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The Mediterranean diet is rich in fruits and vegetables and includes an abundant intake of oleic-acid-rich olive oil. People who adhere to a Mediterranean diet have reduced risk for numerous chronic diseases. As obesity rates rise globally, people who choose to follow a traditional Mediterranean diet and/or make improvements in food choices may reduce their risk of metabolic dysfunction and disease. Incorporating non-traditional fruits and vegetables into the Mediterranean diet could provide greater flexibility in suitable food choices for people who struggle to adhere to recommended healthy dietary patterns, and it could also provide greater adaptability for people living outside of the Mediterranean region who are interested in adopting the diet. The avocado fruit thrives in a Mediterranean climate, is produced in the region, and is rich in oleic acid and fiber, yet avocados are not commonly consumed within the traditional Mediterranean diet. Based on the existing research studies on the health benefits of avocado consumption and the continued investigation into the nutritional attributes of the avocado, a case can be made for including avocados as part of the Mediterranean dietary pattern.
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INTRODUCTION

Across the world, countries are experiencing major shifts in their food systems and diets that affect the nutritional status and health of their inhabitants. In the Mediterranean region, the traditional dietary pattern is mainly plant-based with (1) high consumption of vegetables, fruits, legumes, unrefined grains, nuts, and olive oil, (2) moderate intake of fish, wine, and fermented dairy products such as cheese and yogurt, and (3) low intake of meat and processed foods (1–3). Higher levels of adherence to the Mediterranean diet are associated with reduced risk of inadequate nutrient intake, indicating that the diet provides a variety of essential nutrients (4). However, for decades many Mediterranean countries have been drifting away from this traditional Mediterranean dietary pattern with increased intake of animal products and ultra-processed foods and decreased consumption of plant-based foods (5, 6).

This change in diet has health implications for the Mediterranean population because adherence to the Mediterranean diet is associated with numerous health benefits, including reduced risk of several major chronic diseases. There is consistent evidence that better adherence to the Mediterranean diet is associated with clinically meaningful reductions in rates of coronary heart disease, ischemic stroke, and total cardiovascular disease (CVD) (7). A 2-point increase in adherence to the Mediterranean diet is associated with an 8–9% reduction in overall mortality and a 10% reduction in risk of CVD (8, 9). Higher adherence to a Mediterranean diet is also associated with a 19–23% reduction in the risk of developing diabetes (10, 11) and a reduced incidence of cancers (8, 9, 12). Adherence to a Mediterranean diet may also reduce the risk of neurodegenerative diseases such as Parkinson's disease and Alzheimer's disease (8, 13).

Because the Mediterranean diet describes a general dietary pattern of a large and diverse region, which includes 22 countries, there is no single version of the Mediterranean diet. It varies with geography and historical time, and it is adapted by each specific geographic area and population (14). As the food systems and availability in a region change, dietary patterns may change to reflect this. The availability and consumption of non-traditional foods have been increasing in the Mediterranean region, and one potential way of shifting the dietary pattern back to a more healthful nutrient profile is to encourage intake of fruits and vegetables regardless of whether they are traditionally consumed in the Mediterranean region. Incorporating non-traditional foods such as avocados into the Mediterranean dietary pattern could provide greater flexibility in suitable food choices, and provide greater adaptability for populations outside of the Mediterranean region.



NUTRITIONAL ATTRIBUTES OF AVOCADOS

Avocados (Persea americana) are nutrient-dense and botanically considered a fruit, but they are not traditionally included in the Mediterranean diet. Avocados may be pear-shaped, egg-shaped, or spherical, and they consist of a single large seed surrounded by a creamy, smooth textured, edible fruit and are covered by a thick, bumpy skin that turns purplish black when ripe. The Mediterranean diet traditionally includes high consumption of fruits and vegetables, and the World Health Organization (WHO) recommends eating at least 400 g, or five portions, of fruit and vegetables per day to reduce the risk of non-communicable diseases and to ensure adequate intake of dietary fiber (15). A serving of avocado (50 g or ~1/3 of a medium-sized fruit) contains 3.4 g dietary fiber (11% DV), 44.5 μg folate (10% DV), 0.73 mg pantothenic acid (15% DV), 85 μg copper (10% DV), and 10.5 μg vitamin K (10% DV) (16). Avocados have a low energy density of 1.6 kcals/g or 80 kcals/serving. One serving of avocado contains 5 g monounsaturated fatty acid (MUFA) and 1 g polyunsaturated fatty acid (PUFA), with the predominant fatty acid being oleic acid at 4.53 g/serving (16). Avocados also contain numerous bioactive phytonutrients that may impart health benefits (17–21).

Table 1 shows the nutrient composition of avocados compared to other commonly consumed foods which are part of the Mediterranean diet. Both avocados and olive oil are rich in oleic acid, and they have a similar ratio of unsaturated to saturated fat (6:1) while avocados simultaneously provide other important nutrients. Like avocados, nuts are also a source of fiber, potassium, and folate, but they have a high energy density with walnuts providing 185 kcal/serving which is two times higher than the amount of energy provided by a serving of avocado.


Table 1. Nutrient composition of avocados compared to commonly consumed foods in the Mediterranean diet.
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HEALTH BENEFITS OF AVOCADOS

Population data demonstrate the health benefits of consuming more fruits and vegetables. A meta-analysis of 95 unique cohort studies found inverse associations between high intakes of fruits and vegetables and risk of CVD, certain cancers, and all-cause mortality (22). Fruit intake has also been shown to be associated with reductions in body weight, waist circumference, and risk for obesity (23). Evidence from randomized controlled trials suggests that increasing the consumption of fruits and vegetables has favorable effects on CVD biomarkers such as blood pressure and lipids (24). Avocados and olives are unique among fruits in that they contain high levels of fat, specifically MUFA. Numerous organizations, including the WHO, American Heart Association, and 2015–2020 Dietary Guidelines for Americans, recommend replacing saturated and trans fats with MUFA and PUFA to reduce the risk of CVD (25–27). Substituting saturated fats with unsaturated fats is also associated with a significant reduction in total mortality (28). Previous clinical studies provide evidence suggesting that eating avocados may yield health benefits (29), and here we provide an update on recent research in the area.


Nutrient Status

Avocado consumption is associated with better diet quality and increased intake of important nutrients. Analysis of data from the National Health and Nutrition Examination Survey (NHANES) revealed that among U.S. adults, avocado consumption was associated with better diet quality, including significantly higher intake of fruits, and vegetables, and a lower intake of added sugars (30). Avocado consumers also had significantly higher intakes of dietary fiber, vitamins E and K, magnesium, and potassium. The average avocado intake by consumers was 70 g/day, which is equivalent to about half of a fruit.

Avocados can also increase the absorption of lipid-soluble bioactive phytonutrients such as carotenoids. Adding avocado to salsa enhances the absorption of lycopene and β-carotene, while adding avocado to a salad increases absorption of α-carotene, β-carotene, and lutein (31). Adding avocado to a meal increased the absorption of β-carotene from both tomato sauce and raw carrots, and increased the efficiency of bioconversion (5–13 fold increase) of β-carotene to vitamin A (32). Thi suggests that consuming a lipid-rich food with vegetables high in β-carotene may be especially important for people with low vitamin A status (32).

Avocado consumption enhances the absorption of the carotenoids lutein and zeaxanthin, which accumulate in the eyes and brain. Lutein and zeaxanthin accumulate in the macula of the retina and retinal lutein concentrations (macular pigment density) are correlated to brain lutein concentrations (33). In a randomized controlled trial, eating one avocado per day for 6 months increased serum lutein by 0.93 nmol/L and increased macular pigment density by 0.101 OD compared with the control group which consumed potatoes or chickpeas (34). Interestingly, previous work from the same authors, found that lutein supplementation of 12 mg/day for 4 months increased serum lutein by 0.22 nmol/L and macular pigment density by 0.041 OD (35). Therefore, even though avocados contain a small fraction of the amount of lutein found in the supplement, they were far more effective at increasing serum lutein and macular pigment density. This is likely because avocados contain MUFA, which enhance the absorption of carotenoids, and previous data has shown that consuming avocados modulates lipoproteins that are responsible for carotenoid transport (36). Eating avocados may also contribute to brain and eye health since macular pigment density is related to cognitive function in adults (33). Specifically, in the 6-months intervention trial participants consumed ~500 μg of lutein daily from avocado, which led to increases in serum lutein and macular pigment density (34). In the avocado group, these changes in macular pigment density correlated with improvements in spatial working memory and efficiency in approaching a problem. These results align with previous research showing that higher lutein status is related to better cognitive performance (33).



Cardiometabolic Health

CVD is the leading cause of morbidity and mortality worldwide, but the risk of CVD can be meaningfully reduced by consuming a healthy diet that emphasizes fruits, vegetables, legumes, nuts, whole grains, and fish (26). Eating avocado as part of a healthy diet has been shown to modify some cardiometabolic risk markers such as lipid profile (29). In an analysis of NHANES data, avocado consumers had significantly higher high-density lipoprotein cholesterol (HDL-C) levels and a 50% lower odds ratio for metabolic syndrome (30). Potentially beneficial effects of avocados on lipid profile have also been seen in meta-analyses. Mahmassani et al. conducted a meta-analysis of 18 studies examining avocado consumption and cardiovascular risk factors, and they found that avocado intake was associated with increased HDL-C (37). A previous meta-analysis by Peou et al. included 10 studies assessing avocado intake and plasma lipoproteins, and found that avocado intake was associated with reduced total cholesterol, low-density lipoprotein cholesterol (LDL-C), and triglycerides (38). The difference in findings may be due to variations in data analyses. Mahmassani et al. evaluated the net change in serum lipids (change in the avocado arm—change in the control arm) whereas Peou et al. only compared changes in the avocado arms without accounting for changes in the control arms. Though the methods and findings differ somewhat, these studies indicate that avocado consumption likely alters the lipid profile.

Randomized controlled trials have also demonstrated that eating avocado can improve lipid profiles. In a randomized, crossover, controlled feeding study, consuming a moderate-fat diet containing one avocado a day for 5 weeks reduced LDL-C and non-HDL-C more than a moderate-fat diet or a low-fat diet (36). Moreover, only the avocado-containing diet significantly reduced the number of small dense LDL-C particles, oxidized LDL-C, and the ratio of LDL-C/HDL-C (39). Another randomized, crossover, controlled feeding study found that consuming a whole avocado (136 g), as part of a breakfast meal, lowered concentrations of triglyceride-rich lipoproteins, and increased larger HDL-C particles, compared to an energy-matched, higher-carbohydrate meal (40). Eating either a whole or a half avocado as part of breakfast also significantly reduced postprandial glycemic and insulinemic responses compared to a control meal. Similarly, in a randomized, crossover study, Wien et al. compared a control meal to a lunch that included avocado (isocaloric) or avocado added to the lunch (+112 kcal) on insulin and glucose levels (41). The insulin area under the curve (AUC) was lowest when avocado was exchanged for other components of the meal (isocaloric). These studies suggest that avocado consumption may augment cardiometabolic risk markers.



Weight Management

Obesity rates have been increasing worldwide for several decades, and a healthy dietary pattern is an important component of weight loss and weight management. In the U.S. population, avocado consumers have lower body weight, body mass index (BMI), and waist circumference compared with non-consumers (30). Avocado consumers are also less likely to be overweight or obese and less likely to have an elevated waist circumference compared with non-consumers. Specifically, analysis of the 2001–2012 NHANES dataset reported avocado consumers were 33% less likely to be overweight or obese and 32% less likely to have an elevated waist circumference compared to non-consumers (42). Moreover, on average, avocado consumers weighed 3.4 kg less, had a mean BMI of 1 unit less, and had a waist circumference 3.0 cm smaller compared to non-consumers. A longitudinal study of ~55,400 7th-day Adventists in the U.S. in Canada found that avocado consumers gained significantly less weight over time (4–11 years follow-up) than non-consumers (43).

One possible explanation for these findings is that including avocados may increase satiety and reduced hunger when included in meals. A randomized, controlled clinical trial demonstrated that participants could eat one whole avocado daily without derailing their weight loss efforts (44). Study participants who ate an avocado daily as part of a hypocaloric diet maintained a similar feeling of satiety throughout the study compared to a reduction in satiety reported by participants on the control diet. Wien et al. found participants reported increased meal satisfaction and reduced desire to eat following a lunch that added half an avocado compared to eating the meal with no avocado (41). In the study by Zhu et al. participants reported increased satisfaction associated with eating a breakfast meal which included a half or a whole fresh avocado, compared to an isocaloric, high-carbohydrate control meal (45). Hunger was also significantly suppressed by the whole avocado-containing meal. These studies only examined subjective measures of appetite, and further research would be needed to determine if there are corresponding changes in caloric intake. The body of evidence thus far suggests that avocados could be a good addition to the Mediterranean diet pattern as there is evidence suggestive of health benefits and no evidence of harm.




OBSERVATIONAL DATASETS TO ASSESS THE ROLE OF AVOCADO, AS PART OF A MEDITERRANEAN DIET, ON HEALTH

There are several challenges of using existing observational data to assess the impact of an avocado-containing dietary pattern on health. One challenge is that avocado intake is poorly captured in existing datasets. Countries that historically have consumed the most avocados (Mexico and other Latin American countries) do not have adequately funded federal programs to capture the information. In the U.S., the NHANES dataset uses two 24-h dietary recalls, which fail to adequately capture the intake of foods that are sporadically consumed, like avocados. Other large datasets that capture a range of avocado intakes, such as the Adventist Health Study-2 or the Hispanic Community Health Study/Study of Latinos, do not represent the general demographics of the U.S. population. Another challenge is potential confounding with other commonly co-consumed foods. Avocados are most commonly consumed as guacamole, which may be co-consumed with a dipper such as tortilla chips or vegetable sticks. Avocados are also frequently used in salads or as an add-on to sandwiches. The co-consumption of avocados with other foods and changes in the preferred methods of consumption over time may make data analysis challenging. A final challenge is that a biomarker of intake does not exist for avocados, so there is currently no objective way to validate self-reported consumption; however, given that avocado consumption is associated with better diet quality and avocados also have potential health benefits, adding avocados to clinical food assessments, and diet scores, may improve disease/mortality predictions at the population level.



MODEL OF AVOCADO EXCHANGES IN A MEDITERRANEAN DIETARY PATTERN

To date, no observational or intervention study has investigated the role of avocados within a Mediterranean dietary pattern. A simple dietary food pattern was developed (Table 2) which represents a typical 3-days Mediterranean diet with or without avocado. In this isocaloric model, avocado was exchanged for fruit, vegetable, oil, nuts, dairy, and legumes in reasonable culinary swaps. In this model, the avocado-inclusive Mediterranean diet provided slightly less sugar (−7 g/d), sodium (−225 g/d), vitamin D (3 IU/d), and calcium (−132 mg/d) with an increase in fiber (+10 g/d), plant sterols (+114 mg beta-sitosterol/d), folate (+124 mg/d), and potassium (+552 mg/d). Nutrient intake would differ in other models which include varying amounts of avocado. Also, nutrient and food group intake would differ with other reasonable culinary exchanges in the food pattern. As an example, a diced avocado relish can be used on top of chicken or fish, or avocados can easily be added to salads and soups. Avocados can replace some spreads and baking ingredients to increase nutrient density and improve the ratio of unsaturated to saturated fatty acids.


Table 2. Comparison of a 3-days typical Mediterranean dietary pattern compared to a typical Mediterranean dietary pattern that includes one avocado a day.
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PRODUCTION AND CONSUMPTION OF AVOCADOS

While avocados are a healthy and nutritious fruit, they are also well-suited for incorporation into the Mediterranean diet because production and consumption of avocados are increasing in the region. Although production of avocados in the Mediterranean region has historically been low, avocado trees thrive in a Mediterranean climate. Spain has the highest production in the Mediterranean region with ~67,000 tons produced in 2017 compared to 36,000 tons produced in 2014 (46–48).

Avocado consumption is increasing in many countries around the world with approximately half of all avocados consumed in the United States, a third consumed in the European Union, and 20% consumed in other world markets (47). In areas where avocado intake is increasing rapidly, such as the Mediterranean, fruit needs to be imported from outside the region. Although per capita consumption is still quite low in the Mediterranean region, avocado intake has radically increased in the region over the last 5 years. Between 2013 and 2018, per capita consumption of avocados increased 267% in Spain from 0.3 to 1.1 kg, increased 300% in Italy from 0.1 to 0.4 kg, increased 200% in Greece from 0.2 to 0.6 kg, and increased 50% in France from 1.2 to 1.8 kg (49). Overall, per capita consumption in the European Union increased 150% from 0.4 to 1.0 kg (49). In comparison, per capita consumption in the United States increased 28% over the same time period from 2.5 to 3.2 kg (50).

Finding easy and familiar ways to incorporate avocado into traditional Mediterranean dishes may ease the adoption of the fruit. Incorporating avocados into the Mediterranean diet may also make the dietary pattern more adaptable to populations outside of the Mediterranean region, including those more familiar with consuming avocados.



CONCLUSIONS

Avocados are a healthy and nutritious fruit which are well-suited for growth in the Mediterranean region. Consumption is increasing across the Mediterranean region and eating avocados may help people preserve a nutrient profile that is similar to the traditional Mediterranean dietary pattern. Additionally, incorporation of non-traditional fruits such as the avocado may make the dietary pattern more adaptable to populations outside of the Mediterranean region and increase ease of adherence by incorporating fruits that are already familiar. Research is needed to address these hypotheses. Lastly, adding avocados to clinical food assessments and diet scores may improve disease/mortality predictions at the population level.
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Food (NLEA serving) Energy (keal)  Fat(g) [unsaturated: saturated ratic] ~ Fiber ()  Sugar(g)  Potassium(mg) Folate (mcg)

Avocado® (50g) 80 8(6:1) 3 0 254 45
Olive oil® (135 g/1 tosp) 119 1a6:1] 0 0 0 0
Walnuts® (28 ¢/1 02) 185 19(8:1) 2 3 125 %8
Apples? (2420) 126 0 6 2 259 7
Tomatoes® (1489) 27 0 2 4 351 22

Nutrient date obtained from U.S. Department of Agriculture, Agricultural Research Service. FoodData Central, 2019. hitps://fdc.nal.usde.gov.
%Avocados, raw, Calforia.

b0il, olive, salad, or cooking.

Nuts, walnuts, English.

?Apples, raw, with skin.

*Tomatoes, red, ripe, raw, year round average. Apples are the most popular frit choice purchase in the EU and tomatoes are the most populer vegetable.
NLEA, Nutrition Labeling and Education Act.
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Breakfast

Snack

Lunch

Snack

Dinner

Nutrients and food groups

Energy (keal)
Energy (KJ)

9% Cal Protein
9% Cal Carb

9% Cal Fat

Sat Fat (g)
Mono Fat (g)
Poly Fat (g)
Sugar (9)

Fiber (g)
Cholesterol (mg)
B-sitosterol (mg)
Folate (mog)
Vitarmin D (U)
Calcium (mg)
Potassium (mg)
Sodium (mg)
Iron (mg)

Analyzed by Heidi Diller, RDN in Orange, CA on March 11, 2020. Software: Nutribase 19 Pro Edition V19.2. Utilizing only food values from the USDA National Nutrient Database. *olive

Day1

Avocado, raw (S0g)*

Egg, chicken, poached (1 large)
Whole wheat bread, toasted (1 siice)

Apple with skin, raw (1 medium)
Pistachio nut, dry roasted, no salt (1 oz)
Capers (1 Tbsp)

Feta cheese, crumbled (2 Tbsp)

Lenti, boiled, no added salt (1 cup)
Pear, green anjou, raw (1 smal)

Olive oil (2 Thsp)

Red pepper, sweet (1/2 cup)

Tomato, sun-dried, packed in ail (1/4 cup)
Vinegar, balsamic (1 Tosp)

Avocado, raw (50g)°

Carrot, raw, sliced (1 cup)

Lemon uice, raw (1 tsp)

Avocado, raw (50 g)°

Kale, bolled, no salt, chopped (1 cup)
Olive oil (1 Thsp)

Quinoa, cooked (3/4 cup)

Salmon, Atlantic, wid, cooked (3 07)
Tomato, red, ripe, cooked (1/2 cup)

Typical Mediterranean diet: 3 days.
mean & SD

1,972 + 57
8,250 = 237
19+2
3Bx2
46+2
181
49+7
2042
63+21
37+ 10
193+ 65
52+ 13
442 + 153
23+ 19
602 + 144
3,748 + 526
1,037 + 682
16+5

Day2

Yogurt, Greek, plain, non-at (6 0z)
Walnut, black, dried (1/2 0z)
Grapefit juice, pink, raw (1/2 cup)
Blueberry, raw (1/2 cup)

Apple with skin, raw (1 medium)
Almond butter, no salt (1 Tbsp)
Vinegar, balsamic (1 Tbsp)

Tuna, blufin, fresh, cooked (2 02)

Tomato, red, ripe, raw (1/2 cup)
Orange, all varieties, raw (1 cup)
Olive ail (1 Thsp)

Lettuce, cos or romaine, raw (2 cup)
Dinner rol, whole wheat (1 mediurr)

Chickpea (Garbanzo bean), low sodium
(3 Tbsp)

Carrot, raw, grated (1/2 cup)
Avocado, raw (50g)*
Whole wheat cracker, low salt (1 07)
Avocado, raw (509)°

Zucchini with skin, raw, sliced (1 cup)
Red pepper, sweet (1/2 cup)

Pesto with basil (1 Tosp)

Olive (6 smal)

Olive il (1/2 Tosp)*

Mushroom, raw (1/2 cup)

Chicken breast, skinless, boneless, meat
only, grilled (4 02)

Brown rice, medium grain, cooked (6 02)
Avocado, raw (50g)f

Typical Mediterranean diet with
Avocado Swaps: 3 days mean  SD

1,960 + 70
8,199 + 290
19+3
342
4T+ 4
15+2
5118
2044
56+ 34
47£6
176 £ 79
166 + 13
567 £ 127
20+ 21
470 £178
4,300 + 269
1,713 + 240
164

oil adjusted for energy needis: Day 2 Dinner (1.5 T reduced to 1/2T); Day 3 Lunch (1T recluced to 1/2 7).
21/3 of a medium avocado (50g) replaced honeydew melon, raw; dice (1 cup).
1/3 of a medium avocado (50g) replaced olive, small-extra large (3 0z).

©1/3 of a medium avocado (50g) replaced pinenut, pinyon, dried (172 02).

91/3 of a medium avocado (50g) replaced olive ol (1 Thsp).

©1/3 of a medium avocado (509) replaced grape, American-type, raw (1/2 cup).
11/3 of a medium avocado (50g) replaced feta cheese, crumbled (1 oz).

91/3 of a medium avocado (50g) replaced peanut butter, smooth (1 Tbsp)
"1/3 of a medium avocado (50g) replaced swiss cheese (1 0z)

i1/3 of a medium avocado (50 g) replaced hummus, raw (1/4 cup).

Day3

Whole wheat bread, toasted (1 slice)
Orange and apricot juice (4 fl oz)
Avocado, raw (50g)°

Banana, raw (1 small)

Vinegar, balsamic (1 Tbsp)
Red pepper, sweet, sauteed, chopped
(1/2 cup)

Pita bread, whole wheat (1 large)

Qlive ol (1/2 Tosp)*

Mushroom, portabella, grilled (3/4 cup)
french fries, sweet potato (2 0z)
Avocado, raw (50g)"

Snacks, pita chips, salted (1 0z)
Avocado, raw (50 g)

Vinegar, balsamic (1 Tbsp)
Tomato, red, ripe, raw (1/2 cup)
Spinach, raw (2 cup)

Salmon, Atlantic, farmed, cooked (6 02)
Pistachio nut, dry roasted, no salt (1 oz)
Olive ol (1/2 Tbsp)

Bulgur wheat (1/3 cup)

Difference in intake

-7
10
-17
14
124
-3
—132
652
-225
0
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