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Abstract
Background: trans Fatty acid (TFA) intake increases systemic inflammation in healthy persons.
However, the effect in patients with established heart disease is unknown.

Objective:  Our aim was to determine whether TFAs are associated with systemic inflammation in
patients with established heart disease.

Design:  Red blood cell membrane TFAs, a biomarker of dietary intake, and inflammatory marker
concentrations were ascertained in 86 ambulatory patients with established heart failure. Associations
between TFA levels and inflammatory markers were evaluated by linear regression.

Results:  Mean (±SD) TFA levels were 1.8 ± 0.4% of membrane fatty acids (range: 0.7–2.9%). For
each inflammatory marker, associations are presented as the absolute difference and percentage
difference from the mean for each 1% higher membrane TFA level. After adjustment for age, sex,
body mass index, diabetes, smoking, ejection fraction, New York Heart Association class, ischemic
etiology, statin use, and serum glucose, TFA levels were positively associated with interleukin (IL)
1β (difference from mean: 0.38 pg/mL; percentage difference from mean: 66%; P = 0.04), IL-1
receptor antagonist (4033 pg/mL; 297%; P = 0.006), IL-6 (9.5 pg/mL; 123%; P = 0.006), IL-10 (241
pg/mL; 183%; P = 0.02), tumor necrosis factor (TNF) = (256 pg/mL; 249%; P = 0.02), TNF receptor
1 (537 pg/mL; 41%; P = 0.03), TNF receptor 2 (39 242 pg/mL; 247%; P = 0.001), monocyte
chemoattractant protein 1 (117 pg/mL; 119%; P = 0.004), and brain natriuretic peptide (40 pg/mL;
57%; P = 0.04). Further adjustments for other patient characteristics did not significantly alter the
results.

Conclusion:  TFAs are strongly associated with systemic inflammation in patients with heart
disease, which suggests that attention to TFA intake may be important for secondary prevention
efforts.
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INTRODUCTION
trans Fatty acids (TFAs), unsaturated fats with at least one double bond in the trans
configuration, are formed during the industrial hydrogenation of vegetable oils. TFAs are
primarily consumed in fast foods, bakery products, packaged snacks, and margarines; smaller
amounts are consumed in dairy products and meats (1). There is currently considerable interest
in the potential health effects of TFAs, and the US Food and Drug Administration recently
ruled that the TFA content be declared on the nutrition labels of all conventional foods and
dietary supplements effective 1 January 2006 (2). A recent observational study (3) and short-
term randomized trial (4) indicated that TFA intake increases systemic inflammation in
generally healthy persons. Because systemic inflammation is an independent risk factor for
future heart disease (5), these findings suggest a novel potential mechanism whereby TFAs
may affect the cardiovascular health of generally healthy persons.

Compared with healthy persons, patients with established heart disease often have much higher
concentrations of systemic inflammation (6–8). Although TFAs appear to be proinflammatory
in generally healthy persons (3,4), it is unknown whether TFAs influence inflammation in
patients with established heart disease, in whom background inflammation is already high. If
TFAs exacerbate systemic inflammation in patients with heart disease, it would be important
for secondary prevention efforts because the degree of systemic inflammation in these patients
strongly predicts poor outcomes (5–8). To determine whether TFAs are related to systemic
inflammation in patients with heart disease, we investigated the association between TFAs, as
assessed with a biomarker of dietary intake, and systemic inflammatory markers in patients
with established heart failure. Our hypothesis was that TFA levels would be associated with
higher concentrations of inflammatory markers in these patients.

SUBJECTS AND METHODS
Subjects

This analysis was part of a prospective cohort study evaluating associations between clinical
risk factors, inflammation, and disease severity among ambulatory patients with chronic heart
failure. The patients were recruited from the end-stage heart failure clinic at the University of
Washington Medical Center and were eligible if heart failure represented their greatest daily
functional limitation in the judgment of the treating cardiologist. Exclusion criteria were a
serum creatinine concentration >3.0 mg/dL, exercise-limiting chronic obstructive pulmonary
disease, a severe psychiatric disorder, or a life expectancy <12 mo because of noncardiac
disease. From April 1999 to April 2001, 150 patients met inclusion and exclusion criteria and
agreed to participate. Demographics, clinical characteristics, and other risk factors were
assessed at study visits with the use of standardized criteria. Measurement of red blood cell
membrane fatty acids was added to the protocol after study initiation, when for 64 patients only
serum samples (not containing red blood cells) had been stored; red blood cell membrane
analysis was obtained in the remaining 86 patients, who form the cohort for this analysis. The
study was approved by the Human Subjects Committee, and all participants gave written
informed consent.

Measurement of fatty acids and inflammatory markers
Blood samples were drawn after placement of an intravenous line and 30 min of supine rest.
Red blood cell membrane fatty acids were measured by gas chromatography (9), including
measurement of 10 trans isomers: 2 of palmitoleic acid (7-trans-16:1 and 9-trans-16:1), 5 of
oleic acid (12-trans-18:1, 11-trans-18:1, 10-trans-18:1, 9-trans-18:1, and a mix of 8–6
trans-18:1), and 3 of linoleic acid (9-cis, 12-trans-18:2, 12-cis, 9-trans-18:2, and 9-trans, 12-
trans-18:2). Humans cannot synthesize TFAs, and red blood cell membrane TFA levels
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correlate with dietary TFA intake (9). Levels of these isomers were summed to determine total
TFAs as a percentage of membrane fatty acids; we also separately evaluated the summed
trans isomers of palmitoleic (t-16:1), oleic (t-18:1), and linoleic (t-18:2) acids. Cytokines and
inflammatory markers were assessed with potential prognostic importance in patients with
established heart disease (5–8,10). Blood for cytokine analysis was placed in glass tubes
containing sodium fluoride and potassium oxalate (Becton Dickinson, Franklin Lakes, NJ),
mixed, placed on ice, and centrifuged at 4 °C within 30 min of collection. Aliquots of plasma
were stored at −80 °C until analyzed. C-reactive protein (CRP) and serum amyloid A (SAA)
were determined by highly sensitive, nephelometric assays (Behring Diagnostics, Deer-field,
IL and Liederbach, Germany), with lower limits of detection of 0.02 and 0.08 mg/L and CVs
of 5–9% and 4–8%, respectively. Other inflammatory markers were measured with the use of
enzyme-linked immunosorbent assay: in centralized laboratories at the University of
Washington and Fred Hutchinson Cancer Research Center, with CVs from 5.7% to 9.8%, and
reagents from R&D Systems (Minneapolis), Biosource (Camarillo, CA), Pierce-Endogen
(Rockford, IL), Monosan (Uden, Netherlands), Strategic Biosolutions (Ramona, CA), and
Phoenix Pharmaceuticals (Belmont, CA) (Table 1) (11).

Statistical analysis
TFA levels were normally distributed; inflammatory marker concentrations were right-skewed
and were log transformed before analysis. Linear regression was used to evaluate associations
between TFA values and log-transformed inflammatory markers, with normality assumptions
verified by using residual-versus-predictor plots. Parameters were identified as potential
confounders if they might influence TFA intake or systemic inflammation and were then
included as covariates in a multivariate linear regression model. Thus, the final model included
age, sex, body mass index, New York Heart Association (NYHA) class, and ischemic etiology
—each of which might influence either TFA intake or systemic inflammation—and smoking
status, left ventricular ejection fraction, statin use, and serum glucose—each of which might
influence systemic inflammation. For parsimonious modeling, other covariates such as race,
education, income, other etiologies of heart failure, and other membrane fatty acid levels were
not included in the final model because they were not prespecified potential important
confounders and because their inclusion did not appreciably alter associations between TFA
levels and most inflammatory marker concentrations. All P values were two-tailed (α = 0.05).
Analyses were performed with the use of STATA 8.0 (Stata Corp, College Station, TX).

RESULTS
The mean (±SD) TFA level was 1.8 ± 0.4% of membrane fatty acids (range: 0.7–2.9%), which
was similar to that seen in other populations (9). TFA levels were inversely associated with
male sex, former smoking, and membrane saturated fatty acid levels; there were also
differences in age, NYHA class, ejection fraction, statin use, and fasting glucose, although
these differences were not statistically significant (Table 2).

TFA levels were strongly associated with concentrations of several inflammatory markers. For
each inflammatory marker, results are presented as the absolute difference and percentage
difference from the mean for each 1% of membrane fatty acids from TFAs (approximately the
difference between the first and third TFA tertile means). After adjustment for age and sex,
TFA levels were positively associated with interleukin (IL) 1 receptor antagonist (2129 pg/
mL, 157%; P = 0.02), IL-10 (218 pg/mL, 165%; P = 0.03), tumor necrosis factor (TNF) receptor
1 (463 pg/mL, 35%; P = 0.04), TNF receptor 2 (24 681 pg/mL, 155%; P = 0.003), monocyte
chemoattractant protein 1 (95 pg/mL, 98%; P = 0.003), and brain natriuretic peptide (41 pg/
mL, 58%; P = 0.02). Further adjustment for body mass index, smoking, ejection fraction,
NYHA class, ischemic etiology, statin use, and serum glucose did not attenuate these

Mozaffarian et al. Page 3

Am J Clin Nutr. Author manuscript; available in PMC 2005 September 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



associations; rather, the magnitudes of most of these associations were increased (Table 3).
Additionally, TFA levels were now also positively associated with IL-1β (P = 0.04), IL-6 (P
= 0.006), and TNF-α (P = 0.02) and trended toward inverse associations with CRP (P = 0.05)
and SAA (P = 0.06), although these latter relations were not statistically significant (Table 3).
TFA levels were not significantly associated with soluble IL-6 (sIL-6) receptor, IL-8,
endothelin-1, or transforming growth factor β (Table 3). Further adjustment for other patient
characteristics, including other demographic factors such as race, education, and income; other
etiologies of heart failure; and other membrane fatty acid levels did not appreciably alter most
of the positive associations between TFA levels and inflammatory marker concentrations,
although the relations with IL-1β, brain natriuretic peptide, and SAA were in part attenuated
(data not shown).

When we separately evaluated different trans isomers, t-18:1 and t-18:2 were, but t-16:1 was
not, consistently associated with higher inflammatory marker concentrations. For example,
t-18:1 and t-18:2 levels (each 1 SD) were positively associated with IL-6 (t-18:1: 3.1 pg/mL,
40%, P = 0.006; t-18:2: 2.6 g/mL, 34%, P = 0.029) and TNF-α (t-18:1: 73 pg/mL, 71%, P =
0.016; t-18:2: 69 pg/mL, 67%, P = 0.038), whereas t-16:1 was not associated with IL-6 (−0.2
pg/mL, −3%; P = 0.83) or TNF-α (−27 pg/mL, −26%; P = 0.17) (adjustments as in Table 3).

DISCUSSION
Among patients with chronic heart failure, TFA intake assessed with a biomarker was strongly
positively associated with several markers of systemic inflammation. The associations were
seen after adjustment for a variety of demographic, clinical, and laboratory factors that might
influence systemic inflammation.

We recently reported that TFA intake, as assessed with a food-frequency questionnaire, was
associated with elevated TNF receptor concentrations among generally healthy persons (3).
These observational findings were supported by the results of a short-term (5 wk) randomized
trial in which TFA intake increased concentrations of several inflammatory markers, including
e-selectin and IL-6, in 50 generally healthy men (4). The present study extends these prior
findings by demonstrating strong positive associations between TFA levels and systemic
inflammation in patients with established heart disease. The magnitudes of several of the
associations are striking, including 2-fold to 4-fold higher concentrations of IL-1, IL-6, TNF
receptor 2, and TNF-α for each 1% of membrane fatty acids from TFAs. Notably, higher
concentrations of these markers independently predict poor outcomes in patients with heart
disease (5–8).

The observed associations do not prove causality; for example, it is possible that the degree of
inflammation somehow influenced TFA levels, rather than TFA intake influencing
inflammation. However, this would require a different physiologic relation between TFA
intake, membrane TFA levels, and inflammation in patients with heart failure compared with
other persons, because dietary TFA intake correlates with membrane TFA levels in healthy
control subjects (9), positively relates to inflammation in healthy women (3), and increases
inflammatory marker concentrations in healthy men (4).

There are biologically plausible mechanisms whereby TFA intake might increase systemic
inflammation. TFAs are incorporated into endothelial cell membranes (12), which have
numerous cell-specific pathways relating to inflammation (13). TFAs may also modulate
inflammatory pathways via effects on macrophage membrane phospholipids and signaling
pathways, analogous to mechanisms seen with n–3, n–6, and monounsaturated fatty acids
(14). This hypothesis is supported by an experimental study among 19 subjects in which TNF
production by cultured mononuclear cells was increased by a margarine diet (6.7% of energy
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from TFAs) compared with a control diet (0.6% of energy from TFAs) (15). Proinflammatory
effects of TFA intake might also explain other experimentally observed effects of TFAs. For
example, TFAs increase insulin resistance, impair endothelial cell function, increase lipid
oxidation, and reduce postprandial tissue plasminogen activator activity (16–19). Each of these
abnormalities can be caused by inflammatory activation (20–23).

trans Isomers of oleic and linoleic acids but not of palmitoleic acid were associated with higher
inflammatory marker concentrations. This finding is consistent with our prior observations
among generally healthy persons, in whom intakes of t-18:1 and t-18:2, but not of t-16:1, were
associated with higher TNF receptor concentrations (3). Interestingly, in a population-based
study, t-18:2 levels were independently associated with a higher risk of primary cardiac arrest
(9). Further investigation of the potentially different inflammatory effects of these different
trans isomers is needed.

In the present study, TFA levels tended toward inverse associations with CRP and SAA. Of
all the inflammatory markers, only CRP and SAA were positively correlated with body mass
index (CRP: r = 0.40, P = 0.0002; SAA: r = 0.28, P = 0.009), which is inversely associated
with heart failure mortality (24), consistent with catabolic metabolism predicting higher risk
in this population (25). TFA intake increases CRP concentrations in generally healthy men
(4) and is associated with higher CRP concentrations in generally healthy women with higher
body mass indexes (3). Whether the different results of the present study for CRP and SAA
are related to the potentially catabolic metabolism of heart failure patients or to some other
factor is unknown, and further investigation of these potential differences is indicated.

Our study had some limitations. TFA intake was assessed with a biomarker, which may not
perfectly capture dietary intake; such misclassification would bias results toward the null.
Multiple comparisons increase the chance of type II error; however, TFA levels were positively
associated with 9 of 15 inflammatory markers at P < 0.05 and with 4 of 15 at P < 0.01. Statistical
power may have been inadequate to detect other relations, such as with sIL-6 receptor or
transforming growth factor β. Potential residual confounding due to unmeasured or
incompletely measured factors cannot be excluded, especially from other dietary factors that
were not evaluated. On the other hand, the observed relations were independent of a variety of
other factors known to affect systemic inflammation in heart failure, and, in our prior study
(3), adjustment for other dietary factors did not greatly affect the results. The subjects in the
present study were ambulatory heart failure patients, and findings may not be generalizable to
other populations with established heart disease.

Our results suggest that TFAs are strongly associated with systemic inflammation in patients
with chronic heart failure. This finding suggests a novel potential mechanism whereby TFA
intake may affect the health of patients with established heart disease. Further study is indicated
to investigate the potential proinflammatory effects of TFAs and the implications of such
effects for secondary prevention efforts in patients with established heart disease.
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TABLE 1
Methods for inflammatory marker analyses1

Capture antibody Secondary antibody Reference marker Lower
limit of

detection

Median
value
and

normal
upper
limit2

IL-1β Biosource
AHC0013

Pierce-Endogen
M420B-B

R & D Systems
201-LB

0.2 pg/mL 0 and 0.6
pg/mL

IL-1 receptor antagonist R & D Systems
MAB280

R & D Systems
BAF280

R & D Systems
280-RA

20 pg/mL 75 and
1210 pg/

mL
IL-6 R & D Systems

MAB206
R & D Systems

BAF206
R & D Systems

206-IL
0.5 pg/mL 0 and 0.7

pg/mL
Soluble IL-6 receptor R & D Systems

MAB227
R & D Systems

BAF227
R & D Systems

227-SR
3.0 pg/mL

IL-8 Pierce-Endogen
M-801

Pierce-Endogen
M-802-B

Pierce-Endogen
R-IL8-10

0.4 pg/mL

IL-10 Pierce-Endogen
M-010-E

Pierce-Endogen
M-011-B

R & D Systems
217-IL

1.0 pg/mL 19 and 81
pg/mL

TNF-α R & D Systems
MAB610

R & D Systems
BAF210

R & D Systems
210-TA

1.5 pg/mL 0 and 12
pg/mL

TNF receptor 1 R & D Systems
MAB625

R & D Systems
BAF225

R & D Systems
636-R1

2.0 pg/mL 662 and
925 pg/

mL
TNF receptor 2 R & D Systems

AB226PB
Monosan

MON9063B
R & D Systems

226-B2
15 pg/mL

TGF-β R & D Systems
MAB240

R & D Systems
BAF240

R & D Systems
100-B

3.0 pg/mL 1840 and
9445 pg/

mL
MCP-1 R & D Systems

MAB679
R & D Systems

BAF279
R & D Systems

279-MC
4.0 pg/mL

BNP Strategic Bio
9105M-01

Strategic Bio
9105RA

Phoenix Pharm
011-03

11.0 pg/
mL

Endothelin-1 R & D Systems
BBE5

R & D Systems
BBE5

R & D Systems
BBE5

1.0 pg/mL

1
BNP, brain natriuretic peptide; IL, interleukin; MCP, monocyte chemoattractant protein; TGF, transforming growth factor; TNF, tumor necrosis factor.

See text for locations of manufacturers.

2
Where available, median and normal upper limit values (defined as the 90th percentile) were derived from 38 healthy adult volunteers aged 22–56 y,

who were not taking antiinflammatory or immunosuppressive drugs and who provided blood in the morning under fasting conditions.
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TABLE 2
Patient characteristics according to trans fatty acid (TFA) concentration1

TFA tertile (% of fatty acids)

1 (1.4 ± 0.2) 2 (1.7 ± 0.1) 3 (2.3 ± 0.3)

No. of patients 29 29 28
Age (y) 54.3 ± 8.42 52.8 ± 9.9 50.4 ± 12.3
Female sex (%)3 10 22 36
NYHA class 3–4 (%) 62 55 43
Ejection fraction (%) 30.5 ± 8.0 26.7 ± 9.4 26.1 ± 11.5
BMI (kg/m2) 29.5 ± 5.1 30.3 ± 6.6 29.8 ± 7.2
Former smoker (%)3 66 69 43
Current smoker (%) 3 0 11
Idiopathic etiology (%) 41 55 50
Aspirin use (%) 38 45 39
ACE inhibitor/ARB (%) 97 100 100
β-Blocker (%) 69 86 82
Statin (%) 45 41 29
Total cholesterol (mg/dL) 188 ± 72 184 ± 41 190 ± 49
Glucose (mg/dL) 138 ± 89 120 ± 42 118 ± 50
Sodium (mEq/dL) 137 ± 5 137 ± 3 137 ± 2
Creatinine (mg/dL) 1.4 ± 0.3 1.2 ± 0.3 1.3 ± 0.4
Saturated fats (% of fatty acids)3 40.4 ± 0.7 40.1 ± 0.6 39.6 ± 0.9
Polyunsaturated fats (% of fatty acids) 35.1 ± 1.1 34.9 ± 0.8 35.1 ± 0.8
Monounsaturated fats (% of fatty acids) 18.4 ± 1.1 18.5 ± 0.8 18.5 ± 1.0

1
ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; NYHA, New York Heart Association.

2
x¯ ± SD (all such values).

3
P < 0.05 for trend across tertiles.
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TABLE 3
Mean inflammatory marker concentrations and difference from the mean for each 1% of membrane fatty acids
from trans fatty acids (TFAs)1

Concentration2 Partial correlation coefficient Difference
from mean3

Percentage
difference3

P

%
IL-1β (pg/mL) 0.57 ± 0.08 0.26 0.38 66 0.04
IL-1 receptor α (pg/
mL)

1360 ± 358 0.34 4033 297 0.006

IL-6 (pg/mL) 7.7 ± 1.7 0.35 9.5 123 0.006
IL-10 (pg/mL) 132 ± 32 0.31 241 183 0.02
TNF-α (pg/mL) 103 ± 30 0.30 256 249 0.02
TNF receptor 1 (pg/
mL)

1322 ± 91 0.28 537 41 0.03

TNF receptor 2 (pg/
mL)

15 880 ± 4347 0.43 39242 247 0.001

MCP-1 (pg/mL) 98 ± 19 0.36 117 119 0.004
BNP (pg/mL) 71 ± 7 0.24 40 ± 57 0.04
Soluble IL-6 receptor
(pg/mL)

14 432 ± 566 −0.18 −1869 −13 0.18

IL-8 (pg/mL) 9.7 ± 0.9 0.09 2.2 23 0.33
Endothelin-1 (pg/mL) 2.0 ± 0.1 −0.10 −0.18 −9 0.42
TGF-β (pg/mL) 13 560 ± 1306 −0.19 −3855 −28 0.17
CRP (mg/L) 5.7 ± 0.9 −0.23 −2.7 −48 0.05
SAA (pg/mL) 9.0 ± 1.8 −0.24 −3.9 −44 0.06

1
BNP, brain natriuretic peptide; CRP, C-reactive protein; IL, interleukin; MCP-1, monocyte chemoattractant protein 1; SAA, serum amyloid A; TGF,

transforming growth factor; TNF, tumor necrosis factor.

2
All values are x¯ ± SEM.

3
Differences are approximately those between the first and third TFA tertile means, adjusted for age, sex, BMI, smoking, ejection fraction, New York

Heart Association class, ischemic etiology, statin use, and serum glucose.
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