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a low red blood cell (rBc) omega-3 index (the sum 
of eicosapentaenoic acid [ePa] and docosahexaenoic 

acid [dHa]) is associated with greater long-term mortality 
in patients with coronary artery disease.1,2 Because omega-3 
supplementation reduces mortality in patients with cardio-
vascular disease,3-5 it is possible that augmenting omega-3 
levels in those with the lowest omega-3 indices would yield 
the greatest treatment benefit. accordingly, routine assess-
ment of patients’ omega-3 index could identify the highest-
risk patients who are ideal targets for dietary modification 
and aggressive omega-3 supplementation. despite these 

OBJeCTIVe: To identify the patient and dietary characteristics as-
sociated with low omega-3 levels in patients with acute myocar-
dial infarction (AMI) and determine whether these characteristics 
are useful to identify patients who may benefit from omega-3 test-
ing and treatment.

PATIeNTS AND MeTHODS: Dietary habits of 1487 patients in the 
24-center Translational Research Investigating Underlying dis-
parities in acute Myocardial infarction Patients’ Health status 
(TRIUMPH) registry between April 11, 2005, and September 28, 
2007, were assessed by asking about the frequency of fast food 
and nonfried fish consumption. All patients had erythrocyte ome-
ga-3 index measured at the time of hospital admission for AMI. 
We used multivariable linear regression to identify independent 
correlates of the omega-3 index and modified Poisson regression 
to predict risk of a low omega-3 index (<4%).

ReSULTS: The proportion of patients with a low omega-3 index 
increased with more frequent fast food intake (18.9% for <1 
time monthly, 28.6% for 1-3 times monthly, 28.8% for 1-2 times 
weekly, and 37.6% for ≥3 times weekly; P<.001). In contrast, a 
low omega-3 index was less common among patients with more 
frequent fish intake (35.1% for <1 time monthly, 24.9% for 1-3 
times monthly, 16.1% for 1-2 times weekly, and 21.1% for ≥3 
times weekly; P<.001). Fish intake, older age, race other than 
white, and omega-3 supplementation were independently asso-
ciated with a higher omega-3 index, whereas frequent fast food 
intake, smoking, and diabetes mellitus were associated with a 
lower omega-3 index.

CONCLUSION: Potentially modifiable factors, such as patient-re-
ported fast food intake, fish intake, and smoking, are indepen-
dently associated with the omega-3 index in patients with AMI. 
These characteristics may be useful to identify patients who 
would benefit most from omega-3 supplementation and lifestyle 
modification.

Mayo Clin Proc. 2011;86(7):626-632

AMI = acute myocardial infarction; DHA = docosahexaenoic acid; EPA = 
eicosapentaenoic acid; RBC = red blood cell; TRIUMPH = Translational 
Research Investigating Underlying disparities in acute Myocardial in-
farction Patients’ Health status

potential benefits and the availability of well-tolerated, af-
fordable omega-3 supplements, routine testing of omega-3 
fatty acid levels has been limited in acute myocardial in-
farction (ami) populations because of its cost and limited 
availability at the point of care. therefore, simple and in-
expensive screening mechanisms are needed to identify pa-
tients who are likely to have a low omega-3 index and who 
may experience greater benefit from omega-3 index testing 
and treatment than those with a higher omega-3 index.
 studies in asymptomatic patients, many of whom had 
no coronary artery disease, identified several patient char-
acteristics associated with omega-3 levels. specifically, 
omega-3 supplements, age, body mass index, diabetes, and 
smoking were independently associated with the omega-3 
index.6,7 to our knowledge, the patient characteristics and 
dietary behaviors associated with the omega-3 index have 
not been described in patients with incident ami, a par-
ticularly high-risk population. moreover, although poor 
dietary habits, such as frequent consumption of fast food, 
may influence omega-3 levels, no studies have examined 
the association between fast food intake and the omega-3 
index. therefore, we studied patients enrolled in a con-
temporary registry of ami treatment and outcomes, the 
translational research investigating Underlying dispari-
ties in acute myocardial infarction Patients’ Health status 
(triUmPH) study, to describe the association between 
patient characteristics and omega-3 levels at the time of 
ami. our goal was to identify the independent predictors 
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of omega-3 levels so that patients likely to have low levels 
of omega-3 could be recognized and considered for further 
testing and treatment.

PATIENTS AND METHODS

the triUmPH registry is a prospective study of patients 
with ami from 24 Us centers that enrolled 4340 patients 
from april 11, 2005, through december 31, 2008. Patients 
were 18 years or older, had elevated cardiac biomarkers 
(elevated levels of troponin or creatine kinase mB within 
24 hours of admission), had supporting evidence of ami 
(electrocardiographic st-segment changes or prolonged 
ischemic signs or symptoms), and presented to the enroll-
ing institution or were transferred to that facility within 
24 hours of their initial presentation. trained data collec-
tors performed medical record abstractions to document 
each patient’s medical history, processes of inpatient care, 
laboratory results, and treatments. Patients also underwent 
a standardized interview to document more detailed de-
mographic, socioeconomic, and clinical data. all patients 
signed an informed consent form approved by the partici-
pating institution.
 the omega-3 index was assessed in a subset of the ini-
tial enrollees in triUmPH (n=1523) who were enrolled 
before september 28, 2007. We excluded individuals who 
did not respond to the baseline fast food or fish dietary as-
sessments (n=11 and n=19, respectively) and patients who 
died during the index admission (n=6), yielding an analytic 
cohort of 1487 patients.

Assessment of RBC omegA-3 fAtty ACids

Blood samples were obtained from patients for assessment 
of the omega-3 index at the time of enrollment into the 
triUmPH study. the omega-3 index quantifies the per-
centage of ePa and dHa in rBc membranes and reflects 
a time-averaged value of omega-3 fatty acid levels over the 
lifespan of a rBc (120 days). the rBcs were obtained 
from edta blood samples after the plasma and buffy coat 
were removed. the samples were stored at −70ºc until 
thawed for analysis. Briefly, rBc aliquots were heated at 
100oc for 10 minutes with methanol containing 14% bo-
ron trifluoride. the fatty acid methyl esters generated were 
extracted with hexane and water and were analyzed with 
a gc2010 gas chromatograph (shimadzu corporation, 
columbia, md) equipped with a 30-m capillary column 
(omegawax 250; supelco, Bellefonte, Pa). fatty acids 
were identified through comparison with a standard fatty 
acid methyl ester mixture (gLc-727; nuchek Prep, ely-
sian, mn). the coefficient of variation for the omega-3 
index is less than 5%. Values are expressed as ePa plus 
dHa as a percentage of total rBc fatty acids. congruent 

with prior work, patients were classified as having a low 
(high-risk) omega-3 index if their omega-3 index was less 
than 4%.8,9

dietARy Assessments

Baseline patient interviews assessed fish intake with the 
question, “How often do you eat tuna or other nonfried 
fish (eg, baked, broiled, poached, grilled)?” similarly, fast 
food intake was assessed with the question, “How often do 
you eat at fast food restaurants?” responses to both items 
were recorded as less than 1 time monthly, 1 to 3 times 
monthly, 1 to 2 times weekly, 3 to 4 times weekly, and 5 
or more times weekly. We collapsed the 2 categories rep-
resenting the greatest consumption of each food item into 
a single group because both represent high dietary intake 
and relatively few patients reported eating either fast food 
(n=109 [7.3%]) or nonfried fish 5 or more times weekly 
(n=13 [0.9%]).

stAtistiCAl AnAlyses

for descriptive purposes, we presented categorical data as 
frequencies and compared differences between groups us-
ing the χ2 or fisher exact test, as appropriate. continuous 
variables were reported as the mean ± sd, and differences 
were compared using t tests. We then studied the associa-
tion of dietary variables and patient characteristics that 
we identified a priori, based on clinical experience, with 
the omega-3 index, which was modeled as a continuous 
variable using multivariable linear regression. independent 
variables included known and potential correlates of ome-
ga-3 index, including the enrolling hospital, age, sex, race, 
body mass index, diabetes, smoking, chronic heart failure, 
socioeconomic status, and patient-reported nonfried fish 
intake and fast food intake. this linear regression approach 
enabled us to directly assess the independent association 
of each covariate with values on the omega-3 index and 
provided a clinically meaningful illustration of the strength 
of association across the entire range of potential omega-3 
indices.
 Because the clinical decision to pursue further test-
ing or treatment rests on identifying patients with a low 
omega-3 index, we also categorized omega-3 levels as less 
than 4% or 4% or greater. Because the outcome of interest 
was prevalent, the odds ratios generated by logistic regres-
sion models can overestimate the true relative risk between 
the exposures of interest and the omega-3 index. accord-
ingly, we then used modified Poisson regression to identify 
patients with a low omega-3 index.10 this method yields 
accurate relative risks even in the setting of prevalent out-
comes and appropriately adjusts confidence intervals using 
robust error variance when using a Poisson distribution to 
model binomial data. We initially included the same co-
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variates that were included in the initial linear regression 
model into this model. to simplify the application of the 
model to clinical practice, we removed variables that were 
not significant correlates of low omega-3 from this model 
to arrive at a final, more parsimonious model. discrimina-
tion was determined using the c statistic, and its calibration 
was tested with the Hosmer-Lemeshow test.11 all analyses 
were conducted with sas statistical software, version 9.2 
(sas institute, cary, nc).

RESULTS

BAseline ChARACteRistiCs And AssoCiAtion of  
PAtient-RePoRted diet to the omegA-3 index

a low omega-3 index was common, occurring in more than 
1 in 4 patients with ami (395 patients [26.6%]). charac-
teristics of the overall cohort and baseline comparisons 
of patients with low (<4%) vs intermediate to high (≥4%) 
omega-3 levels are listed in table 1. Patients with a low 
omega-3 index were younger, more frequently white, less 
likely to have a college education, more likely to report cur-
rent smoking, and less likely to take omega-3 supplements. 
Patients with a low omega-3 index were also less likely 

to have hypertension, dyslipidemia, chronic heart failure, 
peripheral arterial disease, and prior stroke. Patients with 
a low omega-3 index less frequently reported nonfried fish 
consumption and more frequently reported eating fast food 
(figure 1).
 figure 2 presents the relative independence of the asso-
ciation between fast food and nonfried fish intake with low 
omega-3 levels. in general, the more frequently patients 
reported fast food intake and the less often patients con-
sumed nonfried fish, the more likely they were to have low 
omega-3 indexes. notably, among patients who reported 
heavy fast food intake, even those who reported high fish 
consumption had low omega-3 index values.

indePendent PRediCtoRs of the omegA-3 index

the independent correlates of the omega-3 index in the lin-
ear regression model are presented in figure 3. demograph-
ic characteristics associated with higher omega-3 index in-
cluded age and race other than white. in contrast, diabetes 
and current smoking were associated with lower omega-3 
indices. there was a graded association between consump-
tion of nonfried fish and omega-3 index. compared with 
patients who ate fish infrequently (less than once monthly), 

TABLe 1. Patient Characteristics of the Overall Cohort and Comparing Patients 
With Low to Those With Intermediate to Favorable Omega-3 Index

 omega-3 index <4%
 
   overall Yes no  
   characteristic (n=1487) (n=395) (n=1092) P value

age (y), mean ± sd 59.1±12.3 54.4±10.9 60.8±12.4 <.001
male 1005 (67.6)        279 (70.6) 726 (66.5) .13
race    <.001 
  White 1100/1485 (74.1)        328 (83.0) 772/1090 (70.8) 
  Black/african american   284/1485 (19.1)        38 (9.6) 246/1090 (22.6) 
  other 101/1485 (6.8)        29 (7.3) 72/1090 (6.6) 
college education   781/1483 (52.7) 178/394 (45.2)          603 (55.2) <.001
Work full or part-time   751/1478 (50.8) 238/392 (60.7) 513/1086 (47.2) <.001
financial situation    .008 
  some money left   651/1472 (44.2) 159/392 (40.6) 492/1080 (45.6) 
  Just enough to make ends meet   524/1472 (35.6) 133/392 (33.9) 391/1080 (36.2) 
  not enough to make ends meet   297/1472 (20.2) 100/392 (25.5) 197/1080 (18.2) 
omega-3 index, mean ± sd 5.0±1.6 3.3±0.5 5.7±1.4 <.001
omega-3 supplement   243/1476 (16.5) 24/393 (6.1) 219/1083 (20.2) <.001
Body mass index, mean ± sd  29.6±6.5 29.4±6.5 29.7±6.4 .46
diabetes mellitus            444 (29.9)        119 (30.1)          325 (29.8) .89
Hypertension            948 (63.8)        235 (59.5)          713 (65.3) .04
dyslipidemia            764 (51.4)        186 (47.1)          578 (52.9) .05
chronic kidney disease            98 (6.6)        16 (4.1)          82 (7.5) .02
current smoking   592/1482 (40.0)        226 (57.2) 366/1087 (33.7) <.001
chronic heart failure          120 (8.1)        20 (5.1)        100 (9.2) .01
Peripheral arterial disease            81 (5.4)        13 (3.3)          68 (6.2) .03
Prior stroke            65 (4.4)          9 (2.3)          56 (5.1) .02
History of prior myocardial infarction            279 (18.8)          70 (17.7)          209 (19.1) .54
History of prior coronary artery 
 bypass grafting            172 (11.6)        30 (7.6)          142 (13.0) .004
st-elevation myocardial infarction            677 (45.5)        203 (51.4)          474 (43.4) .04

data are presented as number (percentage) of patients unless otherwise indicated. continuous variables compared 
using independent t tests. categorical variables compared using the χ2 or fisher exact test, as appropriate.



Mayo Clin Proc.    •    July 2011;86(7):626-632    •    doi:10.4065/mcp.2011.0005    •    www.mayoclinicproceedings.com 629

Predictors of omega-3 in ami

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedingsa .

more frequent fish consumption was associated with pro-
gressively higher omega-3 indices. in contrast, compared 
with patients who ate fast food the least (less than once 
monthly), patients who ate fast food more frequently had a 
lower omega-3 index. finally, use of omega-3 supplements 
was associated with a higher omega-3 index. With respect 
to identifying patients likely to have a low omega-3 index, 
the modified Poisson regression model, including the 7 

significant, independent correlates of low omega-3 index, 
demonstrated acceptable calibration (Hosmer-Lemeshow 
P=.35) and good discrimination between patients with and 
without low omega-3 index (c statistic of 0.76; table 2). 
although the dose-response association between fast food 
and fish intake and the omega-3 index was less apparent in 
this model than in the linear regression model, consump-
tion of fish was consistently associated with a lower risk of 
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FIGURe 1. Proportion of patients with acute myocardial infarction (AMI) with an omega-3 index less than 4% within each category of fast food 
(left) and nonfried fish (right) consumption.

FIGURe 2. Proportion of patients with a low omega-3 index are presented within each combination of patient-reported 
fast food and nonfried fish intake.

<1 time
monthly <1 time

monthly≥3 times
weekly

1-2 times
weekly

1-3 times
monthly

1-3 times
monthly

1-2 times
weekly

≥3 times
weekly

Patients with
omega-3 index <4% (%)

Nonfried fish intake

Fast food intake

50

45

40

35

30

25

20

15

10

5

0



Mayo Clin Proc.    •    July 2011;86(7):626-632    •    doi:10.4065/mcp.2011.0005    •    www.mayoclinicproceedings.com630

Predictors of omega-3 in ami

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedingsa .

having a low omega-3 index, whereas consumption of fast 
food was independently associated with a higher risk of a 
low omega-3 index.

DISCUSSION

although low levels of omega-3 fatty acids are a prognos-
tically important and potentially modifiable risk factor for 
adverse cardiovascular events, to our knowledge the prev-

alence and predictors of low omega-3 levels have never 
been described in patients with ami. in this multicenter 
population of ami patients, we found that a low omega-3 
index was common, occurring in more than 1 in 4 pa-
tients. moreover, we found that readily assessable patient 
characteristics, including self-reported diet, were strongly 
associated with the omega-3 index, potentially enabling 
clinical identification of a cohort of ami patients at high 
risk of low omega-3 levels for whom further testing and 

FIGURe 3. Forest plot of the multivariable adjusted association between patient and dietary charac-
teristics and the omega-3 index. Values represent percentage points on the omega-3 index ± 95% 
confidence interval (CI). BMI = body mass index.
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treatment may be most beneficial. importantly, several of 
these factors are potentially modifiable, including dietary 
patterns, smoking, and omega-3 supplementation, and 
could be targets for further counseling at discharge and in 
follow-up. these findings, particularly the association of 
a lower omega-3 index with greater fast food and lower 
fish intake, even after adjusting for omega-3 supplements, 
reinforce the importance of counseling patients to pur-
sue a healthy, low-fat diet, as recommended in current 
guidelines, and to consider adding omega-3 supplements. 
the fact that our prediction model discriminated patients  
with and without a low omega-3 index strongly supports 
the validity of using these characteristics to identify pa-
tients who may benefit most from omega-3 testing and 
treatment.
 Joint scientific statements from the american Heart 
association and american college of cardiology have 
strongly supported diets high in omega-3 fatty acids, ad-
vising fish consumption at least twice weekly and omega-3 
supplements for patients with coronary artery disease.12 a 
more recent study, however, found no benefit from low-
dose omega-3 supplements in patients with a history of 
ami.13 the benefit of omega-3 fatty acids in that trial may 
have been attenuated by a number of factors, including 
the remote nature of many patients’ myocardial infarction 
(median time from index myocardial infarction to enroll-
ment was 3.7 years), the low dose of the study drug (376 
mg of ePa and dHa), or the relatively high background 
intake of omega-3 fatty acids (130 mg/d compared with 32 
mg/d in the United states).14 similarly, a randomized trial 

conducted by rauch et al15 failed to detect a difference in 
sudden cardiac death, all-cause mortality, or major adverse 
cardiovascular events between post-ami patients random-
ized to 1 g of omega-3 fatty acids daily for 1 year compared 
with placebo. However, as the authors note, event rates 
were considerably lower than expected, perhaps reflecting 
temporal improvements in ami care, including a greater 
provision of revascularization compared with prior stud-
ies, such as the gissi (gruppo italiano per lo studio della 
sopravvivenza nell’insufficienza cardiaca) Prevenzione 
study. these results should be interpreted in consideration 
of the fact that this study may have been underpowered 
to detect a smaller difference in the primary end point of 
sudden cardiac death in contemporary practice. moreover, 
fish consumption increased substantially from baseline 
to completion of the study among patients randomized to 
both arms of the study, which could have reduced the ef-
fect of the intervention. further studies are needed to un-
derstand whether selectively targeting omega-3 fatty acid 
supplements to patients with lower baseline omega-3 levels 
would yield greater clinical benefit. our findings suggest 
that screening patients on the basis of routinely available 
clinical and dietary characteristics can identify those with 
low rBc omega-3 indices.
 the current study supports and extends the prior litera-
ture on predictors of omega-3 levels. Long-term omega-3 
intake is indicated by the ePa and dHa content in rBc 
membranes. Because rBcs have a lifespan of 120 days, the 
omega-3 index is a means of assessing long-term omega-3 
intake. in this regard, the index is similar to hemoglobin 
a

1c
 as a time-averaged marker of blood glucose levels.8 

Previous studies have shown that demographic character-
istics are associated with the omega-3 index. consistent 
with reports by sands et al6 and Block et al,7 older pa-
tients in our study had higher omega-3 indices, suggest-
ing a possible survivor bias or differing lifestyle and diet 
behavior. this may reflect that older patients, who more 
frequently have prior diagnoses of coronary artery disease 
and often have a greater burden of coronary disease risk 
factors than younger ami patients, have more frequently 
received diet and lifestyle counseling and have changed 
their behavior accordingly. the finding of an indepen-
dent, dose-response association between fish intake and 
omega-3 index, as well as a strong association between 
fish oil supplementation and omega-3 index, is also con-
sistent with prior literature from non-ami populations.6,7 
We also found that omega-3 levels were associated with 
race. african american patients and patients of races other 
than white had significantly higher omega-3 levels than 
white patients. the reason for this racial difference is un-
clear and is particularly interesting given its persistence 
after controlling for socioeconomic status and for fish and 

TABLe 2. Risk Model for Low Omega-3 Index

    relative risk (95% ci) P value

age  0.78 (0.72-0.84) <.001 
    per 10-y increase 
current smoking 1.63 (1.38-1.92) <.001
omega-3 supplement 0.38 (0.26-0.56) <.001
race   <.001
  Black vs white 0.37 (0.27-0.51)
  other vs white 0.81 (0.59-1.11) 
nonfried fish intake  <.001
  ≥3 times weekly vs 
   <1 time monthly 0.71 (0.46-1.09)
  1-2 times weekly vs 
   <1 time monthly 0.53 (0.41-0.69)
  1-3 times monthly vs 
   <1 time monthly 0.74 (0.62-0.88) 
History of diabetes 1.22 (1.03-1.45) .02
fast food intake  .04
  ≥3 times weekly vs 
   <1 time monthly 1.40 (1.11-1.76)
  1-2 times weekly vs 
   <1 time monthly 1.21 (0.94-1.55)
  1-3 times monthly vs 
   <1 time monthly 1.26 (1.02-1.57) 

P values were generated based on f tests from the full modified Poisson 
regression model. ci = confidence interval.
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fast food intake. overall, our findings extend the omega-3 
literature by testing these associations in high-risk ami 
patients and identifying several potentially modifiable fac-
tors. further studies are needed to better understand why 
older patients and patients of races other than white have 
higher omega-3 indices.
 a new finding of our current research is that poor life-
style choices, such as frequent fast food consumption, are 
inversely associated with the omega-3 index. this suggests 
that interventions to improve omega-3 levels should focus 
on patients’ overall dietary and smoking behaviors. more-
over, both dietary supplements and consumption of fish rich 
in omega-3 fatty acids appear to be important in increasing 
omega-3 levels because both are independently associated 
with higher omega-3 levels, whereas unhealthy foods, such 
as fast food, also appear to be important. future studies 
are needed to evaluate the extent to which omega-3 levels 
might be improved with comprehensive counseling that 
goes beyond simply advising use of omega-3 supplements 
and to determine whether such improvements are associ-
ated with better outcomes.
 several potential limitations should be considered when 
interpreting these data. our assessments of fast food and 
nonfried fish intake were obtained by self-report, which 
could have resulted in misclassification of the exposure. 
in addition, the dietary assessment questions did not spe-
cifically define fast food or nonfried fish. moreover, the 
emerging trend of offering healthier dietary options at fast 
food restaurants was not taken into account. However, 
misclassification introduced by these factors should have 
biased our findings toward the null, and the important as-
sociations we detected may be underestimates of the ac-
tual effect of these factors. furthermore, although more 
detailed dietary assessments could have provided a more 
precise estimate of the association of dietary patterns with 
omega-3 levels, the simplicity of our questions supports 
use for screening in routine clinical practice. in addition, 
hospitals enrolling patients in the triUmPH registry were 
predominantly located in urban centers and did not include 
hospitals from the West coast or rural areas. accordingly, 
regional differences in food consumption patterns may 
limit the generalizability of these data to other regions of 
the United states. finally, we were unable to validate our 
risk prediction model in a separate cohort, so further stud-
ies are needed to validate the performance of this model in 
a different ami cohort. However, the primary purpose of 
building this model was not to create a validated bedside 
risk prediction model but to illustrate the potential of these 

variables to identify patients with a low omega-3 index in 
the triUmPH cohort.

CONCLUSION

Potentially modifiable factors, such as smoking, fast food 
intake, use of omega-3 supplements, and nonfried fish con-
sumption, are independently associated with the omega-3 
index in patients with ami. our findings suggest that a 
thorough patient history can identify patients who may 
benefit from intensive lifestyle modification and omega-3 
supplementation. further studies are needed to understand 
whether targeting these interventions to patients at high 
risk of low omega-3 levels results in greater clinical ben-
efit after ami than treating those less likely to have low 
omega-3 levels.
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