Ba nutrients MBPY

Article

Theoretical Food and Nutrient Composition of
Whole-Food Plant-Based and Vegan Diets Compared
to Current Dietary Recommendations

Micaela C. Karlsen 1, Gail Rogers 1 Akari Miki 2, Alice H. Lichtenstein 13, Sara C. Folta 10,
Christina D. Economos 13, Paul F. Jacques 1-2(%, Kara A. Livingston ? and
Nicola M. McKeown 1:2/*

1 Friedman School of Nutrition Science and Policy, Tufts University,150 Harrison Ave, Boston, MA 02111,

USA; mkarlsen@une.edu (M.C.K.); gail.rogers@tufts.edu (G.R.); alice lichtenstein@tufts.edu (A.H.L.);
sara.folta@tufts.edu (S.C.F.); christina.economos@tufts.edu (C.D.E.); paul jacques@tufts.edu (P.E].)
Nutritional Epidemiology Program at Jean Mayer USDA Human Nutrition Research Center on Aging at
Tufts University, 711 Washington St, Boston, MA 02111, USA; akari.miki@tufts.edu (A.M.);

kara livingston@tufts.edu (K.A.L.)

5 Department of Medicine, Tufts University School of Medicine, 145 Harrison Ave, Boston, MA 02111, USA
*  Correspondence: nicola.mkeown@tufts.edu; Tel.: +1-617-953-0007

check for
Received: 22 January 2019; Accepted: 6 March 2019; Published: 14 March 2019 updates

Abstract: Public interest in popular diets is increasing, in particular whole-food plant-based (WFPB)
and vegan diets. Whether these diets, as theoretically implemented, meet current food-based
and nutrient-based recommendations has not been evaluated in detail. Self-identified WFPB and
vegan diet followers in the Adhering to Dietary Approaches for Personal Taste (ADAPT) Feasibility
Survey reported their most frequently used sources of information on nutrition and cooking. Thirty
representative days of meal plans were created for each diet. Weighted mean food group and nutrient
levels were calculated using the Nutrition Data System for Research (NDSR) and data were compared
to DRIs and/or USDA Dietary Guidelines/MyPlate meal plan recommendations. The calculated
HEI-2015 scores were 88 out of 100 for both WFPB and vegan meal plans. Because of similar nutrient
composition, only WFPB results are presented. In comparison to MyPlate, WFPB meal plans provide
more total vegetables (180%), green leafy vegetables (238%), legumes (460%), whole fruit (100%),
whole grains (132%), and less refined grains (—74%). Fiber level exceeds the adequate intakes (AI)
across all age groups. WFPB meal plans failed to meet the Recommended Dietary Allowances (RDA)s
for vitamin B12 and D without supplementation, as well as the RDA for calcium for women aged
51-70. Individuals who adhere to WFBP meal plans would have higher overall dietary quality as
defined by the HEI-2015 score as compared to typical US intakes with the exceptions of calcium for
older women and vitamins B12 and D without supplementation. Future research should compare
actual self-reported dietary intakes to theoretical targets.

Keywords: vegan; whole food plant-based; nutrient composition, Healthy Eating Index;
HEI-2015; MyPlate

1. Introduction

Apparent interest in plant-based diets continues to grow, as evidenced by the variety of cookbooks,
blogs, and related websites [1-6] that have emerged in recent years. Whole food plant-based (WFPB)
and vegan diets [7,8] similarly exclude all animal products, including red meat, poultry, fish, eggs,
and dairy products. However, although also a vegan diet, a WFPB diet places a greater emphasis
on minimizing or excluding all processed foods made with refined grains and added sugar, refined
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fats and oils, and salt [9]. Although many recipes and cookbooks written for vegans do emphasize
fruits, vegetables, whole grains, and legumes, they also tend to be less rigid with respect to avoiding
refined foods or ingredients [10]. A variety of professional organizations in the US [11-13] and
elsewhere [14-16] have now issued dietary guidance statements on vegetarian or vegan diets. While
only a small segment (~<4%) of the U.S. population identifies as following a specific, plant-based
diet [7,8], the rising public interest in WFPB and vegan diets underscores the importance of assessing
how their nutrient profiles, as promoted by their proponents through popularly available books and
recipes, compare to US dietary recommendations. Such dietary recommendations include the Dietary
Guidelines for Americans (DGA), which uses the concepts of adequacy (achieving recommended
levels of nutrient intake) and moderation (staying within recommended limits of nutrient intake) to
create MyPlate eating guidelines (https:/ /www.choosemyplate.gov/).

Data from NHANES 2009-2010 suggests that Americans consume 60% of their calories from
ultra-processed foods such as breads, cakes, cookies, pizza, French fries, salty and sweet snacks,
and desserts, with only 5% and <1% of calories from fruits and vegetables, respectively [17]. WFPB and
vegan diets generally promote practices consistent with higher dietary quality, such as an emphasis on
greater intakes of whole grains and vegetables and avoidance of added sugars and refined foods [9].
Thus, there is growing interest in these diets as healthier alternatives to the standard American diet.
However, certain concerns have been raised with respect to nutrient adequacy for diets that exclude all
foods of animal origin. Without supplementation or the consumption of fortified foods such as plant
milks and nutritional yeast, diets with no animal foods may provide inadequate levels of vitamins B12
and D [18-20]. Without emphasis on sea vegetables [21] and/or inclusion of iodized salt, they also
may provide inadequate levels of iodine [13,22]. Knowledge about the nutrient composition of WFPB
and vegan diets is important if clinicians are to engage with patients about the health benefits and
concerns associated with these diets. Many recipes in published cookbooks and websites are available
to the public who choose to adhere to WEPB or vegan diets [1-6], but how these promoted recipes
and meal plans translate into usual nutrient intakes remains unknown. To date, most of the research
on diet quality or nutrient content of vegan diets has focused on weight loss with nutrient intakes
derived from only researcher-defined meal plans of three [23] or seven-day [18,24] and compared to
DRIs. To our knowledge, the theoretical food and nutrient composition of diet-specific meal plans as
reported by self-identified followers of WFPB or vegan diets has not been thoroughly assessed.

The objectives of this study were to estimate theoretical food and nutrient levels of WFPB and
vegan diets using 30 days of meal plans derived from popular cookbooks and recipe websites as
reported by self-identified diet followers and compare these food and nutrient levels to US dietary
recommendations, including Dietary Reference Intakes (DRIs) and /or MyPlate meal recommendations.

2. Materials and Methods

2.1. Sources of Frequently Consumed Foods

Top sources of diet information were captured from the Adhering to Dietary Approaches for
Personal Taste (ADAPT) Feasibility Survey [25]. In brief, this was a short, web-based survey designed
to recruit self-identified popular diet followers. The survey was open for 8 weeks in 2015, from 14th
July to 14th September, and a total of 13,787 participants consented to enroll. Participants identified
the specific diet they followed by selecting a single diet from among multiple choice answers with a
write-in option if their diet was not listed [25]. This survey included a free-text question that asked
participants to report their sources of cooking and nutrition information (books and websites) for their
respective diets. A total of 6372 responded to this optional question and listed at least one book source,
and the two largest self-identified groups were selected for this analysis. Of the total responses to this
question, 29% self-identified as WFPB followers (n = 1856) and 19% as vegan (n = 1218). We used data
on sources of dietary information from a random sample of 200 participants” responses from each of
the WFPB and vegan diets.
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2.2. Selection of Recipes and Meal Plans

Foods and nutrient levels in each of the diets were calculated in a multi-stage process. Survey
responses to the question “What are your main sources of information on nutrition and cooking for
the diet you currently eat?” were coded for mentions of unique sources of diet information (i.e., books
or websites authored by different experts or organization). The majority of responses included two or
more unique sources. The six most frequently cited diet information sources (top three books and top
three websites) mentioned by at least 5% of the selected respondents were used to create representative
meal plans. Books and websites from the same author were combined and considered to be the same
source. A five-day meal plan from each of the six sources was created, for a total of 30 representative
days, for both WFPB and vegan diet groups.

Similarly, MyPlate plans posted online (Sample Two-Week Menus and Sample Menus for a 2000 Calorie
Food Pattern) were used to create 21-day USDA compliant meal plans [26,27]. Meal plan data were
collected and analyzed using Nutrition Data System for Research software version 2016 (NDSR 2016)
developed by the Nutrition Coordinating Center (NCC), University of Minnesota, Minneapolis, MN.
NDSR provides a complete nutrient profile for all foods in the database [28].

Ingredients consistent with recipe instructions were selected whenever possible. When recipe
instructions were ambiguous, NDSR data-entry rules were used to select generic ingredient choices
and standard portion sizes to maintain consistency. Food plans and recipes were generated and entered
in full to NDSR (Micaela C. Karlsen) and subsequently divided by the number of servings to obtain
single-serving portions. The accuracy of recipes and meal plans entered into NDSR was confirmed
by a second reviewer (Akari Miki). Prior to comparison, all meal plan data were standardized to
2000 kcal/day.

Dietary supplements that were advised by at least two meal plan sources were entered as part of
the WFBP or vegan meal plans using the 24-h supplement intake module in NDSR. Vitamin B12 (ug)
was included in all six meal plan sources and five of the six sources included daily vitamin D (calciferol,
ug) supplements. Specific doses of supplements that were specified by the meal plan sources were
entered, however when doses were not provided a generic supplement was selected (~1000 pg of B12
and 25 pg of vitamin D based on typical available products). Both total (food plus supplements) and
diet only nutrient levels were calculated.

2.3. Comparison of Mean Food and Nutrient Data

Food and nutrient data from the meal plans was generated by NDSR and analyzed using SAS 9.4
(SAS Institute, Cary, NC, USA). Mean intakes for selected nutrients and food groups were calculated
for each diet. Top sources of information and cooking were identified and weighted based on the
percent of mentions of that source (book or website) within each diet group. The percent for weighting
each source was calculated as the number of mentions of the source out of the total number of
mentions of the top six sources. Interestingly, the top six sources mentioned were the same among
both WFPB and vegan diet followers; however, the percent of mentions for these sources differed
slightly, leading to minor differences in weight between the two groups. This weighting approach
was chosen because the nature of the question was open-ended, and most respondents cited multiple
sources of information, so accounting for multiple data sources captures a more representative estimate
of the overall diet guidance followed. Diet quality was assessed using the Healthy Eating Index
2015 (HEI-2015) [19], an index of overall dietary quality that measures adherence to the 2015 Dietary
Guidelines for Americans [29], The scoring protocol for the HEI-2015 is presented in Table S1.

Since the meal plan sources were identical between the two diets, and the weighting scheme
applied only differed slightly, marginal differences were observed in the mean composition of the
vegan versus WFPB diets after applying the weighting. Therefore, to avoid redundancy of results,
only WFPB meal plans results are presented in the main text, and vegan meal plan results are presented
in Tables S2-S5. Mean nutrient and food group levels from meal plans were compared to mean nutrient
levels from MyPlate. For those items in which the standard deviation is 50% of the point estimate or
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more, we examined the median difference with similar findings (data not shown). Nutrient content of
the meal plans was compared to the relevant Dietary Reference Intakes (DRIs) from the Institute of
Medicine [30] for male and female adults (ages 19-70 years) for the Nutrients of Concern as identified
by the US Dietary Guidelines Advisory Committee [31]. The Nutrients of Public Health Concern [31]
are those nutrients for which a majority of Americans have been found to have intakes below either the
Estimated Average Requirement (EAR) or the Adequate Intake (Al), or above the Upper Limit (UL).
To determine the theoretical nutritional quality of the meal plans, we applied the following criteria
to estimated nutrient levels: (1) EAR and RDA for vitamin A (RAE, pg), vitamin D (calciferol, pg),
vitamin E (mg), folate (ug), vitamin C (mg), calcium (mg), magnesium (mg), and iron (mg); (2) Al for
potassium (mg) and fiber (g); (3) UL for sodium (g); and (4) recommendation from the 2015 US Dietary
Guidelines for Americans [29] to limit saturated fat and added sugar to less than 10% of calories.
Percent differences are expressed as the percent greater or lesser for the meal plans’ mean nutrient
content as compared to the DRIs and MyPlate. These differences were calculated as % difference =
(mean meal plan value/recommended value) * 100 — 100.

3. Results

Food servings of WFPB diets compared to MyPlate are presented in Table 1 (Table S2 for vegan).
Plant-based milks are grouped with dairy and contributed a small amount to the dairy food group.

Table 1. Comparison of food intakes and diet quality for theoretical whole-food plant-based (WFPB)

12 meal plans compared to MyPlate 2.
MyPlate WFPB % diff. versus MP 3

Food Group Servings Mean SD Mean SD
Total vegetables (cup) 2.5 0.9 7.0 2.8 +180
Green leafy vegetables (cup) 0.8 0.7 2.7 1.9 +238
Legumes (cup) 0.5 0.6 2.8 14 +460
Whole fruits (cup) 1.1 0.6 2.2 1.1 +100
Whole grains (0z) 34 1.4 79 23 +132
Refined grains (oz) 34 1.6 0.9 1.2 —74
Nuts and seeds (0z) 0.3 0.5 0.9 0.9 +200
Nut and seed butters (0z) 0.5 0.8 0.4 0.8 —20
Dairy (cups) 3.1 0.5 0.3 0.4 —90
Eggs (0z) 0.7 0.7 0.0 0.0 —100
Poultry (oz) 04 1.2 0.0 0.0 —100
Seafood (0z) 1.2 1.6 0.0 0.0 —100
Red meat (0z) 1.2 1.4 0.0 0.0 —100
Meat alternatives (0z) 0.4 1.1 29 47 +625

HEI-2015 Score 100 - 88 - -12

! Meal plans were generated and theoretical food and nutrient levels were calculated for both diets. Results from
WEFPB and vegan diets were virtually identical. For those items in which the standard deviation is 50% of the
point estimate or more, we examined the median difference with similar findings (data not shown). 2 Intakes are
standardized to 2000 kcal. 3 MP = MyPlate; % difference (greater or lesser) was calculated as % difference = (diet
value/MyPlate value) * 100-100.

Percent energy from macronutrients differed between the theoretical WFPB and MyPlate as shown
in Figure 1. All protein in the WEPB diet is plant protein (16%), whereas 12% energy in the MyPlate
meal plans was from animal protein and 7% from plant protein.
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Figure 1. Macronutrient content (% of total energy) in MyPlate and whole-food plant-based WFPB
meal plans.

Calculated mean nutrient levels across meal plans are presented in Table 2 (Table S3 for vegan).
The fiber content for MyPlate is 28 g/day and 70 g/day for WFPB. Percent energy from added sugar
is estimated to be 6% for MyPlate and 2% for WFPB. Medians and interquartile ranges for food and
nutrients are presented in Table S5 (both WFPB and vegan).

Table 2. Estimated nutrient levels and % differences of WFPB 12 meal plans compared to MyPlate 2.

MyPlate WFPB % diff versus MP 3
Mean SD Mean SD
Energy (kcal) 2000 - 2000 - -
Fat (g) 64 11 38 13 —41
Total fat (% energy) 29 5 17 6 —41
Saturated fat (% energy) 8 2 3 1 —66
MUFA (% energy) 11 2 6 3 —46
PUFA (% energy) 8 2 6 2 —21
Unsat:sat fat ratio 3 1 5 1 +88
CHO (g) 272 29 365 34 +34
CHO (% energy) 54 6 73 7 +34
Added sugars (g) 26 15 9 10 —64
Added sugars (% energy) 6 3 2 2 —65
Protein (g) 96 11 81 12 —15
Protein (% energy) 19 2 16 2 —15
Animal protein (% energy) 12 2 0 0 —100
Plant protein (% energy) 7 1 16 2 +127
Fiber (g) 28 5 70 9 +146
Micronutrients
Dietary vitamin A activity (RAE, ug) 1344 703 1824 1042 +36
Total vitamin D # (calciferol, (1g) 10 5 25 15 +141

Dietary vitamin D 5 (calciferol, ug) 10 5 1 1 -91
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MyPlate WFPB % diff versus MP 3
Mean SD Mean SD
Dietary vitamin E (Alpha-Tocopherol mg) 15 5 20 5 +35
Total vitamin B124 (ug) 6 3 904 241 +14,349
Dietary vitamin B126 (ug) 6 3 3 5 —54
Dietary folate equivalents (ug) 458 135 935 272 +104
Dietary vitamin C (mg) 134 64 239 152 +78
Dietary calcium (mg) 1434 247 959 273 —33
Dietary magnesium(mg) 419 59 711 75 +70
Dietary potassium (mg) 4071 583 5387 1009 +32
Dietary iron (mg) 15 4 26 4 +79
Dietary sodium (mg) 2301 661 2807 970 +22

! Meal plans were generated and theoretical food and nutrient levels were calculated for both diets. Results from
WEPB and vegan diets were virtually identical. For those items in which the standard deviation is 50% of the point
estimate or more, we examined the median difference with similar findings (data not shown). 2 Standardized to
2000 keal. 3 Percent difference was calculated as % difference = (diet value/recommended value)*100 — 100. 4 Total
vitamin D and B12 includes that from foods (including fortified foods) and supplements. Dietary vitamin D and B12
includes only that from foods (including fortified foods). > Median, quartile 1, and quartile 2 of dietary vitamin D
were as follows: 0 ug, 0 ug, 2 ug. Means are presented in the table to reflect adjustments made in absorption based
on status. ® Median, quartile 1, and quartile 2 of dietary vitamin B12 were as follows: 1 pug, 0 ug, 2 jig. Means are
presented in the table to reflect adjustments made in absorption based on status.

Comparisons with recommended intake levels for the Nutrients of Public Health Concern [31] are
presented in Table 3 (Table S4 for vegan). Estimated theoretical nutrient levels from the WFPB plans
meet or exceed the RDAs for vitamin A, vitamin E, folate, vitamin C, magnesium, and iron for adult
men and women. Estimated vitamin D levels are inadequate for vitamin D from food only (data not
shown); however, when consuming supplements, the RDA is exceeded. EARs for calcium are met for
men and women, and the RDA is met for men but not for women ages 51-70 years. Meal plans meet or
exceed the Als for potassium and fiber for men and women. Estimated sodium intake exceeds the UL
for adult men and women. Levels of saturated fat and added sugar fall within the recommendation.
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Table 3. Estimated levels of nutrients of public health concern and % differences (greater or lesser) of WFPB diets compared to recommendations.! ¢
Men Women
RDA Diff EAR Diff Al Diff RDA Diff EAR Diff Al Diff
Vitamin A (ug) 900 +95 625 +192 - - 700 +151 500 +265 - -
Vitamin D 2 (ug) 15 +80 10 +150 - - 15 +80 10 +150 - -
Vitamin E (mg) 15 +33 12 +67 - - 15 +33 12 +67 - -
Folate total (ug) 400 +134 320 +192 - - 400 +134 320 +192 - -
Vitamin C (mg) 90 +177 75 +219 - - 75 +232 60 +298 - -
Calcium 3 (mg) 1000 —2% 800 +20 - - 1000-1200 —18*  800-1000 —4* - -
Magnesium 4 (mg) 400-420 +69 330-350  +103 - - 310-320 +122 255-265 +168 - -
Iron ® (mg) 8 +225 6 +333 - - 8-18 +44 8.1-5 +221 - -
Potassium (g) - - - - 4.7 +15 - - - - 4.7 +15
Fiber 7 (g) - - - - 30-38 +84 - - - - 21-25  +180
Sodium (g) - - - - 2.3 +22% - - - - 2.3 +22%
Dietary Guidelines for Americans (men
and women) ) ) ) ) ) ) ) )
Saturated fat (% kcal) <10% - -70 -
Added sugar (% kcal) <10% - —380 -

70f13

! Recommended levels applied to all men and women except where noted. The highest recommended level for a subgroup was used for comparison. % difference was calculated
as: % difference = (meal plan value/recommended value) * 100 — 100. 2 Total vitamin D (both food and supplements). > Comparison applies to all men and women ages 51-70 years
(RDA 1200 mg/day; EAR 1000 mg/day). * Comparison applies to all men ages 31-70 years (RDA 420 mg/day; EAR 350 mg/day) and women ages 31-70 years (Recommended Dietary
Allowance (RDA) 320 mg/day; 265 mg/day). > Comparison applies to all men (RDA 8 mg/day; EAR 6 mg/day) and women ages 19-50 years (RDA 18 mg/day; EAR 8.1 mg/day).
6 Estimated Average Requirement (EAR) for vitamins A, D, E, C, folate, calcium, magnesium, iron; Adequate Intake (AI) for potassium and fiber; Upper Limit (UL) for sodium; and Dietary
Guidelines for Americans recommended limits for saturated fat and added sugar. 7 Comparison applies to men and women ages 19-50 years (men: 38 g/day; women: 25 g/day). * Does

not meet recommendations.
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4. Discussion

This study uses a unique approach to create theoretical WFPB and vegan meal plans based on
popular nutrition and cooking sources identified as part of a large online survey. This approach
was novel in that previous work to analyze similar meal plans used sources selected by researchers,
not individuals who self-identify as following a WFPB or vegan diet [18,23,24]. We observed that
self-identified WFPB and vegan followers tended to report the same sources of nutrition and cooking
information, and this translated into similar theoretical food and nutrient targets. While WFPB diets
are a type of vegan diet, the distinction between the two may best be understood by investigating
motivations for choosing one label or the other. In this survey, there was a higher prevalence of
younger (18-35) diet followers among vegans compared to WFPB (26% versus 16%) as well as a
lower prevalence of older adults (55+) (30% versus 42%) (unpublished data). Sixty-eight percent of
WEPB versus 59% of vegans reported a past or current health diagnosis (unpublished data). These
data may indicate some differences in motivation for following their diets due to health concerns.
However, actual self-reported intakes among followers of these two diets were not examined, and,
thus, diet quality in practice may differ between the two groups. Additionally, adherence to advice on
supplement use may also differ in practice. Supplement advice derived from the meal plan sources
appears to be aligned with products available in stores. In the case of B12, this means ingesting doses
far larger than required for most individuals (~1000+ pg); however, due to the water-soluble nature
of B12, toxicity due to excess is not a concern. Based on the results of this analysis, WFPB and vegan
dietary guidance offer improved diet quality compared to typical US consumption patterns and current
food-based and nutrient-based recommendations, with some important caveats.

The diet quality for most US adults is poor with the mean HEI-2010 at 58 out of a possible 100 [32].
NHANES (2009-2010) data suggests that among US adults, approximately 14% of total energy comes
from added sugars [33] while only 30% of calories comes from unprocessed or minimally processed
foods such as meat or dairy, grains, legumes, and fruits and vegetables [17]. Furthermore, only
42% of Americans meet the Dietary Guidelines recommendation to limit added sugars to <10% of
calories [34]. With respect to sodium intake, the average intake among US adults exceeds the UL by
48% (3412 mg/day [34] versus 2300 mg/day [30]), while average fiber intake is only 17 g/day [34],
substantially lower than current Dietary Guidelines recommendations (14 g/day per 1000 kcal) [29].
Theoretically, if a person adhered to a WEPB or vegan diet, the quality of their diet would be superior
to the typical American diet.

The WFPB meal plans exceeded the MyPlate meal plan targets with respect to total vegetables,
green vegetables, and nuts and seeds, as well as several nutrients including vitamin A, vitamin E,
vitamin C, and folate. The lower HEI score of the WFPB diet is primarily due to the exclusion of dairy
products. The contribution of energy from fat and carbohydrate differs substantially for WFPB relative
to MyPlate, with WFPB displaying a “low-fat, high-carbohydrate” profile (17% fat, 73% carbohydrate).
The intake of added sugar is substantially lower than the threshold of 10% to total energy [29] and
lower than the American Heart Association threshold of 100 kcal/day for women and 150 kcal/day
for men [35].

Higher intake of saturated fat has been associated with increased risk of cardiovascular
disease [36], and randomized controlled trials have demonstrated that lowering consumption of
saturated fat from approximately 15% to 6% of energy intake and replacing it with unsaturated fat
significantly lowered low-density lipoprotein (LDL) cholesterol [37]. Among US adults, the average
consumption of saturated fat intake is approximately 11% of total energy intake [34]. The theoretical
saturated fat levels for WFPB diets fall within the more stringent guidelines of <6% set by the AHA
for people with heart disease [37]. For most age and gender groups, fewer than 5% of Americans [38]
surpass the Al for fiber, which is 14 g/1000 kcal/day (approximately 38 g/day for men and 25 g/day
for women ages 19-50) [30]. Estimated dietary fiber content of MyPlate meal plans was close to the Al
while the WFPB meal plans surpassed the target at 70 g (84% more than the Al for daily fiber for men
and 180% more for women).
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The micronutrient profile of the WFPB meal plans makes it relatively easy to achieve the EARs
and RDAs for most nutrients; however, there are some important exceptions. Meeting the EAR or
RDA for vitamin D on a WEPB diet may be challenging without supplementation, though vitamin
D recommendations are based on the assumption of minimal sunlight exposure [30], which varies
across individuals. From the derived WFPB meal plans, the EAR for vitamin B12 is achieved because
of the inclusion of certain fortified foods in the menus such as plant milk and fortified nutritional yeast.
In practice, however, without consuming fortified foods, WFPB followers would need to consume a
supplement to achieve adequate B12 levels. These lower vitamin D and vitamin B12 intakes for the
WEFPB meal plans are consistent with an earlier study that analyzed seven single-day meal plans for a
vegan diet and estimated that intake of vitamin B12 and vitamin D was 10% lower than the RDA [18].
Irrespective of diet, the Institute of Medicine recommends that all adults over age 50 consume a
B12 supplement and/or fortified foods to compensate for reduced B12 absorption [30]. Consistent
with this recommendation, the WFPB recipe sources identified in this analysis recommend daily
vitamin D and B12 supplements. It is important to note again that it is unknown what actual dietary
practices encompass; unpublished data from this same survey indicates that 83% of self-identified
WEFPB followers and 86% of self-identified vegan followers take supplements. Of these, 88% and 87%
report taking single nutrient supplements, respectively. This is in contrast to national data from 2012
which indicates that 52% report using any supplements, and that 8.1% of adults report taking single
B12 supplements while 19% report taking single vitamin D supplements [39]. For these particular
nutrients, more research is needed to determine what actual intakes are in populations who report
following nutrition advice that promotes use of specific supplements.

Calcium is an essential nutrient of particular importance for bone health, particularly among
older Americans who are at greater risk for osteoporotic fractures [40]. The EARs for calcium are
800 mg/day for men 19-70 and women 19-50, and 1000 mg/day for men >70 and women >51 [30].
Nearly half of Americans do not meet the EAR for calcium [38]. In WEFPB followers, exclusion of dairy
products in these meal plans is the single largest contributor to the lower HEI-2015 scores. WFPB
diets rely on non-dairy sources of calcium including tofu, green leafy vegetables, and fortified plant
milks [41]. WFPB meal plans fail to meet the RDAs for calcium; however, they only fall short by —2 to
—4% of the RDA for calcium among men. WFPB meal plans do meet the EAR for calcium for men and
only fall 4% short of meeting the EAR for women.

As individuals increasingly self-identify with following a WFPB or vegan diet, it is important for
physicians with little nutrition training in medical school [42], as well as other healthcare professionals,
to be equipped to discuss the strengths and drawbacks of such popularly promoted diet advice.
Overall, WFPB diets are of higher quality compared to both MyPlate recommendations and actual
US intakes estimated from NHANES; however, there are some important nutritional considerations.
Individuals who exclude all foods of animal origin may be at risk of vitamin B12 and vitamin D
deficiencies without taking supplements and are advised to consult with their physicians when
making supplement decisions.

The strength of this study was the characterization of food and nutrient levels through the use
of recipes and meal plans that are popularly promoted by self-identified diet followers, as opposed
to researcher-selected sources. Thus, these estimates may provide a more relevant window into the
targeted practices of diet followers than officially published diet guidance [11-16]. Another strength
of this meal plan analysis is that we collected sufficient numbers of meal plan data (30 days each)
to achieve a more accurate estimate of nutrient levels. Other analyses of meal plans have used
only three [23] to seven [18,24] days. Due to the high within-individual variation of dietary intakes,
especially with respect to micronutrients, calculations based on three or seven days may not be
sufficient to characterize true intake levels [43]. For example, the number of days required to estimate
a person’s true intake has been calculated to be between 10-15 days for macronutrients and 3-24 days
for most micronutrients [43].
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A recognized limitation of this analysis centers on the methodology used to derived meal plans.
Sources of nutrition and cooking information are limited to those in our self-selected sample, which is
a group with internet access that is largely white and female, and who may or may not represent
typical WFPB or vegan followers. In practice, the popular culture surrounding WFPB diets seems to
emphasize health, while there are a broader variety of reasons reported for following a vegan diet
that may or may not overlap with health concerns, such as ethical concerns about the treatment of
animals [44]. It is possible that another sample of self-identified vegans recruited via organizations
and thought leaders who emphasize non-health motivations might capture individuals with different
motivations and who share fewer cooking and nutrition sources with our WEPB sample. As this survey
did not capture actual dietary intake, it is unknown whether the choice of self-identified label as either
WEFPB or vegan in this sample speaks to differences in actual dietary intakes between the groups.

While this analysis does not examine how actual dietary intake practices align with goals,
knowledge of the targeted theoretical nutrient and food composition of these diets may help health
professionals offering nutrition education and dietary guidance to patients. Many patients may be
interested in following some type of plant-based diet or may be open to the suggestion from their
healthcare practitioner. Given the more nutrient dense profile of a WFPB diet, patients should be
encouraged to pursue such a dietary pattern, with attention given to consuming calcium-rich foods,
emphasizing sea vegetables and/or including iodized salt, and using supplements for vitamins B12
and D. In addition, researchers who are interested in dietary adherence can use these estimated targets
as a reference standard to determine whether WFPB or vegan diet followers consistently adhere to
the dietary advice derived from these sources of cooking and nutrition information. Future research
should compare the actual, self-reported intakes of WFPB and vegan followers with these targeted
levels to assess adherence.

5. Conclusions

ADAPT study participants who self-identify as either WFPB or vegan have almost identical food
and nutrient intake targets, as identified from popular sources of nutrition and cooking information.
Based on analyses using NDSR, theoretical dietary intakes of a WFPB diet deviate substantially from
MyPlate recommendations. Overall, WFPB diets provide a more nutrient-dense diet than typical US
intakes, with less refined grains and added sugars than typical Americans’ diets, though supplements
of vitamins B12 and D would be advisable. Future research should examine actual dietary intakes of
these groups to assess nutrient composition and adherence to diet recommendations.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/3/625/s1:
Table S1: HEI-20151 Components & Scoring Standards; Table S2: Comparison of Food Intakes and Diet Quality
for Theoretical Vegan1,2 Meal Plans Compared to MyPlate; Table S3: Estimated Nutrient Levels and % Differences
of Vegan1,2 Meal Plans Compared to MyPlate; Table S4: Estimated Levels of Nutrients of Public Health Concern
and % Differences (Greater or Lesser) of Vegan Diets Compared to Recommendations; Table S5: Medians and
Interquartile Ranges for Mean Nutrient Intakes from MyPlate, WFPB, and Vegan Meal Plans.

Author Contributions: Data curation, M.C.K. and A.M.; Formal analysis, M.CK,, G.R., AK. and N\M.M.;
Funding acquisition, M.C.K. and N.M.M.; Investigation, M.C.K., G.R., K.A.L. and N.M.M.; Methodology, M.C.K,,
G.R., AHL, SCF, CDE, PFEJ],, KAL. and NNM.M,; Project administration, K.A.L.; Resources, M.C.K. and
N.M.M,; Software, M.C.K. and G.R.; Supervision, N.M.M.; Visualization, M.C.K.; Writing—original draft, M.C.K,;
Writing—review and editing, M.C.K,, G.R,, AK,, AH.L, S.CFE, CD.E, PE]J.,, and NM.M.

Funding: This research was supported by USDA ARS agreement No. 2012-38420-30200 (MK. CE), USDA ARS
agreement No. 58-1950-4-003 (NM. PJ. AHL), and the Lisa Wendel Memorial Foundation.

Acknowledgments: We thank our recruitment partners who made the ADAPT Study possible through their
support in sharing recruitment announcements.

Conflicts of Interest: M.C.K. has received speakers’ honoraria and consulting payments from the Plantrician
Project. All other co-authors declare no conflict of interest. The funders had no role in the design of the study;
in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish
the results.


http://www.mdpi.com/2072-6643/11/3/625/s1

Nutrients 2019, 11, 625 11 of 13

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Campbell, T.C.; Campbell, T.M., II. The China Study: Revised and Expanded Edition: The Most Comprehensive
Study of Nutrition Ever Conducted and the Startling Implications for Diet, Weight Loss, and Long-Term Health;
BenBella Books, Inc.: Dallas, TX, USA, 2016.

McDougall, J. Dr. McDougall’s Health and Wellness Center. Available online: https://www.drmcdougall.
com/ (accessed on 24 February 2019).

Campbell, T.C.; Esselstyn, C.B. Forks over Knives: The Plant-Based Way to Health; The Experiment: New York,
NY, USA, 2011.

Greger, M. NutritionFacts.org. Available online: https:/ /nutritionfacts.org/ (accessed on 20 February 2019).
Physicians Committee for Responsible Medicine. Available online: http:/ /www.pcrm.org/ (accessed on 24
February 2019).

Esselstyn, C.B. Prevent and Reverse Heart Disease: The Revolutionary, Scientifically Proven, Nutrition-Based Cure;
Penguin: New York, NY, USA, 2008.

How Many Adults in the US are Vegetarian and Vegan? Available online: http://www.vrg.org/nutshell /
Polls/2016_adults_veg.htm (accessed on 30 July 2018).

Conrad, Z.; Karlsen, M.; Chui, K.; Jahns, L. Diet quality on meatless days: National Health and Nutrition
Examination Survey (NHANES), 2007-2012. Public Health Nutr. 2017. [CrossRef] [PubMed]

Macknin, M.; Kong, T.; Weier, A.; Worley, S.; Tang, A.S.; Alkhouri, N.; Golubic, M. Plant-Based,
No-Added-Fat or American Heart Association Diets: Impact on Cardiovascular Risk in Obese Children with
Hypercholesterolemia and Their Parents. . Pediatr. 2015, 166, 953-959.€953. [CrossRef]

Patrick-Goudreau, C. The Joy of Vegan Baking: The Compassionate Cooks’ Traditional Treats and Sinful Sweets;
Fair Winds Press: Beverly, MA, USA, 2007.

Baroni, L.; Goggi, S.; Battaglino, R.; Berveglieri, M.; Fasan, L; Filippin, D.; Griffith, P.; Rizzo, G.; Tomasini, C.;
Tosatti, M.A; et al. Vegan Nutrition for Mothers and Children: Practical Tools for Healthcare Providers.
Nutrients 2018, 11, 5. [CrossRef] [PubMed]

Baroni, L.; Goggi, S.; Battino, M. Planning Well-Balanced Vegetarian Diets in Infants, Children,
and Adolescents: The VegPlate Junior. J. Acad. Nutr. Diet. 2018. [CrossRef] [PubMed]

Melina, V.,; Craig, W.; Levin, S. Position of the Academy of Nutrition and Dietetics: Vegetarian Diets. J. Acad.
Nutr. Diet. 2016, 116, 1970-1980. [CrossRef]

Baroni, L.; Goggi, S.; Battino, M. VegPlate: A Mediterranean-Based Food Guide for Italian Adult, Pregnant,
and Lactating Vegetarians. J. Acad. Nutr. Diet. 2018, 118, 2235-2243. [CrossRef] [PubMed]

Menal-Puey, S.; Marques-Lopes, I. Development of a Food Guide for the Vegetarians of Spain. J. Acad. Nutr.
Diet. 2017, 117, 1509-1516. [CrossRef]

Agnoli, C.; Baroni, L.; Bertini, I.; Ciappellano, S.; Fabbri, A.; Papa, M.; Pellegrini, N.; Sbarbati, R.; Scarino, M.L.;
Siani, V.; et al. Position paper on vegetarian diets from the working group of the Italian Society of Human
Nutrition. Nutr. Metab. Cardiovasc. Dis. 2017, 27, 1037-1052. [CrossRef]

Martinez Steele, E.; Baraldi, L.G.; Louzada, M.L.; Moubarac, J.C.; Mozaffarian, D.; Monteiro, C.A.
Ultra-processed foods and added sugars in the US diet: Evidence from a nationally representative
cross-sectional study. BMJ] Open 2016, 6, e€009892. [CrossRef] [PubMed]

Engel, M.G.; Kern, H.J.; Brenna, ].T.; Mitmesser, S.H. Micronutrient Gaps in Three Commercial Weight-Loss
Diet Plans. Nutrients 2018, 10, 108. [CrossRef]

Rizzo, N.S.; Jaceldo-Siegl, K.; Sabate, J.; Fraser, G.E. Nutrient profiles of vegetarian and nonvegetarian dietary
patterns. J. Acad. Nutr. Diet. 2013, 113, 1610-1619. [CrossRef] [PubMed]

Schwarz, J.; Dschietzig, T.; Schwarz, J.; Dura, A.; Nelle, E.; Watanabe, F.; Wintgens, K.E; Reich, M.;
Armbruster, EP. The influence of a whole food vegan diet with Nori algae and wild mushrooms on selected
blood parameters. Clin. Lab. 2014, 60, 2039-2050. [CrossRef] [PubMed]

Zava, T.T.; Zava, D.T. Assessment of Japanese iodine intake based on seaweed consumption in Japan:
A literature-based analysis. Thyroid Res. 2011, 4, 14. [CrossRef] [PubMed]


https://www.drmcdougall.com/
https://www.drmcdougall.com/
https://nutritionfacts.org/
http://www.pcrm.org/
http://www.vrg.org/nutshell/Polls/2016_adults_veg.htm
http://www.vrg.org/nutshell/Polls/2016_adults_veg.htm
http://dx.doi.org/10.1017/S136898001700026X
http://www.ncbi.nlm.nih.gov/pubmed/28270246
http://dx.doi.org/10.1016/j.jpeds.2014.12.058
http://dx.doi.org/10.3390/nu11010005
http://www.ncbi.nlm.nih.gov/pubmed/30577451
http://dx.doi.org/10.1016/j.jand.2018.06.008
http://www.ncbi.nlm.nih.gov/pubmed/30174286
http://dx.doi.org/10.1016/j.jand.2016.09.025
http://dx.doi.org/10.1016/j.jand.2017.08.125
http://www.ncbi.nlm.nih.gov/pubmed/29170002
http://dx.doi.org/10.1016/j.jand.2016.09.008
http://dx.doi.org/10.1016/j.numecd.2017.10.020
http://dx.doi.org/10.1136/bmjopen-2015-009892
http://www.ncbi.nlm.nih.gov/pubmed/26962035
http://dx.doi.org/10.3390/nu10010108
http://dx.doi.org/10.1016/j.jand.2013.06.349
http://www.ncbi.nlm.nih.gov/pubmed/23988511
http://dx.doi.org/10.7754/Clin.Lab.2014.140527
http://www.ncbi.nlm.nih.gov/pubmed/25651739
http://dx.doi.org/10.1186/1756-6614-4-14
http://www.ncbi.nlm.nih.gov/pubmed/21975053

Nutrients 2019, 11, 625 12 of 13

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Leung, AM.; Lamar, A.; He, X.; Braverman, L.E.; Pearce, E.N. Iodine status and thyroid function of
Boston-area vegetarians and vegans. J. Clin. Endocrinol. Metab. 2011, 96, E1303-E1307. [CrossRef] [PubMed]
Calton, J.B. Prevalence of micronutrient deficiency in popular diet plans. J. Int. Soc. Sports Nutr. 2010, 7, 24.
[CrossRef]

Ma, Y.; Pagoto, S.L.; Griffith, ].A.; Merriam, P.A.; Ockene, 1.S.; Hafner, A.R.; Olendzki, B.C. A dietary quality
comparison of popular weight-loss plans. . Am. Diet. Assoc. 2007, 107, 1786-1791. [CrossRef] [PubMed]
Karlsen, M.C; Lichtenstein, A.H.; Economos, C.D.; Folta, S.C.; Rogers, G.; Jacques, PF; Livingston, K.A;
Rancano, K.M.; McKeown, N.M. Web-Based Recruitment and Survey Methodology to Capture Followers of
Popular Diets: The Adhering to Dietary Approaches for Personal Taste (ADAPT) Feasibility Survey. Curr.
Dev. Nutr. 2018, in press. [CrossRef]

United States Department of Agriculture. Sample Two-Week Menus. Available online: https://www.
choosemyplate.gov/budget-sample-two-week-menus (accessed on 24 February 2019).

United States Department of Agriculture. Sample Menus for a 2000 Calorie Food Pattern. Available online:
https:/ /archive.org/details/CAT31303185 (accessed on 24 February 2019).

Schakel, S.F. Maintaining a nutrient Database in a Changing Marketplace: Keeping Pace with Changing Food
Products—A Research Perspective; Elsevier: Amsterdam, The Netherlands, 2001.

US Department of Health and Human Services. 2015-2020 Dietary Guidelines for Americans; USDA:
Washington, DC, USA, 2015.

Dietary Reference Intakes (DRIs): Summary Tables; Food and Nutrition Board, Institute of Medicine, National
Academies: Washington, DC, USA, 2011.

Dietary Guidelines Advisory Committee. Scientific Report of the 2015 Dietary Guidelines Advisory Committee:
Advisory Report to the Secretary of Health and Human Services and the Secretary of Agriculture; U.S. Department
of Agriculture, Agricultural Research Service: Washington, DC, USA, 2015.

HEI-2010 Total and Component Scores for Children, Adults, and Older Adults During 2011-2012 Prevention;
U.S. Department of Agriculture: Alexandria, VA, USA, 2011.

Drewnowski, A.; Rehm, C.D. Consumption of added sugars among US children and adults by food purchase
location and food source. Am. J. Clin. Nutr. 2014, 100, 901-907. [CrossRef]

What We Eat in America, NHANES 2013-2014, Individuals 2 Years and over (Excluding Breast-Fed Children),
Day 1. Available online: www.ars.usda.gov/nea/bhnrc/fsrg (accessed on 13 March 2019).

Johnson, R.K.; Appel, LJ.; Brands, M.; Howard, B.V.; Lefevre, M.; Lustig, R.H.; Sacks, E; Steffen, L.M.;
Wylie-Rosett, J. Dietary sugars intake and cardiovascular health: A scientific statement from the American
Heart Association. Circulation 2009, 120, 1011-1020. [CrossRef]

Sacks, EM.; Lichtenstein, A.-H.; Wu, ].H.; Appel, L]J.; Creager, M.A.; Kris-Etherton, PM.; Miller, M.;
Rimm, E.B.; Rudel, L.L.; Robinson, J.G. Dietary fats and cardiovascular disease: A presidential advisory
from the American Heart Association. Circulation 2017, 136, e1-e23. [CrossRef]

Eckel, R.H.; Jakicic, ].M.; Ard, J.D.; de Jesus, ].M.; Houston Miller, N.; Hubbard, V.S.; Lee, LM.;
Lichtenstein, A.H.; Loria, C.M.; Millen, B.E,; et al. 2013 AHA /ACC guideline on lifestyle management to
reduce cardiovascular risk: A report of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines. |. Am. Coll. Cardiol. 2014, 63, 2960-2984. [CrossRef]

What We Eat in America, NHANES 2007-2010, Individuals 1 Year and Over (Excluding Breast-Fed Children and
Pregnant or lactating Females), Dietary Intake Data; Food Surveys Research Group, Beltsville Human Nutrition
Research Center, Agricultural Research Service, U.S. Department of Agriculture: Beltsville, MD, USA, 2010.
Kantor, E.D.; Rehm, C.D.; Du, M.; White, E.; Giovannucci, E.L. Trends in Dietary Supplement Use Among
US Adults From 1999-2012. JAMA 2016, 316, 1464-1474. [CrossRef] [PubMed]

Del Valle, H.B.; Yaktine, A.L.; Taylor, C.L.; Ross, A.C. Dietary Reference Intakes for Calcium And Vitamin D;
National Academies Press: Washington, DC, USA, 2011.

United States Department of Agriculture: Agricultural Research Service. National Nutrient Database for
Standard Reference; Release 27; United States Department of Agriculture: Agricultural Research Service:
Beltsville, MD, USA, 2014.

Devries, S.; Dalen, J.E.; Eisenberg, D.M.; Maizes, V.; Ornish, D.; Prasad, A.; Sierpina, V.; Weil, A.T.; Willett, W.
A deficiency of nutrition education in medical training. Am. . Med. 2014, 127, 804-806. [CrossRef] [PubMed]


http://dx.doi.org/10.1210/jc.2011-0256
http://www.ncbi.nlm.nih.gov/pubmed/21613354
http://dx.doi.org/10.1186/1550-2783-7-24
http://dx.doi.org/10.1016/j.jada.2007.07.013
http://www.ncbi.nlm.nih.gov/pubmed/17904938
http://dx.doi.org/10.1093/cdn/nzy012
https://www.choosemyplate.gov/budget-sample-two-week-menus
https://www.choosemyplate.gov/budget-sample-two-week-menus
https://archive.org/details/CAT31303185
http://dx.doi.org/10.3945/ajcn.114.089458
www.ars.usda.gov/nea/bhnrc/fsrg
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192627
http://dx.doi.org/10.1161/CIR.0000000000000510
http://dx.doi.org/10.1016/j.jacc.2013.11.003
http://dx.doi.org/10.1001/jama.2016.14403
http://www.ncbi.nlm.nih.gov/pubmed/27727382
http://dx.doi.org/10.1016/j.amjmed.2014.04.003
http://www.ncbi.nlm.nih.gov/pubmed/24754969

Nutrients 2019, 11, 625 13 of 13

43. Stote, K.S.; Radecki, S.V.; Moshfegh, AJ.; Ingwersen, L.A.; Baer, D.J. The number of 24 h dietary recalls using
the US Department of Agriculture’s automated multiple-pass method required to estimate nutrient intake in
overweight and obese adults. Public Health Nutr. 2011, 14, 1736-1742. [CrossRef] [PubMed]

44. Mathieu, S.; Dorard, G. Vegetarianism and veganism lifestyle: Motivation and psychological dimensions
associated with selective diet. Presse Med. 2016, 45, 726-733. [CrossRef] [PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1017/S1368980011000358
http://www.ncbi.nlm.nih.gov/pubmed/21414246
http://dx.doi.org/10.1016/j.lpm.2016.06.031
http://www.ncbi.nlm.nih.gov/pubmed/27542762
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Sources of Frequently Consumed Foods 
	Selection of Recipes and Meal Plans 
	Comparison of Mean Food and Nutrient Data 

	Results 
	Discussion 
	Conclusions 
	References

