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a b s t r a c t

Background and aims: A recent 19-cohort meta-analysis examined the relationships between biomarkers
of omega-3 fatty acids and risk for coronary heart disease (CHD). That study did not, however, report
hazard ratios (HRs) specifically as a function of erythrocyte eicosapentaenoic (EPA) plus docosahexaenoic
(DHA) levels, a metric called the Omega-3 Index in which EPA þ DHA content is expressed as a percent of
total fatty acids. The Omega-3 Index has been used in several recent studies and is a validated biomarker
of omega-3 fatty acid tissue levels, but additional data are needed to confirm (or refute) the originally-
proposed clinical cut-points of <4% (higher risk) and 8%e12% (lower risk).
Methods: The present study was therefore undertaken using published data from this meta-analysis to
estimate HRs per 1-SD increase in the Omega-3 Index and median quintile values for this metric across
10 of the cohorts for which the needed data were available.
Results: The overall mean (SD) for the Omega-3 Index in these 10 cohort studies was 6.1% (2.1%), and the
HR for a 1-SD increase was 0.85 (95% confidence interval, 0.80e0.91). Median quintile 1 and 5 levels were
4.2% vs. 8.3%, respectively. Based on these values, we estimate that risk for fatal CHD would have been
reduced by about 30% moving from an Omega-3 Index of 4%e8%.
Conclusions: These findings support the use of <4% and >8% as reasonable therapeutic targets for the
Omega-3 Index.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

The relationship between circulating long chain omega-3 fatty
acid (LC n-3 FA) levels and risk for future coronary heart disease
(CHD) has been challenging to decipher, in part due to the different
lipid pools in which LC n-3 FA levels have been measured. Some
authors have used red blood cell (RBC) levels of eicosapentaenoic
acid and docosahexaenoic acid (EPA plus DHA; the Omega-3 Index)
to describe in vivo LC n-3 FA status, whereas others have used
whole blood, whole plasma/serum, or lipid classes from the latter,
i.e., phospholipids (PLs), cholesteryl esters (CEs), triglycerides (TGs)
and/or non-esterified FAs. Still others have estimated LC n-3 FA
status from adipose tissue biopsies. While the LC n-3 FA content of
all of these pools intercorrelate [1], the absolute levels in each
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depot differ, making it difficult to compare results based on
different metrics.

It has been proposed that, much like hemoglobin A1c is a better
long-term marker of glycemic status than is plasma glucose, RBC
membranes may also be the preferred matrix for assessing LC n-3
FA status [2]. RBC EPA þ DHA (i.e., the Omega-3 Index) levels have
one-fourth the within-person variability over time compared to
plasma measures [3], and they are less sensitive to perturbation by
acute intakes of LC n-3 FA [4]. The Omega-3 Index is highly corre-
lated with levels of EPA þ DHA in human cardiac tissue [5,6] and
with those in multiple organs in animal models [7e9]. EPA and
DHA are carried in themembranes of RBCs, which is where they are
primarily found in all other tissues (except adipose tissue), and
most of the biochemical/physiological effects of these FAs are
believed to flow from their presence in cell membranes [10,11]
Based in part on these considerations, Stark et al. [12] recently
summarized the current knowledge on LC n-3 FA status worldwide
by converting published LC n-3 FA data from nearly 400 data sets
including about 24,000 individuals into Omega-3 Index
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Table 1
First and fifth quintile median values for EPA þ DPA þ DHA (percent of total fatty
acids) by sample type, and the estimated Omega-3 Index weighted by study sample
size.

n EPA þ DPA þ DHA Estimated Omega-3 Indexa

CHS 3941 3.10% 3.11%
EPIC 7384 5.24% 4.93%
MCCS 5279 4.66% 4.44%
MESA 2856 3.91% 3.80%
NSHDS 759 5.61% 5.24%
HPFU 1291 1.76% 3.88%
KIHD 1837 3.11% 6.45%
SCHS 1555 1.40% 3.72%
NHS 603 1.51% 3.19%
PHS 2000 - 2.34%
Quintile 1 weighted mean 4.20%

CHS 6.46% 5.97%
EPIC 10.97% 9.81%
MCCS 8.42% 7.64%
MESA 9.27% 8.36%
NSHDS 9.41% 8.48%
HPFU 4.35% 7.97%
KIHD 6.49% 9.78%
SCHS 4.87% 9.22%
NHS 6.14% 9.53%
PHS - 6.79%
Quintile 5 weighted mean 8.30%b

Plasma PL (bold); plasma (normal type); RBC, italics. Study abbreviations as in
Materials and methods.

a The equation applied in plasma samples was: Omega-3 Index ¼ 0.0452*ln
(plasma EPA þ DPA þ DHA)þ0.2214 (r ¼ 0.88), and that applied in plasma phos-
pholipid samples was: Omega-3 Index ¼ 0.851*(plasma PL EPA þ DPA þ DHA)þ
0.0047 (r ¼ 0.92).

b p < 0.0001.
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equivalents. This was accomplished by creating equations relating
the LC n-3 FA content of each depot to that of RBCs and then
calculating the estimated Omega-3 Index for each study [13]. This
exercise revealed widely divergent Omega-3 Index scores around
the world (e.g., North America <4% vs. Japan/Korea >8%). Health
Canada chose the Omega-3 Index for use in its most recent national
health survey [14], and the largest dataset yet published on circu-
lating FA status in humans (~160,000 individuals in the USA) uti-
lized the Omega-3 Index [15].

In 2016, Del Gobbo et al. [16] pooled coronary heart disease
(CHD) outcomes across 19 cohorts with over 45,000 patients in
which biomarkers of LC n-3 status were measured. Since many
different lipid pools were used to determine LC n-3 FA status (as
noted above), CHD incidence in quintile (Q) 1 was compared to that
of Q5 across all studies regardless of which pool they were
measured in. Risk for CHD between these extremes was calculated,
as was the change in risk per 1-SD increase in LC n-3 FAs. The
purpose of this report is to determine what the mean Omega-3
Index equivalents for Q1 and Q5 would have been had RBC FAs
been measured in all these studies. Using this information and the
estimated change in CHD risk across quintiles, we hoped to gain
further insight into what levels of the Omega-3 Index might be
linked with higher vs. lower risk for CHD. These cut-points could
then be used in the clinic, in concert with other CHD risk factors, to
help identify those patients at highest risk for fatal CHD.

2. Materials and methods

2.1. Data extraction

We used published data from 10 cohorts in Del Gobbo et al. that
reported risk for fatal CHD and had data on
EPA þ docosapentaenoic acid (DPA) þ DHA levels in plasma or
plasma PL. The following cohorts were included: Health Pro-
fessionals Follow-up study (HPFU) [17], Kupio Ischemic Heart Dis-
ease study (KIHD) [18], Cardiovascular Health Study (CHS) [19],
Nurses' Health Study (NHS) [20], Physician's Health Study (PHS)
[21], European Prospective Investigation into Cancer e Norfolk
(EPIC) [22], Melbourne Collaborative Cohort Study (MCCS) [23], The
Multi-Ethnic Study of Atherosclerosis (MESA) [24], the Northern
Sweden Health and Disease Study-II (NSHDS) [25], and the
Singapore Chinese Health Study (SCHS) [26]. The details for each
were provided in Del Gobbo et al. (Table 1 and eMethods). Median
values for EPA þ DPA þ DHA in quintiles 1 and 5 from each lipid
depot were taken from eTable 3, and for the mean and SD for each
fatty acid separately from eTable 2 [16].

2.2. Data manipulation

In order to convert plasma and plasma PL LC n3 FA values into
the equivalent Omega-3 Index, we generated conversion equations
based on the reported EPA þ DPA þ DHA content of the sample. For
plasma PL, we used data from 50 random samples tested in the
laboratory. For conversion of whole plasma EPA þ DPA þ DHA to
the Omega-3 Index, we used data from 2312 subjects from an
ongoing research study in which both RBC and whole plasma are
being analyzed. (We did not do the same for plasma CE or for ad-
ipose tissue since there was only one trial using the former metric,
and since we have no data from which to create a conversion
equation for the latter). The two equations thus generated and
subsequently used in this analysis were: Omega-3
Index ¼ 0.0452*ln (plasma EPA þ DPA þ DHA)þ0.2214 (r ¼ 0.88),
and Omega-3 Index¼ 0.851*(plasma PL EPAþDPAþDHA)þ0.0047
(r ¼ 0.92). When both RBC and plasma PL data were available from
the same data set (i.e., in the Nurses' Health Study-I), the plasma
data were used as the primary exposure measure [because those
were the data used to calculate hazard ratios (HRs) for eFig. 1 [16]].
When only RBC data were available (i.e., in the Physicians' Health
Study), they were used and pooled with phospholipid-based
studies. In one study [26], plasma EPA and DHA were reported,
but not DPA. In this case, DPA's contribution to the
EPA þ DPA þ DHA metric was calculated from the other 9 studies,
and using that, a DPA value was imputed for the SCHS study. The
EPA þ DPA þ DHA data for the first and fifth Qs in each of the 10
cohorts (eTable 3) were used to calculate an estimated Omega-3
Index for these Qs. We also calculated the weighted (by n) mean
and standard deviation (SD) for the EPA þ DPA þ DHA value from
these 10 studies and then converted them to themean (SD) Omega-
3 Index using the equations above. Lipid-pool specific, pair-wise
correlations among EPA, DPA and DHA (needed for the SD calcu-
lations) were derived from the same extracted data described
above. The primary endpoint in this study was fatal CHD (eFig. 1)
where the HR per 1SD was calculated as described previously [16].

3. Results

The overall, weighted mean (SD) of the Omega-3 Index calcu-
lated from mean EPA þ DPA þ DHA values in these 10 studies was
6.1% (2.1%). Q1 and Q5 values for EPAþ DPAþ DHA and the Omega-
3 Index derived from it are shown in Table 1. The overall weighted
median Omega-3 Index for these two quintiles was 4.2% vs. 8.3%
(p < 0.0001 by t-test), respectively. The overall HR for fatal CHD per
a 1-SD increase in EPA þ DPA þ DHA (or the Omega-3 Index) was
0.85 (0.80e0.91) (from eFig. 1 in [16]).

4. Discussion

This analysis was undertaken to estimate how risk for fatal CHD
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varied by Omega-3 Index values using data from the meta-analysis
by Del Gobbo et al. [16]. In that study, the relative risk was evalu-
ated using data from five sample types (erythrocyte, plasma,
plasma CE, plasma PL and adipose tissue) both by quintile and
linear analysis for the 4 individual n-3 FAs (ALA, EPA, DPA and
DHA). The only combined metric reported there was
EPAþ DPAþ DHA, and for this metric, only the HR for fatal CHD per
1SD increase was calculated. For the present analysis, only studies
that reported data on fatal CHD and that used erythrocytes, whole
plasma or plasma PL analysis were used (n ¼ 10). As there is
considerable prior literature using the Omega-3 Index (erythrocyte
EPA þ DHA) as a marker of n-3 FA status (see below), it was of
interest to re-analyze the Del Gobbo data with respect to this
metric. We found that risk for fatal CHD was significantly reduced
by 15% for each 1-SD increase in the Omega-3 Index. We also found
that the corresponding Omega-3 Index median values for Q1 and
Q5 were 4.2% and 8.3%, respectively. These are similar to the 4% and
8% cut-points that were originally-proposed for the Omega-3 Index
in 2004 based on estimations from published studies then available
[27].

The estimated mean Omega-3 Index in these cohorts was 6.1%,
and from the linear analysis, a 1 SD (2.1%) increase (i.e., a level of
8.2%) was associated with a 15% risk reduction for fatal CHD relative
to the mean level. Conversely, an Omega-3 Index 2.1% lower than
the mean (i.e., 4%) would be associated with a 15% increase in risk.
Therefore, the relative risk for fatal CHD at an Omega-3 Index of
about 8% was reduced by about 30% compared with 4%.

Although we cannot infer causal relationships from these
observational data, it is nevertheless interesting to consider how
much more EPA þ DHA an individual with an Omega-3 Index of 4%
(a level common in most Western countries [12]) would need to
consume to effect a 4% point increase in the Omega-3 Index. Based
on a recent dose-response study [28], a change of this magnitude in
the Omega-3 Index would require an increased consumption of
about 1.5 g/day of EPAþ DHA. This would equate to a daily intake of
100 g of farmed Atlantic salmon [29], 5 standard fish oil capsules, or
2 capsules of the most highly concentrated products.

To the extent that the Omega-3 Index provides additional, in-
dependent prognostic value for risk for CHD, its use in clinical
medicinewill likely grow. Indeed, several clinical laboratories in the
US and EU already offer omega-3 testing to healthcare providers,
but there is no uniformity in testing metrics among labs. This
inconsistency will need to be addressed before widespread testing
becomes a reality. In this regard, the Omega-3 Index has much to
recommend it, since no other single marker of omega-3 status has
been associated with lower risk for coronary disease [30] sudden
cardiac death [31,32], acute coronary syndromes [33], all-cause
mortality [34e36] and other health conditions such as impaired
cognitive function [37e41], depression [42e46], aggressive be-
haviors [47] and bipolar disease [48]. As noted earlier, the relations
between age and sex and the Omega-3 Index have been reported in
over 160,000 patients [15], in a Canadian national survey [14], and
worldwide levels of this metric were recently reported in over
24,000 subjects from 54 countries [12]. Hence, studies to more
clearly define the clinically-relevant cut-points or target ranges are
needed.

Using only the published data from Del Gobbo et al. and not
undertaking new analyses from their original data sources, we
could only develop estimates for fatal (not non-fatal or total) CHD.
This is because HRs were published for only this endpoint (per 1 SD
of EPA þ DPA þ DHA, which we then converted to Omega-3 Index
equivalents). Moreover, without access to the original data, we
were not able to perform a formal dose-response analysis. Another
limitation was the use of correlational equations derived in one
laboratory to convert the n-3 PUFA content of various lipid
compartments which were measured in other labs. Although this
approach has been used in the past [13,27,49,50], it assumes that all
labs are generating plasma (or erythrocyte or plasma PL) data in a
standardized and comparable manner. There are several methods
for determining FA composition, and there is no uniformity in units.
Even when conventionally expressed as a percent of total FAs,
exactly which FAs constitute the denominator is not often stated
and not standardized. Hence, using (as we have here) correlational
data from our lab (where the FA of RBCs and other circulating lipid
pools are measured using identical methods) to generate conver-
sion equations, which are then applied to FA data generated in
another lab, must be considered somewhat tentative. Nevertheless,
such an approach is the only possible way to bring some degree of
harmony to FA metrics reported in a wide variety of lipid pools.
Finally, although overall population mean levels of the Omega-3
Index were relatively easily calculated from the cohort-specific
mean levels of EPA þ DPA þ DHA, from each given separately in
Supplemental data from Del Gobbo et al. in order to calculate the
cohort-specific SDs for this combined metric, we needed to assume
that pairwise correlations between EPA, DPA and DHA were stable
across studies (but within lipid pool). We also had to assume that
the pooled covariance was equivalent to the weighted average of
individual cohort covariances in order to compute the pooled SD.
These are reasonable assumptions which have limited impact on
the conclusions.

In conclusion, the originally proposed cut-points of <4% and
>8% for ‘high risk’ and ‘low risk’ Omega-3 Index values, respec-
tively, are generally supported by findings for fatal CHD from Del
Gobbo et al. Further research to define the incremental predictive
value of these cut-points over and above classical CHD risk markers
is needed.
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