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Background-—Young women (aged ≤55 years) with acute myocardial infarction (AMI) have poorer health status outcomes than
similarly aged men. Low omega-3 fatty acids (FAs) have been implicated as risk factors for cardiovascular outcomes in AMI patients,
but it is not clear whether young women have similar or different post-AMI omega-3 FA profiles compared with young men.

Methods and Results-—We assessed the sex differences in post-AMI omega-3 FAs and the associations of these biomarkers with
patient-reported outcomes (symptom, functioning status, and quality of life) at 12-month follow-up, using data from 2985 US adults
with AMI aged 18 to 55 years enrolled in the VIRGO (Variation in Recovery: Role of Gender on Outcomes of Young Acute
Myocardial Infarction Patients) study. Biomarkers including eicosapentaenoic acid, docosahexaenoic acid, arachidonic acid (AA),
eicosapentaenoic acid/AA ratio, omega-3/omega-6 ratio, and omega-3 index were measured 1 month after AMI. Overall, the
omega-3 FAs and AA were similar in young men and women with AMI. In both unadjusted and adjusted analysis (controlling for age,
sex, race, smoking, hypertension, diabetes mellitus, body mass index, and health status score at 1 month), omega-3 FAs and AA
were not significantly associated with 12-month health status scores using the Bonferroni corrected statistical threshold.

Conclusions-—We found no evidence of sex differences in omega-3 FAs and AA in young men and women 1 month after AMI.
Omega-3 FAs and AA at 1-month after AMI were generally not associated with 12-month patient-reported health status after
adjusting for patient demographic, clinical characteristics, and the corresponding 1-month health status score. ( J Am Heart
Assoc. 2018;7:e008189. DOI: 10.1161/JAHA.117.008189.)
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Y oung women (aged ≤55 years) with acute myocardial
infarction (AMI) represent an extreme phenotype and

have higher risk for mortality and health status outcomes
compared with similarly aged men.1,2 While these sex
differences in outcomes are getting increasing attentions,
important questions remain as to factors that contribute to
the sex differences in outcomes. Low omega-3 and -6 fatty
acids (FAs) have been implicated as risk factors for cardio-
vascular outcomes in patients with coronary artery
diseases.3,4 The incorporation of eicosapentaenoic acid (EPA)

and docosahexaenoic acid (DHA) into the myocardium has
been shown to alter the dynamics of sodium and calcium
channel function.5 Therefore, differences in levels of omega-3
and -6 FAs may be associated with differences in outcomes.
However, it is not clear whether there are important sex
differences in the levels of omega-3 and -6 FA biomarkers or
in the relationships between these biomarkers and outcomes
among young patients with AMI. Understanding sex differ-
ences in the prevalence of omega-3 and -6 FA biomarkers and
their potential association with sex differences in outcomes in
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this population may not only inform opportunities for
secondary prevention, but also ways to reduce sex differences
in health outcomes after AMI.1

Prior studies conducted in the general population have
shown significant sex differences in blood levels of omega-3
FAs. Women in the general population have higher circulating
DHA concentrations, but lower circulating EPA and DPA
concentrations compared with men and this difference is
independent of dietary intake.6–9 However, data on young
patients with AMI are limited, as omega-3 and -6 FAs are not
routinely measured in post-AMI care. Moreover, previous
clinical trials that assessed the benefits of omega-3 FA
supplementations on secondary prevention of cardiovascular
diseases have focused on clinical outcomes.10–12 Few studies
have assessed the potential role of omega-3 and -6 FAs in
influencing patient-reported outcomes pertaining to cardio-
vascular health. These patient-reported health outcomes are
particularly important for younger AMI patients because their

mortality rate is low and a principle goal of AMI care is to
improve patients’ health status (symptom, functioning status,
and quality of life).

Accordingly, we used data from the VIRGO (Variation in
Recovery: Role of Gender on Outcomes of Young Acute
Myocardial Infarction Patients)13 study to assess sex differ-
ences in omega-3 FAs and omega-6 arachidonic acid at 1-
month post-AMI and the associations of these biomarkers
with patient-reported health outcomes (symptom, functioning
status, and quality of life) 12 months after AMI. This study was
a prespecified analysis of VIRGO.

Methods

Participants and Study Design
The data that support the findings of this study are available
from the corresponding author upon reasonable request and
funding for de-identification of protected health information in
the study. Details about the design of the VIRGO study have
been previously described.13 In brief, VIRGO was a prospec-
tive, observational study designed to investigate the demo-
graphic, clinical, psychosocial, biological, and behavioral
factors associated with worse outcomes in young women
with AMI.14 Between August 2008 and May 2012, participants
aged 18 to 55 years were recruited into VIRGO from 103 US,
24 Spanish, and 3 Australian hospitals. Participants were
recruited using a 2:1 female to male ratio to increase the
proportion of young women in the sample. Of the 6538
patients screened at the participating sites, 3572 were
eligible and enrolled. For this analysis, we focused on patients
from the United States only (n=2985, 84% of the total sample)
as omega-3 and -6 FA levels were measured only in US
participants.

Participants were considered eligible for the VIRGO study if
they had increased cardiac biomarkers indicative of myocar-
dial necrosis (with at least 1 cardiac biomarker above the
99th percentile of the upper reference limit) within 24 hours
of admission. We also required evidence of acute myocardial
ischemia, including at least one of the following: symptoms of
ischemia, ECG changes indicative of new ischemia, or imaging
evidence of infarction. Participants were excluded if they:
were previously enrolled in VIRGO; did not speak English or
Spanish; were unable to provide informed consent; had
developed elevated cardiac markers because of elective
coronary revascularization; or had AMI because of physical
trauma. Participants who did not have omega-3 and -6 FA
laboratory measurements were also excluded for this study
(see Figure 1 for details about sample selection flowchart).
Each participating institution obtained institutional review
board approval, and informed consent was obtained from
each participant.

Clinical Perspective

What Is New?

• There was no evidence of sex differences in omega-3
fatty acids (FAs) and arachidonic acid levels in young men
and women 1 month after acute myocardial infarction
(AMI).

• Omega-3 FAs and arachidonic acid levels at 1-month after
AMI were generally not associated with 12-month patient-
reported health status after adjusting for patient
demographic, clinical characteristics, and the corresponding
1-month health status score.

• There was no evidence of sex difference in the association
between 1-month omega-3 FAs levels and 12-month
patient-reported health status.

What Are the Clinical Implications?

• Our finding of no evidence of sex differences in omega-3
FAs and arachidonic acid levels does not support the
hypothesis that low omega-3 FAs and arachidonic acid
explain why young women with AMI have poorer health
status outcomes than men.

• In younger AMI patients where the recurrent event rate is
low, our study suggests that improving omega-3 and -6 FA
levels may have little gain in improving patient’s recovery.

• Our findings of no independent association between omega-
3 FAs levels and patient-reported health outcomes call into
question treatment with omega-3 FA supplementation in
young patients with AMI, which is recommended by the
current guidelines.

• More studies are needed to assess omega-3 and omega-6
FA supplementation, especially in younger patients with
AMI.
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Omega-3 and -6 Fatty Acids Assessment
To identify a time of clinical stability, we collected blood
samples from the US participants at 1-month post-AMI
discharge for assessment of omega-3 and -6 FAs including
EPA, DHA, arachidonic acid (AA), EPA/AA ratio, omega-3/
omega-6 ratio, and omega-3 index. Liquid chromatography-
tandem mass (LC-MS) spectrometry was used to measure
EPA, DHA and AA from plasma phospholipids. Measurements
were reported as a percentage of total phospholipid fatty
acids and the technique sensitively quantifies any individual
fatty acid of >0.1%. The total number of fatty acids measured
in LC-MS assay was 19 (Table S1). EPA/AA ratio was
quantified as the ratio of EPA divided by AA. The omega-3/
omega-6 ratio was expressed as the sum of omega-3 FAs
divided by the sum of omega-6 FAs. The omega-3 index was
calculated as the sum of EPA and DHA divided by the total

phospholipid fatty acids. The omega-3 FA and AA measure-
ments were performed at Quest Diagnostics, San Juan
Capistrano, CA. The laboratory was certified by the National
Heart, Lung, and Blood Institute and Centers for Disease
Control and Prevention lipid standardization program.

Data Collection and Variables
Baseline information, including patient’s sociodemographics,
clinical presentation, cardiac risk factors, non-cardiac comor-
bidities, and AMI treatment, were obtained both from medical
records and from standardized in-person interviews during the
index AMI admission. Specifically, we assessed baseline
sociodemographics with marital status, education levels,
health insurance, employment and financial status (whether
or not the patient had enough money to make ends meet by
the end of the month).15 Clinical severity of AMI was assessed

Patients enrolled in US in VIRGO at 
baseline

N= 2,985

(2,009 women, 976 men)

Patients completed 1-month follow-up

N= 2,733

(1,840 women, 893 men)

Lost to follow-up by 1 month 

N= 252

(169 women, 83 men)

Patients with omega-3 and -6 FA data at 
1 month

N= 2,183

(1,470 women, 693 men)

Missing omega-3 and -6 FA measurement 
at 1 month 

N= 550

(370 women, 200 men)

Figure 1. Flowchart of sample selection in the analysis. VIRGO indicates Variation in Recovery: Role of
Gender on Outcomes of Young Acute Myocardial Infarction Patients. FA indicates fatty acids.
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by AMI diagnosis (ST-elevation AMI), left ventricular ejection
fraction <40%, Global Registry of Acute Coronary Events
(GRACE) risk score, and time to presentation after symptom
onset. Additionally, we assessed cardiac risk factors, comor-
bidities (eg, prior heart disease, history of hypertension,
diabetes mellitus, and dyslipidemia), obesity, height-waist
circumference, smoking, physical activity levels, and depres-
sion on each participant. Physical activity was measured with
the Behavioral Risk Factor Surveillance Survey physical
activity instrument, an instrument that has been validated
and shown to have good reliability in young adults.16

Reperfusion during hospitalization, as well as discharge
medications (statin, aspirin, beta-blocker, and angiotensin-
converting enzyme inhibitor/angiotensin II receptor blockers)
were also ascertained.

Information on angina-specific and overall health status for
each patient was assessed at 1 and 12 months after discharge.
Specifically, angina frequency, angina-related physical limita-
tions, and angina-related quality of life were measured using
the Seattle Angina Questionnaire.17–19 General health status
was measured using the 12-item Short-Form Survey (SF-12)
physical component summary and mental component sum-
mary scores.20 Health-related quality of life was measured
using the EuroQol (EQ-5D) utility index and visual analog
scale.21 The EQ-5D utility index scores between 0 and 1, where
1 means the best possible health and 0 means death. All other
health status scores range from 0 to 100, and the higher the
score, the better symptoms, functioning or quality of life.

Statistical Analyses
Patient characteristics at baseline were assessed for the
overall sample and compared by sex. We calculated medians
with interquartile ranges (IQRs) for continuous variables and
frequencies for categorical variables. For continuous variables
that have a normal/near normal distribution, student’s t-tests
were used to compare baseline characteristics between men
and women. For continuous variables that did not have a
normal distribution, Wilcoxon rank sum tests were used. For
categorical variables that had at least 5 patients in each cell,
chi-squared tests were used to test the differences by sex, and
Fisher’s exact tests were used for those variables that had <5
patients in ≥1 cells. The same statistical testing methods were
used to compare omega-3 FAs and AA values by sex.

We performed subgroup analyses by types of AMI (ST-
elevation AMI [STEMI] or non–ST-elevation AMI [NSTEMI]) to
determine whether sex differences in omega-3 FAs and AA vary
by AMI type. We also compared the distributions of omega-3
FAs and AA at 1 month in VIRGO study with those in a healthy
population obtained through a large national laboratory in the
United States.22,23 Omega-3 FAs and AA in this healthy
population were measured using the same methods as those in

the VIRGO study. The omega-3 index (the sum of EPA and DHA
divided by the total phospholipid fatty acids) was evaluated as a
continuous variable in the models.

We performed unadjusted and adjusted analyses to assess
the associations between 1-month omega-3/-6 FAs (omega-3
index, DHA, EPA, AA) and 12-month health status scores for
men and women with AMI, using linear regression models. We
considered 12-month health status scores (Seattle Angina
Questionnaire angina frequency, Seattle Angina Questionnaire
angina-related physical limitation, Seattle Angina Question-
naire angina-related quality of life, SF-12 physical component
summary, SF-12 mental component summary, EQ-5D utility
index, and EQ-5D visual analog score) as the dependent
variables in these models. Explanatory variables in the
adjusted model included patient sex, 1-month omega-3/-6
FA biomarkers, age, race, education, current smoking, hyper-
tension, diabetes mellitus, body mass index, and the corre-
sponding 1-month health status score. For each dependent
variable and each omega-3/-6 FA biomarker, 2 models were
developed: model 1 included only the omega-3/-6 FA
biomarker, and model 2 included the omega-3/-6 FA
biomarker and all other covariates. We also tested interac-
tions between sex and omega-3/-6 biomarkers to assess
whether the relationship of these biomarkers with health
outcomes differed by sex. To account for missing data
because of loss of follow-up at 12 months, we conducted an
inverse propensity weighting analysis. Propensity scores were
generated using logistic regression to estimate the probability
of being observed at 12 months, incorporating baseline
demographic and clinical characteristics as predictors.24 We
then used the inverse of the propensity scores to weight the
observed responses when estimating 12-month health
status.25 We used the Bonferroni correction to account for
multiple comparisons. As we considered 7 health outcomes
and four exposures in the regression analysis, we used a P
value of 0.002 as the Bonferroni corrected threshold for
statistical significance. In a sensitivity analysis, we estimated
the models in men and women separately.

Since14.7%of thesamplehadmissingdataoncovariates,we
used amultiple imputation approach in R3.10 (the R Foundation
forStatisticalComputing) toestimatemissingdatasoastoretain
all patients in the final models. In all the above analyses, we
considered a 2-sided P<0.05 as statistically significant. SAS 9.3
(SAS Institute Inc., Cary,NC) andR3.10wereused toanalyze the
most recent version of the VIRGO database.

Results

Sample Characteristics
A total of 2219 adults with AMI in VIRGO were included in the
current analysis (725menand1494women) (Table 1).Maleand
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Table 1. Baseline Characteristics of Study Participants, Stratified By Sex

Characteristics Overall (N=2219) Men (n=725) Women (n=1494) P Value

Sociodemographics

Age, median (IQR), y 49 (44–52) 48 (44–52) 49 (44–52) 0.05

Race, n (%)

White 1720 (77.7%) 610 (84.3%) 1110 (74.4%) <0.01

Black 358 (16.2%) 60 (8.3%) 298 (20.0%)

Other 137 (6.2%) 54 (7.5%) 83 (5.6%)

Married/living with a partner
as if married, n (%)

1161 (52.4%) 430 (59.3%) 731 (49.0%) <0.01

Education, n (%)

<High school 42 (1.9%) 11 (1.5%) 31 (2.1%) 0.64

High school 858 (38.9%) 279 (38.7%) 579 (39.0%)

>High school 1304 (59.2%) 431 (59.8%) 873 (58.9%)

Ability to pay for medication, n (%)

Health insurance 1738 (78.6%) 560 (77.7%) 1178 (79.0%) 0.47

Employed (work full or part time) 1419 (63.9%) 533 (73.5%) 886 (59.3%) <0.01

Finances at end of month <0.01

Some money left over 704 (31.8%) 291 (40.2%) 413 (27.7%)

Just enough to make ends meet 798 (36%) 251 (34.7%) 547 (36.6%)

Not enough to make ends meet 715 (32.3%) 182 (25.1%) 533 (35.7%)

AMI severity, n (%)

AMI type

NSTEMI 1109 (50.0%) 312 (43.0%) 797 (53.3%) <0.01

STEMI 1110 (50.0%) 413 (57.0%) 697 (46.7%)

GRACE risk score >99 194 (8.9%) 61 (8.5%) 133 (9.1%) 0.67

Left ventricular ejection
fraction <40%

214 (10.1%) 70 (10.0%) 144 (10.1%) 0.97

Hemodynamic instability 166 (7.5%) 57 (7.9%) 109 (7.3%) 0.70

Present >6 h after symptom onset 959 (43.4%) 272 (37.6%) 687 (46.2%) <0.01

Comorbidities and CVD risk factors, n (%)

Prior heart disease (CAD, angina, heart failure) 690 (31.1%) 214 (29.5%) 476 (31.9%) 0.26

Hypertension 1441 (64.9%) 456 (62.9%) 985 (65.9%) 0.16

Diabetes mellitus 664 (29.9%) 153 (21.1%) 511 (34.2%) <0.01

Dyslipidemia 1128 (50.9%) 397 (54.9%) 731 (49.0%) 0.01

Obesity (BMI ≥30 kg/m2) 1162 (52.4%) 346 (47.7%) 816 (54.6%) <0.01

High waist circumference
(women >88 cm,
men >102 cm)

1270 (71.1%) 321 (53.3%) 949 (80.1%) <0.01

Current smoking 1211 (54.6%) 391 (54.0%) 820 (54.9%) 0.73

Physical activity

Recommended 849 (38.5%) 313 (43.4%) 536 (36.1%) <0.01

Insufficient 654 (29.6%) 192 (26.6%) 462 (31.1%)

Inactive 703 (31.9%) 216 (30%) 487 (32.8%)

Depression, median (IQR) 6 (2–12) 5 (2–9) 7 (3–13) <0.01

Continued
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female participants had similar median age (48 years for men
and49 years forwomen, interquartile rangeof44to52 years for
both sexes). The majority of participants were white (78%),
married (52%), employed (64%), had education beyond high
school (59%), andhealth insurance (79%).Half of theparticipants
presented with STEMI and >31% had prior heart disease. The
most commoncardiovascular risk factors amongall participants
were high waist circumference (71% of participants), hyperten-
sion (64%), smoking (55%), and dyslipidemia (51%).

Compared with men, women in the study were more likely
to be black, single, and unemployed (P<0.01 for all, Table 1).
Women were also more likely than men to have diabetes
mellitus, obesity, a high waist circumference, and longer wait
times from AMI symptom onset to hospital arrival. However,
women were less likely to have dyslipidemia or present with
STEMI. In addition, women were less likely to receive in-
hospital reperfusion treatment than men, and were less likely
to receive statin, beta-blockers, and angiotensin-converting
enzyme inhibitors or angiotensin II receptor blockers at
discharge. Smoking status and other AMI clinical severity
indicators (such as GRACE risk score >99, hemodynamic
instability, and left ventricular ejection fraction<40%) were
similar between men and women in the study.

Omega-3 and -6 Fatty Acids in Young AMI
Patients at 1 Month
Overall, the distributions of omega-3 FA and AA biomarkers
were skewed to the right (Figure 2). The median EPA in young
AMI patients was 0.30% (interquartile range: 0.20–0.50), DHA
was 2.80% (2.00–4.00), and AA was 0.40% (0.20–0.50) at
1 month (Table 2). The median omega-3 index (the sum of EPA

and DHA divided by the total phospholipid fatty acids), omega-
3/omega-6 ratio, and EPA/AA ratio among all participants were
3.20% (2.20–4.50), 0.24 (0.19–0.30), and 1.00 (0.50–1.33),
respectively. Compared with a healthy population, AMI patients
had much lower omega-3 FA and AA levels (Table S2).
Specifically, the mean (SD) for EPA, omega-3 index, and EPA/
AA ratio in the VIRGO study was 0.42% (0.44), 3.56% (1.86), and
1.15 (1.19) respectively, compared with 1.03% (1.11), 4.35%
(2.71), and 1.91 (2.51) in the healthy population.

Sex Differences in Omega-3 and -6 Fatty Acids in
Young AMI Patients At 1 Month
Overall, there were no significant sex differences in 1-month
omega-3 FAs and AA among young AMI patients (Figure 2,
Table 2, and Table 3). At 1 month after AMI discharge, the
majority of the omega-3 FA and AA measures, including DHA,
omega-3 index, omega-3/omega-6 ratio, AA, were similar for
men and women with the exception of EPA levels. Women had
significantly lower EPA and EPA/AA ratio compared with men,
but the absolute differencewas small (�0.01 percentage points
[Table 2]). The median EPA/AA ratio was 0.83 (0.50–1.33) for
women and 1.00 (0.50–1.50) for men (P=0.02). Subgroup
analysis among patients with STEMI and NSTEMI, respectively,
showed results consistent with themain analysis: omega-3 and-
6 FA levels were largely similar between men and women.

Association Between 1-Month Omega-3/-6 Fatty
Acids and 12-Month Health Status
Associations between 1-month omega-3/-6 FA levels and 12-
month health status were shown in Table 4. In unadjusted

Table 1. Continued

Characteristics Overall (N=2219) Men (n=725) Women (n=1494) P Value

Reperfusion in-hospital, n (%)

None 859 (42.1%) 227 (34.1%) 632 (45.9%) <0.01

Fibrinolytic therapy 98 (4.8%) 47 (7.1%) 51 (3.7%)

PCI 1085 (53.1%) 391 (57.8%) 694 (50.4%)

Discharge medication, n (%)

Statin use

High-intensity statin 868 (39.1%) 310 (42.8%) 558 (37.3%) 0.15

Low- and moderate-intensity statin 1167 (52.6%) 381 (52.5%) 786 (52.6%)

None 184 (8.3%) 34 (4.7%) 150 (10.1%)

Aspirin 2142 (98.2%) 712 (98.9%) 1430 (97.9%) 0.13

Beta-blockers 2031 (97.1%) 638 (98.5%) 1348 (96.4%) 0.01

ACE inhibitors or ARBs 1416 (70.8%) 512 (77.3%) 904 (67.5%) <0.01

All percentages are calculated by excluding missing, don’t know and patient refused. P-value was testing for differences in patient baseline characteristics between men and women. ACE
indicates angiotensin-converting enzyme; AMI, acute myocardial infarction; ARBs, Angiotensin II Receptor Blockers; BMI, body mass index; CAD, coronary artery disease; CVD,
cardiovascular disease; GRACE, Global Registry of Acute Coronary Events; IQR, interquartile range; NSTEMI, non–ST-elevation AMI; STEMI, ST-elevation AMI.
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models, only EPA was positively associated with 12-month SF-
12 Physical Component Summary score using the Bonferroni
corrected statistical threshold. Following adjustment for
potential confounders, including age, sex, race, smoking,
hypertension, diabetes mellitus, body mass index, and the
corresponding health status score at 1 month, the coefficients
of omega-3 and -6 FAs attenuated and none was significant
using the Bonferroni corrected statistical threshold. Interaction
terms between sex and omega-3 FAs and AA were not
statistically significant in any of the fully adjusted models for
12-month health status, indicating that the association of 1-
month omega-3 FAs and AA with 12-month health outcomes
did not vary between men and women (Table S3).

Discussion
To our knowledge, this is the first study investigating potential
sex differences in omega-3 FAs and AA and their relationships
to patient-reported outcomes among young patients with AMI.
Our data showed that, in contrast to reports from the general
population, omega-3 FAs and AA at 1-month post-AMI were
largely similar between young men and women with recent
AMIs. Moreover, omega-3 FAs and AA at 1-month after AMI
were generally not associated with 12-month patient-reported
health status after adjusting for patient demographic, clinical
characteristics, and the corresponding 1-month health status
score. Additionally, there was no evidence of sex difference in
this association.
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Figure 2. Distributions of omega-3 and -6 fatty acids at 1 month after discharge for AMI, by sex
(men=blue, women=red). AA indicates arachidonic acid; AMI, acute myocardial infarction; DHA,
docosahexaenoic acid; EPA, eicosapentaenoic acid.
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This study extends the existing literature in several impor-
tant ways. First, our finding of no evidence of sex differences in
omega-3 FAs and AA does not support the hypothesis that low
omega-3 FAs and AA explain why young women with AMI have
poorer health status outcomes than men. Previous studies that
examined omega-3 FA profiles in patients with AMI have not
examined differences between men and women.26 In this
prespecified study of VIRGO, we assessed a wide range of
omega-3 FA and AA biomarkers and all of them were not
associated with any significant or clinically meaningful differ-
ences by sex. Notably, these results differ from those of
similarly aged general populations. Women in the general
population have higher circulating DHA concentrations, but
lower circulating EPA and DPA concentrations compared with
men and this difference is independent of dietary intake.6–9 This
disparity does not exist in young women with AMI, perhaps
because of the selection of patients who have had an AMI.

Second, our study is among the first to quantify the
associations between omega-3 FAs and a wide range of
patient-reported health outcomes at 12 months after AMI.
While positive associations were observed in the unadjusted
models, the results attenuated and became statistically non-
significant after adjusting for demographic, clinical character-
istics, and 1-month health status. In recent years, there has
been a growing interest in the potential health benefits of
omega-3 FA supplementation for primary and secondary
prevention of cardiovascular disease. By far, the majority of
research that showed benefits of omega-3 FA supplementa-
tions has focused on clinical outcomes as opposed to patient-
reported health outcomes.10–12 In younger patients with AMI,
the event rates of clinical outcomes are much lower (eg,
mortality rate is <2% in the VIRGO study), and improving
patients’ recovery in symptoms, functioning status, and
quality of life is a major goal of post-AMI care. Therefore, it

Table 2. Sex Differences in Omega-3 and -6 Fatty Acids at 1 Month After Discharge

Overall (N=2183) Men (n=693) Women (n=1490) P Value

DHA, median (IQR), % 2.80 (2.00–4.00) 2.90 (1.90–4.10) 2.80 (2.00–3.90) 0.68

EPA, median (IQR), % 0.30 (0.20–0.50) 0.30 (0.20–0.50) 0.30 (0.20–0.50) 0.02

AA, median (IQR), % 0.40 (0.20–0.50) 0.40 (0.20–0.50) 0.30 (0.20–0.50) 0.98

Omega-3 index, median (IQR), % 3.20 (2.20–4.50) 3.20 (2.10–4.60) 3.10 (2.20–4.40) 0.54

Omega-3/omega-6 ratio, median (IQR) 0.24 (0.19–0.30) 0.24 (0.19–0.31) 0.23 (0.19–0.30) 0.14

EPA/AA ratio, median (IQR) 1.00 (0.50–1.33) 1.00 (0.50–1.50) 0.83 (0.50–1.33) 0.02

All percentages are calculated by excluding missing, don’t know, and patient refused. P-value was testing for the differences in omega-3 and -6 FA profiles between men and women at
1 month after discharge. AA indicates arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; IQR, interquartile range.

Table 3. Sex Differences in Omega-3 and -6 Fatty Acids at 1 Month After Discharge, Stratified By STEMI vs NSTEMI

Patients With STEMI Overall (N=1110) Men (n=413) Women (=697) P Value

DHA, median (IQR), % 2.80 (2.00–4.10) 2.90 (2.00–4.30) 2.80 (2.00–4.00) 0.13

EPA, median (IQR), % 0.30 (0.20–0.50) 0.30 (0.20–0.50) 0.30 (0.20–0.50) 0.01

AA, median (IQR), % 0.40 (0.20–0.50) 0.40 (0.20–0.50) 0.40 (0.20–0.50) 0.23

Omega-3 index, median (IQR), % 3.20 (2.20–4.50) 3.30 (2.20–4.80) 3.10 (2.20–4.40) 0.08

Omega-3/omega-6 ratio, median (IQR) 0.24 (0.19–0.30) 0.24 (0.20–0.31) 0.24 (0.19–0.30) 0.10

EPA/AA ratio, median (IQR) 1.00 (0.50–1.33) 1.00 (0.50–1.33) 1.00 (0.50–1.25) 0.16

Patients With NSTEMI Overall (N=1109) Men (N=312) Women (N=797) P Value

DHA, median (IQR), % 2.70 (1.90–3.90) 2.60 (1.80–3.83) 2.80 (2.00–3.90) 0.21

EPA, median (IQR), % 0.30 (0.20–0.50) 0.30 (0.20–0.50) 0.30 (0.20–0.50) 0.44

AA, median (IQR), % 0.30 (0.20–0.50) 0.30 (0.20–0.50) 0.30 (0.20–0.50) 0.15

Omega-3 index, median (IQR), % 3.10 (2.20–4.40) 3.00 (2.00–4.50) 3.10 (2.20–4.30) 0.25

Omega-3/omega-6 ratio, median (IQR) 0.23 (0.19–0.30) 0.23 (0.19–0.31) 0.23 (0.19–0.30) 0.79

EPA/AA ratio, median (IQR) 0.88 (0.50–1.50) 1.00 (0.50–1.50) 0.83 (0.50–1.40) 0.04

All percentages are calculated by excluding missing, don’t know, and patient refused. P-value was for testing differences in omega-3/omega-6 FA profiles between men and women at
1 month after discharge. AA indicates arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; IQR, interquartile range; NSTEMI, non–ST-elevation AMI; STEMI, ST-
elevation AMI.
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is particularly important to assess the role of omega-3 FAs on
patient-reported health outcomes in this population. Our
findings of no independent association between omega-3/-6
FAs and patient-reported health outcomes call into question
treatment with omega-3/-6 FA supplementation in young
patients with AMI, which is recommended by the current
guidelines.27

The current guidelines recommend omega-3 FA supple-
mentation for secondary prevention of cardiovascular dis-
eases largely based on evidence from 5 clinical randomized
trials.27 However, 3 out of these 5 trials found little evidence
of an effect of omega-3 FA supplementation on its primary
clinical cardiovascular disease end point.28–30 The 2 trials that
suggested benefits of omega-3 FA supplementation enrolled
older patients (average age of 60) and focused only on clinical
outcomes as opposed on patient-reported outcomes.10,31

Another 3 clinical trials of omega-3 FA supplementations are
currently ongoing, which are also focusing on older
patients.32–34 A recent American Heart Association Advisory
report recommends replacement of saturated fat with
polyunsaturated vegetable oils that consist of high omega-6
linoleic acid to lower cardiovascular disease risk, largely
based on evidence from middle-aged and elderly population.35

More studies are needed to assess omega-3 and omega-6 FA
supplementations specifically in younger patients with AMI.

Finally, consistent with previous studies,26,36,37 we con-
firmed that AMI patients had lower levels of omega-3 FAs and
AA compared with the healthy population. Whether improve-
ment in omega-3 FAs and AA can translate into improvement

in health outcomes in AMI patients is not clear. In older AMI
patients, such as those in the TRIUMPH study26 where
secondary prevention is more about recurrent events,
improving omega-3 and -6 FAs through dietary supplement
may help to prevent the recurrent myocardial infarction and
mortality. In younger AMI patients where the recurrent event
rate is low, our study suggests that improving omega-3 and -6
FA levels may have little gain in improving patient’s recovery.

Our study has several limitations. First, VIRGO was an
observational study that required patients to be healthy
enough at baseline to participate; thus, we were unable to
enroll those who were too ill to be enrolled. Second, there
were some patients lost to follow-up at 1 and 12 months after
AMI in our study. If these patients were less healthy than the
patients included in the analysis and were disproportionately
distributed between men and women, our estimated sex
difference in omega 3 FAs and AA may be over or
underestimated. However, our data showed that rates of loss
to follow-up were comparable between men and women, and
baseline characteristics were similar between those who were
lost to follow-up and those who were included in the analysis.
We also conducted an inverse propensity weighting analysis
to account for missing data because of loss to follow-up and
found similar results as the complete case analysis. Third, we
only reported arachidonic acid as one of the omega-6 FAs in
the study but were not able to isolate the potential
association of other individual omega-6 FAs with patient-
reported outcomes. For instance, linoleic acid is an omega-6
FAs of particular interest, which has been previously shown to

Table 4. Mean Difference in 12-Month Health Status Outcomes Associated 1-Month Omega-3/-6 Fatty Acids (Per 1 Percentage
Point Increase)

Health Status Outcome

Omega-3 Index, % DHA, % EPA, % AA, %

Unadjusted
Model,
Point Estimate
(P Value)

Fully Adjusted
Model,
Point Estimate
(P Value)

Unadjusted
Model,
Point Estimate
(P Value)

Fully Adjusted
Model,
Point Estimate
(P Value)

Unadjusted
Model,
Point Estimate
(P Value)

Fully Adjusted
Model,
Point Estimate
(P Value)

Unadjusted
Model, Point
Estimate
(P Value)

Fully Adjusted
Model, Point
Estimate
(P Value)

SAQ angina frequency 0.36 (0.07) 0.20 (0.28) 0.33 (0.15) 0.19 (0.38) 2.06 (0.02) 1.11 (0.16) 1.07 (0.29) 1.25 (0.18)

SAQ physical limitation 0.07 (0.74) 0.11 (0.56) 0.06 (0.82) 0.05 (0.82) 1.87 (0.03) 1.25 (0.12) 0.63 (0.53) 1.27 (0.18)

SAQ quality of life 0.47 (0.09) 0.34 (0.17) 0.46 (0.15) 0.36 (0.21) 2.16 (0.06) 1.38 (0.19) 1.84 (0.18) 2.20 (0.07)

SF-12 PCS score 0.29 (0.05) 0.02 (0.87) 0.21 (0.22) 0.005 (0.97) 2.25 (0.003) 0.20 (0.71) �0.73 (0.32) �0.55 (0.39)

SF-12 MCS score 0.18 (0.16) 0.02 (0.86) 0.18 (0.22) 0.02 (0.91) 0.83 (0.12) 0.62 (0.22) �0.49 (0.43) �0.17 (0.77)

EQ-5D utility index
score

0.005 (0.04) 0.002 (0.26) 0.005 (0.07) 0.002 (0.32) 0.02 (0.03) 0.009 (0.30) �0.007 (0.55) 0.003 (0.78)

EQ-5D visual analog
scale

0.53 (0.03) 0.30 (0.18) 0.57 (0.04) 0.39 (0.12) 1.79 (0.08) 0.03 (0.97) 0.52 (0.67) 1.05 (0.33)

Data were shown as mean difference in the health status measures per 1 percentage point increase in omega-3/-6 fatty acids and the corresponding P value for statistical significance. Full
models were adjusted for patient age, sex, race, current smoking, hypertension, diabetes mellitus, body mass index, and corresponding health status score at 1 month. P values were
testing for mean differences in 12-month health status outcomes associated with each 1 percentage point increase in 1-month omega-3/-6 fatty acids. We used the Bonferroni correction
to account for multiple comparisons. As we considered 7 health outcomes and four exposures in the regression analysis, we used a P value of 0.002 as the Bonferroni corrected threshold
for statistical significance. AA indicates arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; EQ-5D, EuroQol; MCS, Mental Component Summary; PCS, Physical
Component Summary; SF-12, Short Form-12.
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be prognostically important.38,39 However, linoleic acid is an
important component of the omega 3 index, and we did not
find a significant association between the omega 3 index and
patient-reported outcomes. Future studies are needed to
define the independent association of linoleic acid alone with
patient-reported outcomes in young patients with AMI. Fourth,
we could not measure omega-3 and -6 FA levels before AMI. It
is possible that some patients might have initiated omega-3
FA supplement after AMI and altered their level of omega-3 FA
subsequently. However, our data showed that <2% of patients
received omega-3 FA supplementation during hospitalization
and at discharge for AMI, suggesting the impact of omega-3
FA supplementation on our results is small. Moreover, we
measured omega-3 FAs from plasma phospholipids, which
reflect short-term or recent fatty acid intake. It has limited
ability to capture long-term fatty acid intake compared with
measuring fatty acid compositions from whole blood, red
blood cell, and adipose tissue.40–42 Measurement methods of
plasma levels of omega-3 and -6 FAs are not standardized in
the literature,43 which makes it difficult to identify a
comparable reference population when comparing with
omega-3 FAs and AA levels in our sample. Finally, this study
is deigned to assess whether sex differences in omega-3 FAs
exist in AMI patients and whether the differences in omega-3
account for the differences in outcome after AMI. It is
important to note that although we compared AMI patients
with general population to show the profiles of omega-3 FAs
are different in the 2 populations, we are not making any
inference on whether omega-3 FA profiles may be associated
with the risk for initial AMI.

Conclusion
The currently available data in VIRGO showed no evidence of
sex differences in omega-3 FAs and arachidonic acid in young
men and women 1 month after AMI. In addition, omega-3 FAs
and arachidonic acid were not associated with 12-month
health status outcomes after adjusting for sociodemograph-
ics, comorbidities, and cardiovascular disease risk factors.
Future studies evaluating the role of other acids individually
such as linoleic acid in influencing health status outcomes in
young patients with AMI will provide additional insights.
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Table S1. Fatty acids measured in LC-MS assay in the VIRGO study. 

Fatty Acid Name Chain 

Myristic Acid (Tetradecanoic Acid) C14:0 

Palmitic Acid (Hexadecanoic Acid) C16:0 

Palmitoleic Acid (9-Hexadecanoic Acid) C16:1 

Stearic Acid (Octadecanoic Acid) C18:0 

Oleic Acid (Octadeca-9-enoic Acid) &  Vaccenic Acid 

(Octadeca-11-enoic Acid) 

C18:1 

C18:1 

Linoleic Acid (cis,cis-9,12-octadecanoic acid) C18:2 

a-Linoleic Acid (all-cis-9,12,15-octadecanoic acid) & 

gamma-Linoleic Acid (all-cis-6,9,12-octadecanoic acid) 

C18:3 

C18:3 

Arachidic acid (n-Eicosanoic acid) C20:0 

8-Eicosanoic acid C20:1 

11,14-Eicosanoic acid C20:2 

11,14,17-Eicosatrienoic acid C20:3 

Arachidonic Acid (5,8,11,14-Eicostetraenoic acid or AA) C20:4 

5,8,11,14,17-Eicosopentaenoic acid (EPA) C20:5 

Docosanoic Acid (Behenic acid) C22:0 

Docosatetraeneoic Acid C22:4 

4,7,10,13,16-Docosapentaenoic acid C22:5 

4,7,10,13,16,19-Docosahexaenoic acid (DHA) C22:6 

Tetracosanoic Acid (Lignoceric Acid) C24:0 

Nervonic Acid (15-Tetracosanoic Acid) C24:1 

 

Acids in grey color were measured together. 

  



 
 

 

Table S2. Comparison of sex differences in post-AMI omega-3 and -6 fatty acids in VIRGO 

with those in a healthy population. 

 
VIRGO 

(N=2219) 

Healthy population * 

(N=1102) 

Age, mean (SD), year 47 (6) 57 (16) 

Female, % 67.3% 54.4% 

DHA, mean (SD), % 3.14 (1.61) NA 

EPA, mean (SD), % 0.42 (0.44) 1.03 (1.11) 

AA, mean (SD), % 0.46 (0.39) NA 

Omega-3 index, mean (SD), % 3.56 (1.86) 4.35 (2.71) 

EPA/AA ratio, mean (SD) 1.15 (1.19) 1.91 (2.51) 

 

SD= standard deviation; EPA = eicosapentaenoic acid; DHA=docosahexaenoic acid; AA= arachidonic acid. 

* Adapted from1 

  



  

Table S3. Mean difference in 12-month health status outcomes associated 1-month omega-3/-6 fatty acids (per 1 percentage 

point increase) in men and women separately. 

Men 

 

Health status outcome 

Omega-3 index, % DHA, % EPA, % AA, % 

Unadjusted 

model, 

Point estimate 

(P value) 

Fully adjusted 

model, 

 Point estimate 

(P value) 

Unadjusted 

model, 

Point estimate 

(P value) 

Fully adjusted 

model, 

 Point estimate (P 

value) 

Unadjusted 

model, 

Point estimate 

(P value) 

Fully adjusted 

model, 

 Point estimate 

(P value) 

Unadjusted 

model, 

Point estimate 

(P value) 

Fully adjusted 

model, 

 Point estimate 

(P value) 

SAQ Angina Frequency 0.45 (0.14) 0.20 (0.49) 0.47 (0.19) 0.21 (0.52) 1.91 (0.11) 0.79 (0.48) 0.88 (0.57) 017 (0.90) 

SAQ Physical Limitation 0.15 (0.58) 0.20 (0.46) 0.11 (0.75) 0.16 (0.60) 1.21 (0.27) 1.22 (0.25) 1.36 (0.35) 1.75 (0.22) 

SAQ Quality of Life 0.48 (0.26) 0.40 (0.30) 0.58 (0.26) 0.52 (0.25) 1.17 (0.49) 0.45 (0.76) 2.67  (0.24) 1.28 (0.52) 

SF-12 PCS score 0.69 (<0.01) 0.44 (0.02) 0.73 (0.008) 0.54 (0.02) 2.32 (0.01) 0.67 (0.36) 0.03 (0.98) 0.30 (0.75) 

SF-12 MCS score 0.14 (0.43) 0.14 (0.39) 0.09 (0.68) 0.08 (0.66) 1.38 (0.05) 1.35 (0.04) 0.36 (0.70) 0.34 (0.69) 

EQ-5D utility index score 0.008 (0.02) 0.005 (0.11) 0.009 (0.04) 0.005 (0.14) 0.03 (0.03) 0.02 (0.19) 0.02 (0.27) 0.02 (0.16) 

EQ-5D visual analog scale 0.88 (0.02) 0.52 (0.13) 0.94 (0.04) 0.62 (0.12) 2.90 (0.05) 0.94 (0.47) 0.37 (0.23) 1.77 (0.31) 

 

 

Women 

 

Health status outcome 

Omega-3 index, % DHA, % EPA, % AA, % 

Unadjusted 

model, 

Fully adjusted 

model, 

Unadjusted 

model, 

Fully adjusted 

model, 

Unadjusted 

model, 

Fully adjusted 

model, 

Unadjusted 

model, 

Fully adjusted 

model, 



 
 

 

Point estimate 

(P value) 

 Point estimate 

(P value) 

Point estimate 

(P value) 

 Point estimate 

(P value) 

Point estimate 

(P value) 

 Point estimate 

(P value) 

Point estimate 

(P value) 

 Point estimate 

(P value) 

SAQ Angina Frequency 0.30 (0.24) 0.22 (0.36) 0.26 (0.37) 0.19 (0.47) 1.98 (0.08) 1.33 (0.20) 1.23 (0.33) 1.98 (0.09) 

SAQ Physical Limitation 0.01 (0.95) 0.04 (0.85) -0.16 (0.58) -0.02 (0.94) 2.05 (0.07) 1.13 (0.29) 0.21 (0.86) 0.90 (0.46) 

SAQ Quality of Life 0.31 (0.35) 0.26 (0.40) 0.25 (0.51) 0.21 (0.56) 2.27 (0.13) 2.06 (0.14) 1.41  (0.39) 2.49 (0.10) 

SF-12 PCS score 0.03 (0.84) -0.22 (0.18) -0.08 (0.69) -0.29 (0.13) 1.93 (0.02) -0.20 (0.79) -1.03 (0.26) -0.94 (0.26) 

SF-12 MCS score 0.15 (0.35) -0.05 (0.72) 0.18 (0.33) -0.007 (0.70) 0.21 (0.76) -0.01 (0.98) -0.97 (0.22) -0.52 (0.49) 

EQ-5D utility index score 0.002 (0.47) 0.0004 (0.85) 0.002 (0.53) 0.004 (0.88) 0.009 (0.46) 0.002 (0.83) -0.02 (0.14) -0.09 (0.47) 

EQ-5D visual analog scale 0.22 (0.48) 0.12 (0.66) 0.25 (0.47) 0.22 (0.48) 0.45 (0.74) -0.95 (0.43) -0.42 (0.78) 0.52 (0.70) 

 

Data were shown as mean difference in the health status measures per 1 percentage point increase in omega-3/-6 fatty acids and the corresponding p value for 

statistical significance. Full models were adjusted for patient age, gender, race, current smoking, hypertension, diabetes, body mass index, and corresponding 

health status score at 1 month. 

 

EQ-5D= EuroQol; MCS= Mental Component Summary; PCS= Physical Component Summary; SF-12 = Short Form-12; DHA=docosahexaenoic acid; EPA = 

eicosapentaenoic acid; AA= arachidonic acid. 

 

P values were testing for mean differences in 12-month health status outcomes associated with each 1 percentage point increase in 1-month omega-3/-6 fatty 

acids.  
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