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Supplementation with frans fatty acid at 1% energy did
not increase serum cholesterol irrespective of the
obesity-related genotypes in healthy adult Japanese

Hiroyuki Takeuchi PhD!, Chiaki Futatsuya AS', Akari Miki AS', Eiichi Tabuchi MD,

PhD!, Michihiro Sugano PhD?

!Department of Food and Nutrition, Toyama College, Toyama, Japan
’Professor Emeritus, Kyushu University, Fukuoka, Japan

Background and Objectives: The excessive intake of frans fatty acids increases serum low-density lipoprotein-
cholesterol and reduces high-density lipoprotein-cholesterol. We studied the effects of 1% energy trans fatty acid
supplementation on serum lipid concentrations in healthy adult Japanese with different obesity-related gene pol-
ymorphisms. Methods and Study Design: A randomized, double-blind, parallel trial was conducted in 53
healthy adults. The volunteers consumed one cookie containing either 1% energy or <0.01% energy (control) of
trans fatty acids every day for 4 weeks, and a blood sample was then obtained after overnight fasting. The single
nucleotide polymorphisms of the fat mass- and obesity-associated gene r$s9939609 and beta-3 adrenergic receptor
rs4994 were genotyped. Results: The mean trans fatty acid intake of the control and trans fatty acid groups cor-
responded to 0.28% and 1.31 % energy, respectively. There were no significant differences in serum cholesterol
(total, low-density lipoprotein and high-density lipoprotein) or triacylglycerol between the control and trans fatty
acid groups. The responses of serum cholesterol, triacylglycerol, glucose, insulin and hemoglobinAlc were also
independent of the fat mass- and obesity-associated gene and beta-3 adrenergic receptor gene variants. Conclu-
sions: Our findings indicate that supplementation with 1% energy trans fatty acids has little effect on serum cho-
lesterol in healthy adult Japanese, regardless of genotype of fat mass- and obesity-associated gene or beta-3 ad-
renergic receptor. More systematic studies, with respect to dietary trans fatty acid intakes above those used here,

may be warranted to determine the tolerable upper level of dietary frans fatty acid.
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INTRODUCTION

A number of human studies in Western countries have
shown that trans fatty acids (TFAs) at a dietary intake
above 4%—6% energy (%E) increased blood LDL-
cholesterol and reduced HDL-cholesterol.! However,
there are few intervention studies on the effect of low-
level TFA intakes , and no satisfactory evidence exists
relevant to the tolerable upper level of TFA intake,?? alt-
hough a few data points were found for the allowable
level of TFAs from partially hydrogenated vegetable oils
at <3% energy.* The WHO has recommended that TFA
intake should be <1% of total energy intake, but limited
data are available as to the influence of TFA intake of as
low as 1% on serum cholesterol. In a series of our feeding
trials>’ there were no appreciable adverse effects of sup-
plementation with 0.6%E (young and adult Japanese
women) or 1% TFAs (young Japanese women, 18.3+0.8
years old) on serum cholesterol.

Genome-wide association studies have shown that var-
iance in the fat mass- and obesity-associated (FTO) gene
is associated with the risk of obesity in Europeans and
Asians.®® Significant associations of the single nucleotide
polymorphism (SNP) of FTO rs9939609 with the risks of

cardiovascular disease and type 2 diabetes have been ob-
served.®!? In addition, high dietary saturated fat intake
accentuates the obesity risk associated with the FTO gene
in adults'' and strengthens the association between the
FTO gene and BMI."?

The beta-3 adrenergic receptor plays a significant role
in the control of lipolysis and energy expenditure.'>!*
Polymorphism of the beta-3 adrenergic receptor gene is
connected with increased weight gain, insulin resistance,
and the development of non-insulin-dependent diabetes
mellitus.!® In Japanese, the allelic frequency of the variant
reaches 20%, whereas this frequency is 4%—11% in Eu-
ropean countries and Caucasian populations in the U.S.!?
We speculated that individuals with the obesity-related
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gene variant might be influenced more strongly by dietary
TFAs, and we conducted the present study to determine
the influence of 1% TFA intake in subjects with either of
both of the above-mentioned gene variants.

SUBJECTS AND METHODS

Subjects

Forty-three healthy women and 14 men (age 30—69 years)
were recruited in Toyama Prefecture, Japan. Two men
and one woman with dyslipidemia were excluded, and
one man allocated to the TFA group dropped out of the
study for personal reasons. All participants were Japanese,
generally healthy, and had no history of diabetes. All sub-
jects received a complete verbal and written explanation
of the study, and written informed consent was obtained
from all participants.

We divided the subjects randomly into two groups: the
control (n=27) and TFA (n=26) groups. Table 1 shows
the characteristics of the subjects. Nine of the control and
11 of the TFA subjects had the FTO gene variant with
one homozygote each. In both groups, beta-3 adrenergic
receptor gene variant was observed in 10 subjects with
one homozygote each. The gene variants were thus even-
ly distributed in the two groups.

The mean TFA intake from the participant’s usual diets
was the same for the two groups, approx. 0.35%E, rang-
ing from 0.01% to 0.79%E. There was no significant dif-
ference in cholesterol intake between the two groups. The
protocol of this study was approved by the Ethical Re-
view Board of Toyama College (No. H27-6), and the
study was performed in accordance with the Helsinki
Declaration.

Study design

A randomized, double-blind, parallel trial was conducted
to assess the effects of the intake of 1%E as TFAs added
to the subjects’ usual diets on serum cholesterol for 4

Table 1. Characteristics of the subjects (n=53)

weeks. In addition to their regular diets, the subjects were
instructed to consume one cookie a day that contained
either high oleic sunflower oil (the control group) or par-
tially hydrogenated rapeseed oil (the TFA group)
throughout the experimental period. At the end of the
experiment, blood was collected after overnight fasting
(>11 hours) and the serum was harvested. The dietary
survey was conducted in the third week.

The high oleic sunflower oil (Showa Sangyo, Tokyo)
contained 82.5 g of C18:1 cis (oleic acid) and 0.1 g of
TFAs per 100 g of fatty acids. The partially hydrogenated
rapeseed oil (Yokozeki Oil and Fat Industries, Ibaraki,
Japan) contained 44.5 g of C18:1 cis and 36.5 g of TFAs
(Table 2). Both types of cookie contained the same levels
of energy, protein, fat and carbohydrate (105 kcal, 1.0 g,
5.7 g, and 12.3 g per cookie). The TFA cookie contained
2.0 g of TFAs, which corresponded to a 1%E intake of
total energy.

Analysis of blood samples

Each subject’s serum total cholesterol, LDL-cholesterol,
HDL-cholesterol, triacylglycerol, glucose, insulin and
hemoglobin Alc were analyzed as described.’ Briefly,
serum lipids and glucose were measured by enzymatic
methods, and hemoglobin Alc was measured by means of
automated clinical chemistry analyzers (TBA-200FR,
Hitachi, Tokyo, and HLC-723G8, Tosoh, Tokyo). Serum
insulin was measured by a turbidimetric immunoassay.
Lipids in erythrocytes were extracted by the method of
Folch et al,'® and the TFA content was measured by gas
chromatography (GC-2010, Shimadzu, Kyoto, Japan)
with a capillary column (TC-70, 0.25mm % 60 m, GL-
Science, Tokyo) after methylation with boron trifluoride.’
Fatty acid methyl ester standards (a 37-component FAME
mix, trans-9-elaidic and trans-11-vaccenic acid methyl
esters, and a mixture of linoleic and linolenic acid methyl
ester isomers) were purchased from Sigma-Aldrich Japan

Control TFA

No. of subjects (male/female) 27 (6/21) 26 (5/21)
Age, years 40.0+£11.8 40.7+11.4

Male 47.2+13.0 46.4+9.8

Female 37.9+£10.9 39.4+11.5
Height, cm 162+6 162+7

Male 169+4 16943

Female 15945 160+7
Body weight, kg 56.9+8.8 56.0+8.8

Male 66.3+5.3 64.7£11.5

Female 54.3+7.6 53.9+6.8
BMI, kg/m? 21.8+3.0 21.4+3.0

Male 23.2+2.2 22.6£3.6

Female 21.4£3.1 21.2+£2.9
No. of subjects with gene variant

FTO gene (hetero and homo) 9 11

FTO gene (homo) 1 1

Beta-3 adrenergic receptor gene (hetero and homo) 10 10

Beta-3 adrenergic receptor gene (homo) 1 1
TFA intake, %E 0.349+0.161 0.346%0.132
Cholesterol intake, mg/day 29697 293+118

FTO gene: fat mass- and obesity-associated gene; TFA: trans fatty acid.

Values are mean+SD.

No significant differences were observed in any of the parameters between the two groups.
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(Tokyo).

Dietary survey

A dietary survey was conducted for three consecutive
days (one holiday and two weekdays) during the third
week of the 4-week diet period, with the use of a written
dietary record kept by each subject along with a photo-
graphic record with a scale card (7.5%5 cm?).!” Leftovers
were also recorded in the dietary and photographic rec-
ords. The subjects were instructed to submit the labels of
all processed foods that they consumed. The daily intakes
of energy, nutrients and TFAs were calculated by dieti-
tians using commercially available nutrient calculation
software (Excel Eiyo-Kun ver. 6.0, Kenpakusha, Tokyo)
and the data from the Basal Report of the Evaluation of
TFAs in Food.'®

Genetic analysis

The genotyping analysis was carried out by the Laborato-
ry of EBS Inc. (Hiroshima, Japan). Genomic DNA was
extracted from the mucous membrane in the subject's oral
cavity using the KAPA MG kit (Kapa Biosystems, Bos-
ton, MA, USA) according to the manufacturer’s instruc-
tions. The SNPs of FTO rs9939609 and beta-3 adrenergic
receptor rs4994 were genotyped by a duplex PCR with
confronting two-pair primers.'®

Statistical analysis

The results are expressed as means+SD. The significance
of differences between the two diet groups was deter-
mined by unpaired f-test. The difference between the
genotypes, i.e., the data of the subjects with and without
variants of FTO gene and beta-3 adrenergic receptor gene,
was determined by unpaired t-test. P-values <0.05 were
considered significant. Statistical calculations were per-
formed using SPSS 13.0 J software (SPSS Japan, Tokyo).

RESULTS

Nutrient intake

The results of the subjects' energy and lipid intakes during
the experimental period are shown in Table 3. There were
no significant differences in energy or fat intakes between
the control and TFA groups. The intakes of saturated,
monounsaturated, n-6 polyunsaturated and n-3 polyun-
saturated fatty acids were also the same between the two
diet groups. The TFA intake was significantly higher in
the TFA group than in the control group, and the mean
TFA intake of the control and TFA groups corresponded
to 0.28%E and 1.31%E, respectively. There was no sig-
nificant difference in cholesterol intake between the con-
trol and TFA groups.

Serum lipids, glucose, insulin, and hemoglobinAlIc

There were no significant differences in the baseline lev-
els of serum cholesterol (total, LDL and HDL) or triacyl-
glycerol between the control and TFA groups (Table 4).
After the 4-week experimental period, again no signifi-
cant differences were observed in the serum cholesterol
or triacylglycerol levels between the two groups. Thus,
the serum LDL-cholesterol were not increased and the
HDL-cholesterol was e not decreased even after the daily
consumption of TFAs. The baseline and post-treatment

Table 2. Major fatty acid composition of experimental
oils

High oleic Partially hydrogenated
sunflower oil rapeseed oil
(Control) (TFA)
g/100 g fatty acids

C16:07 3.4 4.6
C18:0 2.6 114
C18:1 trans 0.1 345
C18:1 cis 82.5 44.5
C18:2 trans ND 2.0
C18:2 cis 9.3 0.6
C18:3 trans ND ND
C18:3 cis 0.5 0.8
Others 1.6 1.6
Total TFAs 0.1 36.5

ND: not detected; TFA: trans fatty acid.
No. of carbon atoms:number of double bonds.

Table 3. Intake of energy and lipids during experi-
mental period

Control (n=27) TFA (n=26)

Energy, kcal/day 18074300 18884338
Fat, %E 30.9+4.7 29.4+3.7
Fatty acid, %E

Saturated 7.66£1.95 8.11+1.68

Monounsaturated 11.9+2.1 11.5¢1.5

n-6 polyunsaturated 5.24+1.43 4.74+0.95

n-3 polyunsaturated 1.00+0.42 0.96+0.29
TFA, %E 0.28+0.17 1.31£0.31"
Cholesterol, mg/day 264+100 302+124

TFA: trans fatty acid.
Values are mean+SD.
Significantly different from the control group, “*p<0.01.

values, before and after the intervention, of glucose, insu-
lin, and hemoglobinAlc were all the same between the
control and TFA groups. No significant differences were
observed in the percentage changes from before to after
the trial between the two groups (data not shown). In the
women, there were no significant differences in the serum
cholesterol between the two groups after the 4-week ex-
perimental period (data not shown). No significant differ-
ences were also observed in the serum cholesterol be-
tween the two groups in the men.

Fatty acid contents of erythrocytes

The fatty acid compositions of the subjects’ erythrocytes
after 1%E TFA supplementation for 4 weeks are shown in
Table 5. The contents of C18:1 trans (trans-octadecenoic
acids) were <1.0 g/100 g fatty acids in both groups, but
were significantly higher after the consumption of the
TFA diet compared to the control diet, at 0.5 vs. 0.9
g/100g, p<0.01. No significant difference was observed in
C18:2 trans (trans-octadecadienoic acid) contents be-
tween the two diet groups. C18:3 trans (trans-
octadecatrienoic acid) was not detected in either group.

Serum lipids, glucose, insulin and hemoglobinAlc in
the subjects with FTO and beta-3 adrenergic receptor
gene variants

Among the 20 participants with an FTO gene variant, the
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Table 4. Serum cholesterol, triacylglycerol, glucose, insulin and hemoglobin Alc levels after 4 weeks of dietary in-

tervention

Dietary group

Control (n=27) TFA (n=26) p
Total cholesterol Baseline, mg/100 mL 187+33 19629 0.283
After treatment, mg/100 mL 189+31 202+29 0.124
LDL-cholesterol Baseline, mg/100 mL 110£26 120+29 0.214
After treatment, mg/100 mL 110£27 122428 0.116
HDL-cholesterol Baseline, mg/100 mL 64.4+18.7 64.2+12.1 0.975
After treatment, mg/100 mL 65.2+16.2 64.2+13.1 0.808
LDL-C:HDL-C ratio Baseline 1.83+0.63 1.97+0.78 0.470
After treatment 1.78+0.58 2.03+0.78 0.189
Triacylglycerol Baseline, mg/100 mL 87.0£53.9 86.5£52.3 0.973
After treatment, mg/100 mL 86.9+44.5 96.5+65.5 0.535
Glucose Baseline, mg/100 mL 87.2+7.5 86.5+6.6 0.741
After treatment, mg/100 mL 88.3+7.3 87.1+8.9 0.588
Insulin Baseline, pU /100 mL 5.18+2.35 5.24+3.53 0.938
After treatment, pU /100 mL 6.64+2.34 6.40+4.07 0.795
Hemoglobin Alc Baseline, % 5.46+0.19 5.43+0.34 0.710
After treatment, % 5.45+0.23 5.48+0.30 0.735

TFA: trans fatty acid; LDL-C: HDL-C ratio: LDL-cholesterol: HDL-cholesterol ratio.

Values are mean+SD.

No significant differences were observed in any of the parameters between the two groups.

post-treatment cholesterol, triacylglycerol, glucose, insu-
lin, and hemoglobinAlc values were not significantly
different between the control and TFA groups after the 4-
week treatment (Table 6). The same trend was observed
in the 20 subjects with beta-3 adrenergic receptor gene
variants.

The percentage changes of cholesterol, triacylglycerol,
glucose, insulin, and hemoglobinAlcafter TFA supple-
mentation in the TFA diet group without or with FTO and
beta-3 adrenergic receptor gene variants are shown in
Table 7. No significant differences in the percentage
changes were observed in any serum parameters between
the participants with or without the two gene variants in
the TFA diet group.

DISCUSSION

We examined the influence of a low (1%E) dietary TFA
intake on serum LDL- and HDL-cholesterol in healthy
adult Japanese women and men. After 1%E TFA supple-
mentation for 4 weeks, no significant changes in choles-
terol values were observed, similar to a prior intervention
in young women.” In the present study, the supplementa-
tion with 1%E TFAs did not show a significant effect on
serum lipid concentrations in the subjects irrespective of
FTO or beta-3 adrenergic receptor gene variants. No sig-
nificant difference was observed in the percentage change
of serum cholesterol between the participants with or
without the two gene variants in the TFA diet group. The
supposition that the effect of dietary TFAs on serum li-
pids could be strengthened in people with the two obesity
gene variants was therefore not confirmed.

Thus, the results of the present study indicate that sup-
plementation with 1%E TFAs has little effect on choles-
terol values in healthy adult Japanese, regardless of the
genotype of FTO or beta-3 adrenergic receptor. To the
best of our knowledge, there have been no reports about
the effect of dietary TFAs on serum cholesterol in sub
jects with FTO or beta-3 adrenergic receptor gene vari-

ants. However, it is plausible that saturated fatty acids and
TFAs may differently affect lipid metabolism.!'1?

TFAs are present in various foods, and it is not easy to
reduce the intake of TFAs to zero even the use of partially
hydrogenation oils and fats was completely eliminated.
Therefore, it is at present necessary to clarify the allowa-
ble intake at which TFAs do not exert adverse effects on
serum lipids, in particular the LDL- and HDL-cholesterol
and thus coronary heart disease. However, the evidence
supporting a tolerable intake is limited. To clarify the safe
level of TFA intake, intervention studies are necessary in
which the dose-response to TFA intake is measured sys-
tematically. In most developed countries, however, the
average current consumption of TFAs seems to be below
that allowable.?°

Many intervention studies have shown that excess TFA

Table 5. Major fatty acid contents of erythrocytes
after 4 weeks of dietary intervention

Dietary group

Control (n=27) TFA (n=26)
g/100 g fatty acids

C16:0f 23.3£1.0 23.1+£0.8
C18:0 13.8+1.4 13.7+0.8
C18:1 trans 0.5+0.3 0.9+0.4™
C18:1 cis 18.4+1.2 18.2£2.0
C18:2 trans 0.2+0.1 0.2+0.1
C18:2 cis 14.6+1.3 15.0+1.5
C18:3 trans ND ND
C18:3 cis 0.4+0.1 0.4+0.1
C20:4 12.6£1.1 12.6+1.1
C24:0 2.1+£0.5 2.2+0.5
C22:5 1.9+0.4 1.9+0.2
C22:6 6.7+0.9 6.5+£1.0
Others 5.5+0.5 5.3+0.7

ND: not detected; TFA: trans fatty acid.

Values are mean+SD, n=27 and 26.

"No. of carbon atoms: number of double bonds.
Significantly different from the control group, “*p<0.01.
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Table 6. Serum cholesterol, triacylglycerol glucose, insulin and hemoglobin Alc levels after 4 weeks of dietary inter-
vention in the subjects with fat mass- and obesity-associated (FTO) or beta-3 adrenergic receptor gene variants

With beta-3 adrenergic receptor

With FTO gene variant .
gene variant

Dietary group Dietary group

Control TFA p Control TFA p
(n=9) (n=11) (n=10) (n=10)
Total cholesterol  Baseline, mg/100 mL 189424 199+30 0.403 189429 195+28 0.662
After treatment, mg/100 mL  192+24 198+19 0.525 197+31 199+29 0.854
LDL-cholesterol  Baseline, mg/100 mL 109+14 121£28 0.231 117£25 119+31 0.850
After treatment, mg/100 mL  109+23 119421 0.317 121429 119+30 0.834
HDL-cholesterol Baseline, mg/100 mL 66.5+23.3 65.1+14.5 0.882 55.5+10.5 64.012.3  0.113
After treatment, mg/100 mL ~ 67.8+20.5 63.9+16.0  0.645 59.6+10.5 65.9+12.8  0.246
Triacylglycerol ~ Baseline, mg/100 mL 85+41 104+73 0.478 103+£63 79+59 0.384
After treatment, mg/100 mL ~ 88+38 11574 0.645 102+48 87+51 0.497
Glucose Baseline, mg/100 mL 86.7£9.7 87.0+5.4 0.941 88.0+6.7 85.3+5.5 0.338
After treatment, mg/100 mL ~ 87.5+8.2 89.2£10.5  0.676 90.2+7.0 86.8+11.2  0.427
Insulin Baseline, pU/100 mL 4.77+1.77 6.32+4.28  0.288 4.92+1.74 5.76+4.82  0.611
After treatment, pU/100 mL 6.54+2.37 7.17+£5.83  0.746 7.17+£2.84 7.19+£6.03  0.993
Hemoglobin Alc Baseline, % 5.41£0.22 5.57£0.40 0.276 5.46+0.16 5.52+0.25 0.533
After treatment, % 5.38+0.28 5.54+0.26  0.198 5.44+0.23 5.56+0.16  0.193

TFA: trans fatty acid.
Values are mean+SD.
No significant differences were observed in any of the parameters between the two groups.

Table 7. Percentage changes’ of serum cholesterol, triacylglycerol glucose, insulin and hemoglobin Alc levels after
1%E trans fatty acid (TFA) supplementation for 4 weeks in subjects without or with fat mass- and obesity-associated
(FTO) or beta-3 adrenergic receptor gene variants

TFA diet group TFA diet group
FTO gene Beta-3 adrenergic receptor gene
Without variant With variant p Without variant With variant p
(n=15) (n=11) (n=16) (n=10)
Total cholesterol 5.247.3 0.3+7.8 0.128 4.1+8.5 2.6+6.5 0.629
LDL-cholesterol 5.3£13.1 -0.1£12.0 0.311 5.8£15.2 -0.5+6.3 0.226
HDL-cholesterol 1.2+£10.4 -2.2+8.0 0.398 -2.0£9.1 3.3£10.0 0.172
Triacylglycerol 10.6+33.1 26.2+42.6 0.310 12.7+£36.8 21.2+37.7 0.578
Glucose -0.3+5.2 2.5£9.2 0.328 0.1£5.2 1.6£9.1 0.599
Insulin 46.3+62.1 20.5£52.6 0.300 73.7£127.6 33.5+60.9 0.363
Hemoglobin Alc 1.4+1.7 -0.2£3.4 0.113 0.942.8 0.8+2.1 0.945

TFA: trans fatty acid.
Values are mean+SD.
Percentage change: After treatment — Baseline / Baseline x 100.

No significant differences were observed in any of the parameters between the subjects without and with the gene variants.

intake has adverse effects on blood cholesterol and the
risk of coronary heart disease.*'> On the other hand,
some studies, though limited, show that low-dose TFAs
do not have a significantly negative effect on serum cho-
lesterol. For example, compared to a control diet contain-
ing 0.6%E of TFAs, the consumption of a 3.3%E TFA
margarine diet for 5 weeks did not cause differences inse-
rum LDL- or HDL-cholesterol of moderately hypercho-
lesterolemicpeople.® In addition, Denke et al** reported
that LDL-cholesterol was lower after the consumption of
a margarine diet containing 1.5%E TFAs compared to a
butter diet containing 0.5%E TFAs in normocholester-
olemic people. As the margarine and butter diets con-
tained 9%E and 16%E saturated fatty acids, the difference
can probably be attributed to the content of saturated fatty
acids in relation to TFAs. These results suggest that a
small amount of dietary TFAs has little effect on serum
cholesterol.

Because the consumption of saturated fatty acids was
the same in both groups in the present study, the effect of
saturated fatty acid can be ignored, and our results con-
firm that the consumption of TFAs as low as 1%E is not
hazardous to our health provided, at least, the relative
dietary intake of polyunsaturated fatty acids, such as lino-
leic acid, is satisfactory in the Japanese population.

The effect of TFAs on insulin resistance and the onset
of diabetes is unclear,?® though some cohort studies report
an association between TFA intake and type 2 diabe-
tes.?%?7 A meta-analysis of observational studies showed
that TFA intake is not associated with type 2 diabetes.?®
In their meta-analysis of randomized, placebo-controlled
clinical trials, Aronis et al® also reported that increased
TFA intake does not result in changes in glucose or insu-
lin concentrations. Our present findings demonstrated that
1%E TFA supplementation does not appear to have a
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significant influence on serum glucose, insulin or hemo-
globinAlc levels in healthy Japanese adults.

Several studies observed a positive correlation between
TFA intake and the TFA status in erythrocytes; erythro-
cyte TFA is used as one of the surrogate biomarkers of
TFA intake.*® In our study, there was a detectable accu-
mulation of TFAs in erythrocyte lipids after the supple-
mentation of 1%E TFAs. Thus, even low TFA intakes,
are deposited into tissues. However, it is likely that the
intake observed in the present study is not high enough to
cause disorder\ed lipid metabolism.

There are two possible limitations to this study: study
duration and participant characteristics. We assessed the
effect of TFA supplementation on serum lipids for 4
weeks, but longer feeding trials are needed to definitely
confirm the effect of TFAs at low intakes. We must also
note our limited sample size, since it is necessary to in-
vestigate a large number of subjects to detect a small
change. The numbers of participants with FTO and beta-3
adrenergic receptor gene variants were only 10 and 11,
respectively.

Even considering the characteristics of cholesterol me-
tabolism in post-menopausal women due to a decline in
the levels of female hormones,*! there was no significant
difference in the serum cholesterol between the two
groups after the 4-week experimental period (data not
shown).

A goal of our present study was to clarify the relation-
ship between TFA and metabolic syndrome. Indeed, an
association between dietary TFA and obesity has been
suggested.’? We therefore selected the two obesity-related
genes deeply associated with metabolic syndrome. Sever-
al SNPs are associated with LDL- and HDL-cholesterol,
such as apolipoprotein B rs693, LDL receptor rs688, and
cholesteryl ester transfer protein rs180077532.33 It is also
important to examine the relationship between TFA in-
take and these SNPs.

Small LDL particles are considered to be strongly as-
sociated with coronary heart disease risk.** Although the
particle size of LDL was not determined in this study, the
effect of TFA supplementation in particular at the low
dietary intakes as used in the present study on the particle
size of LDL is unknown. In this context, the current re-
view suggests that the LDL particle number is more in-
fluential than the particle size on cardiovascular risk.

In summary, our findings showed that supplementation
with 1%E TFAs had an insignificant effect on serum cho-
lesterol in healthy adult Japanese, regardless of the geno-
type of the FTO or beta-3 adrenergic receptor gene. Our
findings support the WHO recommendation to reduce
TFAs intake to <1%E. To clarify the optimal TFA intake,
dose-dependent studies that examine dietary TFAs up to
3%E are needed.
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