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Objective: The relationship between whole blood fatty acids and myocardial infarction (MI) risk has not
been analyzed in detail, especially in Mediterranean countries. The AGE-IM (Acidi Grassi Essenziali e
Infarto Miocardico) study was planned to examine the relationships between MI, whole blood fatty acids
and the diet in an Italian cohort.
Methods: 119 Patients with a recent MI and 103 control subjects were enrolled in the study. The whole
blood fatty acid composition was determined; information on anthropometrics, biochemical parameters
and blood pressure values were also obtained. Diet composition was assessed using a validated food
frequency questionnaire from 86 cases and 72 controls.
Results: Total PUFA, omega-6 and omega-3 PUFA (as percentage of whole blood fatty acids) were
significantly lower in MI patients than in matched controls, whereas saturated and monounsaturated
fatty acids were higher in cases. MI infarction risk significantly and steadily decreased with increasing
levels of total PUFA (OR: 0.14) and of total omega-6 and omega-3 (OR: 0.15 and 0.37, respectively). No
correlation was identified between dietary fats and MI risk or between whole blood fatty acid levels and
dietary nutrients and fats.
Conclusion: Percentage levels of total PUFA, total omega-3 PUFA and total omega-6 PUFA are lower in MI
patients than in matched control subjects in the AGE-IM cohort. These data support a favorable asso-
ciation not only of whole blood percentage levels of total omega-3, but also of total omega-6, with
cardiovascular risk.

� 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Dietary fats are known to affect coronary heart disease (CHD)
risk [1]. Saturated and trans fatty acids (FA), notably, appear to in-
crease such risk [2], while their replacement by monounsaturated
(MUFA) and, especially, polyunsaturated (PUFA) fatty acids is
considered to be protective [3,4]. A number of studies specifically
demonstrate that high intakes of PUFA of both the omega-3 and the
omega-6 series are protective against the probability to suffer from
a CHD event [5,6]. The favorable effects of the two PUFA series are
þ39 2 76003514.
it (F. Marangoni).

nd Ltd. All rights reserved.
mediated by different mechanisms: for omega-3, a wide range of
possible actions (anti-inflammatory, anti-aggregating and plaque
stabilizing effects, improvement of endothelial function) has been
described [7,8] while the benefits of omega-6 are largely attributed
to their LDL lowering effect [9].

Some authors, on the other hand, hypothesize that the overall
effect of omega-6 consumption on CHD risk could be neutral or
even negative, because of the higher susceptibility of these FA to
oxidation, their potential pro-inflammatory effects, and their
competition with omega-3 for the enzymatic pathway respon-
sible for elongation and desaturation of the C-18 precursors of
the two PUFA families, which might induce a reduction in the
availability of long chain omega-3 PUFA and, in turn, of their
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Table 1
Description of MI patients and control subjects (mean, standard deviation).

Cases Controls

N (Females) 119 (17) 103 (17)
Age (y) 55.9 (8.1) 55.1 (8.6)
Currently smoking, n (%)* 73 (61%) 35 (34%)
Weight (kg) 80.2 (13.6) 80.2 (13.1)
BMI (kg/m2) 27.7 (4.5) 26.6 (3.9)
Waist (cm) 98.7 (11.7) 98.7 (11.8)
Hip (cm) 101.8 (9.9) 102.9 (10.7)
SBP (mmHg) 125 (18) 125 (13)
DBP (mmHg) 76 (14) 78 (9)
Glucose (mg/dL)** 140 (75) 95 (22)
Triglycerides (mg/dL)* 145 (122) 114 (56)
Total cholesterol (mg/dL) 202 (41) 196 (37)
LDL cholesterol (mg/dL) 129 (33) 126 (31)
HDL cholesterol (mg/dL)* 43 (12) 47 (14)

*p � 0.05; **p � 0.005.
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cardioprotective activities [10]. Both omega-3 and omega-6 PUFA
are actually essential to humans, who are unable to synthesize
alpha-linolenic acid (ALA or 18:3 n-3 with 18 carbons and 3
double bonds) and can only partially synthesize the long chain
omega-3 (EPA or eicosapentaenoic acid and DHA or docosahex-
aenoic acid) from ALA [11]. Linoleic acid (LA or 18:2 n-6, with 18
carbons and 2 double bonds), the precursor of the omega-6 se-
ries, is also essential for mammalian cells which, unlike plant
cells, lack the enzymes necessary for its de novo synthesis; LA
and its longer chain metabolite, arachidonic acid, play relevant
functional and structural roles in several specialized membranes
in human cells [12]. Human need to ingest all these PUFA pre-
formed with the diet.

The debate on the role of omega-3 and omega-6 PUFA in human
diets and, specifically, on the relevance of their ratio in the pre-
vention or promotion of degenerative diseases as CHD, has been
ongoing for several years within the scientific community [13].
Recently, an International board of experts convened by FAO and
WHO concluded that both (omega-6 and omega-3) PUFA families
exert protective roles in the prevention of degenerative diseases
and underscored the lack of substantial evidence on the role of the
omega-3/omega-6 ratio within this context [14].

A precise assessment of the FA composition of the diet and,
hence, of the actual dietary FA consumption, is unfortunately quite
difficult. Usually, such data are collected using validated food fre-
quency questionnaires (FFQ) and food diaries, giving information
often imprecise and subjected to recollection bias [15]. Addition-
ally, food composition databases are usually incomplete or only
partially reliable as far as minor food components are concerned, as
is the case of PUFA. This is due both to the limited availability of this
information, but also to the highly variable content of these FA in
similar foods from different origin or even in different samples of
the same food [16].

The determination of the FA composition of circulating lipids
(mainly in serum, plasma, red blood cells) has been proposed as an
alternative approach able to provide information on the quality of
dietary fats [14]. In fact, circulating FA levels reflect the dietary fat
intake (especially of essential FA), even if they are also affected by
specific features which are peculiar to each individual (age, gender,
disease and consequently absorption efficiency, distribution,
enzymatic metabolism, etc.) [17]. More recently, the direct analysis
of whole blood FA, which is representative of both plasma and
cell membrane lipids and provide an assessment of the FA status in
the body, has been made possible by the availability of a simplified
method for blood collection and adequate analytical procedures,
providing a very reliable assessment of the FA status in the
body [18,19].

Harris and von Schacky found a negative association between
the sum of EPA and DHA levels in red blood cell membranes (the so-
called Omega-3 Index) and the risk for CHD death [20], while
Imamura and coworkers observed higher circulating levels of long
chain MUFA (22:1 and 24:1) in patients with incident chronic heart
failure, as compared with control subjects [21].

In a case-control study carried out on more than 1500 U.S.
subjects with a previous acute myocardial infarction or matched
controls, significant differences were observed between the FA
profiles of blood cell membranes in the two groups [22]. In
particular, omega-3 and omega-6 levels were higher in controls,
whereas saturates, trans-unsaturates, and MUFA were higher in
cases. However, the Authors of this study concluded that the
prognostic and/or diagnostic value of FA markers with regard to
CHD and the extent to which their modification by diet will alter
such disease risk, warrants further study.

The AGE-IM study was designed to examine the relationships
between myocardial infarction (MI), the FA composition of blood
lipids, and the FA dietary intake in Italian MI patients and matched
control subjects.

2. Patients and methods

AGE-IM (Acidi Grassi Ematici e Infarto Miocardico, or blood fatty
acids and myocardial infarction) is a case-control study. The study
protocol was approved by all the local Ethic Committees; informed
consent to participate in the study was obtained from all partici-
pants in accordance with ethical standards. Cases were enrolled in
five Italian Coronary Care Units (Ancona, Bologna, Cremona, Napoli,
Palermo). Patients aged 18e70 suffering a first acute MI in the
preceding 24 h were considered for recruitment. MI diagnosis was
made in accordance with International Classification of Diseases
(ICD)-9 code 410, and was based on typical history, electrocardio-
graphic and enzyme changes and troponin plasma levels. Control
subjects, matched by sex and age (�3 years), were recruited in the
same hospitals, among patients admitted for general surgical pro-
cedures or dermatologic, orthopedic, ophthalmologic, ear nose and
throat diseases other than cancers. The presence of hypercholes-
terolemia (total cholesterol>300mg/dL) or previous statin use was
considered as exclusion criterion for both cases and control sub-
jects, together with the consumption of omega-3 based supple-
ments or drugs, clinical history of stroke, peripheral artery disease
or CHD. 119 MI patients and 103 control subjects were enrolled in
the study between March 1, 2009 and March 30, 2011. 112 Matched
pairs were obtained.

Anthropometric parameters (weight, height, waist circumfer-
ence) were obtained from cases and control subjects, together with
information about lifestyle (smoking habit, physical activity) and
systolic and diastolic blood pressure values. Lipid profile and gly-
cemia were determined with standard methods.

For FA determination, drops of whole blood were absorbed on a
special strip of chromatography paper as already described
[18,19,23], immediately delivered to the laboratory and kept at
�20 �C until analysis. FA methyl esters were prepared and analyzed
by fast gas-chromatography as previously described [18,23]; results
were expressed as percentage of total FA.

Information on average food intakes over the past year were
obtained using a validated semiquantitative FFQ, in the version
currently used for the EPIC study in Italy [24], from 86 cases and 72
controls.

The Student t test for paired differences was used to compare
anthropometrics, biochemical parameters, whole blood FA levels
and nutrient intakes between the two groups. Odds ratios (OR) for
MI and the corresponding 95% confidence intervals (CI) were
computed using unconditional multiple logistic regression models



Table 3
Odds ratios of myocardial infarction and corresponding 95% confidence intervals (CI)
by tertiles of FA classes (percentage levels) in whole blood adjusted for education,
body mass index (BMI), smoking habit and matching variables.

Tertiles OR CI 95% Trend p

SFA 1 40.81
2 43.78 1.53 0.72e3.27
3 47.37 2.25 0.96e5.27 0.064

MUFA 1 25.18
2 28.36 1.15 0.50e2.64
3 31.90 1.95 0.77e4.90 0.106

PUFA 1 23.21
2 27.45 0.27 0.10e0.79
3 31.58 0.14 0.05e0.40 0.001

Total n-6 1 21.28
2 25.03 0.2 0.06e0.60
3 28.62 0.15 0.05e0.44 0.003

Total n-3 1 1.70
2 2.35 0.52 0.21e1.28
3 3.33 0.37 0.15e0.90 0.042

n-6/n-3 1 7.99
2 10.71 1.58 0.77e3.25
2 14.05 1.79 0.81e3.97 0.092
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comparing tertiles of each fatty acid classes/series. All regression
equations included terms for age in quinquennia, sex, admission
hospital, education, body mass index (BMI), smoking habit. Statis-
tical analysis was performed using SAS 9.2 software; p values<0.05
were considered statistically significant.

3. Results

The main characteristics of the study populations are summa-
rized in Table 1. Current cigarette smoke was more frequent among
cases than controls; moreover, plasma concentrations of glucose
were higher in MI patients than in controls, also reflecting the
prevalence of type 2 diabetes in the two groups (11% and 6% in cases
and controls respectively). In MI patients triglycerides were higher
too, while concentrations of HDL-cholesterol were lower. Triglyc-
eride levels higher than 150 mg/dL were detected in 34% of cases
and 22% of controls; HDL cholesterol concentrations lower than
optimal (�40 mg/dL for men and �50 mg/dL for women) were
observed in 46% of cases and 31% of controls.

The FA percentage composition of whole blood from MI and
control patients is shown in Table 2. Among saturated FA (SFA),
palmitic acid was significantly higher in cases than in controls,
while stearic acid levels were similar in the two groups. Oleic acid,
which represents the large majority of MUFA, was more repre-
sented among cases than among controls. All the main PUFA, both
of the omega-3 and of the omega-6 series, were found to be higher
in blood samples obtained from controls than from cases. When the
different FA classes were considered, total saturated FA (SFA) and
MUFA were found to be higher and total PUFA lower among cases
than among controls. Themean omega-6/omega-3 ratio was higher
in cases. Exclusion of patients with elevated plasma TG levels, or
with low HDL cholesterol levels, or with type 2 diabetes did not
substantially affect the results; all the observed differences among
cases and controls in whole blood FA were maintained, and main-
tained their statistical significance.

Table 3 shows the OR of MI according to subsequent tertiles of
FA classes and series, together with results of tests for linear trend
of tertiles. MI infarction risk significantly and steadily decreased
with increasing levels of total PUFA (OR: �73% and �86%
comparing the first to the second and to the third tertile, respec-
tively). Similar trends were observed for the two PUFA series
(omega-6 and omega-3) when separately analyzed. In particular,
the OR associated to the highest tertile of blood levels of omega-6
Table 2
Mean percentage levels of the main FA in whole blood from 112 matched pairs of MI
patients and control subjects (mean, standard deviation).

Cases SD Controls SD p

16:0 28.48 2.47 26.97 2.64 <0.0001
18:0 12.09 1.47 12.22 1.56 0.53
16:1 n-9 1.36 0.59 1.33 0.48 0.68
18:1 n-9 22.57 2.68 21.60 3.38 0.02
18:2 n-6 15.51 2.14 16.18 2.57 0.03
18:3 n-6 0.18 0.08 0.23 0.12 0.001
20:3 n-6 1.19 0.30 1.26 0.29 0.09
20:4 n-6 6.30 1.32 7.05 1.58 0.0001
22:4 n-6 0.83 0.26 0.86 0.26 0.27
22:5 n-6 0.17 0.08 0.20 0.08 0.04
18:3 n-3 0.12 0.04 0.17 0.08 <0.0001
20:5 n-3 0.33 0.13 0.41 0.18 0.0003
22:5 n-3 0.46 0.12 0.52 0.18 0.003
22:6 n-3 1.35 0.52 1.56 0.55 0.004
SFA 44.58 2.82 43.40 3.30 0.005
MUFA 28.90 2.81 28.06 3.46 0.05
PUFA 26.39 3.27 28.43 4.19 <0.0001
Total n-6 24.17 2.92 25.78 3.71 0.0004
Total n-3 2.26 0.68 2.66 0.85 0.0002
n-6/n-3 11.38 2.71 10.46 2.82 0.01
and omega-3, compared to the lowest tertile, were reduced by
about 85% (OR: 0.15; 95%CI: 0.05e0.44) and 63% (OR: 0.37; 95%CI:
0.15e0.90) respectively. A significant 80% fall in MI risk (OR: 0.20;
95%CI: 0.06e0.60) was found to be associated with omega-6 levels
in the second tertile, as compared to the first (lowest) while a non-
significant OR reduction of about 48% (OR: 0.52; 95%CI: 0.21e1.28)
was observed when the second and the first tertiles of omega-3
distribution were compared.

No significant associationwas detected for the omega-6/omega-
3 ratio, or for SFA or MUFA levels, and MI risk in this model.

The nutrient composition of the diet, determined for 86 MI
patients and 72 control subjects (Table 4), resulted to be highly
comparable in the two groups, except for starch intake, that was
significantly higher among cases (173 g/day vs 148 g/day, respec-
tively; p¼ 0.03). No differences were observed, specifically, for total
fat consumption or for the intake of animal or vegetable fats, or of
SAT, MUFA or PUFA of the omega 6 or omega 3 series.

No significant relationship was identified between MI risk and
the intake of different nutrients, or between the dietary intake of
the 18-C FA (oleic, LA and ALA) and FA classes (expressed as per-
centage of total calories) and their levels in whole blood (data not
shown).

4. Discussion

The main result of the AGE-IM study is represented by the
different FA composition of whole blood in patients with a recent
MI vs matched control subjects. In particular, PUFA of both the
omega-6 and the omega-3 series are significantly less repre-
sented in whole blood from cases than from controls, whereas
SFA and MUFA are lower in controls. This observation is sub-
stantially confirmed by the multivariate case/control analysis,
showing a progressive and significant reduction of MI risk
associated with increasing blood levels of total omega-6, and
omega-3 PUFA. A statistically significant protective effect, spe-
cifically, was associated with both omega-6 and omega-3 per-
centage concentrations in the upper tertile and with omega-6
levels in the intermediate tertile, as compared to the lowest
tertiles of the same series.



Table 4
Daily nutrient intake in the studied population. Data are expressed as g/day, if not
otherwise indicated (mean, standard deviation).

Cases SD Controls SD p

Subjects (86) (72)

Energy (kcal/day) 2246 819 2101 851 0.28
Water 1180 597 1200 554 0.83
Proteins (total) 88.2 33.1 83.5 28.9 0.35
Animal 58.6 25.6 56.8 22.6 0.63
Vegetable 29.6 12.3 26.7 11.8 0.14

Lipids (total) 81.3 31.0 80.8 37.6 0.93
Animal 48.4 23.6 45.9 24.5 0.53
Vegetable 33.0 13.9 34.9 16.5 0.44

Saturated 28.6 12.6 28.1 14.6 0.79
Monounsaturated 38.7 14.5 38.9 17.4 0.92
Oleic acid 35.7 13.3 36.3 16.1 0.80

Polyunsaturated 9.3 3.9 9.2 4.4 0.83
Linoleic acid 7.1 3.0 7.0 3.6 0.88
Alpha linolenic acid 1.1 0.5 1.1 0.5 0.99
Other PUFA 1.1 0.5 1.0 0.7 0.56

Cholesterol (mg/day) 379.7 177.1 363.9 174.1 0.57
Carbohydrates (total) 284.5 124.0 257.3 112.9 0.15
Starches 175.6 84.7 148.3 73.5 0.03
Soluble 108.6 65.6 108.6 60.3 0.99

Fiber 18.0 7.2 18.2 7.2 0.89
Alcohol 13.4 19.8 10.5 13.8 0.29
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Since omega-3 and omega-6 PUFA are essential FA, it is
conceivable that these differences reflect e at least in part e

different dietary intakes. Indeed, such differences were not
observedwhen data fromvalidated FFQwere compared, suggesting
that FFQ lack the sensitivity necessary to assess dietary components
such as PUFA, present in small and variable amounts in foods;
however, the impact of endogenous factorse different from dietary
intake e possibly affecting PUFA metabolism and/or interester-
ification processes, and hence PUFA levels in whole blood, cannot
be excluded.

As concerns MUFA, in agreement with Block et al., we observed
higher oleic acid concentrations in MI cases as compared with
controls [22], independently from the dietary intake of this FA,
which is usually abundant in the Italian diet especially because of
the large use of olive oil. When the OR associated to different oleic
acid tertiles are compared, on the other hand, statistical signifi-
cance is not reached.

The more elevated oleic acid levels in whole blood from MI
patients may be associated, at least in part, to the higher mean
triglycerides assessed in cases vs controls, due to the esterification
of the same MUFA in this lipid class. However, as presented in the
Results section, also after the exclusion of all subjects with more
than 150 mg/dL triglycerides (37 cases and 17 controls), the dif-
ference between the two groups remain statistically significant
(data not shown), suggesting themarginal role of triglyceridemia in
the FA profile of the study population. Moreover, it should be
emphasized that the specimen considered in this study, i.e. the
whole blood, reflects the balanced proportion of FA pools in plasma
and cells, and in particular of plasma phospholipids and red blood
cell membranes, which are the main contributors to the FA
amounts in blood [19]. The lack of correlation between MUFA
(mainly oleic acid) percentage concentrations and the OR of MI is
supported by data from case-control studies [22] and, when
substituted for omega-6 PUFA, by a recent meta-analysis [25].

This study confirms, inwhole blood and in an Italian population,
the correlation between FA profile and CHD already reported in
different specimens (erythrocyte membranes or plasma phospho-
lipids) and in other population groups [22,26]. Taken together,
these data suggest that the associations between different FA and
cardiovascular risk are direct, rather than mediated by complex
dietary patterns, which are likely to be significantly different
among the various populations studied.

In addition to the protective effect of omega-3 PUFA, which is in
accordance with several published data [20,27], data from the AGE-
IM study support a favorable association between blood total
omega-6 (mostly LA) percentage levels and cardiovascular risk.
Although the LDL cholesterol-lowering effect of LA has been
considered responsible for this protective association, together
with the modulation of insulin sensitivity and systemic inflam-
mation [28], no differences were observed in total and LDL
cholesterol concentrations between MI patients and controls in
association with differences in LA blood levels in this study. This
might be due to the exclusion of patients with hypercholesterole-
mia during the recruitment; yet, it is in agreement with findings
from other groups suggesting that lipid reduction alone is unlikely
to fully explain the cardioprotective effect of omega-6 PUFA [29].
Interestingly, the dietary intake of omega-6 PUFA (9.3 g/day, cor-
responding to about 3.8% of total calories, very similar in the two
study groups) was well below international recommendations (5e
10% of total calories). This observation is consistent with recent
Italian data showing that the total PUFA (mainly omega-6) intake is,
on average, lower than 4% of total calories [30] and also lower than
that assessed in other European Countries [31].

In the AGE-IM study, also the omega-6/omega-3 ratio was
significantly different among cases and controls, in the absence,
however, of significant association with the MI OR in multivariate
analysis. The ratio between the two PUFA series may be strongly
affected by their different variability (the range of percentage
values for omega-3 is much larger than that of omega-6). Moreover,
if both parameters are associated in a protectivewaywith CHD risk,
the use of ratios to compute their CHD protective roles is ques-
tionable, andmay lead to incongruent or fully misleading results, as
also underscored by the FAO/WHO document [14].

This study has some limitations. First of all, the case-control
design does not allow establishing a clear causeeeffect relationship
between the observed FA differences and MI risk. Again, data
collected via the use of FFQ can be of variable quality. Third, we
cannot rule out an association between FA levels in cases and
controls and parameters intrinsically associated with MI in our
cohorts, such as cigarette smoke, glycemia, lipid alterations, etc.

Strong points mostly concern the concomitant collection of di-
etary records and blood fatty acid concentrations, which allowed
comparing these parameters directly.

In conclusion, AGE-IM reports e in a population whose dietary
fat of choice is olive oil e the association between high omega-3
and omega-6 PUFA percentage levels in whole blood and the
reduction of cardiovascular risk and indicates that the intake of
total PUFA is, on average, well below guidelines also in this Italian
population [30e32]. If the observed correlations were indeed
causal, the promotion of larger intakes of omega-6 and omega-3
PUFA would further contribute to coronary risk reduction in Italy.
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