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Abstract

Background: Trans fatty acids (TFAs) have been found to impair flow mediated vasodilation and nitric oxide (NO)
production. We sought to examine if serum TFA levels are associated with plasma levels of the NO inhibitor
asymmetric dimethylarginine (ADMA) and if possible relationships between serum TFA and cardiovascular morbidity
or mortality are mediated or modified by plasma ADMA levels.

Methods: The cohort included patients who underwent coronary angiography for suspected coronary heart
disease in 2000-2001. Serum trans 16:1n7 and trans 18:1 isomers were determined by gas liquid chromatography
and the summation of these two TFAs is reported as TFA (percentage by weight (wt%) or concentration).
Associations between TFAs and ADMA were estimated by calculating the Spearman’s rank correlation coefficient
(p), and risk associations with AMI, cardiovascular death and all-cause mortality across quartiles of TFAs (wt% or
concentration) were explored by Cox modeling.

Results: A total of 1364 patients (75 % men) with median (25”‘,75th percentile) age 61 (54, 69) years, serum TFA
046 (036, 0.56) wt% and plasma ADMA 0.59 (0.50, 0.70) umol/L were studied. Serum TFA levels (o =0.21, p < 0.001),
trans 16:1n7 (p =022, p < 0.001) and trans 18:1 (p =0.20, p < 0.001) levels were significantly correlated with plasma
ADMA levels. During the median (25”“,75th percentile) follow-up time of 5.8 (4.5, 6.4) years, 129 (9.5 %) patients
experienced an AMI, 124 (9.1 %) died, whereof 66 (53 %) due to cardiovascular causes. After multivariate
adjustments no significant associations between serum TFA levels (wt% or concentration) and incident AMI, CV
death and all-cause mortality were observed. Similar results were obtained when repeating the analyses with trans
16:1n7 and trans 18:1 individually. Plasma ADMA levels did not significantly modify the associations between TFA
levels and outcomes.

Conclusions: Serum TFA levels were positively correlated with plasma ADMA levels. After multivariate adjustments,
TFAs were not associated with incident AMI or mortality, and associations were not influenced by ADMA.
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Background

Transfatty acids (TFAs) are naturally present in small
quantities in dairy products and meat, but the main diet-
ary source is processed foods containing partially hydro-
genated vegetable oils. While no, or even beneficial
cardiovascular (CV) effects of TFAs from dairy products
and meat have been claimed, a high consumption of in-
dustrially produced TFAs have repeatedly been associ-
ated with an increased risk of CV disease [1, 2]. The
underlying mechanisms of the adverse effects are multi-
faceted but at present predominantly explained by the
influence of TFAs on serum lipid levels [3-5]. Also,
TFAs have been found to increase markers of inflamma-
tion, promote thrombogenesis [6—8] and impair flow
mediated dilatation [9]. More recently, human endothe-
lial cells treated with TFAs were found to have decreased
production of the important vasodilator nitric oxide
(NO) [10].

Asymmetric dimethylarginine (ADMA) is a potent in-
hibitor of NO synthesis, and numerous studies have
linked increasing levels of ADMA with risk of CV dis-
ease [11]. ADMA is metabolized by the enzyme
dimethylarginine dimethylamoniohydrolase (DDAH) [12,
13], which is a critical regulator of ADMA levels. DDAH
activity is in turn up-regulated by activation of peroxi-
some proliferator-activated reseptor y (PPARy) [14] and
inhibition of sterol regulatory element binding protein-
lc (SREBP-1c¢) [15]. TFAs have been found to down-
regulate PPARy mRNA expression [16] and to up-
regulate SREBP-1c¢ mRNA expression [17]. Additionally,
TFAs are associated with higher levels of inflammatory
markers, including TNF-a [18], which in turn may
down-regulate DDAH activity [19]; hence TFAs may be
a potential inhibitor of ADMA degradation, with a sub-
sequent decrease of NO levels.

As of today, the mechanisms by which TFAs are re-
lated to CV disease are not fully understood. Thus, in
over 1300 Norwegian patients with suspected coronary
heart disease (CHD), we aimed to examine if serum TFA
levels (trans 16:1n7 and trans 18:1 isomers) were associ-
ated with plasma ADMA levels, and if potential asso-
ciations between serum TFA levels and risk of acute
myocardial infarction (AMI), CV death and all-cause
mortality were mediated or modified by plasma
ADMA.

Methods

Study population

The Bergen Coronary Angiography Cohort (BECAC) in-
cludes 4241 patients undergoing coronary angiography
for suspected CHD (stable angina pectoris or acute cor-
onary syndrome (ACS) [20]. The initial 1367 patients re-
cruited to BECAC during 2000-2001 were selected for
fatty acid (FA) analyses. Three patients were excluded
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due to no data on plasma ADMA, leaving 1364 patients
eligible for analyses. Of these patients, 707 were also
recruited to the Western Norway B-Vitamin Interven-
tion Trial (WENBIT) (ClinicalTrials.gov Identifier:
NCTO00354081), a RCT investigating the effect of high
dose B-vitamin supplementation on risk of CV disease
and mortality [21]. The study protocol was approved by
the Regional Committee for Medical Research Ethics
and the Norwegian Data Inspectorate and met the
mandate of the Declaration of Helsinki. All participants
signed a consent form.

Baseline data

As previously reported each patient completed a self-
administered questionnaire on medical history, risk fac-
tors and medications, and the information was subse-
quently validated against medical records [20, 21].
Diabetes mellitus included type 1 and 2 as previously di-
agnosed, independent of serum glucose or HbA1C levels
at baseline. Current smoking included self-reported
current smoking, those who had quit smoking within
the last month and patients with plasma cotinine
>85 ng/mL [22]. Fasting referred to abstaining from food
at least 6 h prior to blood sample collection. Left ven-
tricular ejection fraction (LVEF) (%) and extent of sig-
nificant stenosis of the coronary arteries were verified as
previously reported [23]. Effective statin dose refers to
the ranked value of the expected percent of LDL-
cholesterol reduction based on type and dose of speci-
fied statin use [24, 25].

End point and follow up
Clinical endpoints were AMI (fatal and non-fatal), CV
death and all-cause mortality. The patients were
followed from angiography in 2000 or 2001 until any
endpoint occurred, or throughout December 31" 2006.
Collection of clinical events information has previously
been described [26]. AMI definition, published in 2000
[27], was used as diagnostic criteria. CV death included
death causes coded 100-199 or R96 (International Statis-
tical Evaluation of Disease, 10™ Revision System). Events
were classified as fatal if death occurred within 28 days
after onset. An endpoints committee adjudicated all
events, with no information on baseline characteristics.

Biochemical analyses

Serum and plasma samples were collected prior to angi-
ography and stored at —80 °C until analysis. ApoAl,
ApoB and lipoprotein (a) concentrations were deter-
mined using the Hitachi 917 system (Roche Diagnostics,
GmbH, Mannheim, Germany). C-reactive protein (CRP)
was measured using a latex, high sensitive assay (Behring
Diagnostics, Marburg, Germany). Serum was treated
with 2 % (v/v) of sulfuric acid in methanol to prepare
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serum FA methyl esters (FAMEs) [28]. FAMEs were ana-
lyzed by gas-liquid chromatography (GC 8000 TOP,
Finnigan, USA) on DBl-ms capillary column (] & W
Scientific, USA) coupled to a flame-ionization detector
[29]. The method is developed for analyses of a general
FA profile, and included trans 16:1n7 and trans 18:1 iso-
mers. Other positional isomers were thus not separated
on the column. The two TFAs combined are here re-
ferred to as serum TFA (percentage by weight (wt%) or
concentration). With-in day coefficient of variation was
2.22 % for TFA (wt%), 3.00 % for trans 16:1n7 (wt%) and
2.33 % for the trans 18:1 isomers (wt%). Plasma ADMA
was measured using high performance liquid chroma-
tography/tandem mass spectrometry (LC-MS/MS) at
BEVITAL AS (www.bevital.no), and within-day coeffi-
cient of variation was 5-7 %. Cotinine was determined
by LC-MS/MS [30]. The Friedewald formula was used to
calculate LDL cholesterol, and estimated glomerular fil-
tration rate (eGFR) was calculated using the Chronic
Kidney Disease Epidemiology Collaboration [31].

Statistical methods

Continuous variables are presented as median (25, 757
percentile), unless otherwise stated, and categorical vari-
ables as count (percentage). Trends across quartiles of
serum TFAs (wt%) and plasma levels of ADMA were
calculated using median linear regression for continuous
variables and logistic regression for binary variables.

A generalized additive model (GAM) was fitted to as-
sess for possible non-linear relationships between serum
TFA (wt%) and plasma ADMA levels. Bivariate correl-
ation analyses between serum TFA, trans 16:1n7, trans
18:1 (as wt% and concentration) and plasma ADMA
levels were calculated as the Spearman’s rank correlation
coefficient. Multivariate adjusted correlation analyses be-
tween serum TFAs, trans 16:1n7, trans 18:1 and plasma
ADMA levels were calculated as the partial rank correl-
ation coefficient, adjusting for the clinically relevant vari-
ables age (years), sex, effective statin dose at baseline (0—
6), fasting (yes/no), eGFR (mL/min), ACS diagnosis prior
to baseline coronary angiography (yes/no) and serum tri-
glycerides (mmol/L) levels.

Hazard ratios (HR) of AMI, CV death and all-cause
mortality according to serum levels of serum TFAs were
estimated with Cox proportional hazard models. When
evaluating the relationships between quartiles of TFA
levels and subsequent risk of AMI or mortality, the first
quartile was used as reference. Variables in the multi-
variate adjusted model were selected based on clinical
relevance and included age (years), sex, diabetes mellitus
(yes/no), current smoking (yes/no), effective statin dose
at discharge (0-6), extent of significant stenosis of the
coronary arteries (0-3) and eGFR (mL/min)). WENBIT
intervention status (vitamin B6 (yes/no) or folate/B12
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(yes/no)) had no effect on any estimates (data not
shown), and was not included in the model.

Additionally, the association between ADMA and risk
of AMI, CV death and all-cause mortality was examined
in a Cox model (adjusting for age and sex and also TFA
(wt%)) to confirm a relationship between the possible
mediator and outcome independent of the exposure
(TFA). An additional GAM model was fitted to assess
for non-linear relationships.

Potential mediation by ADMA was examined by add-
ing ADMA (pmol/L) to the univariate, age and sex and
multivariate adjusted Cox models examining the effect
of TFA on outcomes. Possible effect modification was
explored by including an interaction product term of
TFA (quartiles) and ADMA (above and below median)
in the same Cox models.

All probability values are 2-tailed, and were considered
significant when <0.05. Statistical analyses were per-
formed with SPSS 21 (SPSS Inc, Chicago, IL) and R
2.14.2 (The R-Foundation for Statistical Computing,
Vienna, Austria).

Results

Demographic and clinical characteristics

Baseline clinical characteristics of the 1364 participants,
according to quartiles of serum TFA levels (wt%), are
presented in (Table 1). In the total population, wt% and
concentration of serum TFA levels ranged between
0.10-1.61 % and 2,69—255 mg/L, respectively.

Patients with higher serum TFA levels were character-
ized by older age, a relatively higher proportion of fe-
males and non-fasting patients. They had less often
undergone PCI and were less often diagnosed with ACS
prior to baseline coronary angiography and 1-vessel dis-
ease following baseline coronary angiography. Also, they
were less frequently discharged with statins and ADP-
receptor blockers. However, they were more often diag-
nosed with 3-vessel disease following baseline coronary
angiography.

Patients with higher serum TFA levels had higher
plasma ADMA levels, serum triglyceride and total FA
levels and lower eGFR and serum ApoA-I levels.

Correlations between TFAs and ADMA

Bivariate and multivariate correlation analyses revealed
highly significant (p <0.001) and positive relationships
between serum levels of TFAs and of the individual
TFAs (both as wt% and concentration) and plasma
ADMA levels (p=0.12-0.22) (Table 2), and the GAM
plot revealed no non-linear associations (data not
shown). The estimates were not significantly influenced
by additional adjustments for previous PCI, current
smoking, extent of significant stenosis of the coronary
arteries or plasma arginine.
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Table 1 Baseline characteristics of participants by quartiles of serum trans fatty acids
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Quartiles of serum trans fatty acids (wt%)

Total Q1 Q2 Q3 Q4
030 (0.10,036)* 041 (0.37, 0.45) 0.51 (046, 0.55) 0.64 (0.56, 1.61)
n=1364 n=355 n=325 n=331 n=353 p-trend®

Demographic and clinical characteristics
Male sex* 1019 (74.7) 296 (83.4) 240 (73.8) 239 (72.2) 244 (69.1) <0.001
Age (years)d 61 (54, 69) 57 (51, 63) 61 (54, 68) 64 (56, 71) 65 (55,72) <0.001
BMI (kg/mz) 26.2 (24.1,28.7) 26.7 (244, 29.0) 26.0 (243, 28.7) 26.1 (240, 28.7) 26.1 (238, 28.7) 0.1
Fasting 187 (14.5) 69 (20.7) 46 (15.0) 34 (10.7) 38(114) <0.001
Diastolic blood pressure (mmHg) 80 (75, 88) 81 (75, 90) 80 (75, 87) 80 (74, 87) 80 (74, 89) 1.00
Systolic blood pressure (mmHg) 138 (125, 152) 139 (126, 154) 139 (125, 150) 136 (124, 150) 137 (122, 154) 0.08
Cardiovascular history
Previous AMI 553 (40.5) 140 (39.4) 126 (38.8) 137 (41.4) 150 (42.5) 0.84
Previous PC 239 (17.5) 83 (234) 61 (18.8) 45 (13.6) 50 (14.2) <0.01
Previous CABG 134 (9.8) 32(90) 38 (11.7) 33 (10.0) 31 (8.9) 0.70
Risk factors
Impaired ejection fraction 151 (11.1) 42 (11.8) 30 (9.2) 38 (11.5) 41 (11.6) 0.98
Diabetes 140 (10.3) 38 (10.7) 26 (8.0) 33 (10.0) 43 (12.2) 0.71
Current smoker 457 (33.5) 158 (44.5) 101 (31.1) 92 (27.8) 106 (30.0) 0.05
Clinical diagnosis before baseline coronary angiography
Stable angina 1273 (93.3) 318 (89.6) 296 (91.1) 315 (95.2) 344 (97.5) <0.001
Acute coronary syndrome 91 (6.7) 37 (104) 29 (8.9) 16 (4.8) 9 (2.5) <0.001
Extent of coronary artery stenosis at baseline coronary angiography
No significant stenosis 234 (17.2) 44 (124) 67 (20.6) 58 (17.5) 65 (184) 0.09
1-vessel disease 368 (27.0) 134 (37.7) 74 (22.8) 5 (25.7) 75(21.2) <0.001
2-vessel disease 329 (26.3) 91 (25.6) 82 (25.2) 94 (284) 92 (26.1) 0.35
3-vesseldisease 403 (29.5) 86 (24.2) 102 (31.4) 94 (284) 21 (34.3) 0.04
Medication following baseline coronary angiography
Acetylsalisylic acid 1175 (86.1) 316 (89.0) 276 (84.9) 284 (85.8) 299 (84.7) 0.14
ADP receptor blocker 322 (23.6) 118 (33.2) 75 (23.1) 60 (18.1) 69 (19.5) <0.01
Statins 1107 (81.2) 309 (87.0) 263 (80.9) 255 (77.0) 280 (79.3) 0.01

-blockers 1022 (74.9) 268 (75.5) 235 (72.5) 248 (74.9) 271 (77.0) 043
ACE inhibitors 272 (19.9) 75 (21.0) 64 (19.7) 60 (18.1) 73 (20.7) 0.36
Loop diuretika 45 (10.6) 26 (7.3) 32 (9.8) 42 (12.7) 45 (12.7) 0.11
Fatty acids
Total fatty acids (mg/L) 3932 (3320, 4673) 3913 (3225, 4646) 3881 (3345, 4490) 3883 (3293, 4570) 4114 (3407, 4835) 0.02
Trans fatty acid (mg/L) 178 (133, 2338) 115 (897, 14.0) 158 (133, 187) 196 (165, 23.1) 269 (22.3,33.9) <0.001
Trans 16:1n7 (mg/L) 264 (191, 3.68) 1.75 (1.36, 2.24) 246 (1.89, 3.09) 2.95 (240, 3.77) 3.81 (2.93,4.94) <0.001
Trans 18:1 (mg/L) 15.0(11.2,20.2) 9.66 (7.57,11.8) 133 (11.2,15.6) 164 (140, 19.7) 229 (1858, 29.1) <0.001
Lipid related parameters
ApoAT (g/L) 9 (1.14, 1.46) 1(1.17,1.49) 1(1.14, 1.48) 1.28 (1.13,1.43) 1.26 (1.12, 1.45) <0.01
ApoB (g/L) 0.91 (0.76, 1.07) 0.89 (0.76, 1.06) 0.91 (0.76, 1.07) 1(0.74,1.08) 0.92 (0.78, 1.07) 0.16
Cholesterol (mmol/L) 5.00 (430, 5.80) 5.00 (430, 5.70) 5.10 (440, 5.95) 5.00 (430, 5.90) 5.10 (430, 5.80) 033
HDL Cholesterol (mmol/L) 0 (1.00, 1.43) 1.20 (1.00, 1.40) 0 (1.00, 1.50) 1.20 (1.00, 1.40) 1.17 (0.94, 1.40) 1.00
Triglycerides (mmol/L) 2(1.13,215) 144 (1.08, 2.18) 8(1.13,1.92) 149 (1.08, 2.02) 1.67 (1.20, 2.40) 0.01
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Table 1 Baseline characteristics of participants by quartiles of serum trans fatty acids (Continued)

Lp(@) (mmol/L) 0.21 (0.10, 0.54) 0.25 (0.11, 0.59) 0.22 (0.10, 0.54) 0.19 (0.09, 048) 0.22 (0.10, 0.54) 0.11
Other parameters

Glucose (mmol/L) 5.70 (5.10, 6.70) 5.80 (5.10, 6.80) 560 (5.10, 6.50) 5.60 (5.20, 6.50) 5.70 (5.00, 6.80) 1.00
HbATc (mmol/L) 584 (5.17, 6.54) 5.77 (5.19, 6.38) 5.77 (512, 6.44) 5.95 (5.22, 6.65) 5.87 (5.09, 6.73) 0.11
Arginine (umol/L) 5 (509, 90.5) 77.8 (56.0, 96.5) 704 (51.2,87.7) 65.3 (50.2, 88.2) 716 (49.1,91.1) <0.01
ADMA (umol/L) 0.59 (00.50, 0.70)  0.54 (048, 0.65) 0.57 (049, 0.68) 1(0.52,0.74) 061 (0.52, 0.74) <0.001
eGFR (mL/min) 0 (78.0, 99.0) 96.0 (85.0, 103) 90.0 (79.0, 99.0) 89.0 (77.0, 98.0) 87.0 (70.5, 97.5) <0.001
CRP (mg/L) 2 (0.95, 3.98) 8 (1.00, 4.28) 2 (0.89,391) 1.82 (0,97, 3.66) 1.97 (1.00, 3.77) 040

Abbreviations: ApoA-1 apolipoprotein A-1, BCA baseline coronary angiography, BMI body mass index, CRP C-reactive protein, GFR glomerular filtration rate, HbATc
hemoglobin Alc, HDL high density lipoprotein, LDL low density lipoprotein, Lp(a) lipoprotein(a), PC/ percutanous coronary intervention, wt% percentage by weight

“Median (range)

PMedian linear regression for continuous and logistic regression for categorical variables

“Count (percentage) for all such values
9Median (25, 75" percentile) for all such values

The correlation between serum total FA levels and
plasma ADMA levels (adjusted for TFA concentration,
age and sex) was inverse (p = -0.06, p = 0.018).

Serum TFA levels and risk of AMI, CV death and all-cause
mortality

During the median (25", 75" percentile) follow-up
period 5.8 (4.5, 6.4) years), 129 (9.5 %) patients had an
incident AMI, of which 44 were fatal (34 %). A total of
124 (9.1 %) patients died, whereof 66 (53 %) deaths were
due to CV causes.

In univariate analyses, there were significant trends of
increased risk of CV death and all-cause mortality across
quartiles of TFA (Table 3). However, after multivariate
adjustments no significant associations between TFA
(wt% or concentration) and endpoints were observed.
Similar results were obtained when repeating the ana-
lyses with trans 16:1n7 (Additional file 1: Table S1) and
trans 18:1 (Additional file 2: Table S2) (wt% and concen-
tration) individually. Further adjustments for BMI, blood
pressure, fasting, impaired LVEF, previous PCI, ACS
diagnosis prior to baseline coronary angiography, use of

Table 2 Correlations® between trans fatty acids and ADMA

Bivariate  Multivariate®  Multivariate®

Percentage by weight (wt%)

Trans fatty acid 0.21 0.16 0.14

Trans 16:1n7 0.22 0.16 0.12

Trans 18:1 0.20 0.15 0.14
Concentration (mg/L)

Trans fatty acid 0.18 0.15 0.20

Trans 16:1n7 0.21 0.17 0.18

Trans 18:1 0.17 0.15 0.20

@ Spearman’s ranked (partial) correlation coefficient (p)

b Adjusted for age (years) and sex

€ Adjusted for age (years), sex, effective statin dose at baseline (0-6), fasting
(yes/no), eGFR (mL/min), ACS (yes/no), triglycerides (mmol/L)

All correlation are significant at the 0.001 level (2-tailed)

ADP receptor blocker, use of loop diuretics or concen-
tration of any lipid related parameter did not signifi-
cantly influence the results. Additionally, GAM plots
revealed no non-linear associations (data not shown).

The risk associations between TFA, trans 16:1n7, trans
18:1 and endpoints did not significantly differ between
patients who were discharged with statins and those
who were not (data not shown).

Plasma ADMA levels and risk of AMI, CV death and
all-cause mortality

Plasma ADMA levels (pmol/L) were positively associ-
ated with risk of AMI (HR (95 % CI) (3.44 (1.24, 9.51) p-
value =0.017), CV death (7.17 (2.13, 24.2) p-value=
0.001) and all-cause mortality (8.04 (3.35, 19.3) p-value
<0.001) (wt%) (adjusting for age and sex). The associa-
tions were only slightly attenuated after an additional ad-
justment for TFA (wt%): 3.26 (1.16, 9.17) p-value = 0.025
for AMI, 7.09 (2.09, 24.0) p-value =0.002 for CV death
and 7.45 (3.09, 18.0) p-value <0.001 for all-cause mortal-
ity. Additionally, GAM plots revealed a linear and posi-
tive association between plasma ADMA levels and
endpoints (data not shown).

Mediating and modifying effect of plasma ADMA
Including plasma ADMA (umol/L) in the univariate and
age and sex adjusted Cox models slightly attenuated the
effect of TFA on endpoints, but plasma ADMA did not
significantly influence the multivariate adjusted esti-
mates (Additional file 3: Table S3). Moreover, the effect
of TFA, as either wt% or concentration, on risk of AMI,
CV death and all-cause mortality was not modified by
ADMA levels (above or below median) (All p for inter-
action >0.29) (Table 3).

Discussion
In this prospective cohort study of 1364 Norwegian pa-
tients with suspected CHD, there was a positive and
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Table 3 Trans fatty acid quartiles and risk of acute myocardial infarction, cardiovascular death and all-cause mortality
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Percentage by weight (wt%)

Concentration (mg/L)

Model AMI CV death All-cause mortality AMI CV death All-cause mortality
HR 95 % Cl HR 95 % Cl HR 95 % Cl HR 95 % Cl HR 95 % Cl HR 95 % Cl

Univariate

Q2 113 066,193 169 074,387 129 0.71,2.36 110 066,183 105 051,215 096 0.55, 1.69

Q3 149 090,245 192 086,427 173 0.99, 3.04 105 063,175 074 034,160 095 0.54, 1.65

Q4 136 082,225 239 111,514 224 132,382 125 077,205 153 079,296 184 1.13,3.00

P-trend 0.15 0.03 0.03 042 0.28 0.01

P-interaction® 0.52 0.74 0.85 0.68 0.38 0.59

Age and sex adjusted

Q2 107 063,184 136 059,313 1.09 0.60, 2.01 111 067,185 100 048 204 094 0.54, 1.66

Q3 131 089,218 123 054,277 121 069, 2.15 102 061,170 063 029138 085 049, 149

Q4 119 071,200 144 065318 151 0.87, 262 125 076,205 136 069265 173 1.06, 2.85

P-trend 041 045 0.10 046 049 0.02

P-interaction® 0.68 048 0.74 0.64 0.29 0.51

Multivariate adjusted®

Q2 110 064,190 143 062,331 118 0.64, 2.17 108 065180 100 048 207 097 0.55,1.71

Q3 143 086,239 136 060,309 136 0.76, 241 102 061,172 062 028137 089 0.50, 1.56

Q4 114 067,192 139 062 311 1.53 087, 267 111 067,184 111 056,221 1.54 093, 2.55

P-trend 049 0.54 0.1 0.74 0.92 0.08

P-interaction® 0.64 0.72 0.80 0.77 041 0.74

significant association between serum TFA levels and
plasma ADMA levels. Serum levels of TFAs were associ-
ated with increased risk of CV death and all-cause mor-
tality, but not AMIL The associations were, however,
attenuated and no longer significant in multivariate
models. Plasma ADMA levels were positively related to
incident AMI, CV and all-cause mortality, independent
of TFA levels, but did not significantly influence the as-
sociations between TFA levels and outcomes.

TFAs and ADMA

As recently reviewed [1], there are numerous studies re-
lating TFAs to adverse effects on CV health, and several
possible mechanisms may explain this association. TFAs
have been found to unfavorably alter the lipid profile by
increasing LDL cholesterol, Lp(a) and triglyceride levels
and decreasing HDL cholesterol levels [3-5]. In the
current study, we did not observe an association be-
tween TFA levels and HDL cholesterol, LDL cholesterol
or Lp(a) levels, but in accordance with previous studies
[3], patients with higher serum TFA levels had higher
circulating levels of triglycerides. Statins alter the lipid
profile and were used by the majority of patients in this
study. Although adjusted for in all multivariate analyses,
use of statins may possibly serve as an explanation as to
why we did not observe any significant associations be-
tween serum TFA and cholesterol levels. In addition to

the modifying effect of TFAs on the lipid profile, dietary
intake of TFAs has been associated with an increase in
markers of endothelial dysfunction such as CRP,
interleukin-6, soluble tumor necrosis factor receptor 2,
E-selectin and soluble cell adhesion molecules [7]. We
did not, however, observe an association between serum
TFA levels and CRP, which may be due to the CRP low-
ering effect of statins [32]. A previous crossover study
among healthy men and women found consumption of
TFAs, relative to consumption of saturated FAs, to be
associated with reduced flow-mediated vasodilatation
(FMD) [9]. Moreover, a recent study found human endo-
thelial cells treated with TFAs to produce less NO [10].
To the best of our knowledge, this is the first study to
examine the relationship between serum levels of TFA
and the NO inhibitor ADMA. The association was not
attenuated by adjustments for other groups of FAs (cis-
monounsaturated FAs, omega-3 FAs, omega-6 FAs or
saturated FAs) (data not shown). Additionally, the cor-
relation between serum total FA levels and plasma
ADMA were inverse and weak, suggesting that the cor-
relation between serum TFAs and plasma ADMA was
not caused by high serum FA levels per se. Previously, a
positive association between ADMA levels and LDL
cholesterol has been observed [19]. However, the re-
ported association between ADMA and TFA was not
mediated or confounded by LDL cholesterol, as
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inclusion of LDL cholesterol in the correlation analyses
did not change the results.

TFAs and incident AMI and mortality

Despite the observed relationships between serum levels
of TFAs and markers of endothelial dysfunction, we did
not observe any significant associations between TFA
and incident AMI or mortality in multivariate adjusted
analyses. In this study, two different TFAs were mea-
sured in serum; trams 16:1n7 and trans 18:1. Trans
16:1n7 (trans palmitoleic acid) is a natural TFA, but the
trans 18:1 pool was most likely a mixture of industrially
produced and natural TFAs as the different positional
isomers were not separated. Dietary intake of industrially
produced TFAs has repeatedly been linked with in-
creased risk of CV disease, whereas there is no clear
consensus regarding intake of ruminant TFAs and risk
of CV disease [1, 2]. However, in the present study, indi-
vidually, neither trans 16:1n7 nor trans 18:1, were asso-
ciated with incident AMI or mortality, and the
associations did not differ between patients with low
(below median) or high (above median) plasma ADMA
levels. Further, the lack of association between TFA and
endpoints even at high or low ADMA levels implies that
the excess risk associated with elevated ADMA was ex-
plained by other determinants of ADMA levels.

Strengths and limitations

This study was based on a large, well characterized
population and had a prospective design. The relation-
ships between serum TFA levels, plasma ADMA levels
and risk of AMI, CV death and all-cause mortality were
calculated with TFAs as both wt% and concentration.
The wt% of single FAs, or groups of FAs, is influenced
by the changes in other FAs, whereas the individual con-
centrations of FAs are independent of each other.
Reporting on both strengthens the validity of our results.
Serum levels of TFA reflect dietary intake as these FAs
are not synthesized endogenously. However, TFA serum
concentration is largely influenced by the FA compos-
ition of the latest meals ingested, and tissue concentra-
tions are thought to better reflect the long term dietary
FA intake. Thus by only including serum levels in the
present study, the risk-associations may have been
underestimated. Other limitations include the single
baseline measurement of TFAs and biomarkers, which
may underestimate associations through regression dilu-
tion bias [33]. By the same token, the method by which
TFAs were analyzed was not ideal, as there may have
been a slight risk of omega-3 FAs co-chromatographing
with TFAs. Including omega-3 FAs in the Cox regression
analyses did not, however, alter any results (data not
shown). Finally, given a low event rate, the statistical
power was low.
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Conclusion

In the current study of Norwegian men and women under-
going coronary angiography for suspected CHD there was
a positive correlation between serum TFA levels and
plasma ADMA levels. We did observe significant positive
associations between serum TFA levels and CV death and
all-cause mortality in simple models; however after adjust-
ment for possible confounders, no significant associations
were detected. Plasma ADMA levels had no significant in-
fluence on the observed associations between TFA and out-
comes. Further studies are needed to explore the possible
underlying mechanisms and consequences of the observed
association between serum TFA and plasma ADMA levels.

Additional files

Additional file 1: Table S1. Quartiles of trans 16:1n7 and risk of acute
myocardial infarction, cardiovascular death and all-cause mortality.
(DOCX 20 kb)

Additional file 2: Table S2. Quartiles of trans 18:1 and risk of acute
myocardial infarction, cardiovascular death and all-cause mortality.
(DOCX 20 kb)

Additional file 3: Table S3. Quartiles of trans fatty acids and risk of

acute myocardial infarction, cardiovascular death and all-cause mortality
adjusted for plasma ADMA levels. (DOCX 20 kb)

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

ON conceived of the study and contributed to the study design; RKB, PB,
PMU and ON conducted research; HB, RS analyzed data or performed
statistical analysis; HB, JKH, RKB, PMU, ON and JH wrote the paper; HB had
primary responsibility for final content; HB, JKH, JH and ON interpreted data;
HB, JKH, RKB, PMU, ON and JH critically revised the manuscript. All listed
authors take responsibility for all aspects of the reliability and freedom from
bias of the data presented and their discussed interpretation. All authors
read and approved the final manuscript.

Acknowledgements

The authors are thankful to all WENBIT coworkers at Haukeland and
Stavanger University Hospitals. They also thank Liv Kristine @ysaed, Kari
Helland Mortensen, Randi Sandvik, and Marte Aanestad for excellent
technical assistance during FA composition analyses, as well as Gry Kvalheim
and her staff at BEVITAL AS for the analyses of ADMA. Finally we also thank
Matthew McGee for proofreading the manuscript.

Author details

'Morbid Obesity Center, Vestfold Hospital Trust, Tensberg, Norway.
Department of Clinical Science, University of Bergen, Bergen, Norway.
3Department of Heart Disease, Haukeland University Hospital, Bergen,
Norway. “Labotatory of Clinical Biochemistry, Haukeland University Hospital,
Bergen, Norway. °KG Jebsen Center for Diabetes Research, Haukeland
University Hospital, Bergen, Norway. °Department of Endocrinology, Morbid
Obesity and Preventive Medicine, Institute of Clinical Medicine, University of
Oslo, Oslo, Norway.

Received: 19 November 2015 Accepted: 16 February 2016
Published online: 27 February 2016

References

1. de Souza RJ, Mente A, Maroleanu A, Cozma Al, Ha V, Kishibe T, et al. Intake
of saturated and trans unsaturated fatty acids and risk of all cause mortality,
cardiovascular disease, and type 2 diabetes: systematic review and meta-
analysis of observational studies. BMJ. 2015;351:n3978.


dx.doi.org/10.1186/s12944-016-0204-9
dx.doi.org/10.1186/s12944-016-0204-9
dx.doi.org/10.1186/s12944-016-0204-9

Borgeraas et al. Lipids in Health and Disease (2016) 15:38

20.

21.

22.

23.

Kleber ME, Delgado GE, Lorkowski S, Marz W, von Schacky C. Trans fatty
acids and mortality in patients referred for coronary angiography: the
Ludwigshafen Risk and Cardiovascular Health Study. Eur Heart J. 2015. Epub
ahead of print.

Mensink RP, Zock PL, Kester AD, Katan MB. Effects of dietary fatty acids and
carbohydrates on the ratio of serum total to HDL cholesterol and on serum
lipids and apolipoproteins: a meta-analysis of 60 controlled trials. Am J Clin
Nutr. 2003;77:1146-55.

Brouwer IA, Wanders AJ, Katan MB. Effect of animal and industrial trans fatty
acids on HDL and LDL cholesterol levels in humans—a quantitative review.
PLoS ONE. 2010;5:e9434.

Ascherio A. Trans fatty acids and blood lipids. Atheroscler Suppl. 2006;7:25-7.
Baer DJ, Judd JT, Clevidence BA, Tracy RP. Dietary fatty acids affect plasma
markers of inflammation in healthy men fed controlled diets: a randomized
crossover study. Am J Clin Nutr. 2004;79:969-73.

Lopez-Garcia E, Schulze MB, Meigs JB, Manson JE, Rifai N, Stampfer MJ, et al.
Consumption of trans fatty acids is related to plasma biomarkers of
inflammation and endothelial dysfunction. J Nutr. 2005;135:562-6.

Kondo K, Ishida T, Yasuda T, Nakajima H, Mori K, Tanaka N, et al. Trans-fatty
acid promotes thrombus formation in mice by aggravating
antithrombogenic endothelial functions via Toll-like receptors. Mol Nutr
Food Res. 2015;59:729-40.

de Roos NM, Bots ML, Katan MB. Replacement of dietary saturated fatty
acids by trans fatty acids lowers serum HDL cholesterol and impairs
endothelial function in healthy men and women. Arterioscler Thromb Vasc
Biol. 2001;21:1233-7.

Iwata NG, Pham M, Rizzo NO, Cheng AM, Maloney E, Kim F. Trans fatty acids
induce vascular inflammation and reduce vascular nitric oxide production in
endothelial cells. PLoS ONE. 2011;6:229600.

Sibal L, Agarwal SC, Home PD, Boger RH. The Role of Asymmetric
Dimethylarginine (ADMA) in Endothelial Dysfunction and Cardiovascular
Disease. Curr Cardiol Rev. 2010;6:82-90.

Ogawa T, Kimoto M, Sasaoka K. Purification and properties of a new
enzyme, NG, NG-dimethylarginine dimethylaminohydrolase, from rat kidney.
J Biol Chem. 1989,264:10205-9.

MacAllister RJ, Parry H, Kimoto M, Ogawa T, Russell RJ, Hodson H, et al.
Regulation of nitric oxide synthesis by dimethylarginine
dimethylaminohydrolase. Br J Pharmacol. 1996;119:1533-40.

Wakino S, Hayashi K, Tatematsu S, Hasegawa K, Takamatsu |, Kanda T, et al.
Pioglitazone lowers systemic asymmetric dimethylarginine by inducing
dimethylarginine dimethylaminohydrolase in rats. Hypertens Res. 2005;28:255-62.
Ivashchenko CY, Bradley BT, Ao Z, Leiper J, Vallance P, Johns DG. Regulation
of the ADMA-DDAH system in endothelial cells: a novel mechanism for the
sterol response element binding proteins, SREBP1c and -2. Am J Physiol
Heart Circ Physiol. 2010,298:H251-8.

Saravanan N, Haseeb A, Ehtesham NZ, Ghafoorunissa. Differential effects of
dietary saturated and trans-fatty acids on expression of genes associated with
insulin sensitivity in rat adipose tissue. Eur J Endocrinol. 2005;153:159-65.

Shao F, Ford DA. Elaidic acid increases hepatic lipogenesis by mediating
sterol regulatory element binding protein-1c activity in HuH-7 cells. Lipids.
2014;49:403-13.

Mozaffarian D. Trans fatty acids — Effects on systemic inflammation and
endothelial function. Atherosclerosis Supplements. 2006;7:29-32.

Ito A, Tsao PS, Adimoolam S, Kimoto M, Ogawa T, Cooke JP. Novel
mechanism for endothelial dysfunction: dysregulation of dimethylarginine
dimethylaminohydrolase. Circulation. 1999,99:3092-5.

Pedersen ER, Tuseth N, Eussen SJ, Ueland PM, Strand E, Svingen GF, et al.
Associations of plasma kynurenines with risk of acute myocardial infarction
in patients with stable angina pectoris. Arterioscler Thromb Vasc Biol.
2015;35:455-62.

Ebbing M, Bleie O, Ueland PM, Nordrehaug JE, Nilsen DW, Vollset SE, et al.
Mortality and cardiovascular events in patients treated with homocysteine-
lowering B vitamins after coronary angiography: a randomized controlled
trial. JAMA. 2008;300:795-804.

SRNT Subcommittee on Biochemical Verification. Biochemical verification of
tobacco use and cessation. Nicotine Tob Res. 2002;4:149-59.

Borgeraas H, Hertel JK, Svingen GF, Seifert R, Pedersen EK, Schartum-Hansen
H, et al. Association of body mass index with risk of acute myocardial
infarction and mortality in Norwegian male and female patients with
suspected stable angina pectoris: a prospective cohort study. BMC
Cardiovasc Disord. 2014;14:68.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 8 of 8

Jones P, Kafonek S, Laurora I, Hunninghake D. Comparative dose efficacy
study of atorvastatin versus simvastatin, pravastatin, lovastatin, and
fluvastatin in patients with hypercholesterolemia (the CURVES studly).

Am J Cardiol. 1998,81:582-7.

Rosenson RS. Rosuvastatin: a new inhibitor of HMG-coA reductase for the
treatment of dyslipidemia. Expert Rev Cardiovasc Ther. 2003;1:495-505.
Pedersen ER, Ueland T, Seifert R, Aukrust P, Schartum-Hansen H, Ebbing M,
et al. Serum osteoprotegerin levels and long-term prognosis in patients
with stable angina pectoris. Atherosclerosis. 2010,212:644-9.

Myocardial infarction redefined-a consensus document of The Joint
European Society of Cardiology/American College of Cardiology Committee
for the redefinition of myocardial infarction. Eur Heart J. 2000,21:1502-1513.
Kates M. General analytical procedures. Amsterdam: Elsevier science
Publishers; 1986.

Grimstad T, Bjorndal B, Cacabelos D, Aasprong OG, Janssen EA, Omdal R,
et al. Dietary supplementation of krill oil attenuates inflammation and
oxidative stress in experimental ulcerative colitis in rats. Scand J
Gastroenterol. 2012;47:49-58.

Midttun O, Hustad S, Ueland PM. Quantitative profiling of biomarkers
related to B-vitamin status, tryptophan metabolism and inflammation in
human plasma by liquid chromatography/tandem mass spectrometry.
Rapid Commun Mass Spectrom. 2009;23:1371-9.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro 3rd AF, Feldman HI,
et al. A new equation to estimate glomerular filtration rate. Ann Intern Med.
2009;150:604-12.

Albert MA, Danielson E, Rifai N, Ridker PM, Investigators P. Effect of statin
therapy on C-reactive protein levels: the pravastatin inflammation/CRP
evaluation (PRINCE): a randomized trial and cohort study. JAMA.
2001,286:64-70.

Hu FB, Stampfer MJ, Rimm E, Ascherio A, Rosner BA, Spiegelman D, et al.
Dietary fat and coronary heart disease: a comparison of approaches for
adjusting for total energy intake and modeling repeated dietary
measurements. Am J Epidemiol. 1999;149:531-40.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

* Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study population
	Baseline data
	End point and follow up
	Biochemical analyses
	Statistical methods

	Results
	Demographic and clinical characteristics
	Correlations between TFAs and ADMA
	Serum TFA levels and risk of AMI, CV death and all-cause mortality
	Plasma ADMA levels and risk of AMI, CV death and �all-cause mortality
	Mediating and modifying effect of plasma ADMA

	Discussion
	TFAs and ADMA
	TFAs and incident AMI and mortality
	Strengths and limitations

	Conclusion
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



