
 

 

 

 

The Value of Whole Food Plant-Based Nutrition for Learning 
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Nutrition and Diet Quality 

Nutrition plays an integral role in cognitive and academic performance, beginning in utero and continuing throughout 
childhood and adulthood. The mechanisms of diet’s impact on cognition and not completely understood, but food 
provides the raw building blocks for building neural pathways in the brain, and insufficient intakes of essential nutrients 
can impair function of these pathways.1 While research on the linkage between diet and learning outcomes is still 
emerging, several studies have been published that find positive associations between improved diet quality and better 
academic performance, as described in Table 1. The importance of nutrition in learning outcomes is underscored by a 
backdrop of rising rates of Attention-deficient/hyperactivity disorder (ADHD), which has been linked to food sensitivities2, 
as well as the now common practice among children of using caffeine for cognitive enhancement in academic settings.3 

The quality of the typical American diet is poor. Top food sources among American children include bread, cakes, cookies, 
milk and cheese, pastry, soda, candy and other refined foods,4-6 and currently approximately one-third of all children are 
overweight or obese7. There are many inherent challenges in cultivating healthy dietary habits among children, including 
the largely unregulated advertising practices for food products targeted at children,8 an obesity-promoting food 
environment9 in which hyperpalatable foods10 with added sugar, salt, and fat are ubiquitous, and children’s inherent 
biological preference for sweet flavors.11 

A healthy diet, as described by the 2015 Dietary Guidelines for Americans (DGA), strives to meet targets for fruits, 
vegetables, whole grains, dairy products, protein foods including meat, seafood, and plant protein, and more unsaturated 
fat than saturated fat.12 The DGA also use guidelines for moderation of refined grains, sodium, added sugar, and saturated 
fat. 12 Adherence to these recommendations constitutes a diet of higher “quality”, which has been associated with lower 
risk of chronic disease.13-16 In contrast, a whole food plant-based (WFPB) diet targets more stringent goals for avoidance 
of foods with added sugar, salt, and fat, as well as animal products.17,18 Such diets, because of their emphasis on 
vegetables, whole grains, and legumes, are high in fiber and low in added sugar and saturated fat, and are considered 
overall to have a higher dietary quality than conventional recommendations.19 Individuals who eat diets with fewer animal 
products have been found to have lower body weight and reduced risk for mortality and chronic disease.20 Among 
children, a whole food plant-based diet has been used safely and effectively among overweight children and parent pairs 
for weight loss and improvement of  cardiovascular risk factors.17 

Nutrition and Academic Performance 

Relationships between diet and learning outcomes have been assessed in a variety of settings and are described in detail 
in Table 1. Cross-sectionally, significant benefits have been found for academic performance associated with eating regular 
(3x/day) meals,21 eating more fruits and vegetables and less processed foods such as sweets and fried foods,22-24 and eating 
less fat. 23-25  In prospective cohort studies, better nutritional status26 and higher dietary quality in terms of meeting public 
health recommendations, increased consumption of fruits and vegetables and whole grains, and decreased consumption 
of meats, processed snacks, and fast food is predictive of significantly improved test scores and academic performance 
over time. 26-29 A dietary intervention conducted among 8-11 yr olds in Denmark to administer a largely plant-based diet 
as compared to a control diet found significantly improved performance in reading outcomes (reading speed, number of 



 

 

correct sentences, and percentage of correct sentences). The common themes among these research studies are an 
emphasis on unrefined, plant foods and decrease of animal and processed foods.  



 

 

Table 1: Studies conducted among children examining relationships between diet and cognition or learning outcomes 
 

First Author, 
Year 

Study design  Study population  
and total N 

Dietary 
exposure(s) 

Outcome(s) related to 
learning/cognition 

Quantitative Findings 

Faught, 201727 Prospective 
cohort 

Children 10-11 yrs; 
population-based 
sample 
representative of 
Nova Scotia;  
N=4,253 

Meeting Health 
Canada’s age-
specific 
recommendations 
for each 
individual food 
group (yes/no) 

Meeting dietary 
recommendations assoc. 
with increased likelihood 
of meeting academic 
expectations for each of 
math, reading, and 
writing. 

Per recommendation met 
Math 1.13 (1.06, 1.20), p<0.001 
Reading 1.26 (1.17, 1.35) p<0.001 
Writing 1.21 (1.11, 1.32) p<0.001 
 
Achievement in Math 
“Milk and alternatives” 1.27 (1.09, 1.49), p=0.002 
“Meat and alternatives” 1.56 (1.28, 1.91), p<0.001 
“Free sugar <10% kcal” 1.33 (1.12, 1.57), p=0.001 
Achievement in Reading 
“Vegetables and Fruits” 1.30 (1.02, 1.66), p=0.03 
“Grain Products” 1.49 (1.12, 1.98), p=0.006 
“Milk and alternatives” 1.24 (1.00, 1.53) p=0.045  
“Meat and alternatives” 1.55 (1.19, 2.01) p=0.001 
“Saturated Fat” 1.28 (1.06, 1.56), p=0.01 
 “Free sugar <10% kcal” 1.91 (1.57, 2.32), p<0.001 
Achievement in Writing 
“Meat and alternatives” 1.40 (1.04, 1.90), p=0.03 
“Free sugar <10% kcal” 1.43 (1.16, 1.77), p=0.001 
 

So, 201621 Cross-
sectional 

Adolescents 12-18 
yrs; nationally 
representative 
sample in Korea;  
N=74,186 

Regular diet (3 
meals per day) 

Not eating 3 meals/d 
regularly increased odds 
of a lower academic 
performance. 

Univariate: OR 0.48 (0.46, 0.49), p<0.001; 
Multivariate: OR 0.65 (0.65, 0.62), p<0.001 

Nyaradi, 201628 Prospective 
cohort 

Children 10-12 yrs; 
Western Australia 
Pregnancy Cohort; 
N=2,287 

Diet quality score 
(measured at 
one-, two-, and 
three- years) – 
defined as greater 
intakes of fruits, 
vegetables, 
wholegrains, and 

Higher diet score at one 
year of age assoc. with 
significantly higher scores 
in math, reading, writing, 
and spelling at both 
grades five and seven. 
Associations observed for 
age two diet score and 

Diet Score, 1 yr:  
Grade 5 
Math, beta=0.47 (0.09, 0.84), p=0.015;  
Reading, beta=0.63 (0.24, 1.02), p=0.002; 
Writing, beta=0.94 (0.37, 1.50), 
p=0.001; 
Spelling, beta=0.89 (0.31, 1.47), 
p=0.003 



 

 

protein sources 
(excluding 
processed and 
red meat); lower 
intake of 
sweetened drinks 
and snack foods  

academic scores for 
math, writing, spelling at 
grade seven. Higher dairy 
consumption at one, two, 
and three and higher fruit 
consumption at age one 
were assoc. with higher 
academic scores at all 
ages. 

Grade 7 
Math, beta=0.71 (0.25, 1.16), p=0.002;  
Reading, beta=0.75 (0.39, 1.10), p<0.001;  
Writing, beta=0.53 (-0.08, 1.14), p=0.091 
Spelling, beta=0.90 (0.31, 1.47) 
 
Grade 5 
Fruit (1 yr): 
Math 1.32 (0.31, 2.33), p=0.011 
Reading 1.08 (0.03, 2.13), p=0.043 
Grade 7 
Fruit (1 yr): 
Math 1.47 (0.27, 2.67), p=0.016 
Reading 1.46 (0.52, 2.41), p=0.002 
Writing 1.74 (0.14, 3.34), p=0.033 
Spelling 1.57 (0.11, 3.02), p=0.035) 
 

Mountain, 
201629 

Prospective 
cohort 

Adolescents 14 yrs; 
Western Australia 
Pregnancy Cohort;  
N=779 

‘Healthy’ dietary 
pattern (fruits, 
vegetables, 
wholegrains, 
legumes, fish) vs. 
‘Nonhealthy’ 
(high intake of 
takeaway foods, 
red/processed 
meat, soft drinks, 
fried and refined 
food) 

Higher scores for 
nonhealthy dietary 
pattern a significantly 
ssoc. with poorer 
academic scores for math 
and reading, and a similar 
trend for writing. 

Writing: beta=-13.14 (-24.57, -1.76), p=0.024 
Reading: beta=-19.16 (-29.85, -8.47), p<0.001 
*Not significant for Writing (p=0.066) 

Kim, 201622 Cross-
sectional 

Adolescents 12-18 
yrs; sample from 43 
regions in Korea;  
N=359,264 

Meal frequencies 
and frequencies 
of fruit, soft drink, 
fast food, instant 
noodle, 
confectionary, 
vegetable, and 
milk, respectively. 

Eating three times/d with 
frequent intakes of fruits, 
vegetables, and milk were 
related to good school 
performance. Soft drinks, 
instant noodles, fast 
foods, confections 
>=7x/w correlates with 
poor school performance. 

Frequent intake of breakfast AOR=1.73 (2.20, 
2.48) 
Fruits AOR=1.73 (1.62, 1.86) 
Vegetables AOR=1.48 (1.37, 1.61) 
Milk AOR=1.35 (1.28, 1.43) 
 
Soft drinks AOR=0.42 (0.38, 0.46) 
Instant noodles AOR=0.62 (0.55, 0.70) 
Fast food AOR=0.83 (0.72, 0.96) 



 

 

Confectionary AOR=0.86 (0.80, 0.93) 
 
*AOR=adjusted odds ratio 
*p<0.001 for all of the above 

Sørensen, 2015 RCT cross-
over 

Children 8-11 yrs; 
nationally 
representative 
sample from eastern 
Denmark;  N=1,021 

Habitual 
lunch/snacks vs 
lunch/snacks 
from “New Nordic 
Diet” (mainly 
whole plants and 
some fish/game) 

Intervention did not 
influence concentration 
performance or 
processing speed. 
However, intervention 
did increase reading 
speed, number of correct 
sentences, and 
percentage of correct 
sentences. 

Reading speed 1.03 (1.01, 1.06), p=0.009 
Number correct sentences 1.08 (1.05, 1.10), 
p<0.001 
Percent sentences correct 1.34 (1.26, 1.43), 
p<0.001 

Purtell, 201426 Prospective 
cohort 

Children 5th-8th 
grade; nationally 
representative US 
sample;  N=8,544 

Frequency of fast 
food 
consumption 

Fast food consumption 
assoc. with deleterious 
academic outcomes 
among children 

Reading 
Daily fast food -4.10 (-6.708, -1.500), p<0.001 
Math 
1-3 fast food/week  -1.43 (-2.29, -0.57), p<0.001 
4-6 fast food/week   -3.76 (-5.21, -2.30), p<0.001 
Daily fast food -3.22 (-4.72, -1.72), p<0.001 
Science 
4-6 fast food/week  -2.65 (-3.71, -1.60), p<0.001 
Daily fast food 
-3.46 (-4.71, -2.21), p<0.001 

Nilsson, 201130 Cross-
sectional 

Adolescents 15-16 
yrs in Sweden;  
N=386 

Dietary folate 
intake 

Folate intake had a 
positive association with 
academic achievement in 
15-year-olds, which was 
not attenuated by SES or 
genotype 

Tertiles of Folate Intake 
P<0.002 

Ivanovic, 200931 Prospective 
cohort 

Children in 1st grade 
with follow-up 12 
years later; 
Nationally 
representative 
sample from 

Nutritional status 
assessed by 
weight, height, 
hip 
circumference, 
arm 
circumference, 

Postnatal nutritional 
background (z-scores for 
height, weight, and hip 
circumference) reached 
significance with high 
school exam scores. 

Z-score weight  
P<0.01 
Z-score height 
P<0.001 
Z-score hip circ. 
P<0.001 
 



 

 

 

 

Metropolitan Region 
of Chile; N=831  

and triceps 
skinfold in 
elementary 
school 

Florence, 200823 Cross-
sectional 

Children in 5th grade; 
representative of 
Nova Scotia;  
N=4,589 

Diet quality Students with increased 
diet quality significantly 
less likely to fail literacy 
assessment; students 
with increased fruit and 
vegetable intake and 
lower caloric intake of fat 
significantly less likely to 
fail assessment.  

Highest fruit and vegetable intake 
0.60 (0.47, 0.75) 
 
Highest percentage energy from fat 
1.43 (1.20, 1.72) 
 

Sigfúsdóttir, 
200732 

Cross-
sectional 

Adolescents 14-15 
yrs in Iceland;  
N=5,810 

Diet quality The diet variables, eating 
bad food (sweets, French 
fries, processed and red 
meats) and eating fruit 
and vegetables, are both 
significant predictors of 
academic achievement, 
but the impact is 
relatively weak overall. 

Eating more unhealthy food: beta=-0.05, p<0.01 
 
Eating more fruits and vegetables: beta=0.09, 
p<0.01 

Fu, 200724 Cross-
sectional 

Children/adolescents 
6-13 yrs nationally 
representative 
sample from Taiwan;  
N=2,222 

Unhealthful 
eating patterns 

Children with a single 
unhealthful eating 
pattern of either low 
intake of nutrient-dense 
foods or low intake of 
dairy were about 1.9 
times more likely to have 
unfavorable test scores. 
Likewise, high intake of 
sweets and fried foods 
were 1.5 times more 
likely to have unfavorable 
test performance. 

High intake sweets and fried foods  
1.65 (1.09, 2.48) 
P=0.02 
 
Lowest intake of highly nutrient-dense foods 
1.63 (1.11, 2.38) 
p=0.01 



 

 

  



 

 

Adequacy of Whole Food Plant-Based Diets 

The benefit of a whole food plant-based diet for learning and academic performance is that it naturally offers foods and 
nutrients in greater quantities that have been shown, or potentially have, a beneficial relationship with improved 
learning outcomes while minimizing the foods that have been shown to be problematic, such as fast foods and refined 
foods. Parents and teachers who choose to incorporate more whole plant foods into children’s meals can follow a 
variety of resources listed in Appendix 1. Food preparation may require a few new skills but is no more difficult or 
expensive than a conventional diet.ref Overall guidelines for following a whole food, plant-based diet are depicted in 
Table 2.  

 

Table 2– Food Groups in a Whole Food, Plant-Based Diet 

Whole Plant Foods 
Unlimited amounts of a variety 
of these foods on a daily basis 

Whole grains, legumes and peas, fresh and frozen fruits and 
vegetables 
 

Lightly Processed 
Include, but use less frequently 

Plant milks, whole grain products such as pasts and cereals or flour, 
prepared foods such as tomato sauce, hummus, other dressings, and 
tofu. Read labels to minimize added sugar, salt, and fat.  
 

Richer Whole Plant Foods 
Use as condiments or 
ingredients only and, for most, 
not necessarily every day, 
because of the high fat content 

Avocado/guacamole, nuts, seeds, and spreads/butters, and coconut 

Use in Cooking 
These additions make food 
flavorful but still healthy 

Fresh and dried: herbs; fresh and powdered spices; vinegars; limited 
amounts of salt and sweeteners, miso, tamari/soy sauce, and 
vegetable bouillon  

Treats for Special Occasions 
Remember that “special 
occasions” happen infrequently 

Dessert: recipes made with lots of nuts, coconut, or added 
sweeteners 

 

The benefits for learning outcomes are achieved at the same time as lowering overall risk for overweight and chronic 
disease. Both the American Academy of Nutrition and Dietetics33 and the Italian Society of Human Nutrition34 have 
published official position papers on vegetarians/plant-based diets, and state that well-planned diets excluding all 
animal products are nutritionally adequate for all life stages, including children. Such diets confer health benefits while 
also supporting normal growth curves in comparison to peers.25 Protein intake, along with other nutrient requirements, 
is not compromised. Whole food plant-based diets also easily provide appropriate levels of the majority of the nutrients 
of public health concern as identified by the US Dietary Guidelines Committee (vitamins A, D, E, C, folate, calcium, 
magnesium, iron, potassium, fiber, sodium, saturated fat, and added sugar).12 These are nutrients that most Americans 
either do not meet targets for, or consume in excess in the case of sodium, saturated fat, and added sugar. 

Certain nutrients in diets that exclude all animal foods merit special attention and should be monitored regularly with 
the assistance of a physician. These include: (add refs) 

• All individuals consuming a diet free of animal products should take a vitamin B12 supplement 
• Vitamin D, a hormone produced in the skin in response to sunlight, is frequently low in populations avoiding 

fatty fish or fortified milk. Parents should consider, with the guidance of their physician, a vitamin D 
supplement, especially seasonally during the winter months. 



 

 

• Regular intake of ALA and limited intake of LA helps to maintain desired n-3 status; children under the age of 
two may benefit from a reputable algae-based EPA/DHA supplement 

Acceptability  

The question of whether children will enjoy eating a whole food, plant-based diet is important to address directly. 

This intervention aimed to evaluate the potential of food choice architecture in improving adolescents’ dietary choices 
(n=218,796 transactions) by making healthy plant-based foods/meals more visible, available, and convenient as 
compared to baseline. During the intervention period (six weeks), students were 2.5 times more likely (p<0.001) to 
choose these designated healthy options than at baseline. A spillover effect was also observed in that students were 7.5 
times as likely to select salad items during the intervention compared to baseline.35 

Food leftovers were assessed via visual plate waste method (n=3286 observations) to determine the nutritional 
adequacy and popularity of vegetarian lunches as compared to conventional lunch days. No significant difference in 
plate waste was found between vegetarian and conventional main courses (16.7% vs 17.3%), indicating that the 
vegetarian meals were acceptable to the schoolchildren. The vegetarian meals scored favorably nutritionally as 
compared to the conventional lunches due to the inclusion of more fiber and less fat and saturated fat, generally 
speaking. However, another important finding is that vegetarian meals are not always necessarily healthy; three of the 
vegetarian meals exceeded 30% of calories from fat and one contained more than a third of fat as saturated fat 
(attributed to full-fat cheese sauce).36 

 

Acceptability and enjoyment are affected by taste preferences which are shaped by early experiences. Parents of young 
children can feel empowered to help their children develop preferences for healthy tastes from a young age. Parents of 
older children should not be discouraged either. Taste preferences are strongly affected by usual intake – which means 
the more children eat healthy food they more they will learn to like it.  

• The age of a child is key when introducting novel foods; novel vegetables should ideally be introduced before 
the onset of neophobia (peaks around 2-6 years) 

• Each child given 5-10 exposures of novel vegetable: four categories of eaters were identified- plate-clearers 
(consumed more than 75% offered), non-eaters (eating less than 10g by the 5th exposure), learners (increased 
acceptance with each exposure), and others (highly variable) 

• Majority were learners; older pre-school children more likely to be non-eaters;  younger children consumed 
more than older children 

• In a randomized intervention study, 40 healthy toddlers consumed two vegetable (spinach and endive) soups 
per week, with each group receiving a high-energy variant of one of the two soups for 7 weeks. 

• Results showed significant increase in ad libitum consumption of both vegetable soups, but irrespective of 
energy content, suggesting more robust effect of exposure than flavor nutrient learning (FNL) 

• However, results also show “preference” shifted towards soup paired with higher energy content, supporting 
FNL 

• Fetal olfactory receptor cells are stimulated by odor and flavor compounds by atleast 26 to 28 weeks 
gestation; infant flavor preferences can persist into childhood and adulthood 

• Caton SJ, Blundell P, Ahern SM, et al. Learning to eat vegetables in early life: the role of timing, age and 
individual eating traits. PloS one. 2014;9(5):e97609. 

 
• 2. de Wild VW, de Graaf C, Jager G. Effectiveness of flavour nutrient learning and mere exposure as 

mechanisms to increase toddler's intake and preference for green vegetables. Appetite. 2013;64:89-96. 

 
• 3. Trout KK, Wetzel-Effinger L. Flavor learning in utero and its implications for future obesity and diabetes. 

Current diabetes reports. 2012;12(1):60-66. 



 

 

• Prenatal flavor learning can help vegetables to become more palatable to infants; this knowledge can be 
motivating to pregant women, but assessment of expectations, environment, and beliefs of the woman must 
also be taken into account when counseling. 

• Breast feeding is considered preferred diet in infancy and considered gold standard for infant nutrition; 
infants fed instant formula (mostly cow’s milk formula) tend to weigh more and have greater risk for later 
obesity 

• Not all infant formulas are the same; infants fed extensively hydrolyzed protein formula (ePHF) have same 
growth rate as breastfed infants 

• Rapid growth rates during first year of life assoc. with increased risk for later obesity, metabolic syndrome, 
and mortality from CVD 

• Early flavor experiences influence flavor and foor preferences of children that last several years and may 
affect food choices and health later in life 

• Participants (n=40) placed in one of three groups consumed and rated plain or sweetened cherry and grape 
kool-aids in four phases to test for sensory preconditiong (SPC) 

• Conditioning was evident in groups that had a flavor sweetened in training in that participants showed 
increased hedonic and sensory ratings for that conditioned flavor 

• Formula-fed infants (n=47) were randomized into four groups at age 0.5 months  
• Control (cow’s milk formula [CMF] for 8 months), and three groups fed ePHF for 1, 3, or 8 months and CMF 

otherwise; acceptance of savory (similar to ePHF) or plain broth tested at 8.5 months 
• Infants fed ePHF for 3 or 8 months showed greater acceptance of savory broth relative to plain broth (p<0.01) 

and consumed it at a faster rate (p=0.01) 
• Conclusion: duration of flavor exposure affects infants’ earliest response to foods 

• Exposure learning strategies tested for a novel vegetable: pre-testing served unmodified artichoke puree 
• Children exposed 10 times to: unmodified puree (mere exposure), sweetend puree (flavor-flavor learning), or 

energy dense puree with added fat (flavor-nutrient learning). 
• After post-testing, results imply mere exposure and flavor-flavor learning are powerful strategies for changing 

children’s acceptance of a novel vegetable (although 30-40% were resistant to acceptance changes) 

• Human acceptance (intake and preference) of bitter taste of some healthy foods such as vegetables is 
partially genetically controlled 

• Relatively short, repeated exposures to bitter and sour tasting PHF during a sensitive period may change an 
infant’s initial rejection into a preference for that stimulus (Mennella et al) 

• Further research may inform our understanding of the epigenetic changes induced by repeated exposures to 
bitter-tasting formulas during this target sensitive period 

 
• 4. Trabulsi JC, Mennella JA. Diet, sensitive periods in flavour learning, and growth. International review of 

psychiatry (Abingdon, England). 2012;24(3):219-230. 

 
• 5. Privitera GJ, Mulcahey CP, Orlowski CM. Human sensory preconditioning in a flavor preference 

paradigm. Appetite. 2012;59(2):414-418. 

 
• 6. Mennella JA, Castor SM. Sensitive period in flavor learning: effects of duration of exposure to formula 

flavors on food likes during infancy. Clinical nutrition (Edinburgh, Scotland). 2012;31(6):1022-1025. 

 
• 7. Hausner H, Olsen A, Moller P. Mere exposure and flavour-flavour learning increase 2-3 year-old 

children's acceptance of a novel vegetable. Appetite. 2012;58(3):1152-1159. 

 
• 8. Rohlfs Dominguez P. Flavor exposure during sensitive periods of development as a key mechanism of 

flavor learning: implications for future research. The American journal of clinical nutrition. 2011;93(5):909-910. 



 

 

• Using response to protein hydrosylate formula (PHF) as a model system, the research team discovered the 
existence of a sensitive period, before 4 months, when exposure determines the hedonic tone to flavors 

• Acceptance: 7 months exposure > 3 month & 1 month > no exposure; suggests dosing effect 
• Among infants exposed to PHF for 1 month, those who were first fed PHF at 3.5 months rejected PHF relative 

to CMF more than did infants exposed at younger ages 
• Conclusion: indicates a fundamental feature of mammalian development and reflects importance of 

familiarizing infants with flavors that their mothers consume and transmit to breast milk 
 

In summary, higher dietary quality in terms of reduced animal and processed food and higher fruit, vegetable, and 
whole grain content have been associated with improved learning outcomes in children. A whole food, plant-based diet 
is well-equipped to fill the deficits left by the typical American diets, and will serve a dual purpose in potentially 
improving learning outcomes while also reducing risk for chronic disease. Taste preferences are shaped by usual intake 
and it is possible for children to learn to like healthy food with guidance and encouragement from adults.  

  

 
• 9. Mennella JA, Lukasewycz LD, Castor SM, Beauchamp GK. The timing and duration of a sensitive period in 

human flavor learning: a randomized trial. The American journal of clinical nutrition. 2011;93(5):1019-1024. 
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