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Trans fatty acid (TFA) from partially hydrogenated oil is regarded as the worst dietary fatty acid per gram due to its role in coronary
heart disease. TFA consumption is decreasing worldwide, but some but not all observational studies indicate that TFA intake
has little relevance to serum cholesterol levels in populations with low TFA intake (<1% E [percentage of total energy intake],
<approximately 2 g/day). Few intervention trials examined the effect of TFAs on blood cholesterol at relatively low levels (<2%E); no
definite evidence is available on the tolerable upper level of the intake. A series of our intervention studies in Japanese suggested that
an industrial TFA intake at <1% E does not influence the serum cholesterol level. To establish allowable level, we must consider not
only the dietary level of TFAs, but also the composition of dietary fats simultaneously consumed, that is, saturated and unsaturated
fatty acids. These fatty acids strengthen or counteract the adverse effect of TFAs on serum cholesterol levels. In this review we
describe the complex situation of the cardiovascular effects of industrial TFAs. The relationship between dietary industrial TFAs
and concentration of plasma cholesterol should be evaluated from the viewpoint of dietary patterns rather than TFAs alone.

1. Trans Fatty Acid in Foods

Trans fatty acid (TFA) is defined as unsaturated fatty acid
with at least one nonconjugated double bond in the trans
configuration. There are several food sources of TFAs. TFA
from partially hydrogenated vegetable oil is the major source
of dietary industrial TFAs [1], and this type of TFA is regarded
as contributing to cardiovascular events. There is a trend
toward decreasing consumption of this type of TFA. The
second major source of TFA is from ruminant fat, and in
some cases ruminant fat is amajor contributor of TFAs due to
the reduction of the intake of industrial TFAs. The impact of
ruminant fat TFAs on human health has not been conclusive,
regarding both health benefits [2] and harmful effects [3]
depending on the reports. A small amount of industrial TFA
is also present in edible oils formed during the deodorization
process at high temperature [4]. The physiological effects of
TFA contained in edible oils are not well established [5, 6].

Since the TFA in partially hydrogenated oils (PHOs) is
composed mainly of a number of positional isomers of the

octadecenoic acids, it is important to clarify which TFA
isomer(s) is responsible for health hazards. Chatgilialoglu et
al. [7] stressed the importance of lipid geometrical isomerism
to the biological functions of fatty acids. Ferreri et al. [8] also
summarized the significant role of isomerism of fatty acids in
membrane functions. Inmost of the in vitro studies available,
elaidic acid (9t-18:1) was examined as a representative TFA
in PHO [9]. Elaidic acid is the major component of TFA
in PHO, but in many cases it is not always the largest part,
usually <30% of the total TFAs. It is plausible that different
isomers exert different biological functions, if any. When the
principal TFA(s) is revealed, more effective ways to lower
the TFA contents of foods can be expected, contributing to
human health.

TFA in humans is attributed not only to dietary origin
but also to that endogenously formed through the production
of free radicals during metabolism [7]. However, it is likely
that most of the TFAs in humans are attributable to dietary
origin, although the biological activities may differ between
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Table 1: The trans fatty acid contents of major foods distributed in Japan.

Avg. Max. Min.
𝑛

g/100 g
Shortening 13.58 31.21 1.15 10
Margarine and fat spread 7.00 13.49 0.36 34
Creams 3.02 12.47 0.01 10
Butters 1.95 2.21 1.71 13
Biscuits 1.80 7.28 0.04 29
Vegetable oils 1.40 2.78 0.00 22
Animal fats 1.34 2.70 0.64 4
Mayonnaise 1.24 1.65 0.49 9
Cheeses 0.83 1.46 0.48 27
Cakes, buns and pastries 0.71 2.17 0.26 12
Beef 0.52 1.45 0.01 70
Ice creams 0.24 0.60 0.01 14
Japanese buns 0.20 0.34 0.15 4
Breads 0.16 0.27 0.05 5
Reference [19].

these two sources of TFAs. Endogenously formed TFAs
were detected in breast cancer tissue specimens [10] and
erythrocyte and lymphocyte membranes of children with
dermatological diseases [11].

There are several reports concerning the industrial and
ruminant TFA content of the foods consumed in various
countries [12–17], and Craig-Schmidt and Rong summarized
the worldwide consumption of TFAs [18]. In general, the TFA
contents of Japanese foods are comparable to those of the
corresponding foods in the countries. The amounts of TFA
consumed differ among countries, and Japan is probably one
of the countries that consumes the least TFA. An example of
the industrial and ruminant TFA contents of foods marketed
in Japan is shown in Table 1 [19]. The contents of TFA in
currently available foods containing partially hydrogenated
oils may be somewhat lower than the values shown in
this Table, reflecting manufacturers’ efforts to reduce TFA
contents after the information in the Table was published.
However, it should be noted that the industrial TFA content
differs widely even in the same foods. Nevertheless, TFA
intakes from various foods among Japanese are relatively
lower than those in the US and EU, as shown in Table 2 [19].
In the national data, the average intakes of industrial TFA and
ruminant TFA in Japanese were estimated to be 0.403 g/day
(0.19% E) and 0.262 g/day (0.12% E), and the 99th percentiles
of these values were 1.778 g/day (0.76% E) and 1.465 g/day
(0.66% E) [20].

The measurement of the TFA contents in erythrocytes or
plasma should be useful to understand the dietary intake of
TFA for estimating the allowable dietary level of TFA as a
biomarker [21].

Although the industrial TFA content of vegetable cooking
oils without partial hydrogenation is relatively low, vegetable
oils are the highest source of dietary TFA among other foods,
followed by milk. It is therefore important to determine how
much TFAs people in Japan are consuming from each type

of food, rather than only the TFA content of the food. The
US Food and Drug Administration (FDA) issued a ban in
2015 (applied from June 2018) regarding the use of partially
hydrogenated oils [22], and this resulted in a decrease in
TFA intake in the US. However, it is impossible to construct
healthy diets that are completely free from TFAs, as milk and
meat contain TFAs. In light of this situation, it is important
to precisely identify the effects of low levels of TFA intake on
serum cholesterol levels.

2. Trans Fatty Acid and Serum Cholesterol

In 1990, Mensink and Katan [23] reported that the con-
sumption of a meal containing TFAs equivalent to 10.9% E
(percentage of total energy intake) increased the serum LDL-
cholesterol and decreasedHDL-cholesterol concentrations in
healthy subjects.Thereafter, a number of intervention studies
have been conducted, and they revealed that a TFA intake
above 4%–6% E resulted in elevated serum LDL-cholesterol
concentrations [24]. Several epidemiological studies pro-
vided evidence that the consumption of excess TFAs from
industrial sources increases the risk of cardiovascular disease
(CVD) [25–27]. Though the influence of excessive industrial
TFA intake on both blood lipid levels and the risk of car-
diovascular disease has been well established [28], definitive
evidence regarding the tolerable upper level of TFA intake
does not exist [29].

In the human body, TFAs are metabolized in the same
way that cis fatty acids are metabolized [30]. TFAs appear to
affect serum cholesterol levels through multiple mechanisms
including the hepatic production, secretion, and catabolism
of circulating lipoproteins [31, 32]. The addition of TFAs
increased the secretions of cholesterol [33] and apolipopro-
tein B-100 [34] by human hepatoma HepG2 cells in vitro.
TFA intake increases the plasma activity of cholesterol ester
transfer protein (CETP), which is responsible for the transfer
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Table 2: The trans fatty acid (TFA) intake from various foods in Japanese.

Food intake TFA intake
g/day mg/day

Vegetable oils 8.2 114.4

Milk 101.6 92.2

Margarine and fat spread 1.2 84.0

Beef 15.0 78.2

Breads 33.5 54.6

Cakes, buns and pastries 7.4 52.3

Mayonnaise 3.3 40.8

Others of dairy products 8.2 39.5

Biscuits 1.8 32.3

Others of confectioneries 5.3 26.0

Butters 1.1 21.5

Cheeses 2.3 19.0

Japanese buns 6.4 13.1

Fermented milk and lactic acid bacteria beverages 23.1 9.9

Animal fats 0.1 1.4

Others — 20.8

Total — 700.0

Reference [19]; TFA intake was calculated from the mean intake and TFA content of each food group.Themean intake of each food group was calculated using
the data of National Health and Nutrition Survey carried out for all ages, in a total of 8,762 men and women. To obtain the mean TFA contents of 19 food
groups, 386 foods of TFA were determined by gas chromatography.

of cholesterol esters from high-density lipoprotein (HDL) to
low-density lipoprotein (LDL) and very-low-density lipopro-
tein (VLDL) [35]. These metabolic alterations may at least in
part explain the increase of LDL-cholesterol and the decrease
of HDL-cholesterol by dietary TFAs.

The World Health Organization (WHO) recommended
that TFA intake should be <1% E in order to prevent
noncommunicable diseases [36].This level was inferred from
the probable safety zone in multivariable regression analyses
between TFA intake and the ratio of LDL-/HDL-cholesterol
observed in intervention trials [37]. However, the experi-
mental evidence is limited [24]. In fact, the available data
concerning the influence of low-level TFA intake (i.e., around
1% E) on serum cholesterol levels are insufficient [38].

Since there is a possibility that TFAs and SFAs may be
associated with the development of nonalcoholic fatty liver
disease (NAFLD) [39], this disease should also be considered
as a workable marker for the allowable level of dietary TFAs.
There are no definite data available regarding the effect
of a low level of TFA on the induction of NAFLD. The
current evidence is qualitative.Themetabolism of TFA in the
hepatocytesmay be essentially the same as that of saturated or
unsaturated fatty acids, though there are some differences in
the oxidation rate. For example, TFA (elaidic acid), compared
to oleic acid, was reported to be a better substrate for mito-
chondrial and peroxisomal oxidation, but a poorer substrate
for cellular and very-low-density lipoprotein triacylglycerol
synthesis [40].

Although the serum cholesterol level is a good biomarker
for CVD risk, attention should also be paid to the biomarkers
of systemic inflammation and endothelial dysfunction to
confirm the effect of TFA.

3. Observation Studies on Trans Fatty Acid

Mozaffarian et al. [41] described the relationships between
TFA intake and serum lipid levels. In their study, the concen-
trations of serum LDL- and HDL-cholesterol were measured
in 823 generally healthy women living in the US, and the sub-
jects’ TFA intake was assessed with the use of a semiquantita-
tive food-frequency questionnaire.The analysis revealed that
the subjects’ TFA intake was inversely associated with their
HDL-cholesterol levels, positively associated with the ratio of
LDL- to HDL-cholesterol (Table 3), and not associated with
the LDL-cholesterol level. van deVijver et al. [42] investigated
the association between TFA intake and serum lipids in
volunteers from eight European countries. They studied 327
male and 299 female apparently healthy volunteers, and
TFA intake was assessed using a dietary history. The study
results indicated that TFA intake was not associated with the
LDL- or HDL-cholesterol levels or the ratio of LDL- to HDL-
cholesterol.

The mean TFA intake in the Mozaffarian et al. study was
2.7 g/day (1.3% E) and that in the van de Vijver et al. study
was 2.2 g/day (0.91%E).Thus, the TFA intakes in these studies
were almost equal, but there was a clear-cut difference in
the association between TFA intake and cholesterol response.
These observations suggest the existence of a threshold level
causing the different effects of TFAs, but the influence of a
difference in the composition of dietary fat should not be
excluded.

We investigated the relationship between TFA intake and
the serum cholesterol levels in 133 young Japanese women
[43]. Their TFA intake was assessed with a self-reported
written dietary record and a photographic record with a scale
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Table 3: Serum LDL- and HDL-cholesterol levels per quintile of trans fatty acid (TFA) intake.

Quintiles of TFA
𝑝 for trend

Q1 Q2 Q3 Q4 Q5
Mozaffarian et al. [41]1

TFA intake, g/d 1.8 2.3 2.7 3.1 3.9 —
LDL-C, mg/dL 118 115 123 118 122 —
HDL-C, mg/dL 70 66 63 63 63 <0.001
LDL:HDL ratio 1.8 1.9 2.1 2.1 2.1 <0.01

van de Vijver et al. [42]2

TFA intake, g/d 0.7 1.4 1.9 2.6 4.4 —
LDL-C, mg/dL 147 154 150 143 143 0.62
HDL-C, mg/dL 58 58 56 58 58 0.27
LDL:HDL ratio 2.72 2.8 2.9 2.7 2.7 0.58

1Mean fatty acid intake: saturated; 20 g/day (9.9% E), n-6; 10 g/day (5.0% E), n-3; 1.2 g/day (0.6% E), P/S; 0.56. 2Mean fatty acid intake: saturated; 30.4 g/day
(12.5% E), monounsaturated; 29.3 g/day (12.2% E), polyunsaturated; 11.5 g/day (4.7% E), P/S; 0.38.

card, and the TFA intake was calculated by dietitians using
commercially available nutrient calculation software and the
data from theBasal Report of Evaluation of TFAs in Food [19].
In this context, the amounts of TFA consumed in the study
were more accurate than those in the preceding trials. Our
findings revealed a significant correlation between total fat
and TFA intakes, whereas TFA intake was not correlated with
the total, LDL-, or HDL-cholesterol levels (Figures 1(a) and
1(b)). However, there was a significant correlation between
the subjects’ saturated fatty acid (SFA) intake and serumLDL-
cholesterol levels (Figure 1(c)). The mean intakes of TFA and
SFAs were 0.36% E and 8.3% E, respectively.

These results suggest that the amounts of TFA consumed
by young Japanese womenmay in general not adversely affect
their serum cholesterol levels. In light of the relatively low
intake of TFA, it appears that more attention should be paid
to the intake of SFAs rather than that of TFAs.

Very recently, Yang et al. [44] studied the association
between plasma TFA and serum lipid levels before and
after the US FDA enacted food-labeling regulations in 2006,
and they observed a 54% reduction in plasma TFAs in
US adult men and women from 1999-2000 to 2009-2010.
Despite the significant reductions, the subjects’ plasma TFA
concentrations were significantly and consistently associated
with serum cholesterol levels. Yang et al. speculated that there
does not appear to be a threshold under which the association
between the plasma TFA concentration and lipid profiles
might become undetectable. The correlation between plasma
TFAs and TFA intake is weaker (𝑟 = 0.30) compared to that
between TFAs in erythrocytes and TFA intake (𝑟 = 0.43)
[21], and the content of plasma TFAs may be affected by the
serum triacylglycerol concentration. Because subjects with
hypertriglyceridemia often have hypercholesterolemia too,
considerable attention must be paid to the interpretation of
a causal relation between plasma TFA and serum cholesterol
levels. The triacylglycerol level in the highest-TFA-quintile
group in the Yang et al. study was more than twice that in
the lowest-TFA-quintile group (198mg/dL versus 85.5mg/dL
in 1999-2000, 175mg/dL versus 74.2mg/dL in 2009-2010).
Because the TFA intake was not described in the Yang et al.

study, a direct comparison of our study with their observa-
tional study may not be appropriate. In addition, in their
study, serum lipid levels were investigated in adult men and
women, whereas only female subjects participated in our
study.

4. Intervention Studies on Trans Fatty Acid

Anumber of intervention studies [31] have demonstrated that
industrial TFA at dietary levels above 4% E–6% E increases
blood LDL-cholesterol and reduces HDL-cholesterol. These
observations suggest that industrial TFA is more likely to
elevate the risk of CHD compared to dietary SFAs, which
increase both LDL- and HDL-cholesterol. It was estimated
that the intake of TFAs in several European and Asian
countries is no more than 2% E on average [42, 43, 45], a
level that ismuch lower than the amounts examined in several
intervention studies. It is possible that the subgroups in these
countries may be consuming higher amounts of industrial
TFA, as not all the products are free from TFA even at the
present time.

In the US, the intake of industrially produced TFAs
decreased substantially after the introduction of the 2003
Nutrition Labeling rule, and the current mean intakes of
industrial TFA are estimated to be around 1 g/day, or approx.
0.5% E (based on a 2000 kcal daily intake) [46]. However, the
number of intervention studies examining the effect on blood
cholesterol levels of comparatively lowTFA (<2%E) is limited
[24, 38]. Our summary of six intervention studies assessing
the effect of low levels of industrial TFAs is provided as Table 4
[47–52].

In one such study [47], there were no differences in
the serum LDL- or HDL-cholesterol levels of moderately
hypercholesterolemic subjects who consumed a margarine-
containing diet with 3.3%E of TFAs and thosewho consumed
a control diet containing 0.55% E of TFA over a 5-week
period. However, the LDL-cholesterol levels increased after
the intake of a diet that included butter (containing 1.3% E
of TFA) compared to the control diet. Because the content of
SFAs in the butter- and margarine-containing diets differed
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Figure 1: Relationships between the trans fatty acid (TFA) intake to LDL-cholesterol (a) and HDL-cholesterol (b), and the relationship
between saturated fatty acid (SFA) intake to LDL-cholesterol (c) in 133 young Japanese women [43].

markedly (62% and 25%, resp.), it is difficult to attribute the
observed change to TFA alone.

In another study [48], healthy subjects living in the US
given a margarine meal containing 1.5% E TFAs for 5 weeks
had significantly lower LDL-cholesterol levels compared to
the values observed after a daily butter meal containing 0.5%
E from TFAs. Again, there was a detectable difference in the
contents of SFAs, and the margarine- and butter-containing
diets contained 9% E and 16% SFAs. It is plausible that the
increase in the LDL-cholesterol due to the butter-containing
diet can therefore be attributed more to SFAs than to TFAs.
SFAs might have a greater impact than TFAs if the content of
TFAs is low in the daily diets on the basis of E% of intake.

In order to assess the effect of supplementation with 0.6%
E or 1% E industrial TFAs, we carried out three intervention
trials. We conducted a randomized, double-blind crossover
trial with two treatment periods of 4 weeks each to assess

the effects of 0.6% E industrial TFA supplementation on
serum cholesterol levels in 12 healthy young Japanese subjects
(22.8 ± 3.0 years old) [49]. A 12-week washout period was set
between each experimental period. The subjects consumed
one cookie containing rapeseed oil (control) or partially
hydrogenated rapeseed oil (TFA) every day throughout the
treatment periods. The control and TFA cookies contained
0.04 g (0.02% E) and 1.13 g (0.6% E) of TFAs, respectively.
Thus, the difference in dietary fatty acids other than TFAswas
negligible in both groups. After the subjects’ consumption
of the control versus TFA diets, there were no significant
between-group differences in the serum concentrations of
total, LDL- or HDL-cholesterol. The number of subjects in
this study, a total of 12, was too small to draw a conclusion.
Larger-scale studies are required.

Under the same protocol [50], we conducted a random-
ized, double-blind parallel trial to assess the effects of 0.6% E
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Figure 2:Meta-regression analysis of the change in the ratio of LDL-
cholesterol/HDL-cholesterol (LDL/HDL-C) versus the supplemen-
tation level of trans fatty acids (TFAs) in three intervention trials
[49–51].

industrial TFA supplementation on serum cholesterol levels
in healthy adult Japanese women (44.6 ± 4.2 years old). Fifty-
one volunteers consumed one cookie containing 0.6% E (the
TFA diet group) or 0.04% E (the control diet group) of
TFAs every day for 4 weeks. The volunteers also consumed
approx. 0.4% E TFAs from their regular meals, and thus the
mean TFA intakes of the control and TFA groups during
the experimental period corresponded to 0.4% E and 1.1%
E, respectively. Again, there were no significant differences
in serum total, LDL- or HDL-cholesterol levels between the
control and TFA groups. The results of this trial and our
other trial described above [49, 50] indicate that dietary
supplementation with 0.6% E industrial TFAs (a total TFA
intake of approx. 1% E) would have little effect on serum
cholesterol levels in young and adult healthy subjects.

In a series of trials [51], we addressed the effect of an
additional 1% E industrial TFA intake on serum cholesterol
levels. Sixty-five healthy young Japanese women consumed
one cookie a day containing either 1% E or 0.04% E (control)
of TFA for 4 weeks, in addition to their regular meals. The
results again showed no significant differences in serum
LDL- or HDL-cholesterol levels between the two groups.The
results further supported that industrial TFAs at a dietary
level of <1% E have little effect on serum cholesterol levels in
healthy young women.

Indeed, our study protocol may not be appropriate to
draw conclusions with respect to the number of participants
and may not allow analyses at the subgroup level. However,
we observed through three interventions that the plasma
cholesterol levels did not change after industrial TFA intake
in all participants. The background for this similarity is not
apparent.

The results of our meta-regression analysis of changes in
the ratio of LDL-/HDL-cholesterol versus the supplementa-
tion level of industrial TFAs in our three intervention studies
are summarized in Figure 2. We found no significant corre-
lation between the industrial TFA supplementation level and

changes in the ratio of LDL-/HDL-cholesterol. The results of
these three intervention trials support the soundness of the
2003 WHO recommendation of <1% E of TFAs [36].

We have also studied the effects of 1% E industrial
TFA supplementation on serum cholesterol levels in healthy
adults with different obesity-related gene polymorphisms and
observed little effect on serum cholesterol levels, regardless
of genotype (here, the single nucleotide polymorphism) of
fat mass- and obesity-associated gene or beta-3 adrenergic
receptor (unpubl. data).

5. Linoleic Acid and Trans Fatty Acid

Mensink [52] compared the effects of a high-palmitic acid,
trans-free semiliquid fat with those of a high-oleic acid, low-
trans semiliquid fat on the serum lipids of healthy subjects.
The results indicate that a high-oleic acid, low-trans fat has a
more favorable impact on the serum lipoprotein profile than
a trans-free fat high in palmitic acid. Mensink concluded that
it is not possible to pinpoint a fat or oil as “good” or “bad”
without considering its complete fatty acid composition.

In addition to SFAs, polyunsaturated fatty acids (PUFAs),
in particular linoleic acid, favorably influence the blood
cholesterol level, a well-known phenomenon commonly
accepted in the dietary guidelines regarding the prevention
of heart diseases. It has been pointed out that the cholesterol-
raising effect of TFAs is attenuated by linoleic acid, as in
the case of SFAs [53]. Hu et al. [54] also confirmed in a
multivariable analysis of their observation study that the
relative risk of cardiovascular disease was lowest when the
intake of PUFAs was highest and that of TFAs was lowest.
More recently, Hunter [24] proposed that the effect of TFAs
on cholesterol levels can be counteracted by the addition of
linoleic acid above the 6% E level.

Unfortunately, these indications have been almost
ignored in the evaluation of the TFA-cholesterol relationship.
Since the PUFA/SFA ratio (P/S ratio) of diets in Japanese is
considerably high compared to that of people in Western
countries, at 2 : 1 versus 1 : 1, it is probable that the expression
of the cholesterol-raising effect of TFAs is being attenuated
in Japanese. In any case, it is indeed important to consider
the complex interaction of dietary fatty acids, not TFA alone
but saturated and unsaturated fatty acids too.

6. Conclusion

Since the consumption of TFAs is currently decreasing in
many countries, it is extremely important to clarify the
influence that low dietary levels of TFAs exert on circulating
cholesterol levels and cardiovascular diseases. The numbers
of investigations of the effects of low-level TFAs on these
parameters are insufficient. The results of the few existing
studies indicate that TFA at <1% E has little adverse effect on
the serum cholesterol level. A study conducted in Australia
indicated that the relative impact of 0.59% E TFA exposure
on CHDmortality is limited [55]. On the other hand, another
epidemiological study suggested that there does not appear to
be a threshold affecting serum lipid levels [44].

Regarding SFAs, although it is generally accepted that an
excessive intake of SFAs adversely affects serum cholesterol
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levels, this conclusion is controversial. The number of the
countries that meet the Food and Agriculture Organization
(FAO)/WHO recommendation of a mean intake of SFAs of
<10% E is limited: only 11 of 40 countries reviewed [56], and it
is thus necessary to reduce the industrial TFA intake without
increasing the SFA intake. A decrease in total fat intake is
generally accompanied by a lower intake of not only TFAs
but also SFAs. This is the simplest correspondence, but it is
also a troublesome approach. Hence, the determination of
the tolerable upper level of industrial TFA intake based on
reliable evidence is indispensable together with the removal
of TFA from foods. In addition, when evaluating the impact
of industrial TFAs on our health, it is most important to
consider the total dietary pattern, not industrial TFA alone.
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