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Abstract
Trans fatty acids (TFA) are generated both during partial industrial hydrogenation 
of oils and by incomplete microbial hydrogenation of polyunsaturated fatty acids 
in the rumen. Elaidic acid (t9-18:1), the trans isomer of oleic acid, is the major 
isomer in industrial sources of TFA. Some trans isomers of linoleic acid and of 
α-linolenic acid may also arise, depending on the vegetable oil used for hydro-
genation and processing conditions. Vaccenic acid (t11-18:1) is the major trans 
isomer in ruminant fats. Elaidic acid and vaccenic acid differ in various biochemi-
cal activities. TFA show adverse effects on blood lipids, inflammation parameters 
and endothelial function. Epidemiological studies observed an increased risk of 
coronary heart diseases and total mortality with increasing intake of industrially 
generated TFA. Particularly fats for baking, roasting and deep-frying have or had 
a high content of TFA. Originally, margarine was an important source. Due to 
mandatory regulations and voluntary measures the TFA content of foods and 
thus TFA intake decreased markedly in many countries. This probably decreased 
health risks.
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Origin and nomenclature 
of trans fatty acids

Unsaturated fatty acids have double 
bonds mostly in cis-configuration, 
leading to a kink in the hydrocarbon 
chain. Trans fatty acids (TFA) on the 
contrary are unsaturated carboxylic 
acids with at least one double bond 
in trans configuration. In contrast 
to the cis isomer the hydrocarbon 
chain of a monounsaturated trans 
fatty acid is almost straight (♦ Fig-
ure 1). Structure, melting point and 
other physical properties shift TFA 
in the direction of saturated fatty 
acids. For one TFA are generated 
during partial industrial hydro-
genation of vegetable oils and, to a 
small extent, during oil refining [1]. 
This process turns liquid oils into 
semi-solid spreadable fats. Since 

the 1960s partially hydrogenated 
fats were a preferred alternative for 
saturated fats in the food industry. 
A high TFA content improves the 
functionality of a fat, i.e. texture 
and structure, thermal and oxi-
dation stability and extends shelf 
life. There are also natural sources 
of TFA in fat from ruminants, i.e. 
milk fat and meat and products 
made from them, as enzymes of the 
rumen bacteria incompletely hydro-
genate polyunsaturated fatty acids 
of the feed. Depending on the feeding 
regimen fat in cow’s milk contains 
2–8% TFA [1, 2].
Vaccenic acid (trans11-18:1), occa-
sionally also called trans vaccenic 
acid, predominates in the ruminant 
TFA (R-TFA, rumen-derived), ac-
counting for up to 70% of R-TFA, 
with the trans double bond in po-
sition n-7 (shorthand notation t11-
18:1, t-18:1n-7 or (old delta-no-
tation) C18:1 ∆11t). A minor fatty 
acid is trans palmitoleic acid (short-
hand notation t9-16:1, t-16:1n-7 or 
t-16:1n7) [1, 2]. Monounsaturated 
TFA generated through partial in-
dustrial hydrogenation (I-TFA, in-
dustrially produced) with a chain 
length of 18 carbon atoms (C18) 
have trans double bonds in position 
C4 to C16. The most important ones 
are t9-18:1 and t10-18:1. Their per-
centage of total t-18:1 amounts to 
about 28% and 23% respectively [3]. 
Elaidic acid (shorthand notation t9-
18:1, t-18:1n-9 or C18:1 ∆9t) is the 
trans isomer of oleic acid. But also 
t11-18:1 is found in I-TFA, with ap-
proximately 1% of total t-18:1 [3]. 
Thus I-TFA and R-TFA contain ba-
sically the same trans isomers, but 
in very different proportions. The t9 
to t11 ratio (so-called t9/t11 index) 
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gives an indication of the origin of 
TFA in foods. For R-TFA it is usually 
< 1.0 [2].
TFA are largely monounsaturated 
(t-18:1). Depending on the vegeta-
ble oil used for hydrogenation and 
processing conditions also poly-
unsaturated TFA (t-18:2, t-18:3 
and others) may arise, normally in 
low concentrations, in particular 
trans isomers of linolenic acid (e.g. 
c9,t12-18:2) and of α-linolenic acid 
(e.g. c9,c12,t15-18:3). If TFA have 
two or more double bonds a dis-
tinction needs to be made between 
those with isolated and conjugated 
double bonds, both for physiologi-
cal and legal reasons. According to 
the Food and Drug Administration 
(FDA) and the Codex Alimentarius 
Commission only fatty acids with 
non-conjugated trans double bonds 
are defined as TFA, whereby at least 
one of these double bonds must be 
in trans configuration. According 
to this definition conjugated linoleic 
acid (CLA) c9,t11-CLA is not a TFA. 

Metabolism

Incorporation into lipids  
of various tissues
Among men with an average TFA in-
take of 2.6 g/d (range 0.7–8.6 g/d), 
equal to 1.5 energy percent (En%) 
and 5.5% of total fat intake, the mean 
concentration of TFA in adipose tis-
sue (upper buttock subcutaneous 
fat) was 4.9% (1.7–7.7%) [4]. TFA 
intake and concentration in adipose 
tissue were somewhat lower among 
women. Subjects consuming a diet 
high in soft margarine from partially 
hydrogenated soybean oil and pro-
viding 4.15 En% TFA had increased 
plasma TFA concentrations, 3.8% in 
phospholipids, 7.1% in triglycerides 
and 4.4% in cholesterol esters. The 
t-18:2 isomers (CLA not included) 
accounted for 26, 37 and 57% of 
total TFA [5]. Ten different TFA iso-
mers were identified in plasma phos-
pholipids in an US cohort (samples 
taken in 1992). Total TFAs repre-

sented on average 2.52% of plasma 
phospholipids including an average 
of 0.25% t-16:1, 2.01% t-18:1, and 
0.27% t-18:2 isomers [6].
TFA were found in triglycerides, 
phospholipids and cholesterol es-
ters of various tissues [5, 7]. Their 
incorporation relative to total lipid 
differed depending both on the tissue 
and trans isomer [8]. TFA incorpo-
ration decreases the fluidity of mem-
branes. Therefore, incorporation into 
phospholipids, membrane lipids as 
well as functional lipids, is of special 
importance. This incorporation was 
isomer-dependent, too. Isomers of 
t-18:1 were mainly esterified at the 
sn1-position of glycerol in glycero- 
phospholipids [9]. Among t-18:2 
isomers c9,t12-18:2 was preferred 
for incorporation, predominantly 
at the sn2-position [10]. Among 
t-18:3 isomers c9,c12,t15-18:3 was 
the major one, also at the sn2-po-
sition [11]. Enzymes of the elonga-
tion-desaturation system may con-

vert t-18:3 isomers to trans isomers 
of eicosapentaenoic acid [11] and 
docosahexaenoic acid [12]. Trans 
docosahexaenoic acid was detected 
in brain [12], but not t9-18:1 [8]. 
High intake of α-linolenic acid as 
compared to linoleic acid decreased 
the incorporation of TFA into rat 
liver and adipose tissue [7].

Fatty acid metabolic pathways

Concerning absorption, transport, 
and oxidation TFA undergo a fate 
similar to that of the corresponding 
cis isomers. TFA can inhibit ∆6-de-
saturase, the first step enzyme of 
the elongation-desaturation system. 
Trans isomers differ in their inhib-
itory effect, with t,t-18:2 being a 
more potent inhibitor than t9-18:1 
[9]. Thus TFA can impair the syn-
thesis of the long-chain fatty acids 
arachidonic acid (20:4n-6), eicosa- 
pentaenoic acid (20:5n-3) and doco-
sahexaenoic acid (22:6n-3) and their 
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Fig. 1:  Structure of oleic acid, various trans fatty acids (TFA), and of conju-
gated linoleic acid (CLA) 
The position of the double bonds is usually indicated by the carbon atom coun-
ting from the carboxylic end of the carbon chain (delta-notation), different from 
the cis unsaturated fatty acids. One exception, for example, is t9-16:1, also called 
t-16:1n-7.

c9-18:1
oleic acid

t9-18:1
elaidic acid

t11-18:1
vaccenic acid
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incorporation into tissues. Higher 
content of trans eicosapentaenoic 
acid [11] and trans docosahexaenoic 
acid [12] in phospholipids of var-
ious rat tissues was accompanied 
by a decreased content of their cis 
analogues [11, 12]. But no major 
changes were observed in brain 
phospholipids [12]. In adults, a suf-
ficient supply of essential fatty acids 
prevents detrimental health effects 
of TFA [9]. TFA pass the placental 
barrier and appear in breast milk. 
Their metabolic effects can thus af-
fect fetus and infant. The concentra-
tion of t-18:1 and t,t-18:2 in breast 
milk, but not t9-16:1, was indeed 
inversely correlated with that of 
arachidonic acid and docosahexae-
noic acid [13].
It is a special feature of TFA that 
∆9-desaturase (stearoyl-CoA-desa- 
turase), found in all human cells, 
can insert an additional double bond 
in some t-18:1 positional isomers 
(♦ Table 1). Thus t11-18:1 can be 
converted to c9,t11-CLA [8, 14, 15]. 
In mice the degree of conversion de-
pended on the tissue examined [8]. 
The isomers t12-18:1 to t15-18:1, 
which occur in R-TFA but only in 
low concentrations in I-TFA, are also 
∆9-desaturated [15]. Isomers pre-
dominating in I-TFA, t9-18:1 and 
t10-18:1, are not ∆9-desaturated 
[15]. Conjugated linolenic acids (e.g. 
c6,c9,t11-18:3) and conjugated eico-
satrienoic acids (e.g. c8,c11,t13-20:3) 
can be synthesized from the pre-
cursor c9,t11-CLA by insertion of 
additional double bonds and chain 
elongation [16]. While t-18:1 iso-
mers were mainly incorporated into 

triglycerides, the ∆9-desaturation 
products were selectively incorpo-
rated into phospholipids [15]. The 
t-18:1 isomers can also be shortened 
to t-16:1 isomers via partial peroxi-
somal ß-oxidation, namely t11-18:1 
to t9-16:1 [17] and, in analogy, 
t9-18:1 to t7-16:1 (♦ Table 1). The 
conversion rate for t11-18:1 was on 
average 17% in humans [17].
The content of t9-16:1 in plasma 
phospholipids, originating from 
milk fat or endogenously synthe-
sized from the precursor t11-18:1, 
was in cohort studies associated with 
lower concentrations of several risk 
markers, among others triglycer-
ides, the inflammatory marker C-re-
active protein and the ratio total/
HDL cholesterol [18]. No theory has 
been put forward for a protective 
mechanism yet. The CLA-isomer 
c9,t11-CLA, which occurs in rumi-
nant fat and is also endogenously 
synthesized from t11-18:1, reduced 
the synthesis of adhesion molecules 
on the surface of endothelial cells 
and the adhesion of macrophages. It 
improved insulin sensitivity in ob/
ob mice [14]. A number of findings 
demonstrate that t11-18:1 (R-TFA) 
and t9-18:1 (I-TFA) are metabolized 
differently. Only t9-18:1 inhibited 
∆5-desaturase activity in vitro [9]. 
Only t9-18:1 and t9,t12-18:2 dis-
turbed insulin signal transduction 
in endothelial cells. Only t9-18:1, 
but not t11-18:1, impaired choles-
terol efflux from macrophages [14]. 
In cell culture experiments, t11-
18:1 possessed anti-inflammatory 
properties, though less pronounced 
than c9,t11-CLA [19]. In a human 

study supplementation with t11-
18:1 changed neither immune cell 
function nor plasma biomarkers of 
immune function and inflamma-
tion [20]. Different from t11-18:1 
neither t9-18:1 nor t10-18:1 are 
∆9-desaturated (♦ Table 1). This 
may be an explanation for their 
more unfavorable pathobiochemical 
effect. They were more cytotoxic to 
liver cells and increased, different to 
t11-18:1, the expression of lipogenic 
genes (fatty acid synthase, ∆9-de-
saturase) and transcriptional regu-
lators [15]. Both were incorporated 
in triglycerides and phospholipids to 
a greater extent than t11-18:1 [15].

Health aspects

Blood lipids
A high cholesterol concentra-
tion, particularly LDL cholesterol, 
is an important risk factor for 
the development of cardiovas-
cular diseases (CVD) [21]. CVD 
include coronary heart disease 
(CHD), circulatory disorders, and 
stroke. The ratio total/HDL cho-
lesterol is a particularly valu- 
able predictive marker [21, 22]. 
According to a meta-analysis of 
intervention studies, TFA (mainly 
I-TFA) increased plasma LDL cho-
lesterol, triglycerides, and the ratio 
total/HDL cholesterol more than 
saturated fatty acids, with a linear 
dose-response relationship [22] (♦ 
Figure 2). Another meta-analysis 
found a nonlinear S-shaped rela-
tionship between TFA intake and 
plasma LDL cholesterol. An intake 
below 1.4 En% did not increase LDL 
cholesterol, and an intake above 3 
En% did not increase LDL cholesterol 
further [23].
The question if I-TFA and R-TFA 
have the same effect on lipids is not 
conclusively clarified. One review 
concluded that I-TFA increase the 
ratio LDL/HDL cholesterol not signif-
icantly more than R-TFA [24]. In an 
individual study, comparing I-TFA 
(predominantly t-18:1) with R-TFA 
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through …
from…

additional double bond
(∆9-desaturase)

chain shortening
(partial ß-oxidation)

t9-18:1
also t-18:1n-9
(elaidic acid)

no t7-16:1
also t-16:1n-9, t-16:1n9

t10-18:1 no not known

t11-18:1
also t-18:1n-7
(vaccenic acid)

c9,t11-CLA t9-16:1
also t-16:1n-7, t-16:1n7

Tab. 1: Possible metabolites of major t-18:1 isomers [15, 17]
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(TFA intake 2 En% each), only R-TFA 
increased total and LDL cholesterol 
modestly [25]. According to a me-
ta-analysis higher intake of R-TFA 
in milk fat did not increase total/
HDL cholesterol or LDL/HDL cho-
lesterol ratios in intervention studies 
[26]. This was confirmed for R-TFA/
c9,t11-CLA rich cheese in an individ-
ual short-term study [16]. A higher 
concentration of t9-16:1 in plasma 
phospholipids was in a US cohort as-
sociated with higher HDL cholesterol 
concentrations and a lower ratio 
total/HDL cholesterol [18].

Disease risks

At the very latest since the first pub-
lication of the Nurses‘ Health Study 
1993 [27] it was no more questioned 
that TFA increase the risk for CHD. 
This increased risk of CHD is likely 
attributable to various mechanisms, 
such as the elevation of LDL choles-
terol and lipoprotein(a) and the re-
duction in HDL cholesterol concentra-
tions, an increase of triglycerides and 
of apolipoprotein B, proinflammatory 
effects, and impaired vascular elastic-
ity [14, 28] as well as an increase of 
small, dense, and thus atherogenic LDL 
particles [28]. The risk of insulin resis- 
tance and of type 2 diabetes mellitus 
is probably also increased [28]. Their 
negative impact on health is more pro-
nounced than could be expected from 
the effect on cholesterol concentration 
alone [22]. A new meta-analysis of co-
hort studies found that higher intake 
of I-TFA and total TFA significantly 
increased the risk of death due to CHD 
and the risk of CHD-associated events 
and illnesses combined. However, 
higher intake of R-TFA alone did not 
affect the risk [29]. Higher intake of 
R-TFA, calculated on the basis of the 
biomarker t9-16:1 in plasma, was 
associated with a lower risk of type 2 
diabetes mellitus, whereas higher total 
TFA intake, i.e. largely I-TFA, tended 
to increase the risk [29] (♦ Table 2). 
t-18:2 isomers may carry a greater 
health risk than t-18:1 isomers [28].
In a large prospective cohort, in 

which plasma phospholipid t9-
16:1 concentration was inde-
pendently associated with lower 
risk of type 2 diabetes mellitus 
[18], the concentration of t9-16:1 

was associated with intake of (par-
ticularly full fat) milk products [6]. 
It remains open if there is a causal 
link between t9-16:1 concentration 
and reduced diabetes risk, or if t9-
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n RR 95 %-CI

total TFA all cause mortality 2/2 1.34*** (1.16–1.56)

CHD totala 6/7 1.21*** (1.10–1.33)

ischemic stroke 3/4 1.07 (0.88–1.28)

diabetes mellitus type 2 6/6 1.10 (0.95–1.27)

I-TFA all cause mortality 1/2 0.98 (0.92–1.04)

CHD totala 2/2 1.42* (1.05–1.92)

ischemic stroke 0 - -

diabetes mellitus type 2 0 - -

R-TFA all cause mortality 1/2 1.04 (0.92–1.18)

CHD totala 3/4 0.93 (0.73–1.18)

ischemic stroke 0 - -

diabetes mellitus type 2 5/5 0.58*** (0.46–0.74)

Tab. 2:  Intake of total TFA (up to 80% I-TFA), I-TFA, and R-TFA and all cause 
mortality and disease risks (according to de Souza et al. 2015 [29], 
meta-analysis) 
a coronary heart disease, cases including deaths 
I-TFA = industrially produced trans fatty acids; 95% CI = 95% confidence interval; 
n = number of studies/comparisons; RR = relative risk; R-TFA = rumen-derived trans 
fatty acids; TFA = trans fatty acids 
* p ≤ 0.05, *** p ≤ 0.001 

Fig. 2:  Changes in blood lipids, namely total cholesterol, LDL cholesterol, 
HDL cholesterol and the ratio TC/HDL-C, if dietary TFA are replaced 
by saturated, monounsaturated or polyunsaturated fatty acids (iso-
caloric replacement of 1 En% each) (according to Mozaffarian & Clarke 
2009 [22]; meta-analysis of 13 randomized controlled dietary trials inclu-
ding 41 different test diets) 
HDL-C = HDL-cholesterol; LDL-C = LDL-cholesterol; MUFA = monounsaturated fatty 
acids; PUFA = polyunsaturated acids; SFA = saturated fatty acids; TC = total choles-
terol; TFA = trans fatty acids
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16:1 is simply a good biomarker 
for milk fat intake. In another 
population the concentration of 
t9-16:1 was also positively corre-
lated with intake of margarine and 
sweet baked goods [30]. This seems 
plausible as t9-16:1 may also be 
derived from t11-18:1 occurring 
in I-TFA. The concentration of t7-
16:1 and of various t-18:1 isomers 
(including t11-18:1) was equally 
positively correlated with intake of 
margarine and sweet baked goods 
[6]. Therefore, it would be useful 
to analyze tissue concentrations of 
t9-16:1 and t7-16:1 in parallel. As 
outlined before, both, supply with 
food and endogenous metabolism 
influence the concentration of trans 
isomers.
Many studies examined the asso-
ciation between trans isomers in 
plasma, plasma phospholipids or 
erythrocytes with disease risks. 
They found that only concentra-
tions of t7-16:1 and t-18:1 were 
associated with higher risk of type 
2 diabetes mellitus [31], while t9-
16:1 was inversely associated [18, 
30]. Furthermore t9-16:1 was not 
associated with increased CVD risk 
[32]. Only t9,t12-18:2 was asso-
ciated with higher risk of all-cause 
and CVD mortality, but no other 
t-18:2 isomers, t7-16:1 or total 
t-18:1 [33]. And only t9-18:1, but 
not t11-18:1, t9,t12-18:2, and t9-
16:1, was in a cohort representa-
tive of the general US population 
(National Health and Nutrition Ex-
amination Survey, NHANES) asso-

ciated with increased CVD mortal-
ity [34]. A TFA index, calculated as 
the sum of isomers mainly derived 
from I-TFA divided by the sum of 
isomers mainly derived from R-TFA, 
showed (only) in erythrocytes a 
strong positive association with 
CHD risk [35]. The importance of 
individual isomers for the physio-
logical effect of TFA overall and their 
utility as biomarkers for the dietary 
intake remain unresolved. This ap-
plies in particular to the various 
t-18:1 isomers, as they are highly 
intercorrelated [6, 33, 34]. Signif-
icant reductions in I-TFA intake in 
the US population (NHANES) from 
1999–2000 to 2009–2010 resulted 
in significantly lower plasma TFA 
concentrations, on average by 54%. 
All trans isomers decreased, t9-18:1 
only moderately more than the 
other ones (t9-16:1, t11-18:1 and 
t9,t12-18:2) [36]. 
Even though it has not been finally 
clarified if R-TFA and I-TFA should 
be rated equally critically, it is 
widely accepted that at the habitual 
intake levels R-TFA do not increase 
disease risk [14, 28, 29]. Intake of 
R-TFA cannot be separated from 
the consumption of milk and dairy 
products or milk fat. R-TFA assess-
ment must always include that of 
these foods. Higher intake of R-TFA 
means also higher intake of satu-
rated fatty acids, which are regarded 
as risk factor for CVD as well. How-
ever, recent studies which assessed 
saturated fatty acids in milk fat as 
components of complex foods (milk, 

dairy), came to a more differentiated 
assessment (references in [37]).

Legal requirements 

Inclusion of the TFA content on 
food labels became recently manda-
tory, for ≥ 0.5 g TFA per serving 
in the United States since 2006 and 
for ≥ 0.2 g TFA per serving in Can-
ada since September 14, 2005. In 
2015 FDA revoked the GRAS status 
(GRAS: generally regarded as safe) 
for I-TFA in the food supply, with 
a transition period of three years. 
New York City banned use of fats 
containing I-TFA in restaurants in 
2007.
Denmark was the first European 
country that restricted the content 
of I-TFA to 2 g per 100 g fat or oil 
in 2003. After a short transition pe-
riod this restriction also applied to 
fats in processed foods. R-TFA were 
excluded from the regulation. The 
implementation was successful, 
demonstrating that the removal of 
TFA is both feasible and achievable. 
In the meantime similar regulations 
went into effect in Switzerland, Aus-
tria, Iceland, Hungary and Norway. 
Sweden is preparing such a measure. 
Besides mandatory regulations also 
voluntary regulations helped to re-
duce I-TFA in foods, yet mandatory 
regulations were more effective [38]. 
In Germany, the TFA concentration 
in infant formulae and follow-on 
formulae must not exceed 3% of 
total fat according to the respective 
dietary regulation (Diätverordnung) 
[39]. There are currently no further 
quantitative limits.

Replacement options for 
TFA fats

For health reasons reduction in 
TFA intake should not lead to an 
increased intake of saturated fatty 
acids. Depending on the intended 
purpose replacement products with 
similar characteristics may e.g. be 
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Germany United States

time period 2005–2006 1999–2002

intake men  
14–80 years

women  
14–80 years

men  
> 20 years

women  
> 20 years

TFA (g/d) 1.9 1.4 6.8 5.2

TFA (En%) 0.7 0.7 2.3 2.5

TFA (% of fata) 2.1 2.2 7.1 7.6

Tab. 3:  TFA intake in Germany (NVS II) [43] and in the United States [44] 
(means) 
atotal fat consumed 
En% = energy percent ; NVS II = National Food Consumption Study II (Nationale 
Verzehrstudie II) ; TFA = trans fatty acids
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manufactured by chemical or enzy-
matical interesterification of fats or 
by blending solid fats (in part fully 
hydrogenated vegetable oils) with 
fluid oils. In Denmark I-TFA were 
mostly replaced by saturated fatty 
acids (including coconut oil) and to a 
smaller extent by monounsaturated 
and polyunsaturated fatty acids 
[40]. In the United States TFA were 
only to a small extent replaced by 
saturated fatty acids, the content of 
TFA as well as the sum of TFA and 
saturated fatty acids decreased in 
supermarket foods and restaurant 
products [41].

Change in TFA consump-
tion and consequences

Due to a wide range of TFA contents 
within given food groups, product 
reformulations and an inherent im-
precision in measuring food intake, 
it was and remains difficult to ac-
curately determine TFA intake. In 
the 1990s, total average TFA intake 
in Europe ranged from 1.4–5.4 g/d 
(0.5–2.0 En%). Intake in Germany 
was 2.1 g/d (0.9 En%) [42]. Based 
on the German National Food Con-
sumption Study II (Nationale Ver-
zehrstudie II (NVS II)) average TFA 
intake in Germany is at present 
1.7 g/d (0.7 En%) [43]. Around 
the year 2000 men in the United 
States consumed on average 6.8 g 
and women 5.2 g TFA per day [44] 
(♦ Table 3). For persons > 2 years 
the intake was on average 5.8 g/d 
(2.6 En%) [45]. R-TFA made up ap-
proximately 20% of total TFA intake 
in the United States [45], while in 
Europe it made up between < 30% 
(The Netherlands, Norway) and ≥ 
64% (Spain, France, Germany, and 
others) [42]. The most recent assess-
ment found that in Germany R-TFA 
contribute 60–80% [43].
Originally margarine was a major 
source of TFA [1, 27]. From around 
the 1990s first the TFA content in 
margarines was considerably re-
duced through reformulation [1], 

later on other foodstuffs followed. 
In the meanwhile (largely sweet) 
baked goods, deep-fried products, 
snacks, and fast food became the 
main sources of I-TFA [44]. The FDA 
calculated that in the United States 
intake of I-TFA decreased from on 
average 4.6 g/d (2.0 En%) in 2003 
to 1.3 g/d (0.6 En%) in 2010 and 
1.0 g/d (0.5 En%) in 2012 [46]. In 
Europe mean TFA intake around 
the 2010s was 0.9–1.8 g/d (0.4–
0.8 En%) [42]. Decreasing intake of 
I-TFA increased the percentage con-
tribution of R-TFA to total TFA in-
take [42].
Reformulation of food products 
led to a lower intake of I-TFA and 
thus to decreased plasma TFA con-
centrations in the US population 
(NHANES), by 54% from 1999–
2000 to 2009–2010 [36]. Neverthe-
less, TFA concentrations remained 
significantly associated with plasma 
cholesterol concentrations in 2009–
2010 [36].
Decreased TFA intake decreased the 
TFA concentration in breast milk 
in Canada from on average 7.2% of 
fat in 1992 to 1.9% in 2011 [47]. 
Due to reformulations both TFA 
intake and TFA concentration in 
adipose tissue decreased in persons 
in Costa Rica. With decreased TFA 
concentration the positive associ-
ation between the concentration 
of t-18:2 in adipose tissue and 
CHD risk was no longer signifi-
cant [48]. Already the first report 
of the Nurses‘ Health Study [27] 
showed that those women had a 
higher CHD risk who had not re-
duced their I-TFA intake during the 
past ten years. The latest analyses 
(follow-up 30 and 32 years, up to 
2010 and 2012) found in this co-
hort no significantly increased risk 
of a sudden cardiac death [49] and 
of total mortality [50] with higher 
TFA intake. The phenomenon may 
be explained by the overall lower 
TFA intake in later years, but also 
the older age of the participating 
women [51]. However, for women 
and men combined (Nurses‘ Health 

Study und Health Professionals 
Follow-up Study), there remained 
a significantly higher risk of total 
mortality and CVD mortality, by 
16% in case of an intake of 2 En% 
TFA in place of saturated fatty 
acids [50].
The World Health Organization 
(WHO) recommends that TFA intake 
should be as low as possible, i.e. < 
1% of total energy intake [40]. This 
recommendation is generally ac-
cepted. The German Federal Institute 
for Risk Assessment (Bundesinstitut 
für Risikobewertung, BfR) concluded 
that the current average TFA intake 
in Germany does not pose a health 
risk [43].
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