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Abstract
Background: Objective measures of fatty acid intakes such as tissue levels of fatty acids more accurately reflect
dietary intake compared to food frequency questionnaires. This study describes plasma fatty acid levels in New
Zealanders with significant coronary artery disease and the relationship with mortality at 7.5 years.
Methods: This is prospective observational study. Fasting plasma samples were taken in in 420 consecutive
patients with angiographic diagnosis of severe coronary disease requiring coronary artery bypass surgery. Plasma
levels of fatty acids were measured by gas-chromatography mass-spectrometry. Mortality data was obtained by
accessing details of the most recent contact with health professionals, review of clinical notes and the National
Health Index database and death certificates.
Results: The mean age of participants was 68 (± 10) years and 83% were male. Saturated fats were 46.5 (±
1.2) %, unsaturated fats were 51.8 (± 1.3%) %, trans fatty acids 1.1 (± 0.69) % of total fats. Ruminant transfatty
acids made up 67% of total plasma trans fatty acids. Saturated fats and ruminant trans fatty acids levels were not
associated with increased total mortality (hazard ratio 0.93 (0.75 to 1.16) p=0.53 and.14 (0.85 to 1.53) p=0.39
respectively or cardiovascular mortality (hazard ratios 0.93 (0.75 to 1.16) p=0.53 and 0.91 (0.61 to 1.37, p=0.66).
Conclusion: Saturated and trans fatty acid levels in this population are higher than expected from food frequency
questionnaires. More than two thirds of transfatty acids are from dairy food and meat. Neither saturated fats nor
transfatty acids are associated with increased cardiovascular and total mortality.

Keywords: Trans; Saturated; Fats; Dairy; Mortality; Cardiovascular
Introduction
Evidence suggests that there may be a relationship between certain
fatty acids and cardiovascular disease. For example, observational
studies suggest that Trans Fatty Acids (TFA) is associated with
increased total and cardiovascular mortality [1,2]. However, most TFA
in those populations is derived from partially hydrogenated vegetable
oil, with little coming from ruminant sources [3-13]. The effects of TFA
derived from animal byproducts is less clear with one author suggesting
that all TFA regardless of source is associated with increased mortality
but others suggesting that ruminant TFA(rTFA) have no effect [2,14].
A Cochrane review contends a small, but potentially important,
reduction in cardiovascular risk with reduced SFA intake [15].
The postulated effects of SFA on heart heath are thought to depend
on the type of SFA. For example, long chain fatty acids are thought
to be harmful but medium chain fatty acids are thought to have
neutral or beneficial effects. However, the recent meta-analysis by
Rajiv Chowdhury and review by Siri-Tano suggests that there is little
distinction between the effects of different SFA isomers [16-18].
Meal diaries and food frequency questionnaires have been found
to be unreliable to assess dietary intake [19,20] and it is now suggested
that objective measurements of dietary intake be more widely used.
One such measurement is plasma levels fatty acids which reflect dietary
intake for the last 2-3 weeks [21]. In this study, plasma level of all fatty
acids including TFA isomers was measured in New Zealand subjects
with severe symptomatic coronary artery disease. The relationship
between total and cardiovascular mortality at7 ½ years and fatty acid
levels was described.

Methods
This is a prospective observational study .The primary study
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endpoint of this study is all-cause and cardiovascular mortality at 7½
years.

Study population and clinical data
Four hundred and twenty two sequential patients with symptomatic
severe coronary artery disease diagnosed by angiography were invited to
participate in this observational study from August 2004 to September
2006. Ethics approval was obtained. All participants provided written
informed consent after the diagnostic coronary angiogram.

Measurement of FA and biomarkers
Fasting blood samples were taken in ethylene-diamine-tetra
acetic acid tubes. Plasma was separated and stored at -70oCelcius until
analysis. Plasma Phospholipids analysis was performed at the Nutrition
and Functional Food Science Laboratory, the University of Adelaide,
Australia. Total lipids were extracted with AR Methanol and fatty acid
methyl esters formed by transmethylation [22]. Serum phospholipid
fatty acid composition was assessed by gas chromatography (Hewlett
Packard 6890 Gas Chromatograph with an SGE BPX70 column and a
Flame Ionisation Detector). 18:1n-7t (vaccenic acid), 18:1n-9t (elaidic
acid), 18:2t (linoelaidic acid), 16:1t and total TFA were measured.
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Levels are expressed as the percentage of the g/100g of the plasma
phospholipids acids.

No. of Subjects

422

Age

68 (± 10)

CRP was measured using a high sensitivity assay using the Roche
CRPLX immunoturbidimetric method on a Roche Modular analyzer
and levels are expressed as (mg/dl). BNP was measured using the Advia
Centaur BNP assay (Bayer Diagnostics and levels are expressed as
pmol/L. Creatinine was measured using Roche Modular P unit (Roche
Diagnostics). Levels are expressed as mmol/l.

Male

350 (83%)

Attainment of mortality status
This was obtained initially by reviewing the National Health index
database. Patients were deemed alive as of 01February 2014 if no date
of death was listed in the National Health Database and evidence
of patient contact was found. Contact was defined as evidence of a
face to face visit to the general practitioner, hospital, and laboratory
or community pharmacy in the month of February 2014. Contact
was determined by checking hospital notes, laboratory results and
contacting the general practitioner.
For those who had died, hospital notes, laboratory and radiology
tests and death certificates were reviewed, and when not available,
information was obtained from the general practitioner.

Clinical definitions
Cardiovascular death was defined as death resulting from an acute
myocardial infarction, sudden cardiac death, death due to heart failure,
death due to stroke, and death due to other cardiovascular causes [23].

Statistical analysis
Two hundred and fourteen participants was estimated to give 90%
power to detect a difference in fatty acid levels between the two groups
(alive and dead), with a two-sided 0.05 significance level, if the true
difference in fatty acids between groups is 0.02% with a SD of 0.1.
Results are presented as mean and standard deviation for
population characteristics and median and Interquartile Range (IQR)
for FA levels and biomarkers.
The Mann Whitney U test was conducted to determine differences
in SFA and TFA levels between those who died and were still alive and
to compare age, C- reactive protein, creatinine, white cell count and
BNP between the two groups.
The distribution of ethnicity and gender between the groups was
compared with the two-sample Z test. Univariate Cox proportional
hazard regression was used to assess the relationships between SFA
and TFA with total mortality, CV mortality and non CV mortality.
Statistical analyses were performed using the statistical package SAS
version 9.3 (SAS Institute, Cary, NC). All p-values resulted from two
sided tests and a p-value of <0.05 was considered statistically significant.

Results
Baseline characteristics for the 422 patients included in the study are
presented in (Table 1). The mean age was 68 (±10) years and 83% were
male. The majority of participants were of European descent (55%),
with a smaller proportion Maori (14%), Pacific Islander (6%), South
Asian 27 (7%) or other ethnicity 92 (23%). Cardiovascular risk factors
included a history of present or past smoking (73%), hypertension
(53%) and diabetes treated with pharmacotherapy (27%). The average
body mass index was 28 (SD 4.7) kg/m2 and waist circumference 101
(± 12.5) cm.Saturated fats were 46.6 (IQR 45.8 to 47.3) %, unsaturated
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Smoker

312(74%)

Body mass index (kg/m2)

28.0 (± 4.7)

Waist circumference (cm)

100.5 (± 12.5)

Diabetes

114 (27%)

Hypertension

287(53%)

Statin

248 (59%)

Beta blocker

241 (57%)

LDL cholesterol (mmol/l)

2.5 (± 1.0)

HDL cholesterol (mmol/l)

1.3 (± 0.4)

Table 1: Baseline characteristics of study population.
Results are number (percent) or mean (standard deviation) as appropriate.

fats were 51.8 (IQR 50.5 to 53.0) %, TFA 0.84 (IQR 0.67 to 1.20) % in
the total cohort. The median plasma levels of the four trans fatty acids
measured were as follows: palmitelaidic acid 0.081 (IQR 0.04 to 0.22)
%, vaccenic acid 0.45 (IQR 0.35 to 0.72) %, elaidic acid 0.19 (IQR 0.13
to 0.25) % and linoelaidic acid 0.09 (IQR 0.07 to 0.11) %.
Average follow up was for 7.5 (± 0.8) years and mortality status
and cause of death were available for 421 of the 422 of the cohort. One
participant had left New Zealand and no follow-up information was
retrievable. All but 13 of the original cohort had coronary artery bypass
surgery and in total 95 (22.5%) were dead as of 1st February 2014.
Gender and race did not predict mortality; however, the inverse
was true for increased age, creatinine, inflammatory markers (C reactive protein) and Brain- Natriuretic Peptide (BNP) (Table 2).
When multivariate analysis was performed, C- reactive protein was
no longer significant (p= 0.06), but age, creatinine and BNP remained
significant with p<0.001 for all three.
Table 3 shows association of SFA and TFA with total mortality.
Total SFA did not predict total mortality (hazard ratio 0.98 (0.64 to
1.44), p=0.64, or cardiovascular mortality (hazard ratio 0.93 (0.75 to
1.16) p=0.53). No saturated fat isomer was associated with increased
mortality. Similarly, total TFA did not predict total mortality (hazard
ratio1.14 (0.85 to 1.53) p=0.39) or cardiovascular mortality (hazard
ratio 0.91 (0.61 to 1.37, p=0.66). Whilst linoelaidic acid was associated
with increased total mortality (p=0.023), levels were very low with
markedly skewed distribution to the left.

Discussion
SFA and TFA levels in this population are higher that than expected
from food frequency questionnaires [24]. The most common fats in
this population with significant cardiovascular disease are the long
chain fats, palmitic and stearic acid. Ruminant TFA made up 67% of
the total TFA in this population whereas in most developed countries
industrial TFA is more common [3,5]. The relatively high levels of SFA
and rTFA may reflect the high intake of dairy food in the New Zealand
population. Dairy food is the most significant source of animal fat in
the human diet and New Zealanders have a relatively high intake of this
[24]. As one of the world’s most significant producers of dairy food this
has been strongly promoted as part of healthy diet. The relatively high
TFA levels may also be partly explained by the practice of grass feeding
cows in New Zealand that increases TFA content in milk [25,26].
TFA is consistently associated with increased mortality in
cohorts with higher TFA levels that are mainly derived from partially
hydrogenated vegetable fat [2,3,17]. However, TFA levels in this
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Alive (n=327)

Dead (n=95)

P
(unadjusted)

P
(adjusted)

Female

52 (78%)

20 (22%)

0.43

0.59

Male

273 (79%)

75 (21%)

0.43

0.59

73.9 (65.1 to
Age (years)
78.6)

67.3 (59.6 to 74. 6) <0.0001

<0.0001

CRP
(mg/dl)

3.8 (1.4 to 13.7)

2.4 (1.1 to 6.2)

0.005

0.05

Creatinine
(mmol/l)

121 (100 to 150) 107 (92 to 125)

<0.0001

<0.0001

WBC (E+9/l 11.7 (8.9 to15.9) 12.6 (10.3 to 15.2) 0.18

0.48

BNP
(pmol/L)

<0.0001

112 (40 to 309)

33 (15 to 88)

<0.0001

Table 2: Baseline characteristic of those who were alive or dead at 7.5 years
of follow up. Results are median (IQR) or number (%) as appropriate. When
multivariate analysis was performed for all risk factors that that had unadjusted
p<0.05, BNP remained significant (p<0.001), but CRP was no longer significant
(p=0.052).

evidence also suggests that a low fat diet may not be effective at reducing
cardiovascular disease, compared to a diet where SFA is substituted
with PUFAs [32,33]. In countries that have embraced a low fat diet,
there are increased rates of diabetes and obesity, thought to be due to
a compensatory increase in the consumption of carbohydrates [34,35].
In this study, creatinine, age and BNP measured at time of diagnosis
are associated with increased risk of death after coronary artery bypass
surgery. These finding concur with other studies that have found that
these risk factors are associated with increased mortality in patients
with cardiovascular disease [24-26]. However, the findings that preoperative BNP predict mortality e after patients have had complete
revascularization despite adjustments for the most significant risk
factors for post-operative mortality is novel and will need further study
[36,37].
The strength of this study is that survival information on all but
1 participant was available, and the cause of death was able to be
ascertained on all participants.

Fatty acid (% total fatty
Median (IQR)
acids)

Median (IQR)

P value

Myristic acid C14:0

0.21 (0.18 to 0.26)

0.21 (0.17 to 0.26)

0.20

Pentadecanoic acid
C15:0

0.19 (0.16 to 0.22)

0.20 (0.18 to 0.23)

0.37

Palmitic acid C16:0

0.70 (0.62 to 0.80)

0.72 (0.63 to 0.80)

0.25

Margaric acid C17:0

0.48 (0.42 to 0.53)

0.50 (0.43 to 0.54)

0.48

Stearic acid C18:0

0.51 (0.33 to 0.66)

0.46 (0.00 to 0.67)

0.48

Arachidic acid C20:0

0.50 (0.43 to 0.58)

0.51 (0.43 to 0.59)

1.00

Behenic acid 22:0

0.49 (0.41 to 0.56)

0.47 (0.40 to 0.56)

0.10

Lignoceric acid C24:0

0.59 (0.52 to 0.67)

0.57 (0.49 to 0.66)

0.08

Total saturated fats

46.52 (45.81 to 47.23) 46.52(45.66to 47.29)

0.97

Palmitelaidic acid
C16:1 (n-7t)

0.08 (0.04 to 0.23)

0.09 (0.05 to 0.17)

0.62

Conclusion

Elidic acid C18:1 (n-9t)

0.19 (0.13 to 0.25)

0.19 (0.12 to 0.27)

0.45

Vaccenic acid C18:1
(n-7t)

0.44 (0.35 to 0.77)

0.46 (0.37 to 0.67)

0.46

Linoelaidic acid
C18:2 (n-6t,9t)

0.09 (0.07 to 0.10)

0.10 (0.08 to 0.11)

0.03

Total trans fatty acids 0.84 (0.66 to 1.29)

0.89 (0.71 to 1.20)

0.39

This study suggests that in New Zealand patients with significant
coronary artery disease, total plasma TFA levels are low, and these
are mainly derived from meat and dairy. SFA and TFA levels are
higher than expected from dietary modeling. These fatty acids are not
associated with increased risk of total and cardiovascular mortality.

Table 3: Saturated and trans fatty acid levels in those who were alive or dead at 7.5
years of follow up. Results are expressed as % total fatty acids and are reported as
median and interquartile range.

study were relatively low and were mainly rTFA, consistent with food
frequency questionnaires[24]. Little is known about effects of rTFA
on mortality. One author suggests that all TFA regardless of source is
associated with increased mortality but others suggest that rTFA have
no effect [2,14]. Some observational studies show an association with
increased cardiovascular disease in a dose dependent manner and
others show little effect [11,12,14,27]. An experimental study suggests
that rTFA, has little effect on lipids and inflammatory markers at low
doses but has adverse effects on cholesterol homeostasis at higher doses
[1,28,29]. In this study, total TFA and rTFA did not predict total or
cardiovascular mortality. Whilst there is a suggestion that linoelaidic
acid was associated with increased mortality, the results need to be
interpreted with extreme caution as levels were very low and there was
a markedly skewed distribution to the left.
Most of the SFA in this population were the long chain fatty acids
and these were not associated with increased mortality. Levels of short
chain and medium chain fatty acids were too low to reliably draw
conclusions. This study contrast with others that suggest that long chain
fatty acids and total SFA are associated with increased cardiovascular
mortality [30,31]. But is consistent with the most recent meta- analysis
by Rajiv Chowdhury and review by Siri-Tano suggests [17]. Emerging
J Nutr Disorders Ther
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The limitations of this study are that information on diet was not
collected and only one blood test was collected. Relation between
plasma levels of different FA and diet could therefore not be directly
assessed. The single blood test excludes evaluation of variation of levels
over time. Dietary studies suggest that the majority of the population
have a consistent eating pattern, so it is expected that there is a small
variation of fatty acid levels within individuals [38]. The study has been
undertaken in patients with severe coronary artery disease; it is possible
that the fatty acid levels seen in this study do not reflect levels in the
general population.
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