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Abstract

Background—The prognostic value of circulating polyunsaturated fatty acid (PUFA) levels is 

4unclear.
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Objectives—To determine the associations between red blood cell (RBC) PUFA levels and risk 

for death.

Methods—This prospective cohort study included 6501 women aged 65–80 who participated in 

the Women’s Health Initiative Memory Study (enrolment began 1996). RBC PUFA levels were 

measured at baseline and expressed as a percent of total RBC PUFAs. PUFAs of primary interest 

were the n-3 PUFAs eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) and their sum 

(the Omega-3 Index). PUFA of secondary interest included the two major n-6 PUFAs, linoleic 

(LA) and arachidonic (ARA), and the PUFA Factor score (a calculated variable including 6 

PUFAs that accounts for their inter-correlations). The primary outcome was total mortality through 

August 2014.

Results—After a median of 14.9 years of follow-up, 1851 (28.5%) women had died. RBC levels 

of EPA and DHA were higher in the survivors (p<0.002 for each). In the fully adjusted models, the 

hazard ratios (99% confidence intervals) for mortality associated with a 1-SD PUFA increase for 

total mortality were 0.92 (0.85, 0.98) for the Omega-3 Index, 0.89 (0.82, 0.96) for EPA, 0.93 

(0.87, 1.0) for DHA, and 0.76 (0.64, 0.90) for the PUFA Factor score. There were no significant 

associations of alpha-linolenic acid or ARA or LA with total mortality.

Conclusions—Higher RBC levels of marine n-3 PUFAs were associated with reduced risk for 

all-cause mortality. These findings support the beneficial relationship between the Omega-3 Index 

and health outcomes.

ClinicalTrials.gov Identifier—NCT00000611 (WHIMS).
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INTRODUCTION

Several recent studies have linked higher blood levels and/or dietary intakes of the long-

chain n-3 polyunsaturated fatty acids (PUFAs) with greater longevity. The fact that the 

Japanese have both very high n-3 PUFA levels1, 2 and are among the longest-lived 

populations3 provides ecological support to this hypothesis. Red blood cell (RBC) levels of 
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eicosapentaenoic acid (EPA) plus docosahexaenoic acid (DHA) are validated measure of n-3 

PUFA status4, and this metric (called the Omega-3 Index for simplicity), has shown 

association with death from cardiovascular disease (CVD)5. In a previous investigation, the 

Omega-3 Index was inversely and independently related to the rate of telomere attrition, a 

marker of cellular aging6. Among past studies that examined the relations between PUFA 

biomarkers and risk for death4, 7–16 (Supplemental Table 1), most were conducted in 

Scandinavia, Europe or Taiwan, only three have been done in the US. In addition, only 

two4, 12 utilized red blood cells (RBCs), and both were performed in patients with known 

coronary heart disease (CHD). Hence the question remains open whether RBC PUFA levels 

are associated with risk for all-cause and cause-specific death in the general US population.

We recently analyzed the RBC PUFA composition in the Women’s Health Initiative 

Memory Study (WHIMS)17–19. This is by far the largest cohort in which these exposure 

markers have been measured with total mortality as an endpoint, hence we sought to explore 

the associations between the Omega-3 Index with total mortality, and included secondary 

analyses for death from CVD, cancer, and non-CVD, non-cancer (i.e., all other causes). As 

there have been concerns regarding the role of the n-6 PUFAs in health20, we also examined 

the associations with the major n-6 and n-3 FAs as well.

METHODS

Participants

The WHIMS randomized trial examined the effects of postmenopausal hormone therapy 

(HT) on cognitive function in women aged 65–80 years21. Recruitment began in 1996. There 

were 7299 enrolled in WHIMS with RBC FA measurements at baseline. The following were 

excluded: 17 were lost to follow-up, 213 had RBC FA data that was technically unusable22, 

and 568 were missing relevant covariates. A total of 6501 women, of whom 1851 (28.5%) 

died during follow up, were included in this analysis. All WHIMS participants gave 

informed consent, and Institutional Review Boards at all participating centers approved the 

study protocol.

Covariates and Mortality Outcomes

Participants self-reported demographic, health history, and lifestyle factors on standardized 

questionnaires at baseline. Variables and their definitions are given in Table 1. Aspirin use 

and medical histories were collected by self-report. Mortality outcomes included deaths 

from all causes; and those due to CVD, cancer, and all other causes. The WHI data were 

linked with the National Death Index of the National Center for Health Statistics. Causes of 

death were centrally adjudicated by trained physicians as described23. All women were 

followed from their date of enrollment to their date of death, or August 29, 2014, whichever 

came first.

RBC Fatty Acid Analysis

RBC membrane FA composition was analyzed using gas chromatography and was expressed 

as a weight percent of total identified FAs 22. The inter-assay coefficient of variation for the 

primary PUFAs of interest here (see below) was <6.5%. During the aliquoting phase, the 
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RBC samples were stored at -20°C for a period of approximately two weeks, causing 

oxidative degradation of the PUFAs before measurement. The original FA levels were 

estimated with multiple imputations as described. 22

Statistical analysis

The primary PUFAs of interest in this study were EPA, DHA, and the Omega-3 index. 

PUFA of secondary interest included alpha-linolenic acid (ALA), docosapentaenoic acid n-3 

(DPAn-3), linoleic acid (LA), arachidonic acid (ARA), and two simple ratios (n-6/n-3 and 

ARA/EPA), and the PUFA factor score. The latter (specific to women) included a weighted 

combination of six RBC PUFAs: RBC PUFAs: 0.37*lnALA + 0.84*lnEPA + 0.80*DHA - 

0.667*ARA - 0.814*adrenic - 0.788*DPAn-6)24. Accordingly, the PUFA factor score is 

more complex (because it accounts for inter-correlations among the PUFAs) but 

directionally inverse compared with the two ratios. Continuous variables were summarized 

using the mean ± SD and categorical variables were summarized using frequency (%). 

Student’s t-test, one-way ANOVA, and the Wilcoxon Rank sum test were used to compare 

continuous variables across groups. The chi square test was used to compare categorical 

variables across groups. Unadjusted cumulative hazard estimates of total mortality by PUFA 

quartiles were calculated by the Nelson-Aalen method. Cox proportional hazards regression 

models were used to calculate the association HR (99% CI) between RBC PUFAs and all-

cause mortality (primary outcome), cancer mortality, CVD mortality and all other causes of 

death (secondary outcomes). HT treatment assignments (estrogen/placebo, or estrogen + 

progesterone/placebo) in the two WHIMS trials were included as four strata in the Cox 

regression models. The natural logarithms of the PUFAs were used to reduce skew (the 

PUFA Factor score was normally distributed), and then standardized to report the risk 

associated with a 1 standard deviation (SD) increase in each biomarker. Model 1 was 

adjusted for age and race. Model 2 was further adjusted for BMI, educational attainment, 

smoking pack-year, physical activity, weekly alcohol intake, waist circumference, region, 

family history of cancer, family history of CVD, and aspirin use. Model 3 was further 

adjusted for high cholesterol requiring pills (ever), hypertension, and diabetes, and is 

considered the fully-adjusted model. The sensitivity analyses included the exclusion of 

deaths that occurred in the first 2 years of follow-up (n=65), the exclusion of participants 

with prevalent CVD or cancer at baseline (n=1312), the stratification by use of aspirin and of 

cholesterol-lowering pills, and the additional inclusion of the normalized socioeconomic 

status in the fully adjusted models. In addition, the control and active hormone therapy 

groups were analyzed separately for associations between the Omega-3 Index and total 

mortality. A separate analysis of the Omega-3 Index and total mortality was conducted based 

on proposed clinical cut-points for this metric (<4%, 4%–8%, and >8%)5 in the fully 

adjusted model. To control somewhat for multiple testing, a critical level of 0.02 was used to 

determine a statistically significant association between the Omega-3 Index, RBC EPA, 

DHA and all-cause mortality. A critical value of 0.01 was used for all secondary analyses. 

Both critical values were chosen a priori to account for multiple testing. SAS (Cary, NC) 

version 9.4 was used for all analyses.
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RESULTS

Cohort description

A comparison of the characteristics of the women who remained alive or died during the 

14.9-year (median, 12.9–15.9) follow-up period are given in Supplemental Table 2. The 

women who died were about 2 years older at baseline, they were less active and smoked 

more, and they were more likely to have major risk factors for CVD (hypertension, 

diabetes). The most common sites for fatal cancers were lung (32%), colon (10%), multiple 

myeloma and breast (5.4% each). The most common causes of CVD mortality were definite 

or possible CHD (48%), and cerebrovascular disease (25%); and for other deaths, chronic 

obstructive pulmonary disease (11%), Alzheimer’s disease (10%), and other dementia (9%).

Participant characteristics by Omega-3 Index quartile are given in Table 1. A higher 

Omega-3 Index was associated with older age, having a uterus (i.e., being assigned to the 

estrogen+progesterone, as opposed to the estrogen-alone, arms), greater alcohol intake, 

higher education, more physical activity, more frequent use of cholesterol-lowering 

medications, less smoking, lower waist/BMI, and being non-Hispanic white. The Omega-3 

Index was highest in the Northeast and lowest in the Midwest.

RBC PUFA and Total Mortality

The median levels of the Omega-3 Index (and its constituents and DPAn-3) were higher in 

the women who survived versus those who died (Table 2). There were no group-wise 

differences in median levels of LA, ALA, or ARA, but all metrics that included both n-3 and 

n-6 PUFAs differed significantly.

For total mortality, a 1-SD greater Omega-3 Index was associated with an 8% risk reduction 

in the fully-adjusted model (Table 3). Risk reductions of 7%–11% were seen for the three 

individual long-chain n-3 PUFAs (EPA, DHA, and DPAn-3). Similar findings held for all 

metrics that included these PUFAs, i.e., the PUFA Factor score, ARA/EPA and n-6/n-3 

ratios. Neither of the n-6 PUFAs (LA or ARA) was related to mortality.

Cumulative Nelson-Aalen unadjusted hazard estimates of total mortality by quartiles of the 

Omega-3 Index and the PUFA factor score are shown in Figure 1. Fully adjusted hazard 

ratios by quartile are shown in Figure 2 for the Omega-3 Index, EPA, DHA, LA and the 

PUFA factor. Significant (<0.01) trends were observed for all but LA. Risk for death from 

any cause was significantly lower at an Omega-3 Index >8% vs <4% (HR, 0.69; 95% CI 

0.52 to 0.93, p=0.017), and the trend across the 3 categories (<4%, 4–8% and >8%) was 

significant (p=0.019) (Supplemental Figure 1).

In sensitivity analyses (Supplemental Table 3) none of the associations observed in the fully 

adjusted model were altered by excluding deaths in the first two years, or after excluding 

participants with a history of CVD or cancer [except the association with DHA was 

attenuated (p>0.01)]. A stratified analysis with those women not taking aspirin revealed 

statistically significant a protective effect between Omega-3 Index, EPA, the PUFA factor 

score, the two ratios and all-cause mortality in the fully adjusted model, but no association 

was seen with the smaller number of women who were taking aspirin. An additional 
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sensitivity analysis was done for use of cholesterol-lowering drugs. The HRs (99% CI) for 

the 5344 not taking these drugs was 0.92 (0.85, 1) and 0.90 (0.76, 1.07) for the 1157 who 

were. The association between the Omega-3 Index and all-cause mortality in each HT 

treatment arm was examined. HRs (99% CIs) were 0.91 (0.82, 1.0) in the control arm and 

0.93 (0.84, 1.0) in the active arm (P for interaction =.93). Finally, the addition of 

socioeconomic status to the fully adjusted model for all-cause mortality did not materially 

affect the HR (0.92 to 0.92), nor did stratification by college degree or race (non-Hispanic 

white or not).

RBC Polyunsaturated Fatty Acids and Cause-Specific Mortality

Associations between PUFAs and CVD mortality, cancer mortality, and death from all other 

causes were examined only in the fully-adjusted models. Only EPA was significantly 

(p<0.01) associated with CVD mortality with an HR (99% CIs) of 0.88 (0.77, 1.00) 

(Supplemental Table 4). The lowest HR was seen with the PUFA Factor score which was 

marginally significant [0.76 (0.57, 1.01), p=0.012)].

DISCUSSION

In this study of older post-menopausal women, the baseline Omega-3 Index was 

significantly lower in those who died during follow-up than those who did not. The same is 

true for the two components of the Index, EPA and DHA, as well as for DPAn-3 and for all 

metrics that included n-3 PUFA levels. Since neither of the n-6 PUFAs examined here (LA 

or ARA) were related with vital status, the differences in summary ratios were primarily 

influenced by the n-3 PUFA components. These findings were robust in four sensitivity 

analyses. In secondary analyses by cause of death, EPA was inversely associated with risk 

for CVD death, but DHA was not, and a higher PUFA factor score correlated with lower risk 

for non-CVD, non-cancer deaths.

Several previous studies linking n-3 PUFA with total mortality (including the present one) 

are summarized are in Supplemental Table 1 where they are categorized as epidemiologic 

(using diet, supplement use, and circulating biomarker as exposure indicators), and as 

randomized trials. In general, n-3 PUFA exposures based on dietary records (citations in the 

Table) have been inconsistently associated with reduced mortality, however all three studies 

based on reported fish oil use reported lower death rates with n-3 PUFA supplementation. In 

nine biomarker-based studies, total mortality was inversely associated with n-3 PUFA levels 

in eight of the nine studies that addressed the question. The only exception was a small, 

case-control study where cholesteryl ester FA composition was used as the biomarker of 

exposure8. This study may have failed to find an association because, of all the lipid classes, 

this is the only one where DHA is present at lower levels than EPA, and where fish oil 

feeding has the least effect on DHA levels25. Among the other n-3 PUFAs of interest, neither 

ALA nor DPAn-3 were significantly related to overall mortality, although the HR for the 

latter (0.94, p<0.014) was very close to the critical value of <0.01. Previous studies have also 

observed inverse associations between risk for CVD death and DPAn-3 and ALA26 . In light 

of this and other prior reports (e.g. in heart failure27), our observations can be considered 

supportive of a beneficial association between DPAn-3 and total mortality. Our null findings 
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for ALA agree with some previous studies8, 14, but ALA levels have been associated with 

CVD death26, and ALA intake was associated with reduced total mortality in a large RCT 

from Spain28.

N-6 PUFA

As regards the other PUFAs of interest in this study, LA was not related to any mortality 

outcome. This contrasts with the findings of three other studies7–9 that showed inverse 

associations with total mortality using plasma cholesteryl ester, phospholipid or total lipid 

LA levels as exposure markers. The different PUFA pools used in these studies may be part 

of the explanation for this inconsistency. The correlation between RBC LA and plasma 

phospholipid LA is 0.71, and cholesteryl ester LA is 0.65 (compared with 0.93 and 0.83, 

respectively for EPA+DHA; unpublished data) might explain why our data agree with theirs 

for the n-3 PUFAs but not for LA. In a prior study involving many sample types, LA levels 

were related to non-fatal, but not fatal CVD events29. In addition, Wu et al. found plasma 

phospholipid levels of LA (but not ARA) were related to total and CVD mortality in the 

Cardiovascular Health Study7. The ARA (and long chain n-3 PUFA) findings comport with 

ours, but their LA data do not. The basis for these inconsistent findings is unknown.

Combined PUFA metrics

Of the composite PUFA metrics, the PUFA factor score, a complex calculation combining 

both n-3 and n-6 PUFAs, was associated more strongly with total mortality than any of the 

other RBC PUFA metrics examined here. This metric was derived by Pottala et al. via 

structural equation modeling using RBC PUFA data from the Framingham Offspring 

cohort24. These findings imply that care must be taken to include the right FAs in a 

combined metric. For example, LA – which is a major driver of the n-6:n-3 ratio – is not in 

the PUFA Factor score, and this may have contributed to the superior predictive power of 

this metric. The reason for this may be that LA is actually protective (based on the findings 

of 4 previous studies7–9, 14; it was neutral in the present study), not harmful; and to include a 

“protective” FA in with other “harmful” FAs in the same term (total n-6) adds unnecessary 

noise and obscures the signal. The fact that the simpler ARA/EPA metric had similar 

predictive power as the n6:n3 ratio despite its non-inclusion of LA, suggests that the other 

FAs in the Factor score that are not present in this simple ratio (e.g., DHA, and the longer-

chain products of ARA) appear to contribute to its improved predictive value. The other 

difference between the PUFA Factor score and these simpler ratios is the weights given to 

the FAs. In the former, specific weight-based on intercorrelations (that were sex-specific) 

were derived experimentally, whereas in the latter ratios, all FAs are essentially given the 

same weight. These are but two of the many problems with metrics like the n-6:n-3 ratio30. 

Further studies with the PUFA Factor score are clearly needed.

Cause specific mortality

Many studies have documented reduced CVD risk associated with higher n-3 PUFA intakes 

and/or circulating levels31. In the present study, we found non-significant associations 

(p>0.01) with the Omega-3 Index and its major component, DHA, but a significant 12% 

reduction in CVD mortality per SD increase in EPA levels, and a 25% reduction for the 

PUFA factor score. This finding is consistent with a previous study in post-MI patients 
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where RBC EPA, but not DHA, levels significantly improved prediction of 2-year mortality 

over a composite risk algorithm12. On the other hand, both EPA and DHA were associated 

with lower CVD mortality in another study of elderly individuals in the US10. This study 

measured plasma phospholipid n-3 PUFAs and included elderly men and women. It seems 

unlikely that the differences in participant characteristics and PUFA biomarker 

measurements can explain the divergent results. We observed no significant associations 

between RBC n-3 PUFA and cancer mortality. Few others have examined associations 

between long-chain n-3 PUFA or fish intake and cancer mortality32–34. In the only prior 

study using long-chain n-3 PUFA biomarkers, there was a significant inverse relation 

between plasma phospholipid DPA and cancer mortality, but none for EPA or DHA10. Three 

prospective cohorts examined dietary plus supplements of n-3 PUFA34 or fish intake and 

cancer mortality32, 33. n-3 PUFA intake was inversely associated with cancer death, whereas 

no association was seen with fish intake. Here, the HRs for deaths from causes other than 

CVD and cancer were marginally significantly inversely associated with the PUFA factor 

score, the Omega-3 Index and its component PUFAs.

Mechanisms that explain the associations between higher RBC n-3 PUFA and improved 

longevity are not clearly understood, but there are beneficial effects of n-3 PUFA on a 

variety of CV risk factors that may be involved. These include reductions in serum 

triglyceride levels35, blood pressure36, platelet aggregation37, heart rate38, susceptibility to 

ventricular fibrillation (in some settings)39, inflammatory markers40, 41, plaque 

vulnerability42, 43 along with improvements in endothelial function44. The observation that 

whole blood EPA+DHA levels are independently associated with slower rates of telomere 

shortening6, a purported marker of “cellular aging,” is yet another favorable biomarker 

relationship, but it is not a molecular mechanism.

It is of interest to consider how much EPA+DHA one might have to consume to increase the 

Omega-3 Index from Q1 (median 3.6%) to Q4 (7.1%). Based on a recent dose – response 

study45, such an increase would be expected from an increase of about 1 g of EPA+DHA per 

day. To achieve this daily intake of EPA+DHA (which is similar to the mean intake in Japan 

in 199046) would require the daily consumption of about 2–3 oz. of salmon or about a pound 

of lower-fat seafood like chunk light tuna, shrimp or flounder. Alternatively, 3 standard (300 

mg EPA+DHA) fish oil pills per day would suffice. Several early omega-3 RCTs used 

roughly this dose and reported reduced total mortality47–49, whereas other more recent 

studies at the same dose have not confirmed this finding50–52.

The question of whether increased intakes of EPA+DHA will prolong life remains unsettled. 

Clearly observational studies alone cannot answer the question of whether higher (vs lower) 

n-3 PUFA tissue levels (as reflected by the Omega-3 Index53–55) will, over the long-term, 

lower risk for death. Though early randomized controlled trials with n-3 PUFAs found 

reduced overall mortality47, 48, other more recent studies51, 52, 56, 57 have not. Some of the 

potential reasons why these studies may have failed (e.g., better acute medical interventions, 

pervasive use of statins58, short follow-up periods, low doses, etc.), have been 

reviewed59, 60. At present, there are four major n-3 PUFA RCTs ongoing: The Reduction of 

Cardiovascular Events with EPA 3 Intervention Trial (REDUCE-IT, Clinicaltrials.com code 

NCT01492361), Statin Residual Risk Reduction with Epanova in High Cardiovascular Risk 
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Patients with Hypertriglyceridemia (STRENGTH, NCT02104817), the Vitamin D and 

Omega-3 Trial (VITAL, NCT0116925961), and A Study of Cardiovascular Endpoints in 

Diabetes (ASCEND, NCT00135226). The details of each trial have been recently 

summarized62. Of these event-driven trials, REDUCE-IT and STRENGTH are testing 

pharmacological dose (2–4 g/day) of EPA (4 g/day) or EPA+DHA carboxylic acids, 

respectively, for 4–6 years in patients with hypertriglyceridemia and on statin. ASCEND and 

VITAL are both primary prevention, 2x2 factorial trials testing, in the former, the effects of 

700 mg of EPA+DHA per day (with or without aspirin) on CVD endpoints in about 15,000 

patients with diabetes; and in the latter, the effects of 840 mg of EPA+DHA per day (with or 

without vitamin D) on CVD and cancer endpoints in about 25,000 adults. Results of these 

studies will further our understanding of the role that n-3 PUFA may play in health 

outcomes.

Strengths and Limitations—Strengths of this study include the large sample size and 

number of events, the unambiguous nature of the primary endpoint, and the use of an 

objective biomarker of PUFA exposure with low biological variability63. Limitations would 

include the unique nature of the study population - postmenopausal women, average age 70, 

participating in a RCT – which may limit the generalizability of our findings. The 

assessment of PUFA exposure at only one-time point cannot capture PUFA status changes 

throughout follow-up, and the aforementioned need to remediate the RBC PUFA data22 

added variability to the exposure marker, diminishing our ability to separate signal from 

noise. The two major factors that determine n-3 and n-6 PUFA levels – dietary PUFA intake 

and variants in FA desaturase and elongase genes - were not explored here, in part because 

they were beyond the scope of this study, but also because of their own inherent limitations. 

Estimated PUFA intakes derived from food records are inferior to circulating PUFA levels as 

indicators of PUFA exposure64, 65, and the effects of genetic variants on PUFA levels, while 

substantial for ARA66, are minimal to non-existent for EPA and DHA67. Finally, the 

inability to rule out the possibility of residual or unmeasured confounding also precludes 

inferences about causality68.

In conclusion, we found that higher RBC levels of n-3 PUFAs were associated with greater 

longevity in post-menopausal women. These findings, in the context of the totality of 

available evidence on this subject, provide support for a role of n-3 PUFAs in reducing the 

risk for death across a spectrum of causes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Relations between RBC fatty acids and total mortality were studied in 6501 

women.

Multi-variable adjusted odds ratios per 1-SD increase in FA levels were calculated.

There was an 8% reduction in risk associated with higher EPA+DHA levels.

RBC omega-3 FA content is a significant predictor of all-cause mortality.
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Figure 1. 
Cumulative Nelson-Aalen unadjusted hazard estimates of total mortality by quartiles of 

baseline omega-3 index (left) and PUFA Factor score (right). Log Rank p-value <0.001 for 

both. The numbers of participants at risk at each biennial examination are shown.
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Figure 2. 
Fully Adjusted HRs for Total Mortality by Quartile of Selected RBC PUFA. Error bars are 

95% CIs, and p-values for trends are given above the columns.
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Table 3

Multivariable-adjusted hazard ratios (99% CI) per 1-SD increase in red blood cell fatty acids for total mortality 

over 14.9 (median) years follow up from the fully adjusted modela.

Model 1 Model 2 Model 3 P-valueb

Omega-3 index (EPA+DHA) 0.90 (0.84, 0.96) 0.92 (0.85, 0.98) 0.92 (0.85, 0.98) 0.0015

Eicosapentaenoic (EPA) 0.87 (0.81, 0.93) 0.88 (0.82, 0.95) 0.89 (0.82, 0.96) <.0001

Docosahexaenoic (DHA) 0.91 (0.85, 0.98) 0.93 (0.87, 1.00) 0.93 (0.87, 1.00) 0.0099

Linoleic Acid 0.97 (0.91, 1.04) 0.99 (0.92, 1.06) 0.99 (0.93, 1.06) 0.8286

PUFA Factor Scorec 0.74 (0.63, 0.86) 0.77 (0.65, 0.91) 0.77 (0.66, 0.91) <.0001

Alpha-linolenic 0.97 (0.9, 1.04) 0.98 (0.91, 1.05) 0.98 (0.91, 1.05) 0.3689

Docosapentaenoic n-3 0.91 (0.84, 0.97) 0.93 (0.86, 1.00) 0.93 (0.86, 1.00) 0.014

Arachidonic (ARA) 1.00 (0.91, 1.09) 1.00 (0.92, 1.08) 1.00 (0.92, 1.08) 0.8956

ARA/EPA ratio 1.14 (1.06, 1.23) 1.12 (1.03, 1.22) 1.12 (1.03, 1.21) 0.0004

N-6/N-3 ratio 1.13 (1.04, 1.22) 1.10 (1.02, 1.19) 1.10 (1.02, 1.19) 0.0021

a
Model 1 adjusted for age, race, HT assignment. Model 2 added BMI, highest education, smoking pack-year, physical activity, weekly alcohol 

intake, waist circumference, region, family history of cancer, family history of CVD, and aspirin use. Model 3 (fully adjusted) added high 
cholesterol requiring pills (ever), and a history of hypertension, diabetes, cardiovascular disease and/or cancer.

b
For model 3; critical values for the Omega-3 Index, EPA and DHA were set a priori at <0.02; for all other metrics in the Table, <0.01. P-values in 

bold are significant.

c
See Table 2.
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