soy group (n ¼ 13) Control group (n ¼ 13) P value

Age (yrs) 9.46 (±4.05) 8.0 (±3.46) 0.564
Height (cm) 135.98 (±22.74) 128.05 (±22.74) 0.292
Weight (kg) 32.78 (±14.72) 27.97 (±22.39) 0.557
BMI 16.77 (±2.95) 15.75 (±3.15) 0.635
Sex (m/f) 7/6 2/11

Table 2
Energy- and macronutrient intake between groups at baseline. Values for macro-
nutrients represent the relative amount to total energy intake.

Soy group (n ¼ 13) Control group (n ¼ 13) P value

Energy intake (kcal) 1487.03 (±475.29) 1503.22 (±502.83) 0.899
%E from Carbohydrates 52.58 (±5.33) 51.92 (±7.31) 0.783
%E from Sugars 17.36 (±5.42) 16.99 (±7.23) 0.759
%E from Protein 14.07 (±3.21) 15.21 (±5.02) 0.679
%E from Fat 33.2 (±5.61) 34.1 (±6.9) 0.872
%E from saturated Fat 7.21 (±1.91) 7.51 (±2.04) 0.614
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were limited to slight gastric discomfort after the consumption of
soy-products in one subject, who thus chose to discontinue the
trial. In none of the enrolled patients a clinically significant
change in thyroid hormones or parameters of liver function could
be detected. Overall, the diet was well tolerated and well
accepted.

We found a statistically significant decrease in LDL-C of
approximately 10% from baseline in the soy group. These findings
are in line with results from similar studies in adult patients [22,32]
and are also in line with those from a previous, non-controlled
Please cite this article as: Helk O, Widhalm K, Effects of a low-fat dietar
familial hypercholesterolemia, Clinical Nutrition ESPEN, https://doi.org/1
longitudinal study [10]. A slight decrease in HDL-C occurred in
both groups, which was not significant. However, it was minimal
and can possibly be explained by random effects. We also detected
an effect of the diet on TC, however, no significant changes between
groups were detected in the post-hoc tests after adjusting for
multiple comparisons. In line with our hypothesis is thus seems,
that any reduction in TC through a soy enriched diet may be more
variable and less pronouncedwhen compared to the effects on LDL-
C. It remains possible that age or unwanted changes in lifestyle and
nutrition occurring in the subjects after the soy enriched diet was
newly introduced affected our findings, however, the reduction in
LDL-C correlated with both urine and plasma isoflavone
concentrations.

A previous study by Weghuber et al. [10] demonstrated bene-
ficial effects of soy ingestion on lipoprotein profile using a higher
amount of soy, i.e. 0.5 gof soy protein equivalent per kg bodyweight
per day. However, in the study at handwere able to demonstrate an
effect of soy ingestion on LDL-C levels at a lower recommended
intake.

There was no significant change in LDL-C from week 7 to week
13, while isoflavone concentrations in both urine and plasma
decreased. Although isoflavone concentrations in both plasma and
urine showed very strong correlation with LDL-decrease in week 7,
correlations grew weaker as the trial progressed. This may be
interpreted as further evidence for a decline in adherence to the
diet and coincided with the discontinuation of weekly appoint-
ments with our dietitian. Morimoto et al. reported from their trial
in adults that isoflavones become less reliable as a parameter of soy
intake if smaller quantities of soy are ingested [23]. We further
hypothesize that these findings reflect a lower intake of soy that
was sufficient to maintain decreased LDL-C levels.
y regimen enriched with soy in children affected with heterozygous
0.1016/j.clnesp.2019.09.009



Table 3
Mean lipoprotein levels between groups at baseline, week 7 and week in mg/dl. P values represent the interaction term between time and group in a repeated measures
ANOVA. Asterisks highlight significant differences in Bonferroni post-hoc tests between groups and within timepoints (* < 0.05).

Soy group (n ¼ 13) Control group (n ¼ 13) P value (Interaction term)

Mean (±Std dev) Mean (±Std dev)

LDL-C week 1 175.2 (±30.5) 171.9 (±23.1) 0.002*
LDL-C week 7 154.7 (±29.2) * 176.3 (±27.8) *
LDL-C week 13 155.0 (±30.2) 179.9 (±41.8)
Total C week 1 262 (±32.6) 248.5 (±39.9) 0.015*
Total C week 7 242.3 (±37.5) 259.2 (±35.9)
Total C week 13 242.5 (±37.2) 254.3 (±39.9)
HDL-C week 1 64.2 (±15.6) 61.1 (±13.1) 0.961
HDL-C week 7 64 (±10.8) 61.5 (±11.5)
HDL-C week 13 62.9 (±9.3) 58.5 (±12.6)
TG week 1 82.7 (±39.1) 96.1 (±51.1) 0.240
TG week 7 65.5 (±14.3) 94.6 (±36.3)
TG week 13 71.9 (±23.4) 80.00 (±16.7)
VLDL week 1 16.6 (±7.8) 19.1 (±10.3) 0.276
VLDL week 7 13.08 (±2.9) 18.9 (±7.4)
VLDL week 13 14.5 (±4.6) 15.9 (±3.4)
Lp(a) week 1 30.15 (±25.6) 64.2 (±70.3) 0.378
Lp(a) week 7 29.7 (±25.7) 68.0 (±76.8)
Lp(a) week 13 29.5 (±28.7) 59.3 (±59.3)
ApoA1 week 1 134.5 (±18.4) 139.8 (±17.1) 0.602
ApoA1 week 7 138.1 (±12.8) 138.0 (±14.6)
ApoA1 week 13 135.6 (±12.8) 136.7 (±14.6)
ApoB week 1 120 (±14.9) 126.8 (±15.4) 0.635
ApoB week 7 112.5 (±20.2) 124.2 (±20.6)
ApoB week 13 112.5 (±18.8) 122.5 (±21.46)

Fig. 3. Plasma LDL-C concentrations between groups.
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Considering these findings, it is important to find healthy, soy
products especially palatable to children to make the imple-
mentation of the diet easier. Our results also highlight the need for
continuous dietary counselling in these patients.

Several weaknesses of the study at hand need to be pointed out.
Our study populationwas recruited from patients that were already
undergoing treatment in our specialised centre. While this lead to
high comparability regarding pre-existing dietary habits between
subjects, it reduces the applicability of our findings to a less highly
selected population. Furthermore, while the mean age and age
distribution of both groups was comparable there was a distinct
sex-imbalance between the treatment groups. It is therefore
Please cite this article as: Helk O, Widhalm K, Effects of a low-fat dietar
familial hypercholesterolemia, Clinical Nutrition ESPEN, https://doi.org/1
possible that some of our findings may be caused by sex-specific
effects. We are also unable to draw conclusions whether soy
treatment may be particularly effective in a certain age sub-group
as our study was underpowered to detect such differences.

5. Conclusion

We provide evidence from a small randomized-controlled trial
for the effectiveness and safety of a dietary treatment with soy in
paediatric patients affected with HeFH. Our results demonstrate
that isoflavones from both urine and plasma may serve as in-
dicators of treatment success regarding LDL-C reduction and thus
y regimen enriched with soy in children affected with heterozygous
0.1016/j.clnesp.2019.09.009
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make the hypothesis that soy ingestion directly leads to a more
favourable lipoprotein profile more plausible. Correlation of
Dai þ Met and Gen þ Met with LDL-C decrease was superior to
daidzein or genistein alone. Further trials with larger case numbers
will be required to confirm our findings, while dose-response
studies between soy intake and isoflavone concentrations will
provide further insight regarding the potential role of isoflavones as
markers of adherence to diet. Furthermore, questions remain
regarding the ability of paediatric patients to adhere to this form of
diet for a prolonged amount of time.
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