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trans fatty acids (TFA's) are unsaturated fatty acid which have one or more double bond, they are present
naturally and most of it is artificial, fried, baked food and margarine are major sources of TFA, there are
several biological effects of TFAs on body health, various study showed that dietary TFA associated with
various health disorders such as Diabetes, cardiovascular disease (CVD), Obesity, breast cancer, prostatic
cancer infertility, and coronary artery disease (CAD). The World Health Organization (WHO) in 2015
encourages eliminations of trans fatty acids. The diet which related to non-communicable diseases
include TFA should be eliminated, WHO's European Food and Nutrition Action Plan 2015e2020 sug-
gested that TFAs should be less than 1% of the daily energy intake include natural origin. So the aim of
this review, to know more than about trans acids, their nature, sources, and their different effect on
health and how can analysis it.

© 2019 Published by Elsevier Ltd on behalf of Diabetes India.
1. Introduction

Trans fatty acids are unsaturated fatty acids maybe have one
double bond like elaidic acid (18:1t9) which is the main trans un-
saturated fatty acid found in partially hydrogenated vegetable oils
(PHVOs) or more than one double bond like Rumenic acid(cis-
9,trans-11C18:2) which is the major source of ruminant trans acids.
The physical properties of trans acids are difficult than of cis fatty
acids configuration. For example trans isomers having the higher
melting points which made the trans acids valuable commercially
and made it possible for shortening by hydrogenation of oils e.g
soya bean oil, cottonseed oil to produce desirable properties [1].
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2. Food sources of trans fatty acids

The major source of TFA are commercially produced in the diet
by PHVO, because it is not expensive compared with other fats, and
gave the food desirable characteristics, and shelf-life of the prod-
ucts. as French fries, fast food, and baked products prepared by
PHVO. partially hydrogenated vegetable oils is a chemical process
that made vegetable oils semisolid fats by adding hydrogen to
liquid oil in the presence of the catalyst to make margarines. Liquid
oils are unsaturated which will react with hydrogen in the presence
of a catalyst which may be nickel or platinum at about 60 �C. Hy-
drogenation elevates the melting point above room temperature
converting liquid oils to solid in a process called hardening.
While ruminant meats and dairy products participate a small
amount of the dietary TFA approximately 2e6%. These natural TFA
come from the normal process of bacterial metabolism of
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Abbreviations

TFA trans fatty acid
CVD cardiovascular disease
CAD coronary artery disease
WHO World Health Organization
PHVOs partially hydrogenated vegetable oils
USFA unsaturated fatty acids
SFA saturated fatty acids
FDA Food and Drug Administration
LDL Low density lipoprotein
HDL High density lipoprotein
Lp(a) lipoprotein (a)
PUFA poly unsaturated fatty acid
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polyunsaturated fatty acid in the rumen called biohydrogenation is
a process in which the bacteria convert unsaturated fatty acids
(USFA) to saturated fatty acids (SFA). However, some of the TFA
intermediaries formed by biohydrogenation (Fig. 1). Linoleic and
linolenic acids are the primary substrates for biohydrogenation. The
major source in the ruminant fat of trans isomer is vaccenic acid
(11t-18:1), while elaidic acids (9t-C18:1) and its isomer (10t-18:1)
are the major TFA in PHVO. Also, a small portion of TFA found in
pork and poultry fat [2e5].

3. Biological effects of TFA on body health*

The diet intake rich in TFA associated with various disorders
such as CVD, breast cancer, prostate cancer, diabetes, obesity and
others. The World Health Organization debate that the PHVO
should be removed from the diet intake as it would come back with
health benefits. After deciding that on June 2015 they were no
longer 'generally recognized as safe' for involvement in human
food, the United States Food and Drug Administration demanded
food manufacturers eliminated them from products by June 2018
[6,7].

4. Cardiovascular disease

There are several published studies have shown an association
of TFA with risks of CVD. The ratio of LDL cholesterol to HDL
cholesterol increased by TFA. The World Health Organization and
Agriculture Organization of the United Nations recommended that
the amount of TFA should be less than 4% in human dietary fat. It is
shown that industrial TFA associatedwith the enhanced risk of CVD
while ruminant TFA not [8]. Jakobsen [9] suggested that ingestion
of ruminant TFA is not linked with risk of CVD. For women but
Fig. 1. Biohydrogenation of linoleic and a-linolenic acid in the rumen.
intake of TFA from animal origin should be low. In prospective
cohort studies when the intake is below 2.5 g/d of a total, ruminant
and industrial TFA no differences in the risk of CAD is reported [10].

5. Effect of TFA on lipid and lipoprotein metabolism

TFA which come from PHOs causing increase of serum total and
LDL-cholesterol, the most unfavorable effect in comparison with
carbohydrates and other fatty acids is the effect on the ratio of
serum total cholesterol to HDL-cholesterol, on apoB, apoA1 con-
centration, LDL-and HDL-cholesterol, While they do not affect on
serum triacylglycerol levels [11]. In several intervention studies li-
poprotein (a) [Lp (a)] like LDL is associated with increased risk of
CVD. TFA result from PHOs enhanced lipoprotein (a) concentrations
[12e14] estimated that in women ruminant TFA increased HDL-
cholesterol. For both genders were observed Increased in LDL-
cholesterol and triacylglycerol concentrations when compared
the effect of 5% of the energy of TFA from hydrogenated with the
equal amount from ruminant TFA on lipoprotein metabolism. And
no effects on LP (a) were recorded and no change in the serum total
to HDL-cholesterol ratio. In another study [15] at two different
levels (1.5% and 3.7% of energy) of ruminant TFA only healthy men
and intake of 3.6% of energy from hydrogenated sources, It was
found that adversely affected cholesterol metabolism from high
intake (3.7% of energy) of TFA (ruminant and hydrogenated sour-
ces). But no effects were observed at the intake of 1.5% of energy
from the ruminant.

6. Type 2 diabetes

Various studies about associations between TFA and Diabetes.
One study suggested that there is no link between TFA and diabetes
[16] while [17] found that TFA enhance the risk of type 2 diabetes,
they estimated that the relative risk was 1.39 (1.15, 1.67;
P< 0.001when 2% increase in energy from TFA. while the relative
risk was 0.63(0.53, 0.76; P< 0.0001) from polyunsaturated fatty
acid for a 5% increase in energy. Also, they found that 40% lower risk
would result when replacing 2% of energy with PUFA. Another
study investigates the link between plasma concentrations of the
four master TFA isomers (elaidic acid, palmitelaidic acid, and vac-
cenic acid, linolelaidic acid) and diabetes. Especially elaidic acid
even after controlling other risk factors were positively associated
with diabetes in US adults. Total TFAs, elaidic acid, palmitelaidic
acid, and vaccenic acid were positively associated with biomarkers
of changing glucose metabolism in adults with no diabetes [18]. In
mice, the diet rich in TFA induces insulin resistance [19] and causes
in monkeys weight gain and insulin sensitivity impairment [20]. In
US adults [21,22], suggested that trans palmitelaidic acid was
associated with a lower risk of diabetes while another study re-
ported that neither trans-palmitelaidic acid nor elaidic acid was
significantly associated with diabetes [23]. Ruminant TFAs had less
adverse effects than industrial TFAs was demonstrated by
Refs. [24,25] in adults without diabetes were observed a positive
and significant association between some plasma TFAs and fasting
insulin, fasting glucose, and HbA1c. Identical findings were
observed in the study of [26] in which insulin resistance was
associated with serum elaidic acid concentration. Also [27], re-
ported harmful effects of TFA intake on insulin sensitivity.

7. Coronary artery disease

The consumption of TFA associated with coronary artery dis-
ease. Different clinical investigations have revealed that. Which has
been found in obese and cardiac patients in atherosclerotic lesions
and adipose tissue [28] [29]. found that patients with CAD had
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Triglyceride, ApoB and ApoB/ApoA1 ratio levels higher than in
healthy patients while HDL-C and ApoA1 levels in CAD patients
were lower. However, No significant differences in cholesterol and
LDL-C were observed in healthy and patients. And in the case of
CAD patients a high increase of TFA. In mice, the high diet of TFA
increased plasma levels of triglyceride but on cholesterol and LDL-C
plasma levels did not affect. And the causes of lack effect of LDL
raising by TFA unclear [30,31]. The ApoB/ApoA1 ratio is more
feature as an index of cardiovascular risk [32]. And in overweight
and obesity, It is considered the best thing to predict CAD risk [33].
So in the prediction of CAD risk, Apo B/Apo A1 levels were better
than LDL eC levels. The TFA especially elaidic acid and eicosanoic
acid raise the LDL/HDL cholesterol ratio [34]. Which also noted in
Ref. [29] and presumably, The risk of a CAD. Due to the increased
risk of CAD, trans isomers of linoleic acid were major adversely
linked with total mortality [35].
8. Obesity

A few studies have also been published about the association
between TFA consumption and the risk of obesity and weight gain.
Conflicting results have been reported from animal and cell studies
under the effect of TFA on lipid oxidation, glucose and on body
weight and composition. Of adipose tissue in vitro and ex vivo
studies have found TFA to reduce lipid deposition and inhibit lipid
synthesis. There are two studies measured hormones related to
appetite and weight gain showed that lower leptin and higher
adiponectin and resistin levels of animals which ate 20%TFA
[36,37]. Rodent studies have been shown that in obese animals
resistin levels increase and may be included in increase insulin
resistance, but adiponectin is linked to improving weight and gly-
caemic control [38]. Even in the absence of caloric excess and very
moderate gains in weight, the dietary TFA increases abdominal
obesity and induces abnormalities in glucose metabolism [39].
9. Prostatic cancer

The potentially harmful effects of TFA on cancer risk is not well
understood [40,41]. found that there is no association between
dietary trans fatty acids and prostate cancer measured using food
frequency questionnaire (FFQ) as a tool to measure TFA. However
[42], suggest that specific TFA isomers (Trans-16:1, trans-18:1,
trans-18:2 and total TFA) may increase the risk of advanced
prostate cancer by (FFQ) [43]. found that elaidic acid (18:1t9)
(trans, trans-18:2 n-6)(cis, trans 18:2n-6),(trans, cis-18:2n-6)TFA
by whole blood increase risk in nonaggressive tumors [44].
found that serum phospholipids C18 trans fatty acids (vaccenic
acid and 9-cis, 12-trans-18:2 TFA) were linked to increased pros-
tate cancer risk, not C16 trans fatty acid [45]. suggested that
sources of TFA might explain the discrepancy of results, for
example, high levels of TFA intake from PHVOs cause increased
risk of coronary heart disease not from those come from the
ruminant source. Therefore, the source and type of TFA in the food
intakemay be important considerations as modifiers of health risk.
In contrast, studies using an FFQ have not reported a positive as-
sociation between TFA content and prostate cancer risk, But
studies using adipose tissue biopsies and blood serum measure-
ments of TFA have found a positive association. The most tools for
cancer control is through cancer prevention programs is to modify
dietary habits or nutritional components [46]. Numerous western
countries have instituted laws that put assurance on the produc-
tion of healthy foodstuffs like putting trans-fat content labels on
food products, low trans-fat foods, Elimination of partially hy-
drogenated oils in foods etc [47].
10. Breast cancer

The effect of TFA on breast cancer development has been
examined more extensively than other cancers. In postmenopausal
women [48] examined that the relationship between the risk of
breast cancer and specific TFA isomers in subcutaneous adipose
tissue and proliferative benign breast disease. Although both elaidic
acid and vaccenic acid were not associated with breast cancer. The
trans-9-16:1 fatty acid isomer was significantly associated. Another
study analyzed specific TFA isomers and found no association be-
tween breast cancer risk and adipose tissue TFA content [49]. Three
of five studies that used adipose tissue for TFA exposure as amarker
showed a positive relationship with breast cancer [50e52]. How-
ever [53,54], in US Nurses Health Study by FFQ from 1980 to 1994
without benign breast disease 44697 postmenopausal subjects
reported that no signs of increased the risk of breast cancer from
high intake of TFA, fat subtypes and total dietary fat [54].women
whowork in the human health fieldmore healthier thanwho in the
rest. Proposing that sample may have affected the results. Also [55],
not found significant between TFA intake and breast cancer risk.
Another FFQ study [56] found in subjects using hydrogenated fat
cooking oils an developed risk for breast cancer. The Netherlands
Cohort Study [57] found that a higher incidence of breast cancer
with intake high levels of TFA (vaccenic acid) via FFQ. However [58],
reported that the serum level of vaccenic acid was linked with a
decrease in the risk of breast cancer, This discrepancy may be
related to conjugated linolenic acid (CLA) formation because vac-
cenic acid is a precursor to CLA which has been having anti-
carcinogenic properties [59]. The enzyme which is responsible for
the conversion of the vaccenic acid to CLA is D-9-desaturase, this
conversion important as they reduce mammary carcinogenesis in
rats [60,61]. Many different transcription factors are involved in this
enzyme regulation [62,63]. Therefore, the decrease in the function
of the D-9-desaturase enzyme will decrease the conversion of the
vaccenic acid to the anticancer fatty acid, CLA. The conflicting
findings suggest that numerous different factors including intake of
polyunsaturated fatty acid (PUFA), hormonal balance, genetic pre-
disposition and D-9-desaturase function which may play a role in
change the effect of TFA on breast cancer development.

11. Potential mechanism of actions

The mechanism by that TFA could increase cancer risk is note-
stablished, However, The incorporation of TFA into the cell mem-
brane phospholipids (PL) could be a possible candidate. Alteration
in membrane composition may change the membrane associated
function [64]. In the mice which fed TFA reported that a decrease in
n-3 PUFA in the plasma membrane of adipose tissue [64]. This
decrease associated with develop the risk of cancer and falling in
membrane fluidity [64e66]. The decrease of membrane fluidity
linked with an increase in the activity of free radicals in the phos-
pholipid bilayer causing oxidative stress [67]. Also, TFA which
incorporate into adipocyte and endothelial cell membranes may
change membrane-bound receptors function and the signaling
cascades linked with inflammatory pathways [68,69].

12. Infertility in women

Eating these unhealthy fats has been associated with an
increased risk for several diseases lastly found that it is linked to
increasing a woman's risk of infertility. Factors which known to
increase insulin resistance as decreased physical activity and
increased body weight, Found that associated with an increased
risk of infertility due to ovulatory dysfunction [70,71]. Also, bio-
markers such as high concentrations of glycated hemoglobin have
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been reported linked to decreased fertility [72]. At the Harvard
School of Public Health, the nutrition researchers reported that
women who have ovulation-fertility problems eat more TFA than
fertile women.73% the risk might be expected of ovulation-related
infertility from each 2% increase of TFA intake [73,74] found that an
increase in a fetal loss when intake TFA energymore than 4.7%. Also
[75] reported that TFA might cause fetal development abnormal-
ities. [76] first found no relation between TFA and birth weight and
in the same year reported that TFA decreases birth weight.
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