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Dietary trans fatty acids (TFA) come from partially hydrogenated oils (sometimes referred
to as “industrial TFA” or iTFA) or from the fat of ruminants (for example, cows, sheep,
goats and buffalo) (sometimes referred to as “natural TFA” or rTFA). Industrial TFA are
formed during the hydrogenation of vegetable oils using catalysts. Depending on the
hydrogenation conditions, a mixture of isomers is formed, however, elaidic (frans-9 18:1)
acid is the primary isomer formed (Lock and Bauman). Under some industrial conditions,
vaccenic (trans-11 18:1) acid (VA) can be formed as well. In contrast, ruminant animals
produce primarily vaccenic acid through the biohydrogenation of linoleic and alpha-lino-
lenic acids in the rumen. Through further hydrogenation, ruminants also produce stearic
acid (a fully saturated fatty acid). On the other hand, vaccenic acid can further be desat-
urated in the rumen or extraruminal tissue (for example, mammary gland) to produce
rumenic acid (cis-9, trans-11, 18:2), a conjugated linoleic acid (CLA) (Lock and Bauman).
CLA from ruminants has been shown in some animal (preclinical studies) to reduce risk
for cancer (Gebauer et. al.[1]). Thus, dietary sources of CLA could be used to decrease
risk for cancer. However, animal feeding practices that increase CLA also increase
vaccenic acid (Lock and Bauman).

In addition to differences in the isomers between iTFA and rTFA, there are differences in
the amount of TFA formed. In the production of industrial TFA, the amount of TFA formed
depends on several factors including the extent of the hydrogenation process. In partial
hydrogenation of vegetable oils, the TFA content can range from 1 to 60% of total fatty
acids. However, in ruminants, biohydrogenation in the rumen is tightly regulated and the
concentration of trans-18:1 acids range naturally from 2 to 5% of total fatty acids but this
can be manipulated by the type of diet fed to the animal (Lock and Bauman).

The physiological effects of iTFA on chronic disease risk factors, specifically risk factors
for coronary heart disease, are well established. However, the health effects of rTFA are
less studied and less known. Animal studies (preclinical studies) and studies of cells (in
vitro studies) suggest that the effects of rTFA may differ from those of iTFA (Gebauer et.
al.[1]). Further, results from these studies suggest that VA and c9,t11-CLA may lower
cholesterol and reduce risk for coronary heart disease (Gebauer et. al.[1]). Further, results
of some epidemiologic studies are consistent with the results from preclinical and in vitro
studies (Ascherio et. al.) (Liu et. al.) (Pietinen et al.) (Willet et. al.). Other studies suggest
that risk for coronary heart disease is similar for all isomers of TFA, regardless of dietary
source ( Oomen et. al.).

There are few human clinical studies (Chardigny et. al.) (Lacroix et. al.) (Motard-Belanger
et. al.) (Tholstrup et.al.), and these studies are heterogenous with respect to study design.
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Some studies lack a proper control group making comparisons difficult (Chardigny et. al.).
Other studies appear to be underpowered ( Motard-Belanger et. al.). Several studies have
been conducted with a free-living cohort without sufficient control of the diet (Tholstrup et.
al.) (Chardigny et. al.) whereas other studies had controlled diets but the saturated and
unsaturated fatty acid composition of the diets was not adequately matched to eliminate
their effect on cholesterol concentration (Motard-Belanger et. al.). For some studies, dairy
cattle diets were manipulated to produce dairy products enriched with rTFA ( Bauman et.
al.); however, this approach changes the concentration of other fatty acids (for example,
decreasing saturated fatty acids that are hypercholesterolemic (heightens blood choles-
terol levels) and increasing fatty acids that are neutral and hypocholesterolemic (lowers
blood cholesterol levels) (for example, stearic acid).

The current mean estimate of TFA intake in the US is 1.3 g/person/day ( Doell et.al.) and
has decreased from 4.6 g/person/day. However, current estimates of rTFA intake have
remained stable over the past decade at approximately 1.2 g/person/day in the United
States. Based on current estimates, rTFA is now 48% of total TFA intake and has in-
creased from 21% due to the decrease in iTFA intake in the United States. Given the shift
in dietary source of TFA, it has become increasing important to understand differences in
how different TFA isomers effect risk factors for coronary heart disease, especially as it
may impact food labeling, other regulatory processes, and trade.

A human feeding study was conducted to compare the effects of iTFA and rTFA (VA) on
risk factors of coronary heart disease. Vaccenic acid was used as it is the predominant
isomer of rTFA and this approach eliminates the effect of changes from other fatty acids
when rTFA enriched dairy fat is used.

The study is registered with ClinicalTrials.gov (NCT00942656) and details of study design
and results have been previously described (Gebauer et. al. [2]; Gebauer et. al. [3]). This
was a double-blind study with investigators, subjects, phlebotomists, analysts, and statis-
ticians blinded to the treatments until after statistical analyses were completed. For the
feeding, there were four treatment periods, representing 4 treatments. Each treatment
period lasted 24 days. During each treatment period, volunteers received a controlled diet
for which stearic acid was replaced with 1) 3.3% energy from VA, 2) 3.3% of energy from
mixed isomers of TFA from partially hydrogenated vegetable oil (PHVO; iTFA), and 3)
0.9% energy from c9,t11-CLA (rumenic acid, RA). Stearic acid was used as the fatty acid
to be replaced among the diets since changes in intake of stearic acid do not affect cir-
culating cholesterol concentration.

Characteristics of the volunteers who completed the intervention are presented in Table
1. Of the 119 volunteers who were randomized, partial or complete data were obtained
from 106. Composition of the four diets is presented in Table 2. Effect of the different diets
on LDL cholesterol, HDL cholesterol and triglycerides is presented in Table 3. Effect of
dietary intake on LDL cholesterol, HDL cholesterol and triglycerides from different TFA

Table 1. Baseline characteristics of study participants’
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Mean + SD
Sex, n
M 47
F 59
Age, y 47 £10.8
Body weight, kg 80.5+13.9
BMI, kg/m2 28.5+4.0
TC, mmol/L 5.00+0.74
LDL-C, mmol/L 3.25+0.63
HDL-C, mmol/L 1.24 £ 0.30
TG, mmol/L 1.12 £ 0.50
SBP, mm Hg 127.6 £ 13.6
DBP, mm Hg 76.1 £9.2
Glucose, mmol/L 517 +0.5
'n = 106. Values are expressed as mean + SD, n = 106. DBP, dia-
stolic blood pressure; HDL-C, high-density lipoprotein-cholesterol;
LDL-C, low-density lipoprotein-cholesterol; SBP, systolic blood pres-
sure; TC, total cholesterol; TG, triacylglycerol.
Adapted from (Gebauer et. al. [2]).

isomers is presented in Table 3. The increase in LDL cholesterol concentration after con-
sumption of the PHVO (iTFA) diet compared to the control diet is consistent with many
published studies — iTFA increases LDL cholesterol concentration. Similarly, HDL cho-
lesterol concentration after consumption of the iTFA diet compared to the control diet is
consistent with published literature — iTFA do not alter HDL cholesterol, at least at modest
intakes of iTFA. rTFA (VA) increased LDL cholesterol concentration compared to the
control, and LDL cholesterol concentration was higher after consumption of the rTFA diet
compared to the iTFA diet. On the other hand, whereas iTFA did not change HDL cho-
lesterol concentration compared to the control diet, rTFA increased HDL cholesterol con-
centration compared to the control and compared to the iTFA diet. LDL cholesterol and
HDL cholesterol concentrations were not different after consumption of the RA diet com-
pared to the control but triglyceride concentration was lower.

There has been uncertainty about differentiating rTFA from iTFA for food labeling, regu-
lations, and dietary guidance. Results from this published study suggest that rTFA (VA)
and iTFA have similar LDL cholesterol raising effects, at least at higher than usual intakes.
The results from the present study demonstrate that at higher than usual intakes, isolated
VA and iTFA both adversely affect LDL cholesterol concentrations when replaced with
energy from stearic acid. However, rTFA raise HDL cholesterol whereas iTFA do not. The
results of this large, well-controlled dietary intervention support the current labeling regu-
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lation, with the requirement of VA, but not ¢9,t11-CLA, to be listed under TFA on the Nutri-

tion Facts Panel.

Table 2. Chemical analysis of treatment diets (% of energy)’

Control? iTFA VA c9,t11-CLA
Protein 17.020.13 17.220.07 17.020.12 17.1:0.12
Fat 33.320.31 33.020.19 33.420.23 33.320.17
Carbohydrate 49.7%0.25 49.8£0.15 49.520.20 49.6£0.15
Saturated fatty acids | 15.9+0.04 12.5£0.05 12.40.02 14.9£0.04
Lauric 0.43x0.006 0.42%0.007 0.4020.003 0.430.005
Myristic 0.05£0.005 0.0520.003 0.05£0.002 0.05£0.004
Palmitic 5.74+0.055 5.9020.104 5.9320.025 5.84x0.063
Stearic 9.24x0.105 5.6820.115 5.6120.058 8.1820.126
Other 0.44x0.002 0.44x0.002 0.3820.002 0.44x0.003
gﬂc‘i’gsunsat“rated fatty | 9 85+0.070 9.77+0.089 9.74+0.047 9.87+0.048
Oleic 9.17%0.138 8.92%0.176 8.94x0.090 9.1820.092
Other 0.6820.002 0.8620.002 0.8120.003 0.6920.004
Polyunsaturated fatty | 567+0.015 5.89+0.026 5.77+0.031 5.81+0.017
Linoleic 5.1020.037 5.3020.062 5.20£0.080 5.03:0.041
Alpha linolenic 0.45£0.005 0.4620.012 0.4520.009 0.460.005
Other 0.1320.002 0.1320.004 0.1320.003 0.1220.004
Trans fatty acids 0.2820.002 3.2620.014 3.9320.012 0.3220.009
Palmitelaidic 0.0220.000 0.020.001 0.020.001 0.020.001
Elaidic 0.2120.007 2.87%0.050 0.0020.000 0.24£0.032
trans-Vaccenic 0.02+0.001 0.30£0.005 3.86x0.044 0.02+0.003
Other 0.0320.000 0.0620.000 0.050.001 0.040.001
ggglsugated linoleic 1 4 1440002 0.06+0.002 0.04+0.002 0.84+0.018
Linoelaidic 0.020.001 0.0420.001 0.0220.001 0.02:0.001
Conjugated linoleic 0.02+0.002 0.02+0.003 0.03+0.003 0.82+0.034

'"Walues are presented as mean + SEM, n=8 samples for each treatment diet. Chemical composition of
diets from chemical analyses of weekly composites of food collected throughout the study intervention
period. ¢9,t11-CLA indicates cis-9, trans-11 conjugated linoleic acid; iTFA, industrially produced frans
fatty acids; VA, vaccenic acid.

2Control is the control diet from which energy from stearic acid was replaced with energy from iTFA, VA,
or c9,t11-CLA.

Adapted from (Gebauer et. al. [2]).

Table 3. Effect of treatment diets on lipids’

Control2 | iTFA | VA C%Epj' P-values
VA vs VAvs | iTFAvs | CLAvs
iTFA Control | Control | Control
LDL-C, 294+ | 3.04+ | 312+ | 293+ | 0.0114 | <0.0001 | 0.0028 | 0.6054
mmol/L 0.04 0.04* | 0.04*t | 0.04
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HDL-C, | 140+ | 140+ | 143+ | 1.39+ | 0.0026 | 0.0110 | 0.6315 | 0.2927
mmol/L 0.02 0.02 |0.02*t+ | 0.02

TG, 113+ | 111+ | 116+ | 1.06+ | 0.0290 | 0.1488 | 0.4518 | 0.0026
mmol/L 0.03 0.03 | 0.03t | 0.03*

' All values are means + SEM, n=106. All statistical analyses were performed with SAS (ver. 9.2, Statistical
Analyses System, Cary, NC) using a mixed model analysis (PROC MIXED) to determine whether effects
were significant (P < 0.05). Contrast statements were used to make the following comparisons: iTFA vs
control, VA vs control, iTFA vs VA, and ¢c9,t11-CLA vs control.

*Significant difference vs control as defined by P < 0.05;

Tsignificant difference between iTFA and VA as defined by P < 0.05.

c9,111-CLA, cis-9, trans-11 conjugated linoleic acid; HDL-C, high-density lipoprotein-cholesterol; iTFA,
industrially produced trans fatty acids; LDL-C, low-density lipoprotein-cholesterol; P-value, P-value of
overall treatment effect; SEM, standard error of the mean; TG, triacylglycerol; VA, vaccenic acid.
2Control is the control diet from which energy from stearic acid was replaced with energy from iTFA, VA,
or c9,t11-CLA.

Adapted from (Gebauer et. al. [2]).
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