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Consumption of industrially produced trans fatty acids (IP-TFAs) increases LDL cholesterol, either de- 

creases or has no effect on HDL cholesterol, and increases markers of inflammation. Observational studies 

have shown that consumption of TFA produced by partial hydrogenation of vegetable oils (PHOs) is as- 

sociated with increased mortality and incidence of MI and stroke rates. Regulatory initiatives to restrict 

PHOs to less than 2 g per day from food sources, along with concurrent initiatives to reduce tobacco 

exposure, have been associated with reduction in cardiovascular mortality and MI rates. What remains 

unknown is whether the consumption of amounts < 2 g per day of PHOs is also harmful and whether 

TFAs present in milk and the meats of ruminant animals is beneficial or harmful. 

© 2018 Elsevier Inc. All rights reserved. 
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Introduction 

Fats are an important source of dietary calories and, according

to currently recommended dietary guidelines, in an average Amer-

ican adult diet providing 20 0 0 to 250 0 calories daily, 20% and 35%

of calories (approximately 60–70 g) should come from fat, respec-

tively, of which, saturated fats should be no greater than 10% (20 g

per day) [1] . The remaining fat calories are from mono and poly

unsaturated fatty acids [1] . Since the consumption of saturated fats

is associated with an increase in total and low density lipoprotein

(LDL) cholesterol [2] , mono and polyunsaturated fatty acids intake

has been exponentially increasing, especially in the western world

[3] . 

Industrially produced trans fatty acids (IP-TFAs) account for ap-

proximately 1–2% of the North American diet [2] . IP-TFAs were in-

vented in Europe during the 20th century and were produced in

bulk, mainly to decrease cost, increase shelf life, and allow pro-

duction of solidified forms of vegetable oils [4] . This led to a rapid

increase in their use in cooking worldwide. Increased intake of

margarine, soya butter, and Vanaspati ghee (in India, Pakistan, and

Iran) [5] , essentially replaced or, at least, markedly decreased the

consumption of butter and lard during the latter part of the last

century. However, in humans, these user friendly IP-TFAs not only

increased LDL cholesterol (like saturated fats), but also, either de-
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reased or had no effect on high density lipoprotein (HDL) choles-

erol and also exerted other detrimental physiological effects. Ob-

ervational and case control studies showed that consumption of

P-TFAs was associated with an increase in cardiovascular morbid-

ty and mortality [6,7] . For example, Mozaffarian et al., summa-

ized the results of prospective cohort and case-control studies

uggesting that a 2% increase in energy intake from partially hy-

rogenated oils (PHOs) or IP-TFAs was associated with a 23% in-

rease in the incidence of cardiovascular heart disease [6,7] . This

as led to increasing effort s to reduce IP-TFA intake. This brief re-

iew focuses on the effects of TFAs on cardiovascular health and

hether their reduced consumption has had an influence on car-

iovascular mortality, myocardial infarction, and stroke. 

hat are trans fatty acids 

Unsaturated fatty acids consist of cis and trans isomers [8] . Cis-

atty acid isomers contain hydrogen atoms on the same side of the

arbon double bond [8] . They have a tortuous formation making

t relatively less rigidly packed and hence, difficult to adhere [8] .

n the other hand, trans-fatty acids contain hydrogen atoms on

he opposite side of the carbon double bond making the fat more

inear and rigidly packed allowing better adherence and cell pene-

ration ( Fig. 1 ) [8] . 

TFAs are a type of mono and polyunsaturated fatty acids with

t least one carbon double bond in the trans configuration ( Fig. 1 )

9] . Naturally occurring TFAs are found in small amounts in milk

nd meat of ruminant animals such as cows and sheep, where

hey are formed due to anaerobic bacterial fermentation (bio-
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Fig 1. Cis-oliec acid and trans-oliec acid [9] . 
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Table 1 

Effect of TFA on LDL, HDL, hsCRP, IL-6, and 

TNF [22–29] . 

LDL HDL hsCRP IL-6 TNF- γ

⇑ = / ⇓ ⇑ ⇑ ⇑ 

TFA – trans fatty acids, LDL – low density 

lipoprotein, HDL – high density lipoprotein, 

hsCRP – high sensitivity c-reactive protein, 

IL-6 – interleukin 6, TNF- γ - tumor necrosis 

factor- γ . 
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ydrogenation) and transferred via breast milk and meat products

10] . Small amounts are also naturally present in some vegetable

ils and nuts. Due to their presence in lower concentrations, nat-

ral TFAs have contributed relatively less to the overall consump-

ion globally [2] . Industrially, TFAs are produced by partial hydro-

enation of the unsaturated fatty acids in the presence of a catalyst

uch as Nickel, or by heating oils at high temperatures [11] . 

istorical perspectives 

TFAs arose from the intent of increasing the usability of unsat-

rated fatty acid oils [12] . Although the idea of hydrogenation of

ils was coined at the turn of the 20th century [12–14] , the indus-

rial use of the process started in the early 1900s and continued

ithout any obstacles until mid to late 20th century [15,16] . 

Over the years there have been many theories about the truth

ehind these assumed “consumer-friendly” fats. The knowledge of

nhealthy effects of then widely used IP-TFA surfaced during the

950s [17] . However, it was not until the 1990s that it was sus-

ected that consumption of IP-TFAs was associated with increased

ardiovascular mortality and morbidity in observational studies

17] . With this new “trans-fat” awakening in the mid-1990s, Den-

ark became the first country to enforce laws on reduction/control

f industrial IP-TFA rich foods intending to improve population

ealth [18–20] . 

ffects of trans fatty acids on lipids, inflammation and vascular

unction ( Table 1 ) 

As partially hydrogenated fatty acids, TFA have multiple effects

n human physiology [21] . The IP-TFA effect on serum lipopro-

ein levels was considered to be of prime importance for a long

ime. Early research on this topic has, for the most part, concluded

hat consumption of IP-TFAs increase serum LDL-cholesterol almost

s much as saturated fatty acids [21] with a striking contrast in

heir effects on HDL-cholesterol. IP-TFA do not increase and may

ctually decrease HDL-cholesterol concentrations and additionally,

ncrease triglyceride levels [21–25] . This strengthens the positive

elationship between IP- TFA intake and CVD risk. TFA use is as-

ociated with a high HDL apoA-I catabolic rate and a lower LDL

poB-I catabolic rate [22,23] . 

TFA association with cardiovascular health is much more than

redicted by its effect on serum lipids. Inflammation plays a criti-

al role in CVD especially in the atherosclerotic process [26] . High

ensitivity C-reactive protein (hsCRP) and pro-inflammatory cy-

okines, IL-6, IL-1 β , and TNF- γ , are mediators of the inflammatory

rocess [7] . Diets high in IP-TFAs increase inflammation in healthy

dults [27] . Epidemiological and clinical studies indicate that TFAs

re directly associated with an increase serum concentrations of

sCRP, IL-6, and TNF- γ levels [7,27,28] . 
Inflammation is also one of the principal causative factors of

ascular endothelial dysfunction [29] . Under healthy conditions, ni-

ric oxide (NO) produced in the endothelium promotes vasodila-

ion while preventing platelet aggregation and adhesion. Impair-

ent in generation of NO increases the risk of atherosclerosis [29] .

FAs are associated with reduction in NO production and activation

f nuclear factor kappa-light-chain-enhancer of activated B cells

NK- κB) that induce transcription of inflammatory cytokines [30] .

his subsequently leads to endothelial dysfunction, thus increas-

ng the possible risk of atherosclerosis. Despite much research on

he effects of TFA on cardiovascular health, precise molecular path-

ays by which certain physiological changes occur still remain un-

nown. 

eneficial and harmful effects of industrially produced and 

aturally occurring trans fatty acids on cardiovascular health 

At present there are no known beneficial effects of IP-TFAs, but

he effects of naturally occurring TFAs including trans-palmitoleic

cid/oil on cardiovascular health remain incompletely understood

31] . A meta-analysis of 4 prospective cohort studies showed an

nsignificant relationship between intake of naturally occurring TFA

nd cardiovascular disease [9,32] . 

To date there are no randomized trials addressing the detri-

ental effects of IP-TFAs on cardiovascular health. However, mul-

iple observational and epidemiological studies have suggested a

ositive correlation between IP-TFAs and cardiovascular disease

20,33–41] . One of the most cited studies in the west is the

urses’ Health Study that was initiated in 1976 where researchers

xamined the association of dietary fat intake with the risk of

oronary heart disease (CHD) [33] . This was a 20-year study in-

luding over 75,0 0 0 healthy women free of cardiovascular dis-

ase and diabetes [33] . Multiple follow-ups were completed for the

tudy with the first 8-year follow-up showing 431 incident cases of

ew CHD (non-fatal MI or death from CHD) and a direct correla-

ion between intake of IP-TFA and risk of CHD ( Table 2 ) [33] . 

Subsequent follow-ups at 14 and 20 years confirmed above

ndings [34,35] , with a higher incidence of non-fatal MI or death

rom CHD in women under the age of 65 years of age [35] . Nurses’

ealth Study identified doubling of CHD with IP-TFA intake [34,35] .

his longitudinal cohort study had a nested case-control study,

hich showed 166 cases of CHD (non-fatal MI or death from CHD)

urther strengthening TFA association with CHD [36] . The 14 year

ollow-up of the study identified 2507 incident cases of type 2 di-

betes suggesting an increase in the risk of developing diabetes

ellitus (DM) with increased TFA exposure, by changing insulin

ensitivity [37,38] . A meta-analysis of observational studies done in

015 found no association between TFA and type 2 diabetes mel-

itus [39] . However, this analysis was confounded by heterogeneity

39] . 

A case control study done in Boston between 1982 and 1983

tudied the association between TFA intake and risk of MI. This

as a study of non-fatal MI in six hospitals in the Boston area

ncluding 239 cases and 282 controls [39] . Researchers used a
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Table 2 

Effect of TFA on MI, stroke, DM, and mortality [34–41,43–45] . 

Epidemiologic-observational studies MI Stroke DM Mortality 

Nurses’ Health Study 

8-Year follow-up ⇑ ⇑ 

14-Year follow-up ⇑ ⇑ ⇑ 

20-Year follow-up ⇑ ⇑ 

Boston Health Study ⇑ 

Australian Case-Control Study ⇑ 

Prospective Case-Control Study nested in Women’s Health Initiative Observational Study ⇑ 

Prospective Cohort Study – REGARDS ⇑ 

TFA – trans fatty acids, MI – myocardial infarction, DM – diabetes mellitus. 

Table 3 

Effects of TFA restrictions on MI, stroke, DM, and mortality [21,42] . 

Observational-interventional studies MI Stroke DM Mortality 

Denmark Case-Control Study ⇓ 

New York – Retrospective Observational Pre-Post Study ⇓ ⇓ (SNS) 

TFA – trans fatty acids, MI – myocardial infarction, DM – diabetes mellitus, SNS – statistically not 

significant. 
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food frequency questionnaire to calculate TFA consumption and

found a significant association between TFA intake and risk of

MI [40] . 

In 1996, Australia eliminated TFA as an ingredient from mar-

garine [41] . Australian case-control study examined TFA levels in

adipose tissue and first MI. The study showed 209 cases of first MI

between the years of 1995 and 1997 [41] . TFA levels prior to 1996

were found to be significantly higher in cases vs controls than TFA

levels between cases and controls after 1996 [41] . 

In the year 2004, Denmark was the first country to regulate

content of IP-TFA in food products [20] . A study assessing the effec-

tiveness of this policy found a significant decrease (by 14.2 deaths

per 10 0,0 0 0 people per year) in cardiovascular disease (CVD) in the

three years after the policy was implemented compared to syn-

thetic controls ( Table 3 ) [20] . 

Between the years of 2007 and 2011, New York State instituted

TFA restrictions in eateries of 11 counties [42] . A retrospective ob-

servational pre-post study of residents in counties with TFA restric-

tions was done in comparison to the residents of counties without

restrictions from 2002 to 2013 [42] . A significant decline in MI and

stroke combined was seen in counties with TFA restrictions com-

pared with the non-restricted counties ( Table 3 ) [42] . The study

used a food frequency questionnaire to calculate TFA consumption

and found a significant association between TFA intake and risk

of MI and a marginal, statistically insignificant reduction in stroke

rate ( Table 3 ) [42] . It must be recognized that with a ban on smok-

ing in public places in certain New York counties, there was a de-

cline in smoking rates during this interventional trial period and

healthy life style measures were also in practice, which by them-

selves could have influenced the results [42] . 

A prospective case-control study nested in the Women’s Health

Initiative Observational Study examined the association between

serum fatty acid concentrations and the incidence of ischemic

stroke in post-menopausal women aged 50–79 year between 1993

and 2003 [43] . The study concluded that serum trans, saturated,

and monounsaturated fatty acids are positively associated with is-

chemic strokes [43] . 

A prospective cohort study investigated the association be-

tween TFA intake and incidence of stroke between African Amer-

ican and Caucasian men and women ( n = 17,107) [44] . The study

showed that every 2 g increase in TFA intake per day resulted in

a 14% increase in risk of stroke in the male population but not in
omen indicating that sex modifies the association between TFA

nd stroke [44] . 

DA mandate regarding industrially produced trans fatty acids 

n food labels 

Many studies showing the interrelationship between TFA, CHD,

nd improved outcomes following the initiation of TFA restrictions

n countries like Denmark provoked national attention and led to

he United States Food and Drug Administration (US-FDA) mandate

f restrictions on TFA in 2003. This mandate required TFA content

o be declared on nutrition labels of conventional foods and di-

tary supplements effective January 2006 [6,45] . The disclosure of

FAs on all pre-packaged foods resulted in reformulation of food

roducts to reduce the amount of trans fats since the ruling was

nstituted. In addition to the ruling in 2003 , the FDA made a final

etermination regarding partially hydrogenated oils (PHOs) in 2015

hen it was declared, based on the available scientific evidence,

hat PHOs were no longer generally recognized as safe (GRAS) for

ny use in human food [46] . Subsequently, the FDA ordered a com-

lete ban on PHOs/IP-TFAs by the end of June 2018 with a one year

xtension for foods manufactured prior to the date of June 18, 2018

47] . 

According to the FDA labeling regulation, servings containing

ess than 0.5 g of trans fats could be expressed as "0 g" [48] .

onsidering this regulation, even zero content should be of con-

ern because it can be relatively easy to consume more than the

uggested < 2 g per day of IP-TFAs, either by eating multiple serv-

ngs of the same product or by consuming multiple products sug-

esting “0 g ′′ of trans fats, when, in reality, the content could be

s high as 0.4999 g per serving. 

orld Health Organization (WHO) initiative on industrially 

roduced trans fatty acids 

Unfortunately, in many Eastern and Western European coun-

ries, and especially in many Asian countries the use of PHO and

FA containing foods remains high [49] . To address this issue, the

orld Health Organization (WHO) has recently introduced an ini-

iative to globally ban IP-TFA from all industrially produced foods

y 2023 [50] . 
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onclusion 

Observational data and interventional open label trials show

hat consumption of IP-TFA increases cardiovascular morbidity and

ortality. However, it must be recognized that these interventional

rials were not randomized double blind trials and were carried

ut simultaneously with smoking cessation initiatives and life style

odifications, which, collectively, could have influenced the out-

omes. Further research in the form of randomized clinical trials

s warranted on the effects of specific isomers of TFA and rumi-

ant TFA. After reviewing multiple observational and a few clini-

al studies, we conclude that IP-TFAs seem to have deleterious ef-

ects on cardiovascular health and given the lack of any positive

ealth effects, their consumption needs to be markedly curtailed

nd preferably, abandoned. 
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