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VEGETARIAN DIETS AND 
CHILDREN 

T. A. B. Sanders, PhD 

A vegetarian diet, if properly selected, can meet all of the require
ments of the growing child; yet many health professionals remain con
cerned about the adequacy of vegetarian diets. This article reviews the 
nutritional adequacy of vegan and vegetarian diets, identifies under 
what conditions nutritional deficiencies can arise, and compares the 
growth and development of children reared on vegetarian diets with 
those in the general population. It also considers some new develop
ments in essential fatty acid nutrition. 

A vegetarian is usually defined as someone who does not eat animal 
flesh (i.e., meat, poultry, and fish) but who includes eggs and dairy 
products in his or her diet. Usually the first stage in becoming a vegetar
ian is to cease consumption of red meat, which is followed by the 
exclusion of poultry and fish. Many vegetarians aspire to being pure 
vegetarians, or vegans, who exclude all food of animal origin. Veganism 
is a way of life that avoids the exploitation of animals. Besides avoiding 
food of animal origin, vegans also do not use products that have been 
derived from animals, such as leather and wool. Fruitarians restrict their 
diet to raw fruits, nuts, and berries because they believe that these were 
the natural diet of man. Macrobiotic diets, which originate from the 
teachings of George Ohsawa,31 consist of relatively large amounts of 
brown rice, accompanied by smaller amounts of fruits, vegetables, and 
legumes; processed foods and Solanaceae species (i.e., tomatoes, egg
plants, and potatoes) are avoided. Meat and fish are permitted if they 
are hunted or wild. In practice, however, most macrobiotic diets are 
vegetarian and contain only small amounts of milk products, if any. 
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Pythagoras was one of the earlier advocates of a meatless diet in 
the West, and abstinence from meat has been associated with asceticism 
throughout the world for thousands of years. Vegetarianism is advo
cated by the Hindu religion and the Seventh Day Adventist's Church. 
The Rastafarian cult advocates a vegan and fruitarian diet. Vegetarian
ism has a long history of association with alternative medicine and with 
radical and often altruistic causes ranging from teetotalism and food 
reform in the 19th century to feminism, nuclear disarmament, environ
mental issues, and animal rights in the 20th century. Perhaps not surpris
ing is that vegetarianism appeals to younger age groups. 

The health and diet of adult Western vegetarian groups have been 
extensively studied, and generally seem to be good.39 Strict vegetarian 
or vegan diets may offer certain advantages to the health of adults in 
view of their low saturated fat and high fiber contents; however, their 
adequacy for children has been controversial because the risk of nutrient 
deficiency is greatest in childhood, when requirements relative to body 
weight are greater and when children are unable to exert the degree of 
control over what they eat that adults can. Indeed, several cases of 
severe protein-energy malnutrition and deficiencies of iron and vitamins 
B12 and D have been reported in infants and toddlers who were fed 
inappropriate vegetarian diets3, 23, 35; however, as is discussed later, evi
dence also suggests that children can be reared successfully on vegetar
ian and vegan diets, providing sufficient precautions are taken. The 
adoption of a vegetarian lifestyle also may result in changes in behavior 
independent of diet. For example, some ethical vegetarians do not permit 
their children to be immunized on the grounds that antisera are pre
pared using animals. 

DIETARY ADEQUACY 

In their classic experiment carried out at the end of World War II, 
Widdowson and McCance51 clearly demonstrated that children will grow 
and develop quite normally on a diet consisting of plenty of bread and 
vegetables with minimal amounts of milk and meat. It may seem obvi
ous that the quality of any diet depends on what foods are included, 
yet vegetarian diets are defined on the basis of those foods that are 
excluded. The adoption of a vegetarian diet has been associated with 
eating disorders in female teenagers; therefore, it is important that 
teenagers, who are highly likely to diet, do not use vegetarianism merely 
as a way of restricting their food intake. Many ethical and macrobiotic 
vegetarians favor the consumption of unrefined carbohydrate foods, 
such as wholegrain bread, salad, fruit, nuts, and legumes, and they often 
consume a wider variety of foods than many individuals on mixed diets. 

Vegetarian diets that contain reasonable amounts of milk products 
and eggs are more likely to be adequate than vegan diets; however, the 
key issue is whether a vegetarian diet can readily supply those nutrients 
usually provided by meat and fish. The nutrients in foods of plant origin 
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are more widely scattered than in those in meat and fish. Meat and fish 
are rich sources of several nutrients-iodine, taurine, vitamin B12, vita
min D, and long-chain polyunsaturated fatty acids such as eicosapentae
noic (20:5 n-3) and docosahexaenoic (22:6 n-3)-that are scarce or absent 
in common foods of plant origin. Meat and fish also make a significant 
contribution to protein intake, but protein intakes are easily met by 
vegetarian diets, especially if the proteins are derived from a variety of 
dietary sources. 

Meat is a particularly important source of bioavailable iron in the 
diet, it is particularly well-absorbed in this form. Plant foods contain 
several substances that modify the absorption of minerals such as iron, 
zinc, and calcium. These modifiers tend to occur in higher concentrations 
in the unrefined cereals that are favored by many vegetarians. Conse
quently, those vegetarian groups who eat large amounts of unrefined, 
unleavened cereals may be at increased risk for iron deficiency anemia, 
and rickets. 

DIETARY INTAKES 

Several studies30, 38, 40, 41, 47 have measured nutrient intakes in white 
vegan and vegetarian children. Parents and children who are able to 
keep an accurate dietary inventory, however, are generally well-edu
cated and informed and so may not be truly representative of all vegetar
ians. Nutrient intakes are largely determined by the nature of the staple 
food. Many vegan and vegetarian groups use wholegrain bread as a 
dietary staple, whereas those following Asian vegetarian or macrobiotic 
diets use rice as their dietary staple. Perhaps surprising is that there are 
few qualitative differences in the diets of both vegans and vegetarians 
compared with omnivores, with the exception of the intakes of vitamin 
B12 and, in vegans, calcium. Protein and energy intakes are surprisingly 
similar. Fat intakes tend to be slightly lower, providing 30% to 35% of 
the dietary energy in vegan and vegetarian children, and carbohydrate 
intakes are higher, measuring approximately 55% of the dietary energy. 
Most vegan children are breast-fed well into the second year of life, and 
problems of nutritional inadequacy are likely to occur only if the infants 
are prematurely weaned onto an unsuitable breast-milk substitute.23 
Many of the potential hazards of vegan diets can be avoided by the use 
of soya milks fortified with calcium and vitamin B12 in the post-weaning 
period. The diets consumed by vegan and vegetarian schoolchildren are 
qualitatively similar to those consumed by adults. Tables 1 and 2 show 
the food intakes and nutrient composition of diets consumed by British 
vegan children compared with children of the same age on mixed diets. 
These vegan diets were based around wholegrain bread as a staple and 
contained plenty of soy products.40 This description illustrates clearly 
how similar the nutrient content of vegan diets can be to mixed diets. 
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Table 1. WEIGHTS OF FOOD MAKING UP THE DAILY DIET OF 18 VEGAN CHILDREN 

Food 

Bread 
Breakfast cereals 
Other cereals 
Cakes and biscuits 
Fats 
Vegetables 
Potatoes 
Other root vegetables 
Leafy vegetables 
Pulses, including soya milk 
Fresh fruit 
Dried fruit 
Nuts 
Sugar 
Jam 
Confectionary 
Fruit juice and soft drinks 
Other 

Number of foods making up diet 

137 
33 
63 
21 
29 
88 

162 
42 
34 

239 
216 

13 
25 

4 
5 
5 

238 
205 

g 

55 (30-84) 

Table 2. NUTRIENT DENSITY OF THE VEGAN CHILDREN'S DIETS COMPARED WITH 
THOSE OF BRITISH OMNIVOROUS CHILDREN EXCLUDING SUPPLEMENTS 

British Children 
Vegan Children 7-12 yrs 

(n = 18) SO (n = 194) 

Energy % RDA 10 83.0 15.7 82.0 
Protein (g/4.2 MJ) 31.0 5.12 30.8 
Fat (g/4.2 MJ) 35.0 6.4 41.1 
Carbohydrate (g/4.2 MJ) 148.0 36.9 135.0 
Fiber (g/4.2 MJ) 21.8 4.42 9.2 
Calcium (mg/4.2 MJ) 270.0 48.3 400.0 
Iron (mg/4.2 MJ) 12.6 7.1 5.7 
Zinc (mg/4.2 MJ) 4.3 0.85 3.9 
Copper (mg/4.2 MJ) 0.96 0.14 0.96 
Vitamin A (r.e'/4.2 MJ) 546.0 202.0 370.0 
Thiamin (mg/4.2 MJ) 0.98 0.22 0.64 
Riboflavin (mg/4.2 MJ) 1.00 0.49 0.82 
Niacin (n.e./4.2 MJ) 14.0 3.02 14.1 
Vitamin B6 (mg/4.2 MJ) 0.79 0.19 0.66 
Vitamin B'2 (lLg/4.2 MJ) 1.3 1.18 1.64 
Total folate (1L9/4.2 MJ) 146.0 29.6 77.0 
Biotin (1L9/4.2 MJ) 10.9 2.95 7.9 
Vitamin C (mg/4.2 MJ) 54.0 24.2 38.2 
Vitamin D (lLg/4.2 MJ) 1.1 0.60 0.9 
Vitamin E (mg/4.2 M) 4.4 0.81 2.5 
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BIRTHWEIGHT 

Early onset of labor and cesarean section are more common in 
Hindu vegetarians, and the duration of pregnancy is approximately 4 to 
5 days shorter than in the white population in the United Kingdom.27 
These differences are unlikely to be genetic in origin because birth
weights are lower in Hindu women of Indian ethnic origin compared 
with Muslim women of Indian ethnic origin. Even after adjusting for 
gestational age and maternal frame size, babies born to Hindus are 
lighter than those born to Asian, Muslim, or white women. The authors 
have confirmed the shorter duration of pregnancy and that birth weight, 
head circumference, and length are lower in Hindu vegetarians even 
after correction for gestational age, sex of infant, parity, smoking habits, 
maternal age, and height.34 The mean adjusted birth weight was 240 g 
lighter in the Hindu vegetarians compared with the nonvegetarian white 
population. This difference is even greater than the 190 g difference 
previously reported in Hindu subjects in the United Kingdom. Lower 
birth weights have also been reported in white communities consuming 
predominantly vegetarian macrobiotic diets7; however, whether the 
lower birth weight in this macrobiotic community is associated with a 
shorter duration of pregnancy is uncertain. Dagnelie and coworkers7 
noted that the macrobiotic subjects who consumed fish more than once 
per week gave birth to approximately 180 g heavier babies. The authors 
also reported a tendency for lower birth weights in u.K. vegans.42 

These lower birth weights are probably related to diet. Energy 
intake is believed to be a major factor influencing birth weight,26 and 
energy intakes are low in Hindu vegetarian women; however, Hindu 
vegetarians have energy intakes similar to Muslim women50 of Indian 
descent. Another suggestion is that the lower birth weights might reflect 
poor nutritional status with regard to zinc and copper, but measurement 
of serum concentrations of these minerals failed to show evidence of 
deficiency.4 Another possibility could be poor nutritional status with 
regard to iron or folate/vitamin B12, which is discussed later. The patho
physiologic significance of small differences in birthweight is debatable, 
but Barker and colleagues1 argue that a lower birthweight and head 
circumference increase the risk of developing cardiovascular disease and 
diabetes in later life. 

GROWTH 

In the United Kingdom, Asian vegetarian children were, on average, 
3 cm shorter than white children.37 Those children born in the United 
Kingdom were taller than those born in East Africa or India, however, 
probably as a result of improved nutrition and a lower incidence of 
infectious diseases.49 In contrast, the growth of the white Seventh-Day 
Adventist vegetarian population seems virtually indistinguishable from 
that of white omnivores.38,41 Lower rates of growth, particularly in the 
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first 5 years of life, have been reported in children reared on vegan30, 41 

and macrobiotic diets.42 Despite these lower rates of growth in the first 
few years of life, catch-up7,40 growth occurs by the age of approximately 
10 years. Height is normal, but vegetarian, and especially vegan, children 
still tend to be lighter in weight for height than children on mixed diets. 
The lower rates of growth observed in some vegetarian children under 
the age of 5 years can usually be attributed to low energy intakes. The 
bulky nature and low energy density of some vegetarian diets restrict 
the amount of food energy that can be consumed. Beyond the age of 5 
years, children are able to exert their own food preferences and can 
forage for food in the home. Indeed, energy intakes in older vegan 
children are similar to those of children on mixed diets (see Table 2). 

Weight, in particular the proportion of body fat, is a good predictor 
of the rate of sexual maturation. It would be predicted, therefore, that 
age of menarche might be delayed in children reared on vegetarian 
diets. A later age of menarche has indeed been noted in Seventh-Day 
Adventist vegetarian girls.25 In the author's own studies, age of menar
che was slightly higher in children reared as vegans or vegetarians 
(between 13 and 15 years of age; T. A. B. Sanders, unpublished observa
tions, 1993) but certainly not as high as seen in China or in the past 
century in Europe, where the average age of menarche was more than 
16 years. 

IRON DEFICIENCY ANEMIA 

In the United Kingdom, the Asian vegetarian population has a 
higher incidence of iron deficiency anemia compared with the general 
populationP Infants and pregnant women are most susceptible, the 
incidence being highest in those who rely on rice rather than on wheatP 
A prevalence as high as 40% (hemoglobin < 110 g/ dL) was found in 
Asian infants aged 22 months. 18 Iron deficiency anemia in infancy is also 
associated with late weaning practices. An increased prevalence of iron 
deficiency has also been reported in toddlers of macrobiotic vegetarians.s 

Iron intakes seem to be high in vegetarians and vegans whose staple 
food is wholegrain bread, however. Hemoglobin concentrations are gen
erally normal in both Seventh-Day Adventist and British vegans and 
vegetarians.39 Nevertheless, serum ferritin concentrations are low (below 
12 f.lg/L) in both white and Asian vegetarian women of childbearing 
age.33 This finding may mean that infants born to vegetarian women are 
born with lower stores of iron. Kim and coworkers24 found a strong 
association between anemia in the first trimester of pregnancy and 
subsequent low birth weight and inadequate gestational weight. Scholl 
and colleagues43 found that low ferritin concentrations (below 12 f.lg/L) 
in early pregnancy are associated with an increased risk of prematurity 
and low birth weight. These studies imply that poor iron status, as 
opposed to anemia, in early pregnancy may increase risk of low birth 
weight. The use of iron supplements during pregnancy may be desirable 
in vegetarians, but this theory needs to be evaluated in a clinical trial. 
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VITAMIN 8 12 DEFICIENCY 

Vitamin B12 is generally absent from food of plant origin, and this 
vitamin is most likely to be lacking in vegan and vegetarian diets. 
Megaloblastic anemia resulting from combined dietary vitamin B12 and 
folate deficiency is three times as prevalent in u.K. Asian vegetarians 
than in the general population of the United Kingdom.5 Babies of vege
tarian mothers are prone to dietary vitamin B12 deficiency, particularly 
if breast-fed with milk of low vitamin B12 content.44 Megaloblastic anemia 
is rarely encountered among white vegans and vegetarians, owing to 
their high intakes of folate, and vitamin B12 deficiency usually presents 
with neurologic signs and symptoms in infants.21,28 Many vegans are 
aware· of the need to supplement their diets with vitamin B12, but 
intakes are often extremely low. Vegetarians may also need to consider 
supplementing their diet with the vitamin, especially if their intake of 
eggs and dairy products is low. Many processed foods are fortified with 
vitamin B12, but these are not necessarily acceptable to ethical vegetari
ans. There is clearly a need for both vegans and vegetarians to be 
vigilant in avoiding dietary vitamin B12 deficiency. 

RICKETS 

Cases of rickets in the Asian ethnic minority have been reported in 
the United Kingdom for more than 30 years, affecting both vegetarians 
and nonvegetarian groupS.10 Asian rickets differs from the form of rickets 
formerly prevalent in the white population in that it occurs not only in 
infancy but throughout childhood and adolescence.36 In a formal assess
ment of prevalence of nutritional rickets, Holmes and colleagues22 found 
that 30% of Asian children had clinical rickets compared with 4% of 
white children. Significantly lower concentrations of 25-0H-vitamin D 
were found in Asian children compared with white children, and con
centration levels less than 12.5 nmol/L occurred in 33% of Asian girls 
and in 22% Asian boys.45 From seasonal measurements of the plasma 
concentrations of vitamin D, it is clear that Asians did not accumulate 
stores of vitamin D during the summer months because of limited 
exposure to sunlight.46 The prevalence of Asian rickets seems to have 
declined.6 The exact reason for the decline remains unknown but may 
be due to an increased intake of calcium-rich foods, such as milk, that 
occurs with acculturation. 

Factors known to influence rickets are the dietary intake of vitamin 
D, exposure to sunlight, and the availability of calcium in the diet. 
Naturally occurring dietary sources of vitamin D are limited and are 
confined to liver and oily fish, although foods such as margarine and 
breakfast cereals are fortified with the vitamin. Although skin pigmenta
tion may decrease the capacity to synthesize vitamin D, rickets is uncom
mon in the African-Caribbean subpopulation of the United Kingdom. 
Modifiers of calcium absorption, such as phytic acid, contributed by 
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unrefined cereals, particularly in chapatis (unleavened breads), have 
been implicated in the cause of Asian rickets, and reducing dietary 
phytic acid promoted healing. IS Heath19 proposed that high phytate diets 
increased vitamin D requirements. Low availability of calcium from the 
diet is now known to increase parathyroid hormone production and to 
increase the catabolism of vitamin D.16 

A high prevalence of rickets has been noted also in children reared 
on macrobiotic diets.9,11 Rickets is not a problem in Adventist vegetarians 
and vegans where bread is the staple food, however. It seems likely that 
the high phytate content of the macrobiotic diet is a contributory factor 
as with Asian rickets. It would seem wise, therefore, to advise vegetarian 
groups who consume large amounts of unrefined cereals to ensure that 
they have an intake of calcium sufficient to overcome the adverse effects 
of phytate in the diet. 

TAURINE 

Meat is a rich source of taurine. Taurine is thought to be an essential 
nutrient in the newborn, in whom the capacity to synthesize it from 
cystine is limited. Rana and Sanders32 found lower rates of urinary 
excretion of taurine in vegan women compared with meat-eaters and 
markedly lower concentrations of taurine in breast milk from vegans; 
however, the concentration of taurine was still considerably greater than 
in bovine-milk formula. 

n-3 FATTY ACIDS 

Docosahexaeneoic acid (22:6 n-3; DHA) is believed to play an im
portant role in the retina and in the central nervous system.29 DHA is 
found predominantly in meat and fish and in small amounfs in eggs 
and milk, but it is absent from commonly consumed food of plant origin. 
It can be synthesized to a limited extent from linolenic acid (18:3 n_3),14 
but this synthesis is subject to competitive inhibition from linoleic acid 
(18:2 n-6). Lower proportions of DHA have been found in both plasma 
and cord artery phospholipids from vegetarians compared with omni
vores.26 This is to be expected because lower proportions of these fatty 
acids are found in the plasma phospholipids of the vegetarian. Lower 
levels of DHA were also found in the milk of vegan mothers compared 
with omnivore controls, and the erythrocyte lipids of the infants also 
contained a lower proportion of DHA than infants breast-fed by omnivo
rous mothers or those bottle-fed on cow's-milk formula. It is possible 
that the DHA in the breast milk of vegans or vegetarians is preferentially 
taken up by the brain of the infant; however, it does illustrate that 
infants born to vegetarian mothers are likely to have lower stores of 
DHA. Abnormalities in visual and cortical functions2, 48 occur in both 
term and preterm infants fed formula lacking formula n-3 fatty acids. 
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These abnormalities could be prevented by the addition of preformed 
DHA to the formula. Vegan and some vegetarian diets may have subtle 
effects on visual function by influencing brain concentrations of DHA, 
but more research in this area is required before any firm conclusions 
can be drawn. 

Many vegetarian, and particularly vegan, diets are rich in linoleic 
acid and have a high ratio of linoleic/linolenic acid. Because a high 
dietary ratio of linoleic/linolenic acid inhibits conversion of a-linolenic 
acid (18:3 n-3) to DHA, it would be prudent to recommend that vegans 
use soybean or canola oils, which have a lower ratio, instead of sun
flower, safflower, or com oils, which have a high ratio. 

SUMMARY 

Although the general health and development of vegan and vegetar
ian children seem to be normal, there may be subtle differences com
pared with omnivores. They are at increased risk of iron deficiency, and 
impaired psychomotor development associated with iron deficiency has 
been reported in macrobiotic infants. Fortunately, this impairment is not 
permanent, and follow-up studies have reported higher-than-average 
intelligence quotients among older macrobiotic children. 12, 20 Several 
other hazards of vegetarian diets have been identified, including vitamin 
BI2 deficiency, rickets, and a bulky diet that can restrict energy intake in 
the first few years of life; however, these pitfalls can be avoided easily, 
and children can be successfully reared on vegetarian diets. 
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