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T rans fats, unsaturated fatty acids with at least one double 
bond in the trans configuration (Fig. 1), are formed during the partial hydro-
genation of vegetable oils, a process that converts vegetable oils into semi-

solid fats for use in margarines, commercial cooking, and manufacturing pro-
cesses. From the perspective of the food industry, partially hydrogenated vegetable 
oils are attractive because of their long shelf life, their stability during deep-frying, 
and their semisolidity, which can be customized to enhance the palatability of 
baked goods and sweets. The average consumption of industrially produced trans 
fatty acids in the United States is 2 to 3 percent of total calories consumed.1 Major 
sources of trans fats are deep-fried fast foods, bakery products, packaged snack 
foods, margarines, and crackers (Table 1). Naturally occurring trans fats are con-
sumed in smaller amounts (about 0.5 percent of total energy intake) in meats and 
dairy products from cows, sheep, and other ruminants; these trans fats are pro-
duced by the action of bacteria in the ruminant stomach.

The Food and Drug Administration (FDA) ruled that, effective January 1, 2006, 
the nutrition labels for all conventional foods and supplements must indicate the 
content of trans fatty acids.2 This ruling represents the first substantive change to 
food labeling since the requirement for the listing of basic per-serving nutritional 
information was added in 1990. The Department of Agriculture made a limited in-
take of trans fatty acids a key recommendation of the new food-pyramid guidelines,3 
subsequent to the recommendations of the Dietary Guidelines Advisory Committee 
that the consumption of trans fatty acids be kept below 1 percent of total energy 
intake.4 The New York City Department of Health and Mental Hygiene has asked 
20,000 restaurants and 14,000 food suppliers to eliminate partially hydrogenated 
oils from kitchens and to provide foods and food products that are free of industri-
ally produced trans fatty acids.5 Denmark has enacted, and Canada is considering, 
legislation to eliminate industrially produced trans fats from food supplies.6,7

Each of these actions was prompted by evidence that consumption of trans fatty 
acids increases the risk of coronary heart disease (CHD). This article reviews the 
evidence of physiological and cellular effects of trans fatty acids, the relations be-
tween the intake of trans fat and CHD, sudden death from cardiac causes, and dia-
betes; and the feasibility and potential implications of reducing or eliminating the 
consumption of trans fatty acids from partially hydrogenated vegetable oils in the 
United States.
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PH YSIOL O GIC A L EFFEC T S 

OF TR A NS FAT T Y ACIDS

Serum Lipids

The main effects of trans fatty acids on serum 
lipid levels have been evaluated in controlled di-
etary trials. The effect on serum lipid levels of 
isocaloric replacement of saturated fat or cis un-
saturated fats with trans fat was calculated from 
a meta-analysis of 12 randomized, controlled tri-
als of trans fatty acid consumption published 
through November 2005 (Fig. 2). These data were 
derived from 524 subjects in 39 separate study 
groups or study periods8-19 with the use of previ-
ously described methods20 (Mensink R, Maas-
tricht University: personal communication) and 
established effects of saturated and cis unsatu-
rated fats on serum lipid levels.20 As compared 
with the consumption of an equal number of 

calories from saturated or cis unsaturated fats, 
the consumption of trans fatty acids raises levels 
of low-density lipoprotein (LDL) cholesterol, re-
duces levels of high-density lipoprotein (HDL) 
cholesterol, and increases the ratio of total cho-
lesterol to HDL cholesterol, a powerful predictor 
of the risk of CHD.21 Trans fats also increase the 
blood levels of triglycerides as compared with the 
intake of other fats,20 increase levels of Lp(a) li-
poprotein,22 and reduce the particle size of LDL 
cholesterol,23 each of which may further raise the 
risk of CHD. Thus, trans fatty acids have mark-
edly adverse effects on serum lipids. Although 
these effects would be expected to increase the 
risk of CHD, the relation between the intake of 
trans fats and the incidence of CHD reported in 
prospective studies has been greater than that pre-
dicted by changes in serum lipid levels alone,20,22 
suggesting that trans fatty acids may also influ-
ence other risk factors for CHD.

Systemic Inflammation

Recent evidence indicates that trans fats promote 
inflammation. In women, greater intake of trans 
fatty acids was associated with increased activity 
of the tumor necrosis factor (TNF) system; among 
those with a higher body-mass index, greater in-
take of trans fatty acids was also associated with 
increased levels of interleukin-6 and C-reactive 
protein.24 In a study of overweight women, great-
er intake of trans fat was again associated with 
increased activity of the TNF system and increased 
levels of interleukin-6 and C-reactive protein.25 
In patients with established heart disease, mem-
brane levels of trans fatty acids (a biomarker of the 
dietary intake of trans fats) were independently 
associated with activation of systemic inflamma-
tory responses, including substantially increased 
levels of interleukin-6, TNF-α, TNF receptors, and 
monocyte chemoattractant protein 1.26

Inflammatory effects have also been reported 
in randomized, controlled trials. In patients with 
hypercholesterolemia, the production of interleu-
kin-6 and TNF-α by cultured mononuclear cells 
was greater after one month of a soybean-mar-
garine diet (6.7 percent of energy from trans fatty 
acids) than after one month of a soybean-oil diet 
(0.6 percent of energy from trans fatty acids); the 
production of interleukin-1β was not significantly 
affected.27 In another trial, five weeks of a diet in 
which 8 percent of energy intake was from trans 
fatty acids, as compared with oleic acid, increased 
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Figure 1. Structure of Cis and Trans Fatty Acids. 

Both oleic acid and elaidic acid are 18-carbon fatty acids with a single double 
bond. However, oleic acid has a cis double bond (hydrogen atoms are on 
the same side of the bond), which causes a bend or kink in the fatty acid 
chain, whereas elaidic acid has a trans double bond (hydrogen atoms are 
on opposite sides of the bond), which straightens the fatty acid chain. The 
trans bond imparts a structure more similar to that of saturated fats, alter-
ing the physiological properties and effects of the fatty acid. In elaidic acid, 
the double bond occurs at the ninth carbon atom (trans-18:1n−9). Partially 
hydrogenated oils contain mixtures of isomers in which the trans bond may 
occur anywhere between the 4th and the 10th carbon; smaller amounts of 
isomers with a second trans double bond (trans, trans-18:2) are also present.
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plasma levels of interleukin-6 and C-reactive pro-
tein.28 In these trials, the inflammatory effects 
of trans fatty acids did not differ significantly from 
those of saturated fat.27,28

Because the presence of inflammation is an 
independent risk factor for atherosclerosis, sud-
den death from cardiac causes, diabetes, and heart 
failure,29-32 the inflammatory effects of trans fats 
may account in part for their effects on cardio-
vascular health. For example, on the basis of the 
positive association between C-reactive protein 
levels and the risk of cardiovascular disease,33 the 
difference in C-reactive protein levels seen with a 
median intake of trans fat of 2.1 percent, as com-
pared with 0.9 percent, of the total energy in-
take25 would correspond to an increase in risk of 
approximately 30 percent.

Endothelial-Cell Function

Several studies suggest that trans fats cause en-
dothelial dysfunction. After adjustment for other 
risk factors, greater intake of trans fatty acids was 
associated with increased levels of several mark-
ers of endothelial dysfunction, including soluble 
intercellular adhesion molecule 1, soluble vascu-
lar-cell adhesion molecule 1, and E-selectin.25 This 
observed increase in E-selectin levels was similar 
to findings in a randomized trial when oleic acid 
or carbohydrate was replaced isocalorically with 
trans fat.28 In another trial, consumption of trans 
fatty acids impaired endothelial function, as re-
f lected by a reduction in brachial artery flow-medi-
ated vasodilatation by 29 percent, as compared 
with intake of saturated fat.34

Other Effects

Trans fatty acids may influence other risk factors 
for cardiovascular disease. In controlled trials, con-
sumption of trans fat reduced the activity of 
serum paraoxonase,35 an enzyme that is closely as-
sociated with HDL cholesterol,and impaired the 
postprandial activity of tissue plasminogen acti-
vator.36 Trials evaluating the effects of the con-
sumption of trans fatty acids on insulin sensi-
tivity have shown variable results.18,37-41 Such 
variability may be due to differences in the popu-
lation or the measure of insulin resistance exam-
ined and may depend on the duration of intake 
(short-term trials may not detect an effect). Fur-
ther investigation is needed to elucidate the pos-
sible effects of trans fatty acids on these and other 
physiological pathways.

PO TENTI A L MOLECUL A R 

MECH A NISMS

Far from being inert carriers of calories, fatty 
acids are powerful modulators of cell function, 
altering membrane fluidity and responses of mem-
brane receptors by means of their incorporation 
into the phospholipids in cellular membranes.42-44 
Fatty acids also bind to and modulate nuclear re-
ceptors that regulate gene transcription, such as 
peroxisome-proliferator–activated receptors, liver 
X receptor, and sterol regulatory element-binding 
protein-1.45 Fatty acids may also directly or indi-
rectly modulate metabolic and inflammatory re-
sponses of the endoplasmic reticulum.46 By means 
of such effects, trans fatty acids may thereby af-
fect the function and responses of many types of 
cells (Fig. 3).

Trans fats appear to affect lipid metabolism 
through several pathways. In vitro, trans fatty acids 
alter the secretion, lipid composition, and size of 
apolipoprotein B-100 (apoB-100) particles pro-
duced by hepatic cells.47,48 Such alteration is paral-
leled in studies in humans by decreased rates of 
LDL apoB-100 catabolism,49 reductions in the size 
of LDL cholesterol particles,23 increased rates of 
apoA-I catabolism,49 and changes in serum lipid 
levels.20,22 Trans fatty acids also increase the cel-
lular accumulation and the secretion of free cho-
lesterol and cholesterol esters by hepocytes in 
vitro.47 In humans, the consumption of trans fat 
increases plasma activity of cholesteryl ester trans-
fer protein,50 the main enzyme for the transfer 
of cholesterol esters from HDL to LDL and very-
low-density lipoprotein (VLDL) cholesterol. This 
increased activity may explain decreases in the 
levels of HDL and increases in the levels of LDL 
and VLDL cholesterol seen with intake of trans 
fatty acids.20,22

The cellular mechanisms relating trans fats to 
inflammatory pathways and other, nonlipid path-
ways are not well established. Monocytes and 
macrophages, endothelial cells, and adipocytes 
may each play a role. Trans fatty acids modulate 
monocyte and macrophage responses in humans, 
increasing the production by monocytes of TNF-α 
and interleukin-627 and possibly also levels of 
monocyte chemoattractant protein 1.26 Trans fats 
also affect vascular function. Trans fats have been 
shown to increase circulating biomarkers of en-
dothelial dysfunction25,28 and to impair nitric ox-
ide–dependent arterial dilatation.34 Trans fatty 
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acids also influence fatty acid metabolism of adi-
pocytes, resulting in reduced triglyceride uptake, 
reduced esterification of newly synthesized choles-
terol, and increased production of free fatty ac-
ids.51 The effects of adiposity on the relations 
between intake of trans fat and circulating inter-
leukin-6 and C-reactive protein levels suggest that 
the inflammatory effects of trans fats may be 
partially mediated by adipose tissue.24 In studies 
of animals, the consumption of trans fat alters the 
expression in adipocytes of genes for peroxisome-
proliferator–activated receptor-γ, resistin, and lipo-
protein lipase,52 compounds with central roles in 
the metabolism of fatty acids and glucose.45 Thus, 
there are several possible mechanisms whereby 
trans fats may affect both lipid and nonlipid risk 
factors for cardiovascular disease. Each of these 
pathways warrants additional investigation, par-
ticularly the potential influence of trans fatty ac-
ids on nuclear receptors, membrane receptors, and 
membrane fluidity.

IN TA K E OF TR A NS FAT 

A ND C A R DIOVA SCUL A R DISE A SE

In our opinion, conducting randomized long-term 
trials to test the effects of trans fat intake on the 
incidence of cardiovascular events would be un-
ethical, given the adverse effects of trans fats on 
serum lipid levels and inflammation. Therefore, 
in addition to short-term randomized trials of in-
termediate end points, carefully performed obser-
vational studies provide a reasonable approach for 
evaluating the effects of trans fat on cardiovascu-
lar health.

CHD

On a per-calorie basis, trans fats appear to increase 
the risk of CHD more than any other macronutri-
ent, conferring a substantially increased risk at 
low levels of consumption (1 to 3 percent of total 
energy intake).22,53-55 In a meta-analysis of four 
prospective cohort studies involving nearly 140,000 

Table 1. Typical Trans Fatty Acid Content of Foods Produced or Prepared with Partially Hydrogenated Vegetable Oils 
in the United States.

Type of Food Trans Fatty Acid Content*

g/Typical Serving g/100 g
% of Total 
Fatty Acids

% of Daily Energy 
Intake for 2000-kcal

Diet

Fast or frozen foods

French fries† 4.7–6.1 4.2–5.8 28–36 2.1–2.7

Breaded fish burger‡ 5.6 3.4 28 2.5

Breaded chicken nuggets‡ 5.0 4.9 25 2.3

French fries, frozen† 2.8 2.5 30 1.3

Enchilada‡ 2.1 1.1 12 0.9

Burrito‡ 1.1 0.9 12 0.5

Pizza† 1.1 0.5 9 0.5

Packaged snacks

Tortilla (corn) chips† 1.6 5.8 22 0.7

Popcorn, microwave† 1.2 3.0 11 0.5

Granola bar‡ 1.0 3.7 18 0.5

Breakfast bar‡ 0.6 1.3 15 0.3

Bakery products

Pie† 3.9 3.1 28 1.8

Danish or sweet roll† 3.3 4.7 25 1.5

Doughnuts† 2.7 5.7 25 1.2

Cookies† 1.8 5.9 26 0.8

Cake† 1.7 2.7 16 0.8

Brownie† 1.0 3.4 21 0.5

Muffin† 0.7 1.3 14 0.3
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subjects,53-56 including updated analyses from the 
two largest studies, a 2 percent increase in ener-
gy intake from trans fatty acids was associated 
with a 23 percent increase in the incidence of CHD 
(pooled relative risk, 1.23; 95 percent confidence 
interval, 1.11 to 1.37; P<0.001) (Fig. 4).

The relation between trans fatty acid levels in 
adipose tissue, a biomarker of the dietary intake 
of trans fats, and the risk of nonfatal myocar-
dial infarction has also been evaluated in three 
retrospective case–control studies58-60 (Fig. 4). The 
addition of these studies to the meta-analysis in-
creased the magnitude of the association between 
trans fatty acids and the risk of CHD (pooled rela-
tive risk in prospective and retrospective studies, 
1.29; 95 percent confidence interval, 1.11 to 1.49; 
P<0.001). Clifton et al. showed that the positive 
association between levels of trans fat in adipose 
tissue and the risk of nonfatal myocardial infarc-

tion was mitigated after 1996, when trans fats 
were eliminated from margarines sold in Australia 
and trans fat levels decreased in both case patients 
and controls.60

Sudden Death from Cardiac Causes

Some data suggest that trans fatty acids may in-
crease the risk of sudden death from cardiac causes. 
In a study that compared adipose tissue obtained 
at autopsy from 66 patients with sudden death 
from cardiac causes with that obtained from 286 
healthy age- and sex-matched controls, levels of 
trans fat were not found to be associated with 
sudden death from cardiac causes.61 In contrast, 
in a larger, community-based case–control study 
(179 cases), levels of trans fatty acids in erythro-
cyte membranes were associated with an increase 
in the risk of sudden cardiac death (odds ratio for 
interquintile range, 1.47; 95 percent confidence 

Table 1. (Continued.)

Type of Food Trans Fatty Acid Content*

g/Typical Serving g/100 g
% of Total 
Fatty Acids

% of Daily Energy 
Intake for 2000-kcal

Diet

Margarines

Vegetable shortening† 2.7§ 19.2 19 1.2§

Hard (stick)† 0.9–2.5 6.2–16.8 15–23 0.4–1.1

Soft (tub)† 0.3–1.4 1.9–10.2 5–14 0.1–0.6

Other

Pancakes† 3.1 2.0 21 1.4

Crackers† 2.1 7.1 34 0.9

Tortillas† 0.5 1.8 25 0.2

Chocolate bar† 0.2 0.6 2 0.1

Peanut butter† 0.1 0.4 1 0.05

* Values are based on national brands that contain partially hydrogenated vegetable oils and that were sold in the United 
States in 2002. These same foods will contain little or no trans fatty acids if produced or prepared with other fats or 
oils, such as unhydrogenated vegetable oils or fully (not partially) hydrogenated vegetable oils. Very small amounts of 
trans fatty acids (less than 2 percent) may be formed during deodorization of vegetable oil, a process unrelated to par-
tial hydrogenation. Dairy and meat products from cows, sheep, and other ruminants contain small amounts (1 to 8 percent 
of total fatty acids) of naturally occurring trans fatty acids produced by the action of bacteria in the ruminant stomach. 
Data are from the Harvard Food Composition Database.

† For french fries and margarines, the top national brands were analyzed individually for fatty acid composition with the 
use of gas chromatography (Harvard Biomarker Laboratory, Dr. Hannia Campos); the ranges are shown. For the other 
foods, the top national brands were combined into one sample for analysis. The proportion of the total sample that 
each brand constituted was determined by the brand’s percent market share in the national marketplace, as determined 
from market-share and consumption statistics (TableBase, Responsive Database Services) and from Harvard cohort 
 pilot consumption data representing a national sample.

‡ The contents and types of partially hydrogenated oils were determined from recipe information (Harvard Food Com po-
sition Database, based on packaging and USDA sources), and the trans fatty acid content of these oils was calculated 
on the basis of gas-chromatography analysis of similar foods. For the fast or frozen foods, the trans fat content of the 
oils was calculated from the fatty acid composition of the oils in french fries; for granola bars, from a mix of partially hydro-
genated soybean oil and household vegetable shortening; and for breakfast bars, from household vegetable shortening.

§ Values are per tablespoon (given that there is no typical serving size).
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interval, 1.01 to 2.13), after adjustment for other 
risk factors.62 When different trans-isomers were 
evaluated separately, the increased risk appeared 
to be related to the 18-carbon isomers (trans-18:1 
and especially trans-18:2); similar isomer-specific 
relations were seen in studies evaluating system-
ic inflammation.24-26 After adjustment for the 
levels of other membrane fatty acids, higher trans-
18:2 levels were associated with a tripling of the 
risk of sudden death from cardiac causes (odds 
ratio for interquintile range, 3.05; 95 percent con-
fidence interval, 1.71 to 5.44).62

Diabetes

Three prospective studies have investigated the 
relation between the intake of trans fatty acids 
and the incidence of diabetes. Consumption of 
trans fat was not significantly associated with the 
risk of diabetes in two of these studies — among 
male health professionals63 and among women 
in Iowa.64 However, the intake of trans fatty acids 
was significantly related to the risk of diabetes 
among 84,941 female nurses who were followed 
for 16 years and in whom self-reported diabetes 
was validated and information on dietary intake 

was periodically updated.65 After adjustment for 
other risk factors, trans fat intake was positively 
associated with the incidence of diabetes (P<0.001 
for trend), with a risk 39 percentage points great-
er in the highest quintile (relative risk, 1.39; 95 per-
cent confidence interval, 1.23 to 1.56) than in the 
lowest quintile. 

What might account for the different results of 
these studies? The intake of trans fat was relatively 
low among the male health professionals (overall 
median intake was 1.3 percent of energy, equal to 
the median intake in the lowest quintile among the 
nurses)55; the smaller range of intake may have 
limited the ability to detect a difference in the risk 
of diabetes. In the Iowa cohort, a validation study 
suggested that the self-reported diagnosis of dia-
betes was incorrect in 36 percent of subjects, and 
diet was assessed only at baseline and may have 
changed over time.64 Misclassification of both the 
exposure and outcome variables would bias the 
results toward a null association. Alternatively, 
the intake of trans fat may not be an important 
risk factor for new-onset diabetes; additional stud-
ies are needed. Molecular mechanisms that might 
account for an effect of trans fatty acids on the 
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Figure 2. Changes in Total:HDL Cholesterol (Panel A) and Levels of LDL and HDL Cholesterol (Panel B) Resulting 
from the Replacement of Saturated or Cis Unsaturated Fatty Acids with Trans Fatty Acids. 

Effects are shown for the isocaloric substitution of 1 percent of the total energy intake. Even as compared with satu-
rated fat, trans fat consumption worsens the lipid profile. To convert values for cholesterol to millimoles per liter, 
multiply by 0.26. Changes are based on data from a meta-analysis of randomized controlled trials.8-19 P<0.05 indi-
cates a significant change.
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Figure 3. Potential Physiological Effects of Trans Fatty Acids. 

Changes in hepatocyte production, secretion, and catabolism of lipoproteins, together with effects on plasma cholesteryl ester transfer 
protein (CETP), probably account for adverse effects of trans fatty acids on serum lipid levels (Panel A). The effect on CETP is probably 
not direct but mediated through effects on membrane or nuclear receptors (dashed line). Trans fatty acids also alter fatty acid metabolism 
and, possibly, inflammatory responses of adipocytes. In addition, nitric oxide–dependent endothelial dysfunction and increased levels of circu-
lating adhesion molecules (soluble intercellular adhesion molecule 1 [sICAM-1] and soluble vascular-cell adhesion molecule 1 [sVCAM-1]) 
are seen with trans fat intake. Trans fatty acids also modulate monocyte and macrophage activity (Panel D), as manifested by increased 
production of inflammatory mediators. Each of these effects has been seen in controlled studies in humans and may, individually or in 
concert, increase the risk of atherosclerosis, plaque rupture, sudden death from cardiac causes, and diabetes. The subcellular mechanisms 
for these effects are not well established, but they may be mediated by effects on membrane receptors that localize with and are influenced 
by specific membrane phospholipids (Panel B), such as endothelial nitric oxide (NO) synthase or toll-like receptors; by direct binding of 
trans fatty acids to nuclear receptors regulating gene transcription, such as liver X receptor (Panel C); and by direct or indirect effects on 
endoplasmic reticulum (ER) responses, such as activation of Jun N-terminal kinase (JNK). Such hypothesized subcellular pathways — 
which have been shown to exist for other fatty acids — require further investigation. TNF-α denotes tumor necrosis factor α, ROS reac-
tive oxygen species, NF-κB nuclear factor κB, and mRNA messenger RNA.
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incidence of diabetes are not well established, but 
evidence of effects of trans fatty acids on metabo-
lism in adipocytes52 and on systemic inflamma-
tion24-28 suggests plausible pathways.

TR A NS FAT T Y ACIDS 

FROM RUMINA N T S 

Most trans fats in the U.S. diet are produced in-
dustrially during the partial hydrogenation of veg-
etable oils. However, smaller amounts are pres-
ent in dairy products and in meat from cows, 
sheep, and other ruminants, produced by bacte-
ria in their stomachs. The predominant trans-iso-
mer in ruminants is vaccenic acid, from which con-
jugated linolenic acid (another trans fatty acid) can 
be formed. It is possible to change the trans fatty 
acid content of ruminant products to some degree 

by altering the animals’ feed,66 although levels of 
trans fat in milk and meats are already relatively 
low (1 to 8 percent of total fats).

In fact, most efforts have focused on increas-
ing, rather than decreasing, the levels of conju-
gated linolenic acid in ruminant products, owing 
to its hypothesized health benefits for humans. 
However, the evidence of such benefits is incon-
clusive. For example, dietary trials indicate that 
consumption of conjugated linolenic acid reduces 
insulin sensitivity, increases lipid peroxidation, 
and has mixed effects on markers of inflamma-
tion and immune function.40,41,67,68

Of four prospective studies evaluating the rela-
tion between the intake of trans fatty acids from 
ruminants and the risk of CHD, none identified 
a significant positive association, whereas three 
identified nonsignificant trends toward an in-

Multivariable Relative Risk of CHD
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Figure 4. Multivariable Adjusted Relative Risk of CHD Associated with Trans Fatty Acid Intake.

In the prospective studies,53-56 the risk of CHD is shown for the isocaloric substitution of 2 percent of the total energy 
intake of carbohydrates with trans fatty acids. Among the retrospective studies, the risk of nonfatal myocardial infarc-
tion was evaluated for extreme quartiles of adipose trans fatty acid levels (approximately equal to a 1.5 to 2 percent 
difference in energy intake) in the European Community Multicenter Study on Antioxidants, Myocardial Infarction 
and Cancer [EURAMIC]58 and in the Costa Rican study59 or for a difference of 1 SD in adipose trans fatty acid levels 
in the Australian study.60 Pooled relative risks were calculated with use of random effects meta-analysis with inverse-
variance weighting.57 The original analysis of the Health Professionals Follow-up study was published in 199656 and 
now has been updated to include more than 14 years of follow-up and updated dietary information. The relative risk 
in EURAMIC was 1.44 (95 percent confidence interval, 0.94 to 2.20) after the exclusion of two Spanish centers in 
which adipose trans fat levels were extremely low (P<0.05 for the interaction with center)58; the use of this result 
did not greatly affect the overall pooled estimate (relative risk, 1.32; 95 percent confidence interval, 1.15 to 1.51; 
P<0.001). Arrowheads on 95 percent confidence intervals indicate that the intervals extend beyond the x-axis values 
shown.
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verse association.53,54,69,70 The absence of a higher 
risk of CHD associated with the intake of trans 
fatty acids from ruminants as compared with the 
intake of industrially produced trans fatty acids 
may be due to lower levels of intake (typically less 
than 0.5 percent of total energy intake), different 
biologic effects (ruminant and industrial trans 
fats share some, but not all, isomers), or the pres-
ence of other factors in dairy and meat products 
that balance any effects of the small amount of 
trans fats they contain. Although each of these 
potential explanations deserves further investiga-
tion, the sum of the current evidence suggests 
that the public health implications of consuming 
trans fats from ruminant products are relatively 
limited.

R EDUCING IN TA K E 

OF TR A NS FAT T Y ACIDs

Optimal Levels

To determine the optimal level of intake for a nu-
trient, both the risks and benefits should be con-
sidered. Given the adverse effects of trans fatty 
acids on serum lipid levels, systemic inflamma-
tion, and possibly other risk factors for cardiovas-
cular disease and the positive associations with the 
risk of CHD, sudden death from cardiac causes, 
and possibly diabetes, the potential for harm is 
clear. The evidence and the magnitude of adverse 
health effects of trans fatty acids are in fact far 
stronger on average than those of food contami-
nants or pesticide residues, which have in some 
cases received considerable attention.71 Further-
more, trans fats from partially hydrogenated oils 
have no intrinsic health value above their caloric 
value. Thus, from a nutritional standpoint, the 
consumption of trans fatty acids results in con-
siderable potential harm but no apparent benefit. 
In addition, adverse effects are seen even at low 
levels of intake: 1 to 3 percent of total energy in-
take, or approximately 20 to 60 calories (2 to 7 g) 
for a person consuming 2000 calories per day. 
Thus, complete or near-complete avoidance of in-
dustrially produced trans fats — consumption of 
less than 0.5 percent of the total energy intake 
— may be necessary to avoid adverse effects and 
would be prudent to minimize health risks.

Consumers’ Choices

The intake of trans fat can be reduced by con-
sumers’ decisions to choose foods free of trans 

fatty acids, assisted by advice from health care 
providers about how to avoid the main foods 
containing trans fats (Table 1). Physicians and oth-
er health care providers can also support insti-
tutional changes to reduce the use of trans fat in 
food services at schools, hospitals, and other 
work sites. 

The amounts of trans fat in foods can vary 
widely depending on the content of partially hy-
drogenated oils, with some foods containing little 
or no trans fatty acids and other, similar foods 
containing high levels.72 The mandatory specifi-
cation of trans fat content on the nutrition labels 
of foods2 should facilitate the avoidance of trans 
fatty acids, but only if consumers read the labels 
and base their decisions on what they read. How-
ever, the producers of foods that contain less 
than 500 mg of trans fatty acids per serving will 
be allowed to list the content of trans fatty acids 
as 0 on the packaging, so even consumers who 
read the labels might unwittingly consume sub-
stantial amounts of trans fats in multiple serv-
ings (for example, several pats of margarine or 
several cookies per day). Inspection of the ingre-
dients list for the content of partially hydroge-
nated oils will be the only way to identify these 
foods. (Fully hydrogenated oils are typically listed 
simply as “hydrogenated” and do not contain 
trans fatty acids.) More important, food labels are 
not obligatory (and are rarely seen) in restau-
rants, bakeries, and many other retail food out-
lets. Avoidance of trans fats at these sites will de-
pend on consumers’ knowledge of the type and 
quantity of oils used in food preparation. Acquir-
ing this knowledge is a potentially daunting but 
important task, because as trans fatty acids are 
increasingly eliminated from packaged foods, 
most trans fats will be consumed from food ob-
tained at these sites.

Industry Alternatives

Trans fat intake could also be reduced if food 
manufacturers and restaurants choose to use al-
ternatives to partially hydrogenated oils. To max-
imize health benefits, such alternatives should 
be low in both trans and saturated fats. Although 
concerns have been raised that decreasing the 
use of partially hydrogenated oils would increase 
the cost of certain foods and reduce their palat-
ability, recent experience in European countries 
suggests that such concerns are overstated.6,73-75 

For example, in 2004, Denmark mandated that 
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all oils and fats used in locally made or imported 
foods must contain less than 2 percent industri-
ally produced trans fatty acids. This legislation 
essentially eliminated the use of partially hydro-
genated vegetable oils in Denmark.6 Comparisons 
of foods before and after the legislation demon-
strated that partially hydrogenated oils were re-
placed mostly with cis unsaturated fatty acids in 
soft margarines, packaged snacks, and fast foods, 
with some saturated fatty acids from tropical oils 
or fully hydrogenated vegetable oils used in cer-
tain cookies and bakery products.6 Overall, the 
consumption of saturated fat did not increase. 
Both government and industry representatives 
agreed that these changes did not appreciably af-
fect the quality, cost, or availability of food.6,73,74 
Thus, french fries and chicken nuggets from U.S. 

fast-food restaurants located in Denmark contain 
virtually no trans fatty acids, whereas the same 
foods in the United States contain 5 to 10 g of 
trans fatty acids per serving (as discussed by 
Stender et al. elsewhere in this issue of the Jour-
nal 75). In Norway, Finland, and the Netherlands, 
cooperative efforts between government agencies 
and food industries have also resulted in substan-
tial reductions in the use and consumption of 
trans fat without notable increases in the cost of 
foods or reductions in the quality or availability 
of foods.76

Some food manufacturers in the United States 
have voluntarily reduced their use of partially hy-
drogenated vegetable oils.77,78 Many products that 
contained trans fatty acids in the past are now 
available in formulations that are free of trans 
fatty acids. The mandated labeling of trans fat 
content2 may provide an additional impetus for 
such changes. It has been noted that the FDA ac-
knowledges the potential harm of consumption 
of any amount of industrially produced trans fat, 
yet it also maintains that partially hydrogenated 
oils are basically safe.79 A petition to the FDA calls 
for a removal of partially hydrogenated oils from 
the “generally regarded as safe” category80 — that 
is, “generally recognized, among qualified experts, 
as having been adequately shown to be safe un-
der the conditions of its intended use.”81 Doing 
so would effectively eliminate the consumption 
of industrially produced trans fatty acids in the 
United States. On the basis of experience in Eu-
rope, substantial reduction in the use of partially 
hydrogenated oils appears to be a feasible goal in 
the United States and could be effected through 
either legislation or voluntary efforts by food 
manufacturers.

Potential Benefits of Reducing Intake

We calculated the potential effect of reducing the 
intake of industrially produced trans fatty acids 
on the incidence of CHD in the United States 
(Fig. 5). On the basis of the predicted changes in 
total and HDL cholesterol levels alone (Fig. 2),21 
a meaningful proportion of CHD events (3 to 
6 percent) would be averted. However, we believe 
that this reduction is an underestimate, since trans 
fats may also influence the risk of CHD through 
other mechanisms, such as inflammatory or en-
dothelial effects. On the basis of reported rela-
tions between trans fat intake and CHD events in 
prospective studies (Fig. 4), which may account 
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Figure 5. Estimated Effects of Reducing the Consumption of Industrially 
Produced Trans Fatty Acids on the Incidence of CHD (Nonfatal Myocardial 
Infarction or Death from CHD) in the United States. 

Population attributable risks were calculated for a reduction by approxi-
mately half in the percent of energy intake (from 2.1 percent to 1.1 percent) 
or the near-elimination (from 2.1 percent to 0.1 percent) of trans fatty acid 
intake. Three effects were estimated: based on the effects of isocaloric re-
placement of trans fats with cis mono- or polyunsaturated fats (averaged 
effect) on the ratio of total to HDL cholesterol in controlled trials (as shown 
in Fig. 2) and the relation of this ratio to the incidence of CHD21; based on 
the reported relation of trans fatty acid intake, substituted for carbohydrate 
intake, with the incidence of CHD in a pooled analysis of prospective stud-
ies (as shown in Fig. 4); and based on the additional potential benefits if 
trans fats were replaced with cis mono- or polyunsaturated fats (averaged 
effect), as calculated from the pooled analysis of the prospective studies 
and the difference in relative risk resulting from trans fats being replaced 
by carbohydrates as compared with cis unsaturated fats in updated 2005 
analyses from two cohorts.55,56
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more satisfactorily for the total effects of trans 
fatty acids, 10 to 19 percent of CHD events in the 
United States could be averted by reducing the 
intake of trans fat. Thus, given the 1.2 million 
annual myocardial infarctions and deaths from 
CHD in the United States,82 near-elimination of 
industrially produced trans fats might avert be-
tween 72,000 (6 percent) and 228,000 (19 per-
cent) CHD events each year. 

These estimates are based on the replacement 
of trans fats with carbohydrates. In practice, how-
ever, trans fats in partially hydrogenated oils 
would most commonly be replaced with unhydro-
genated (cis) unsaturated fats,6 which may have 
additional potential benefits as compared with 
carbohydrates. If such additional potential ben-
efit is considered, greater proportions of CHD 
events (12 to 22 percent) might be averted (Fig. 
5). Partial hydrogenation also largely destroys α-
linolenic acid, the plant-based n−3 fatty acid. 
Although the cardiovascular benefits of α-lino-
lenic acid are not established conclusively,83 the 
replacement of partially hydrogenated fats with 
unhydrogenated oils containing α-linolenic acid 
(such as soybean oil) may further reduce the 
risk of CHD by increasing the population intake 
of n−3 fatty acids.

Conclusions

On the basis of evidence from in vitro experimen-
tal studies, dietary trials, and prospective obser-

vational studies, the consumption of trans fatty 
acids from partially hydrogenated oils provides 
no apparent nutritional benefit and has consider-
able potential for harm. Although the elimina-
tion of partially hydrogenated oils from foods may 
be challenging for restaurants and food manu-
facturers in the United States, experience in other 
countries indicates that such fats can largely be 
replaced by cis unsaturated fats without increas-
ing the cost or reducing the quality or availability 
of foods. Health care providers should advise con-
sumers about how to minimize the intake of trans 
fats, consumers should recognize and avoid prod-
ucts containing trans fats and restaurants and food 
manufacturers should choose to use alternative 
fats in food production and preparation. These 
steps should help reduce the consumption of trans 
fatty acids, possibly resulting in substantial health 
benefits such as averting thousands of CHD events 
each year in the United States.
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