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Abstract

Background: Limited evidence has suggested that circulating levels of the omega-9 fatty acid, 

oleic acid, may be related to greater risks of adverse cardiovascular outcomes.

Objective: We aimed to determine whether plasma oleic acid may be independently associated 

with clinical and subclinical cardiovascular disease (CVD) and all-cause mortality in a large multi-

ethnic cohort.

Methods: Plasma fatty acids were measured by gas chromatography-flame ionization in 6,568 

participants of the Multi-Ethnic Study of Atherosclerosis. The presence of coronary artery calcium 

and aortic valve calcification was determined by computed tomography, and carotid plaque was 

assessed by ultrasound. Incident CVD was defined as myocardial infarction, fatal coronary heart 

disease, resuscitated cardiac arrest, stroke, or stroke death. Heart failure (HF) was adjudicated 

from clinical records. Relative risk regression estimated plasma oleic acid-related rate ratios for 

prevalent coronary artery calcium, aortic valve calcification, and carotid plaque. Cox regression 
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estimated hazard ratios (HRs) for CVD, HF, and all-cause mortality over a median 13-year follow-

up.

Results: Individuals in top quartiles of oleic acid showed greater rate ratios of coronary artery 

calcium, aortic valve calcification, and carotid plaque (all p<0.001), but associations were 

rendered non-significant after adjustment for other risk factors. By contrast, those in top quartiles 

of plasma oleic acid showed significantly greater risks of incident HF (HR: 2.03; p<0.001), CVD 

(HR: 1.41; p=0.008), and all-cause mortality (HR: 1.55; p<0.001) than those in referent quartiles 

independent of typical risk factors as well as plasma omega-3 fatty acid levels.

Conclusions: Plasma oleic acid appears to be a risk factor for CVD events and all-cause 

mortality independent of typical risk factors and plasma omega-3 fatty acids. Additional studies 

are warranted for confirmation and to further examine whether plasma oleic acid directly 

contributes to, or serves as a marker of, disease pathogenesis. These findings should not be 

extrapolated to dietary oleic acid intake.
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BACKGROUND

Fatty acids (FAs) are bioactive compounds involved in numerous homeostatic processes 

including metabolism and regulating the immune response (1,2), but they have also been 

shown to influence disease pathogenesis. Indeed, cohort and intervention studies have shown 

that plasma levels of certain fatty acid classes are differentially related to risk of 

cardiovascular (CV) outcomes and, more broadly, all-cause mortality (3–12). While many of 

these studies have focused on saturated and polyunsaturated FAs, few have examined plasma 

omega-9 monounsaturated FAs and whether they may affect risk of adverse events. Oleic 

acid represents approximately 80% of plasma phospholipid monounsaturated FAs and 

served as the primary exposure variable in the present analysis.

In terms of dietary intake, oleic acid consumption has been shown to reduce blood pressure 

and lower risk of cardiovascular disease (CVD) development (13–15)—though some 

controversy remains (16,17). While it may be expected that plasma oleic acid may likewise 

promote CV health benefits, it has been shown that plasma and dietary oleic acid levels are 

only weakly correlated (18). Moreover, the few studies that have examined plasma oleic acid 

showed greater risk of CV events (11, 12) or null findings (8–10). It is therefore likely that 

other factors regulate plasma oleic acid concentrations—among these, its de novo synthesis 

from stearic acid by stearoyl-coenzyme CoA desaturase-1 (SCD-1) (19). Ultimately, given 

that dietary and circulating oleic acid levels are not well-correlated, and that limited 

evidence has implicated plasma oleic acid as a CV risk factor, a larger cohort study with an 

extended follow-up period may more comprehensively assess its potential influence on 

subclinical disease and adverse outcomes than previous studies to date.

Overall, this study aimed to determine whether plasma oleic acid levels are related to 

subclinical carotid artery atherosclerosis, coronary artery calcium (CAC), and aortic valve 
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calcification (AVC) as well as clinical CV-related events and all-cause mortality in the 

MultiEthnic Study of Atherosclerosis (MESA) cohort.

MATERIALS AND METHODS

Study population

MESA study design has been previously described (20), and information regarding study 

protocol is available online (www.mesa-nhlbi.org). Briefly, men and women aged 45 to 84 

years without clinical evidence of CV disease were recruited from six communities in the 

United States (Los Angeles County, CA; New York, NY; Baltimore, MD; Chicago, IL; 

Forsyth County, NC; and St. Paul, MN). All study participants gave informed consent, and 

Institutional Review Board approval was given at all MESA sites. Exam 1 was conducted in 

2000 through 2002. Demographic and lifestyle information were obtained through 

questionnaires. Trained staff evaluated height and weight according to standard procedures, 

and body mass index (BMI) was calculated as weight (kg)/ height (m2).

Laboratory measurements

Blood was collected and lipids were measured using standard protocols as described 

previously (21). Phospholipid fatty acids were measured at baseline in EDTA plasma as 

done by Cao et al (22). Briefly, fatty acids were extracted from the plasma using a 

chloroform/methanol method. Cholesterol esters, triglycerides, phospholipids, and free fatty 

acids were separated by thin layer chromatography. Phospholipid fatty acids were 

derivatized to methyl esters and measured through gas chromatography-flame ionization 

detection. Measured values are presented as a percent of the total phospholipid fraction. The 

coefficient of variation for oleic acid measurement was 7.7%.

Dietary Intake

Dietary and nutrient intakes were evaluated in MESA at baseline as done by de Oliveira Otto 

et al. (23). Briefly, the average consumption frequency of specific food items were reported 

for the previous year by using a Block 120-item food-frequency questionnaire (24), modified 

to include Chinese food and beverage items (25). Dietary nutrient intakes were estimated by 

multiplying the frequency and serving size for each food item by the nutrient content 

(Nutrition Data Systems for Research; University of Minnesota). Additional information on 

low-fat food consumption cooking fat/oil was taken into account when calculating intakes. 

All nutrient values were adjusted for energy intakes by using the residuals method (26).

CV-related events and all-cause mortality

Every 9–12 months, telephone interviewers were conducted inquire about interim hospital 

admissions, cardiovascular outpatient diagnoses, and deaths. The MESA mortality and 

morbidity review committee adjudicated HF and CVD events (20); if the participant died, 

the next of kin gave information on the date and cause of death, and MESA staff reviewed 

the National Death Index to verify participant deaths. Inpatient and outpatient medical 

records were reviewed in approximately 98% and 95%, respectively. Incident CVD was 

defined as myocardial infarction, resuscitated cardiac arrest, fatal coronary heart disease, 

stroke, or fatal stroke. HF included both probable and definite categories, which required HF 
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symptoms including shortness of breath or edema. Probable HF required diagnosis of HF by 

a physician and HF treatment. Definite HF required one or more additional objective criteria, 

including pulmonary edema/congestion by chest x-ray, dilated ventricle, evidence of left 

ventricular diastolic dysfunction, or poor left ventricular function by either 

echocardiography or ventriculography.

Subclinical atherosclerosis and aortic valve disease

The presence of CAC and AVC were assessed by computed tomography imaging as 

described by Budoff et al. (27). The presence of carotid plaque at baseline was assessed by 

ultrasonography and has been described previously by Polak et al. (28). Further protocol 

information is available in the online supplement.

Statistical analysis

Statistical analysis was conducted using Stata (version 15.0, Stata Corp, College Station, 

TX). Baseline characteristics are presented as means (SD) for continuous variables and 

frequencies (%) for categorical variables. Missing data were excluded when calculating 

frequencies. Tukey-Kramer HSD was used to test differences between groups. Relative risk 

regression analysis estimated oleic acid-related risks of prevalent carotid plaque, CAC, and 

AVC at baseline using unadjusted, minimally adjusted, and fully adjusted models. Cox 

regression analysis estimated risks of event outcomes related to plasma oleic acid levels over 

a median 13- year follow up period. Covariate adjustments were made for age, education, 

BMI (as a continuous variable), smoking (pack-years), systolic blood pressure (as a 

continuous variable), blood pressure and lipid lowering medication use (as binary variables), 

total cholesterol, HDL-C, (log) triglycerides, alcohol use (never, former, current), diabetes 

status (normal fasting glucose, impaired fasting glucose, treated diabetes, untreated 

diabetes), combined plasma levels of eicosapentaenoic acid (EPA) and docosahexaenoic acid 

(DHA), and race/ethnicity. Whether female participants had ever taken hormone 

replacement therapy was also included (with male individuals coded as a separate category); 

given the collinearity of this variable with sex, a sex- adjustment was unnecessary in models 

adjusted for hormone replacement therapy. Individuals with missing covariate date were 

excluded from analyses. Oleic acid was examined as a continuous variable (per SD), but also 

by quartiles in order to obtain robust associations in the case of nonlinear relationships. 

Interactions with race/ethnicity were tested. Unadjusted Nelson-Aalen curves were 

generated to show differences in cumulative hazards of adverse outcomes within quartiles of 

oleic acid.

RESULTS

Among 6,568 adults in the MESA cohort with plasma oleic acid measurements, there were 

614 cases of incident CVD (8.2 per 1000 person years), 293 cases of incident HF (3.9 per 

1000 person years), and 1,107 cases of all-cause mortality (13.5 per 1000 person years). 

Demographic and clinical characteristics stratified by quartiles of plasma oleic acid are 

presented in Table 1. Individuals in upper plasma oleic acid quartiles were more likely to be 

older (p<0.001), Caucasian or Hispanic (p<0.001), a current drinker (<0.001), not taking 

blood pressure medication (p<0.001), non-diabetic (p=0.03), have a lower BMI (p<0.001), 
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and have higher levels of HDL-C and triglycerides (both p<0.001). Female participants in 

upper oleic acid quartiles were more likely to have taken hormone replacement therapy 

(p=0.04). Prevalence of carotid plaque, CAC, and AVC as well as all-cause mortality, CVD, 

and HF events were higher across successive quartiles of plasma oleic acid levels (all 

p<0.001).

Relative risk regression determined cross-sectional relations between plasma oleic acid 

levels and carotid plaque, CAC, and AVC (Table 2). A multi-model approach was used as 

follows: model 1: unadjusted; model 2: adjusted for age and sex; model 3: adjusted for age, 

education, BMI, smoking (pack years), ever taken hormone replacement therapy, systolic 

blood pressure, blood pressure medication, lipid lowering medication, total cholesterol, 

HDL-C, (log) triglycerides, alcohol use, diabetes status, plasma levels of omega-3 fatty acids 

EPA and DHA, and race/ethnicity. Participants with missing covariate data were excluded. 

Higher levels of plasma oleic acid levels were associated with higher relative risks of 

prevalent carotid plaque, CAC, and AVC in unadjusted and age-sex-race adjusted models. 

Relations were rendered nonsignificant following adjustment for all CV-related risk factors 

with one exception—per SD increments in oleic acid and risk of prevalent CAC remained 

borderline significant (p=0.03). No overall interaction with race/ethnicity was observed.

Cox regression analysis estimated oleic acid-related hazard ratios of all-cause mortality, 

CVD, and HF with adjustments for age, education, BMI, smoking (pack years), hormone 

replacement therapy, systolic blood pressure, blood pressure medication, lipid lowering 

medication, total cholesterol, HDL-C, (log) triglycerides, alcohol use, diabetes status, 

plasma EPA+DHA, and race/ethnicity (Table 3). Oleic acid was examined as a continuous 

(per SD) and categorical variable. Individuals with higher oleic acid levels (per SD or top 

quartiles) were found to have significantly greater incidence rate ratios for all-cause 

mortality, CVD, and HF over an approximate 13-year follow up period. No overall 

interaction with race/ethnicity was observed.

Unadjusted Nelson-Aalen cumulative hazard curves are shown in Figure 1 (panels A-C). 

Greater cumulative hazards for all-cause mortality (A), CVD events (B), and HF events (C) 

are shown in successive quartiles of plasma oleic acid.

A secondary analysis was conducted to determine whether SCD-1 activity [estimated by the 

plasma oleic acid to stearic acid ratio (18:1/18:0)] was associated with adverse event 

outcomes (Supplemental Table I). Individuals with higher SCD-1 activity were found to be 

at significantly greater risks of all-cause mortality, CVD, and HF. No overall interaction with 

race/ethnicity was observed.

Correlations between plasma oleic acid levels and demographic, clinical, lifestyle, and 

dietary factors are shown in Supplemental Table II. Plasma oleic acid was found to be 

directly, albeit weakly, correlated with numerous characteristics including smoking status, 

carbohydrate intake, monounsaturated fat intake, and oleic acid intake (all ρ<0.10; p<0.001). 

Likewise, plasma oleic acid was found to be inversely correlated with other factors—among 

these, BMI and fasting insulin (both ρ=−0.10; p<0.001).
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DISCUSSION

Plasma phospholipid levels of oleic acid were found to be significantly related to adverse 

health outcomes in MESA participants. While associations between plasma oleic acid and 

carotid plaque, CAC, and AVC were rendered non-significant in fully adjusted models, 

significant associations with all-cause mortality, CVD, or HF remained after adjusting for 

typical CV risk factors as well as plasma omega-3 fatty acid levels of EPA and DHA. A 

secondary analysis of estimated SCD-1 activity showed significantly greater risks of these 

adverse outcomes with higher levels of SCD-1 activity. Altogether, this is the first study to 

show that elevated levels of plasma oleic acid are related to greater risks of multiple adverse 

events, including all-cause mortality, in a multi-ethnic cohort.

Previous findings

Previous case-control and prospective studies have examined plasma fatty acid profiles that 

included oleic acid, and results varied by both study design and the plasma fatty acid 

fraction that was analyzed, i.e. phospholipid, cholesterol ester, or the sum of all fractions 

(phospholipid, cholesterol ester, triglyceride, and free fatty acids). Case-control studies that 

measured plasma phospholipid oleic acid were conducted in the Women’s Health Initiative 

Observational Study (8), the Physician’s Health Study (9), and EPIC-Norfolk (10) cohorts. 

All reported no relations between oleic acid and either coronary heart disease or HF. 

Likewise, a prospective analysis of an ARIC subcohort (n=3,592; 197 cases) found no 

association between plasma phospholipid oleic acid and incident HF (11). And yet, plasma 

cholesterol-ester oleic acid levels were associated with greater risk of HF in ARIC (11) and 

were also found to be associated with cardiovascular and all-cause mortality in the Uppsala 

Longitudinal Study of Adult Men (29). Finally, studies that measured total plasma oleic acid 

levels (consisting of all fatty acid fractions) have reported mixed findings, albeit for different 

outcomes. A nested case control study of Singapore Chinese Health Study participants (744 

cases, 744 controls) showed that higher total plasma oleic acid levels were associated with a 

14% greater risk of acute myocardial infarction (p=0.03) (12), while a prospective analysis 

of 1,246 Three-City Study participants showed that total plasma oleic acid was related to a 

73% lower risk of incident stroke over a median 5-year period (30).

While the above study findings are inconsistent, discrepancies may have resulted from 

differences in study designs, sample sizes, and study populations. For example, remarkable 

variations in mean plasma oleic acid levels were observed among cohorts. Mean oleic acid 

levels in the MESA sample were 7.75% of total plasma phospholipids, but approximately 

9.9% in the EPIC-Norfolk study (15). In addition, oleic acid levels were more widely 

distributed in the current MESA sample than in the Physician’s Health (9), which may have 

constrained the analysis of oleic acid-related risk in the latter study. Analytical methods may 

have also contributed to differential results. In both the Singapore Chinese Health Study and 

Three-City cohorts, investigators examined concentrations of total plasma oleic acid, while 

most fatty acid studies typically measure the phospholipid or cholesterol ester fatty acid 

fraction. Additionally, the Three-City study was likely underpowered with only 27 incident 

stroke events in the plasma oleic acid analysis. By contrast, the present analysis includes 

hundreds of observations for cardiovascular events and over one thousand all-cause 

Steffen et al. Page 6

J Clin Lipidol. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



mortality outcomes. Taken together, null findings have predominated, but some previous 

evidence has suggested that elevated plasma levels of oleic acid are related to CV-related 

events—in stark contrast to dietary studies.

De novo lipogenesis by stearoyl-coenzyme CoA desaturase-1

It is important to recognize that dietary intake of oleic acid does not appear to strongly 

influence plasma levels. In a study of ARIC participants (18) and in the current MESA 

sample (Supplemental Table II), plasma oleic acid was only weakly correlated to dietary 

oleic acid consumption (both r=0.05), and including estimated dietary oleic acid intake in 

the present analyses only marginally reduced magnitudes of associations (data not shown). 

This suggests that plasma oleic acid levels (and, by extension, risk of adverse outcomes) are 

primarily driven by its de novo lipogenesis from fatty acid precursors. In the case of oleic 

acid (18:1), it is synthesized from saturated stearic acid (18:0) through activity of SCD-1 

(19), a well- characterized enzyme involved in lipid handling, metabolism and metabolic 

dysfunction.

In addition to synthesizing oleic acid, SCD-1 has been shown to be essential in triglyceride 

synthesis (31) and has been implicated in development of insulin resistance (32–35), ectopic 

fat deposition (36, 37), and adiposity (37, 38). While it may be appealing to attribute the 

present findings for plasma oleic acid to SCD-1’s influence on metabolic dysfunction 

followed by CVD or HF development, we found little evidence that plasma oleic acid levels 

were related to metabolic dysfunction—indeed, plasma oleic acid levels were inversely 
related to prevalent diabetes and BMI (Table 1) as well as fasting levels of insulin and 

glucose at baseline (Supplemental Table II). As an alternative hypothesis, it has been shown 

in an experimental rodent model that SCD-1 mediates lipid accumulation in the myocardium 

resulting in myocardial dysfunction (39), but whether this phenomenon may occur in 

otherwise healthy human subjects is unknown.

Estimated SCD-1 activity

Numerous cohort studies have examined SCD-1 using plasma fatty acid substrate to product 

ratios, i.e. oleic acid to stearic acid (18:1/18:0) or palmitoleic acid to palmitic acid 

(16:1/16:0), as proxies of SCD-1 enzymatic activity (40, 41). Using this approach, we 

examined SCD-1 (18:1/18:0) in a secondary analysis and found it to be significantly 

associated with incident CVD, HF, and all-cause mortality (Supplemental Table I); 

magnitudes of associations were incrementally weaker than those observed for plasma oleic 

acid alone. However, these results should be interpreted with caution since the substrate-

product ratios of SCD-1 activity have only been partially validated (42). This was achieved 

by isolating the very low density lipoprotein component followed by measurement of fatty 

acid substrates and products. Even with this more labor-intensive approach, investigators 

only showed that these SCD-1 ratios were correlated with SCD1 mRNA expression (r=0.72; 

p=0.004). Neither SCD-1 protein nor enzymatic activity was measured. Few subsequent 

studies have followed this protocol, and it remains possible that SCD-1 ratios derived from 

plasma phospholipid fatty acids are not reliable proxies of SCD-1 enzymatic activity in 

human subjects. Results related to SCD-1 activity in the current study and others should 

therefore be interpreted with caution without further validation.
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Implications for future research

The current findings have a number of implications for future research. Foremost, the SCD-1 

enzyme represents a strong target for further study given its roles in oleic acid synthesis and 

potential for mediating pathogenic lipid accumulation. Candidate gene and experimental 

studies may provide evidence as to whether SCD-1 is involved in promoting risk of adverse 

events. In addition, identifying dietary and lifestyle behaviors that reduce oleic acid levels 

may also be worthwhile. For example, we observed that carbohydrate intake was only 

weakly correlated with plasma oleic acid levels (r=0.07; p<0.001, Supplemental Table II); 

however, a recent intervention study demonstrated that step-wise increases in carbohydrate 

intake resulted in significantly greater levels of plasma phospholipid oleic acid (p=0.005) 

(43). It would be informative to further explore whether other interventions related to 

smoking cessation as well as dietary saturated fat and alcohol intake may also show an effect 

on plasma oleic acid and disease risk. Finally, it is likely that the above and other lifestyle or 

demographic factors modify the relations of plasma oleic acid and event outcomes; further 

studies of these potential interactions are therefore warranted.

Strengths and Limitations

This study represents the largest prospective analysis of plasma oleic acid and risks of 

clinical and subclinical disease endpoints. Statistical models were fully adjusted for 

conventional lipid and non-lipid CV risk factors, and the 13-year follow-up period allowed 

for the examination of temporality of associations. To control for the possibility that greater 

plasma levels of oleic acid may result in lower levels of omega-3 FAs EPA and DHA, 

adjustment for plasma EPA+DHA was included. In terms of limitations, approximately 450 

individuals with plasma fatty acid data were excluded from analyses due to missing 

covariate data. It must also be acknowledged that these results may not be generalizable to 

other populations since MESA is a U.S.-based cohort. Finally, despite adjustments for 

demographic and clinical covariates in the statistical models, we cannot exclude the 

possibility of residual confounding.

Conclusions

These results suggest that elevated levels of plasma phospholipid oleic acid may increase 

risks of adverse CV-related events and all-cause mortality independent of traditional CVD 

risk factors. Additional studies are warranted for confirmation and to further examine 

whether plasma oleic acid directly contributes to disease development or is a marker of 

SCD-1 activity or another underlying pathogenic process. Plasma levels of oleic acid were 

not associated with its dietary intake, and these findings should not be extrapolated to 

dietary oleic acid.

Supplementary Material

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

• Plasma oleic acid levels are related to CVD events and all-cause mortality

• Associations were independent of typical CVD risk factors and plasma 

omega-3 levels

• High plasma oleic acid may be pathogenic or a marker of SCD-1 activity

• These results should not be extrapolated to dietary oleic acid intake
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Figure 1 (panels A-C). 
Unadjusted Nelson-Aalen cumulative hazard curves for A) all-cause mortality; B) 

cardiovascular disease; and C) heart failure categorized by quartiles of plasma oleic acid 

levels
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Table 1.

Demographic and baseline clinical characteristics of MESA participants stratified by quartiles of plasma oleic 

acid measured at baseline.

Factor

Quartile of plasma oleic acid, median [range] (% of total)

p-value

1 2 3 4

6.4 [0.7 – 6.9] 7.3 [6.9 – 7.6] 8.0 [7.6 –8.5] 9.1 [8.5 – 17.3]

N 1644 1641 1642 1641

Age, years (SD) 60.5 (9.9) 61.9 (10.0) 62.7 (10.4) 63.2 (10.5) <0.001

Sex, n (% female) 885 (53.8) 867 (52.8) 874 (53.2) 846 (51.6) NS

Race/ethnicity, n (%)

 Black 710 (43.2) 491 (29.9) 356 (21.7) 244 (14.9) <0.001

 Chinese 314 (19.1) 212 (12.9) 147 (9.0) 120 (7.3)

 Caucasian 355 (21.6) 581 (35.4) 751 (45.7) 843 (51.4)

 Hispanic 265 (16.1) 357 (21.8) 388 (23.6) 434 (26.4)

Smoking, n (%) <0.001

 Never 906 (55.3) 849 (51.9) 810 (49.5) 729 (44.5)

 Former 563 (34.4) 600 (36.7) 606 (37.0) 626 (38.2)

 Current 168 (10.3) 186 (11.4) 222 (13.6) 282 (17.2)

Alcohol use <0.001

 Never 380 (23.3) 385 (23.6) 301 (18.5) 277 (17.0)

 Former 440 (27.0) 380 (23.3) 379 (23.3) 358 (21.9)

 Current 811 (49.7) 863 (53.0) 947 (58.2) 998 (61.1)

BMI (kg/m2), mean (SD) 28.7 (5.4) 28.8 (5.6) 28.5 (5.6) 27.3 (5.2) <0.001

SBP (mm Hg), mean (SD) 125.8 (20.6) 126.6 (21.6) 126.8 (21.6) 126.9 (22.3) NS

Blood pressure medication, n (%) 655 (39.9) 634 (38.6) 598 (36.4) 547 (33.4) <0.001

Lipid lowering medication, n (%) 267 (16.3) 233 (14.2) 278 (16.9) 275 (16.8) NS

Hormone replacement therapy, n (%)* 356 (45.8) 401 (50.7) 417 (52.3) 406 (52.0) 0.04

Diabetes, n (%) 205 (12.5) 234 (14.3) 189 (11.5) 189 (11.5) 0.03

Plasma EPA+DHA, (% total), mean (SD) 5.6 (2.4) 4.9 (2.0) 4.4 (1.8) 4.1 (1.7) <0.001

Lipid levels (mg/dL)

 Total cholesterol, mean (SD) 191.9 (34.6) 195.5 (34.6) 195.3 (36.6) 193.9 (36.6) 0.01

 HDL-C, mean (SD) 49.8 (13.8) 50.4 (14.8) 51.2 (15.0) 52.7 (15.6) <0.001

 Triglycerides, median (IQR) 99 (71, 141) 108 (77, 156) 1 17 (80, 168) 1 23 (84, 176) <0.001

Intermediate CV endpoints, n (%)†

 Carotid plaque 588 (36.3) 667 (41.2) 686 (42.5) 736 (45.4) <0.001

 Aortic valve calcification 186 (11.3) 182 (11.1) 248 (15.1) 260 (15.8) <0.001

 Coronary artery calcium 739 (45.0) 785 (47.8) 872 (53.1) 878 (53.3) <0.001

Event outcomes, n (%)

 All-cause mortality 204 (12.4) 242 (14.7) 304 (18.5) 357 (21.8) <0.001

 Cardiovascular disease 165 (10.0) 207 (12.6) 238 (14.5) 240 (14.6) <0.001

 Heart Failure 47 (2.9) 69 (4.2) 78 (4.8) 99 (6.0) <0.001
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Definitions: BMI=body mass index; SBP=systolic blood pressure; diabetes=treated and untreated cases; HDL-C=high density lipoprotein-
cholesterol; CV=cardiovascular; EPA=eicosapentaenoic acid; DHA=docosahexaenoic acid

*
Ever taken hormone replacement: males were excluded

†
absent or present at baseline
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Table 2.

Plasma oleic acid-related risk of intermediate cardiovascular endpoints in MESA participants. Regression 

analysis estimated relative risk ratios (95% confidence intervals) of prevalent carotid plaque, coronary artery 

calcium, and aortic valve calcification at baseline using a multi-model approach.

Outcome
Oleic acid quartileG

per SD
1 2 3 4

Carotid plaque

Model 1 ref 1.14 (1.04 – 1.24)
 0.004

1.17 (1.07 – 1.28)
 <0.001

1.25 (1.15 – 1.36)
 <0.001

1.07 (1.04 – 1.10)
 <0.001

 Model 2 ref 1.07 (0.99 – 1.16) 1.08 (1.00 – 1.17)  1.12 (1.04 – 1.21)
 0.004

 1.03 (1.00 – 1.06)
 0.03

 Model 3 ref 1.04 (0.96 – 1.12) 1.03 (0.95 – 1.11) 1.04 (0.96 – 1.13) 1.01 (0.98 – 1.04)

Coronary artery
calcium

 Model 1 ref 1.06 (0.99 – 1.15) 1.18 (1.10 – 1.27)
 <0.001

1.19 (1.11 – 1.28)
 <0.001

1.07 (1.05 – 1.10)
 <0.001

 Model 2 ref 1.01 (0.95– 1.08) 1.07 (1.01 – 1.13)
 0.03

1.06 (1.00 – 1.12) 1.03 (1.01 – 1.05)
 0.002

 Model 3 ref 0.98 (0.93 – 1.04) 1.02 (0.96 – 1.08) 1.02 (0.96 – 1.08) 1.02 (1.00 – 1.04)
 0.03

Aortic valve
calcification

 Model 1 ref 0.98 (0.81 – 1.19) 1.33 (1.12 – 1.59)
 0.001

1.40 (1.17 – 1.67)
 <0.001

1.15 (1.09 – 1.21)
 <0.001

 Model 2 ref 0.89 (0.74 – 1.08) 1.03 (0.86 – 1.24) 1.11 (0.93 – 1.32) 1.07 (1.00 – 1.14)
 0.04

 Model 3 ref 0.83 (0.68 – 1.01) 0.99 (0.82 – 1.18) 1.01 (0.83 – 1.23) 1.07 (0.98 – 1.16)

Model 1: unadjusted

Model 2: adjusted for age and sex

Model 3: adjusted for age, education, body mass index, smoking (pack-years), hormone replacement therapy, systolic blood pressure, blood 
pressure medication, lipid lowering medication, total cholesterol, high density lipoprotein cholesterol, (log) triglycerides, alcohol use, diabetes 
status, plasma EPA+DHA levels, and race/ethnicity

Carotid plaque: model 1 (N=6,479); model 2 (N=6,479); model 3 (N=6,035)

Coronary artery calcium: model 1 (N=6,568); model 2 (N=6,568); model 3 (N=6,116)

Aortic valve calcification: model 1 (N=6,571); model 2 (N=6,567); model 3 (N=6,115)
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Table 3.

Plasma oleic acid-related risk of cardiovascular-related outcomes and all-cause mortality in MESA 

participants. Cox regression estimated hazard ratio (95% confidence interval) with adjustments for age, 

education, BMI, smoking (pack years), hormone replacement therapy, systolic blood pressure, blood pressure 

medication, lipid lowering medication, total cholesterol, HDL-C, (log) triglycerides, alcohol use, diabetes 

status, plasma EPA+DHA, and race/ethnicity.

Event outcome
Oleic acid quartile

per SD
1 2 3 4

All-cause mortality ref 1.07 (0.88 – 1.30) 1.27 (1.05 – 1.57)
 0.01

1.49 (1.23 – 1.81)
 <0.001

1.19 (1.11 – 1.27)
 <0.001

Incident CVD ref 1.22 (0.94 – 1.57) 1.38 (1.08 – 1.78)
 0.01

1.36 (1.05 – 1.77)
 0.02

1.09 (1.00 – 1.19)
 0.04

Incident HF ref 1.23 (0.84 – 1.80) 1.42 (0.97 – 2.08) 1.85 (1.26 – 2.71)
 0.002

1.16 (1.03 – 1.32)
 0.02

Definitions: BMI=body mass index; HDL-C=high density lipoprotein cholesterol; CVD=cardiovascular disease defined as myocardial infarction, 
fatal coronary heart disease, resuscitated cardiac arrest, stroke, or stroke death; HF=heart failure; EPA=eicosapentaenoic acid; 
DHA=docosahexaenoic acid

All-cause mortality (N=6,116; 1073 incident cases)

Incident CVD (N=6,096; 591 incident cases)

Incident HF (N=6,096; 283 incident cases)
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