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Clinical Perspective 

What is New? 

• Both inclusion and exclusion of extra virgin olive oil (EVOO) within a whole food, 

plant-based (WFPB) vegan diet supports cardiovascular disease risk reduction 

compared to a standard omnivorous pattern. 

• Reduced intake of EVOO in favor of whole food fats yields increased lipid 

lowering than relatively greater EVOO consumption.  

• Addition of EVOO after consuming low amounts within a WFPB diet may impede 

risk reduction. 

What are the Clinical Implications? 

• Consideration of optimal sources and quantity of dietary fats, including EVOO, 

within a risk-lowering vegan dietary pattern may support medical nutrition therapy 

advice among those at risk for cardiometabolic diseases.  
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ABSTRACT 

BACKGROUND: Whole-food, plant-based (WFPB) vegan diets, low in oils, and 

Mediterranean diets, rich in extra virgin olive oil (EVOO) both reduce cardiovascular 

disease (CVD) risk factors. The optimal quantity of dietary fat, particularly EVOO, within 

a plant-based diet, is unclear.  

METHODS: Effects of high (4 tablespoons/day) vs low (<1 teaspoon/day) EVOO intake 

within a WFPB diet on cardiometabolic markers were compared in adults with >5% 

atherosclerotic CVD risk. In a randomized crossover trial with weekly cooking classes, 

participants followed a high to low (H2L) or low to high (L2H) EVOO WFPB diet for 4 

weeks each, separated by a 1-week washout. The primary outcome was difference in 

low-density lipoprotein cholesterol (LDL-C) from baseline. Secondary measures were 

changes in additional lipid/lipoprotein, glycemic, and inflammatory markers. Linear mixed 

models assessed changes from baseline between each phase, with age, sex, and body 

weight change as covariates.  

RESULTS: In 40 participants (75% female; mean[SD] body mass index, 32[7] kg/m2; age, 

64[9] years), fat intake comprised 48% and 32% of total energy in the high and low EVOO 

phases, respectively. Both diets resulted in comparable reductions in LDL-C, total 

cholesterol, apolipoprotein B, HDL-C, glucose, and high-sensitivity C-reactive protein (all 

P<0.05). With diet-sequence interactions for LDL-C (P=0.003), differences were detected 

between diets in the context of diet order (mean[SEM] high-to-low: Δ-12.7[5.9] mg/dl, 

P=0.04 vs low-to-high: Δ+15.8[6.8] mg/dl, P=0.02). Similarly, the L2H order led to 

increased glucose, total cholesterol, and HDL-C (all P<0.05). Over the first period, LDL-

C reductions were -25.5(5.1) mg/dl after low vs -16.7(4.2) mg/dl after high EVOO, 
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P=0.162, which were diminished over the second period (-4.0[4.3]  vs -9.7[5.1] mg/dl, 

P=0.382). 

CONCLUSIONS: Both plant-based diet patterns improved cardiometabolic risk profiles 

compared to baseline diets, with more pronounced decreases in LDL-C after the low 

EVOO diet. Addition of EVOO after following a low intake pattern may impede further lipid 

reductions.  

REGISTRATION: ClinicalTrials.gov Identifier: NCT04828447 

 

  

https://clinicaltrials.gov/study/NCT04828447
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INTRODUCTION 

Poor diet quality is a leading risk factor for cardiometabolic deaths worldwide.1,2 

Plant-based diets (PBDs), including Mediterranean Diets (MedDiets) and 

vegetarian/vegan diets, are recommended for cardiovascular disease (CVD) risk 

reduction. However, there is continuing debate on the optimal composition and quality of 

PBDs that confer the greatest cardioprotective benefits.3–8 Specifically, the amount of 

dietary fat in the form of vegetable oils versus whole food sources from which oils are 

derived (such as olives, nuts, seeds, and avocados) remains controversial.  

Vegan diets are comprised of exclusively plant foods without animal products; 

however, the food composition and quality may vary widely. Low-fat, whole-food plant-

based diets (WFPBD) emphasize foods in their whole, unrefined form and minimize 

heavily processed foods, refined grains, added sugars, and oils while excluding animal 

foods. In these patterns, dietary fat is often advised as <10-15% of energy intake.9 

MedDiets also emphasize a foundation of plant-based foods but additionally recommend 

unrestricted extra virgin olive oil (EVOO) – frequently advised as at least 4 tablespoons 

(~52 grams) daily – as a central source of dietary fat, with moderate consumption of 

seafood, poultry, and dairy products and low intake of red meat and animal-derived fats. 

Dietary fat composition in these patterns can be up to 35-40% of energy intake.10–12  

Importantly, both low-fat vegan diets and MedDiets have shown improvements in 

cardiometabolic risk factors7,13–16 and lipid-lowering effects. However, in the large Primary 

Prevention of Cardiovascular Disease with a Mediterranean Diet Supplemented with Extra-

Virgin Olive Oil or Nuts (PREDIMED) study, no overall effects were reported on low-

density lipoprotein cholesterol (LDL-C) or total cholesterol for those supplemented with 
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EVOO compared to the control diet.17  Further, in a post-hoc analysis of PREDIMED18, 

higher conformity to a pro-vegetarian food pattern was associated with a 41% lower 

mortality. Studies have been conflicting on the benefits of individual components of 

MedDiets19–21, and it is unclear whether EVOO confers LDL-C lowering when consuming 

a WFPBD at varying CVD risk. 

The aim of the Recipe for Heart Health (RFHH) trial was to compare the effects of 

consuming a high versus low amount of EVOO within a WFPB vegan diet pattern on LDL-

C and other cardiometabolic markers. We hypothesized that the WFPBD would lower 

LDL-C and that there would be a greater change from baseline in LDL-C while consuming 

the low EVOO WFPBD. 

METHODS 

The RFHH study was conducted in accordance with ethical standards from the 

Helsinki Declaration, and it was approved by the University of Florida Institutional Review 

Board (IRB202002194). All study participants provided written informed consent prior to 

any study procedures. 

Study Design  

RFHH was a prospective, open-label, controlled crossover trial (NCT04828447) in 

adults assigned to follow one of two diet sequences in random order: 4 weeks of a 

WFPBD high (4 tablespoons (TB) per day) or low (<1 teaspoon (tsp) per day) in uncooked 

EVOO, followed by 1-week washout before switching to the alternate diet for an additional 

4 weeks (eFigure 1a in Supplement 1). Randomization of diet order (High → Low EVOO 

[H2L] or Low → High EVOO [L2H]) was performed by an independent statistician by 
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computer generated sequencing. Participants were masked to randomization order until 

after baseline measures were completed. Six cohorts participated over an 11-month 

period (May 2021-April 2022). Each cohort attended weekly virtual group culinary 

medicine cooking classes led by a dietitian/chef during both diet intervention periods. 

Metabolic, clinical, behavioral, and dietary data were collected before and after each 

intervention period for a total of four clinical evaluations after study enrollment.  
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Participants 

Adults 18-79 years at borderline to high risk for atherosclerotic cardiovascular 

disease (ASCVD) according to the ACC/AHA ASCVD Risk Calculator (10-year risk score 

[>40 years] or lifestyle ASCVD risk [if younger than 40 years] of >5%) were recruited. 

Participants were excluded if they were secondary prevention patients (defined as history 

of coronary artery disease with >50% stenosis, myocardial infarction, or coronary artery 

calcium score >400 AU), currently or planning to become pregnant, reported they were 

already following a Mediterranean or vegan food profile that excluded meat, poultry, or 

fish, or had known warfarin use, end-stage heart failure, active malignancy, end-stage 

renal disease, HIV, or LDL-C levels >190 mg/dL.  

Dietary Intervention 

In addition to weekly gift cards to support grocery purchases, all EVOO was 

provided, and participants were instructed to consume it only in its raw state with 

prescribed amounts of 4 TB daily (high EVOO) or as close as possible to no added EVOO 

(<1 tsp during the low EVOO period). The WFPBD was characterized by abstinence from 

consumption of animal products, including meat, poultry, fish, seafood, dairy, and eggs, 

along with heavily processed or refined food items containing refined grains, added 

sugars, or oils. Foods within categories of whole fruits, vegetables, legumes, whole 

grains, and nuts/seeds were emphasized. Vitamin B12 was supplemented (100 mcg/d) 

as a nutrient not adequately consumed within vegan diets. While nutritionally balanced 

meals were encouraged, neither specific portion sizes nor controlled caloric or 

macronutrient composition was implemented. Participants were advised to eat according 

to individual hunger and fullness cues. 
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All participants met with the research dietitian/chef in a one-hour virtual session to 

describe the study diet as well as discuss individualized meal planning and cooking 

classes before the first diet intervention. Diet fidelity was promoted through ready access 

to research dietitians and using a comprehensive teaching kitchen/culinary medicine 

intervention program. Description of the study cookbook and protocol is reported in the 

Supplemental materials.  

Outcomes 

The primary outcome was change in LDL-C levels from baseline and between diet 

periods. Exploratory outcomes were change from baseline post intervention periods in 

other cardiometabolic biomarkers (blood lipids, glycemic measures, and inflammatory 

markers), blood pressure, and anthropometrics. 

Diet Intake 

Diet intake was assessed using the Automated Self-Administered 24-hour (ASA-

24) (National Cancer Institute, Bethesda, MD, USA) Dietary Assessment Tool.22 

Participants completed 4-7 recalls over a 1–2-week period prior to the study and during 

each intervention period. Compliance and diet intake were affirmed through verbal weekly 

check-ins during group cooking classes. Quantitative assessments of dietary intake were 

collected before and after each diet via trimethylamine-N-oxide (TMAO, reflecting foods 

from animal sources), and skin carotenoid status23 (fruit and vegetable intake), reported 

elsewhere. Participants were asked not to alter exercise habits during the study or make 

any changes to medications other than as directed by their physicians.  

Metabolic and anthropometric measurements 
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After a 10-12 hour overnight fast, blood and urine were collected at baseline and 

at the end of each diet period. Fasting lipid profile, lipoprotein (a), apolipoprotein B, 

glucose, fructosamine, interleukin-6 (IL-6), and high sensitivity C-reactive protein 

(hsCRP) were analyzed by standard methodologies at the UF Heart Health and Vascular 

Hospital (Gainesville, Florida). LDL-C was calculated using the Friedwald equation at the 

University of Florida’s core lab. TMAO was measured by liquid chromatography with 

tandem mass spectrometry (LC-MS/MS) through Cleveland HeartLab (Cleveland, OH).24 

All clinic evaluations included measurements of body weight, blood pressure, and 

heart rate. Waist and hip circumference were measured according to World Health 

Organization protocols as the midpoint between the lower rib margin and top of the iliac 

crest (waist) and the maximum circumference (hip).25 

Statistical analysis 

Power calculations and statistical analyses were performed using SAS 9.4 (Cary, 

NC) and IBM SPSS Statistics 29.0. Study power calculations were informed by previous 

crossover trials.26–29 To detect a mean difference of LDL-C of 0.30 mmol/L (12 mg/dL) 

with a SD±20 mg/dL, and the assumption that within-subject LDL-C level correlations 

were 0.3, a total of 40 patients would yield a power of 0.8 and a type 1 error probability of 

0.05. 

Linear mixed models were used to assess changes from baseline between each 

phase, including age, sex, and body weight change as covariates. This model allowed for 

testing differences in diets, order, and their interaction for LDL-C. Individuals were treated 

as random, while intervention, period, and sequence were treated as fixed effects. 
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Separate mixed-effects models were used for secondary cardiometabolic outcomes 

including remaining fasting lipids, TMAO, glycemic measures, inflammatory biomarkers, 

and blood pressure.  

RESULTS 

Screening and enrollment began in April 2021, and the last participant visit was 

completed in May 2022. Of 395 participants assessed for eligibility, 60 attended baseline 

visits and were randomized to follow one of the two diet sequence interventions for which 

40 individuals completed (eFigure 1b in Supplement 1).    

Demographics 

Thirty female and ten male adults, mean (SD) age 64.4 (8.6) years, 73% non-

Hispanic white, BMI 32 (7) kg/m2, completed the study. Two participants were <40 years 

old and thus qualified based on lifetime risk. No significant differences were observed in 

baseline anthropometric or metabolic characteristics of participants (Table 1 and eTable 

1 in Supplement 1). Most participants had obtained at least a college degree (65%) and 

were primarily responsible for cooking meals (80%).            

Circulating Metabolites and Clinical Data 

For the primary outcome of change in LDL-C, both diets resulted in decreased 

levels compared to baseline with no significant differences by group when considering 

both diet periods (Figure 1a, P=0.722). eFigure 8 visualizes mean LDL-C levels by 

timepoint. With diet-sequence interactions (P=0.003), sensitivity analyses revealed that 

clinically larger LDL-C reductions were observed after the low EVOO diet (mean [SEM] -

25.5 [5.1] mg/dl) vs the high EVOO diet (-16.7 [4.2] mg/dl), p=0.162 (eTable 2 in 
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Supplement 1), which were diminished over the second 4 weeks. Similarly, the low EVOO 

diet yielded greater decreases in total cholesterol (-33.8 [5.6] vs -19.0 [4.6] mg/dl, 

p=0.035), HDL-C (10.5 [2.0] vs -5.0 [1.6] mg/dl, p=0.025), apolipoprotein B (-14.8 [3.8] vs 

-5.5 [3.2] mg/dl, p=0.053), and glucose (-17.8 [4.2] vs -8.8 [3.4] mg/dl, p=0.082) over 

period 1 (eFigure 2 in Supplement 1). Differences in LDL-C between diets were detected 

in the context of which diet was followed first (diet order H2L: Δ-12.7 [5.9] mg/dl, P=0.04 

vs L2H: Δ+15.8 [6.8] mg/dl, P=0.02), Figure 1b. The L2H order also led to increased 

glucose (Δ+15.3 [5.1] mg/dl, P=0.004), total cholesterol (Δ+29.4 [7.4] mg/dl, P=0.0002), 

and HDL-C (Δ+9.8 [2.3] mg/dl, P<0.0001), Figure 2. In addition to LDL-C, both diets 

combined resulted in significant reductions in total cholesterol, apolipoprotein B, HDL-C, 

glucose, and hs-CRP compared to baseline (eTable 3 in Supplement 1). Table 2 

summarizes the overall comparison of the high and low EVOO diets as well as changes 

in fasting blood measurements by diet sequence order (H2L and L2H). 

Anthropometrics 

Body weight decreased after both the high and low EVOO diets from 89.0 [3.5] kg 

to 83.8 [2.8] and 83.1 [2.7], (P<0.001), respectively, as shown in eTable 4 and by 

timepoint in eFigure 9 in Supplement 1. The low EVOO period resulted in greater weight 

loss compared to the high EVOO diet (mean difference 0.7 [0.3] kg, p=0.011).    

Dietary Intake 

Fat intake comprised 48% and 32% of total energy in the high and low EVOO 

phases, respectively. eFigures 3-7 in Supplement 1 presents selected nutrient intakes 
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during each time point for total energy, fat, fiber, sodium, and added sugars. Additional 

results are available in eTable 6 in Supplement 1.  

DISCUSSION 

This study was designed to compare effects of consuming a high versus low 

amount of EVOO within a vegan WFPBD on cardiometabolic risk factors in adults at 

borderline to high ASCVD risk. Both high and low EVOO WFPBDs led to reduced LDL-C 

compared to baseline levels, with no differences by group, though diet-sequence 

interactions were detected. Reductions in LDL-C were observed despite total fat intake 

comprising 48% and 32% of total energy during the high and low EVOO phases, 

respectively. While general dietary guidelines recommend approximately 20-35% of total 

energy from fat, MedDiet patterns tend to be comprised of 35-40% of dietary fat.30,31 Our 

study results corroborate the positive health impact of minimizing most saturated fatty 

acids, several of which have been shown to downregulate hepatic LDL receptor activity, 

leading to decreased clearance and increased levels of circulating LDL particles.32 

Conversely, the effects of mono- and poly-unsaturated fatty acids are mediated by 

enhancing LDL receptor activity and thus increasing clearance from circulation.32 While 

EVOO comprised most of dietary fat during the high EVOO phase, sources during the 

low EVOO were primarily in the form of unrefined whole plant-based fats (e.g. avocados, 

nuts, seeds, olives), which retain inherent dietary fiber and intact phytochemicals. Slightly 

greater intake of saturated fat during the high EVOO period may have contributed towards 

LDL differences between diet periods. Well-known cholesterol-lowering effects of dietary 

fiber and potential benefits of phytochemicals in unprocessed forms on cardiometabolic 

markers may also have supported superior LDL-C decreases during the low EVOO 
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period. Related to additional nutrient considerations, 42% (high EVOO) and 56% (low 

EVOO) of energy was derived from carbohydrates, and there were no energy differences 

between baseline and the high EVOO period. In our study, reduction of low-quality refined 

carbohydrate sources with concomitant increases in dietary fiber may have yielded 

benefits. In both groups, intake of dietary fiber increased by ~8-9 g/d compared to 

baseline estimates. Every gram of soluble fiber could result in up to 1 mg/dL reduction in 

LDL-C concentrations33, and every 1 mmol/L (38.67 mg/dl) reduction in LDL cholesterol 

is associated with reducing risk of major vascular events by at least 25%, exerting effects 

by upregulation of LDL receptor expression.34 

While greater lipid lowering effects occurred with low EVOO intake, results 

indicated benefits with both diets from baseline intake. Existing support for EVOO intake 

is based largely on observational analyses in MedDiets that consider its use to replace 

primarily animal-derived dietary fats that may increase risks for dyslipidemia, including 

dairy, butter, mayonnaise, lard, and animal meats.35–37 Lower risk of CVD mortality with 

EVOO consumption are not observed when replacing other vegetable oils38, suggesting 

most benefit when substituting EVOO for other aforementioned animal-based dietary fats, 

with mixed effects on LDL-C.39 Additional investigation of whole olive consumption in 

analysis of the PREDIMED study further found a 25% decrease in risk of major 

cardiovascular events in the highest tertile of baseline consumption, perhaps highlighting 

benefits of other healthful fat sources within a diet pattern as opposed to solely EVOO 

intake. The Recipe for Heart Health study may help clarify dose response effects of EVOO 

on LDL-C within a WFPBD.    



14 
 

Due to carryover effects, we also determined treatment effects by diet order and 

period, which may be viewed as potentially more valid. Evaluating differences between 

groups in the context of diet order (H2L vs L2H) lends notable insight around optimal 

quantity of EVOO within a WFPBD. Our analysis indicated LDL-C lowering was more 

robust with low EVOO, while addition of EVOO after consuming a diet with lower intake 

hindered benefit. Nearly all metabolic biomarkers demonstrated similar responses to diet 

order when comparing the mean difference of change from baseline between groups: 

addition of EVOO after following a WFPBD with low intake (L2H) led to increases in lipids, 

glycemic measures, and hs-CRP. In contrast, removal of EVOO after following a diet with 

high intake (H2L) led to decreases in these measures, suggesting that low EVOO intake 

may be more optimal for lowering CVD risk than high EVOO intake within this pattern. 

Analysis by diet order for secondary metabolic outcomes indicated a similar pattern for 

HDL-C, Lp(a), and glucose as for LDL-C and remaining markers.  

Though not statistically significant, the greater decrease observed in LDL-C 

following the low EVOO diet compared to high intake over the first 4-week diet period may 

be clinically meaningful. Greater body weight reduction, included as a covariate, 

coincided with lower EVOO consumption. The low EVOO diet also led to superior 

improvements in cardiometabolic profile as indicated by lower total cholesterol, 

apolipoprotein B, glucose, and hs-CRP. Although both diets improved the metabolic 

phenotype, low EVOO intervention may provide superior LDL-C lowering in individuals at 

highest risk. Future studies are needed to determine if these short-term effects are 

sustainable and translate to improvements in cardiac outcomes. Sensitivity analyses that 

accounted for carryover effects suggested that low EVOO additionally resulted in greatest 
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HDL-C reductions, though the clinical translation of this finding is beyond the scope of 

this study as emerging data suggest HDL-C functionality may be of greater importance, 

with potential U-shaped associations between HDL-C and CVD risks.40–42 

Strengths and Limitations 

Notably, this rigorous diet intervention study had low attrition, high adherence, and 

comprehensive metabolic profiling with great interest in the educational programming and 

community building. In a novel randomized crossover design utilizing a culinary approach, 

we evaluated an underexplored, debated research question. 

Study limitations include diet-sequence interactions (carry-over effects) despite 

wash-out periods. A relatively short study period may also have precluded subsequent 

metabolic changes that may become apparent with high and low EVOO intake over time. 

As uncontrolled macronutrient and energy distribution lends only speculative insight on 

the influence of EVOO or dietary fat on appetite and intake of other foods, future 

investigations may aim to match total calorie and nutrient composition to delineate 

potential differential impacts of oil compared to whole food fat consumption. As our study 

sample consisted of primarily well-educated, white women, whether results would differ 

in a more diverse sample is unknown, limiting generalizability. While inclusion of body 

weight change aimed to account for differences between groups, it is possible that 

statistical analyses were unable to fully adjust for this difference between diets. This study 

was additionally conducted during the COVID-19 pandemic, which likely affected study 

recruitment and participation. 

Although diet recalls indicated high levels of adherence and acceptability, and 

were consistent with TMAO indicators of adherence, self-reported dietary assessments 
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are prone to recall bias. In this study, substantial burden using the ASA-24 site and lack 

of food options to fully capture the dietary pattern (e.g., tempeh, seitan, varieties of 

legumes, non-dairy products, nutritional yeast, nutrient dense “cookies” without added 

sugars, meatless sloppy joes) could have contributed to reporting bias.   

Conclusions 

Recipe for Heart Health affirmed that a WFPBD with high and low EVOO levels 

improved LDL cholesterol and atherogenic lipid profile in participants at risk for ASCVD. 

Dietary changes resulted in lower cardiovascular risk factors compared to baseline levels, 

with a greater difference in optimal directions following the transition to a low EVOO diet, 

suggesting that EVOO may not be the beneficial additive of a Mediterranean diet. Addition 

of EVOO after following a low EVOO pattern could impede further LDL reductions. 
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Figure Legends 

Figure 1: Change in LDL-C level from baseline after the high and low EVOO diets by 

each 4-week period (a) and by sequence of diet randomization (b). Values are 

mean+SEM. *P<0.05, **P<0.01, ***P<0.001. Linear mixed models adjusted for age, sex, 

and body weight change were used for analyses. P values indicate diet effects of the 

respective intervention in (a) and represent the difference between the high and low 

EVOO groups in the change in LDL-C from baseline in (b). Abbreviations: H2L, high to 

low EVOO diet order; L2H, low to high EVOO diet order; LDL-C, low-density lipoprotein 

cholesterol; EVOO, extra virgin olive oil; mg/dl, milligrams per deciliter. 

Figure 2. Change in secondary cardiometabolic outcomes from baseline comparing the 

high and low EVOO vegan diets by sequence of diet randomization. Values are 

mean+SEM. *P<0.05, **P<0.01, ***P<0.001. Linear mixed models adjusted for age, sex, 

and body weight change was used for analyses. P values represent the difference 

between the high and low EVOO groups in the change in LDL-C from baseline. 

Abbreviations: HDL-C, high-density lipoprotein cholesterol; apoB, apolipoprotein B; Lp(a), 

lipoprotein(a); hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin6; TMAO, 

trimethylamine N-oxide; H2L, high to low EVOO diet order; L2H, low to high EVOO diet 

order. 
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Table 1. Baseline Characteristics of Recipe for Heart Health Study Population by 
Randomization. 

Characteristic All (n=40) 
High EVOO 
(n=22) 

Low EVOO 
(n=18) 

Age, years 64.4 (8.6) 65.5 (6.3) 63.0 (10.9) 

Sex, female, n (%) 30 (75%) 14 (64%) 16 (89%) 

BMI, kg/m2 30.7 (7.0) 30.7 (7.0) 30.2 (5.1) 

Diabetes diagnosis, n (%) 12 (30%) 4 (18.2%) 8 (44.4%) 

Race/ethnicity, n (%) 

  African American or Black 9 (22.5%) 5 (22.7%) 4 (22.2%) 

  Asian or Pacific Islander 1 (2.5%) 0 (0%) 1 (5.5%) 

  Hispanic/LatinX 1 (2.5%) 1 (4.5%) 0 (0%) 

  Non-Hispanic White 29 (72.5%) 15 (68.1%) 14 (77.7%) 

  Other 2 (5.0%) 2 (9.0%) 0 (0%) 

Highest level of education achieved, n (%) 

  High school degree 1 (2.5%) 0 (0%) 1 (5.6%) 

  Some college 13 (32.5%) 7 (31.8%) 6 (33.3%) 

  College degree 11 (27.5%) 6 (27.3%) 5 (27.8%) 

  Some post-graduate degree 2 (5.0%) 1 (4.5%) 1 (5.6%) 

  Post-graduate degree 13 (32.5%) 8 (36.4%) 5 (27.8%) 

Income, n (%) 

   <$10,000 0 (0%) 0 (0%) 0 (0%) 

  $10,000-25,000 3 (7.5%) 0 (0%) 3 (16.7%) 

  $25,000-50,000 6 (15%) 5 (22.7%) 1 (5.6%) 

  $50,000-75,000 5 (12.5%) 2 (9.1%) 3 (16.7%) 

  $75,000-100,000 7 (17.5%) 3 (13.6%) 4 (22.2%) 

  $100,000-150,000 6 (15%) 5 (22.7%) 1 (5.6%) 

  $>150,000 10 (25%) 7 (31.8%) 3 (16.7%) 

  Prefer not to answer 3 (7.5%) 0 (0%) 3 (16.7%) 

Medication, n (%)    

  Lipid-lowering drug 21 (52.5%) 13 (59.1%) 8 (44.4%) 

  Antihypertensive 24 (60.0%) 12 (54.5%) 12 (66.7%) 

  Aspirin/other antithrombotic drug 13 (32.5%) 8 (36.4%) 5 (27.8%) 

  Antiarrhythmic drug 1 (2.5%) 1 (4.5%) 0 (0%) 

  Insulin 1 (2.5%) 0 (0%) 1 (5.6%) 

  Oral hypoglycemic drug 9 (22.5%) 2 (9.1%) 7 (38.9%) 

Smoking status, n (%)       

  Currently smoke 0 (0%) 0 (0%) 0 (0%) 

  Previously used tobacco 12 (30%) 7 (31.8%) 5 (27.8%) 

Data are presented as mean (SD) or n(%).  
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Table 2. Changes in Metabolic Outcomes Comparing the High and Low EVOO Vegan Diets by Sequence of Diet 
Randomization. 

  ΔH2L order P-value ΔL2H order P-value 
Δ High vs 

Low EVOO 
overall 

P-value High 
vs Low 

EVOO overall 

Total cholesterol, mg/dl -14.0 (6.5) 0.034 +29.4 (7.4) 0.0002 +7.7 (4.8) 0.115 

LDL cholesterol, mg/dl -12.7 (5.9) 0.036 +15.8 (6.8) 0.022 +1.6 (4.4) 0.722 

HDL cholesterol, mg/dl -1.4 (1.9) 0.488 +9.8 (2.3) <0.0001 +4.2 (1.4) 0.006 

Triglycerides, mg/dl -0.3 (11.4) 0.982 +20.4 (13.0) 0.121 +10.1 (8.4) 0.236 

Apolipoprotein B, mg/dl -4.1 (4.8) 0.396 +7.4 (5.1) 0.150 +1.7 (3.4) 0.622 

Lipoprotein(a), mg/dl -17.1 (5.5) 0.005 +4.1 (6.6) 0.541 -6.5 (4.2) 0.137 

Fructosamine, umol/l -3.5 (5.6) 0.529 +0.8 (6.4) 0.904 -1.4 (4.1) 0.739 

Glucose, mg/dl -1.9 (4.4) 0.664 +15.3 (5.1) 0.004 +6.7 (3.2) 0.045 

Interleukin-6, ng/ml +0.2 (0.6) 0.768 -1.2 (0.7) 0.098 -0.5 (0.5) 0.272 

hs-CRP, mg/l -0.8 (0.7) 0.261 +1.5 (0.9) 0.078 +0.3 (0.6) 0.534 

TMAO, uM -3.6 (1.6) 0.045 +0.1 (2.0) 0.961 -1.7 (1.2) 0.178 

Data represent mean (SEM), showing difference between diets for the change from baseline comparing the high EVOO diet and 
low EVOO diet within the H2L and L2H diet order. Values are obtained from linear mixed models adjusted for age, sex, and body 
weight change. To convert mg/dl to millimoles per liter, multiply by 0.0259. Abbreviations: LDL, low-density lipoprotein; HDL, 
high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; TMAO, trimethylamine N-oxide; H2L, high EVOO to low 
EVOO randomization diet order; L2H: low EVOO to high EVOO randomization diet order. 
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