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ABSTRACT. To examine the effects of a vegetarian diet
on child growth, height and weight data of 404 vegetarian
children aged 4 months to 10 years who lived in a collec-

tive community in Tennessee were studied. Height for
age, weight for age, and weight for height were compared

with the US growth reference. Birth weights, infant feed-
ing patterns, and parental heights were also evaluated in
relation to growth. Most of the height for age, weight for
age, and weight for height (n = 833) were within the 25th

and 75th percentiles of the US growth reference. The
mean height for age and weight for age, however, were
slightly less than the median of the reference population.
For different age groups, the mean height ranged from
0.2 to 2.1 cm and the mean weight ranged from 0.1 to 1.1
kg less than the reference median. The largest height
difference was observed at 1 to 3 years of age and may be
partly the result of intrinsic irregularities in the US
growth reference at those ages. By 10 years of age, chil-
then from The Farm averaged 0.7 cm and 1.1 kg less than
the reference median, representing only 0.1 and 0.3 SD
from the reference. Thus, these children have adequate
attained growth, even though it was modestly less than

that of the reference population. Pediatrics 1989;84:475-

481; vegetarian diet, growth, height, weight, birth weight.

To examine the effect of a vegetarian diet on
child growth, we studied height and weight of a
group of infant and vegetarian children ages 4

months to 10 years. The growth ofchildren consum-
ing vegetarian diets was of interest because of the
number of children consuming such diets and the
special dietary needs of children during periods of
rapid growth. It has been reported that approxi-
mately 4 percent of adults in the United States

consume vegetarian diets.’ Worldwide, many ethnic
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groups have followed vegetarian diets for centuries.

The reasons people adhere to these diets include

religious, ethical, political, and health beliefs and
economic constraints.’7

Although several investigators have addressed

the issue of the growth of vegetarian children, most

of these studies were based on relatively small

numbers (50 or fewer) of preschool-aged child-

ren.�2#{176} Aside from the small numbers, drawing

conclusions from these studies is somewhat difficult

because of the variety of health-related beliefs and

life-styles of the study populations and the dietary
differences of the study populations. For example,
some vegetarians have behaviors concerning vita-

mm and mineral supplements and conventional

medical care that differ from those of the general

population.8’2022
The types of vegetarian diets consumed by the

studied populations must be considered when inter-

preting results of the growth studies. The extent to

which vegetarian diets meet dietary recommenda-
tions varies greatly’733 because the term vegetarian

refers to a broad dietary group of people who avoid

meat in their diets. It is estimated that 90% of the

vegetarians in the United States are lacto-ovo-

vegetarians, who include milk and dairy products

in their diets.’ Vegans are vegetarians who avoid

all animal products, including milk and dairy prod-

ucts. There exist additional types of vegetarian
diets, some of which involve further restrictions on

dietary intake. Although it may be more difficult to
provide adequate diets for children with restricted

protein intake compared with children who have
no restrictions, all necessary nutrients, including
vitamins B12 and D, calcium, iron, and zinc, can be

provided with careful planning.’8’19’2�33
To examine the effect of a vegetarian diet on

child growth, in this study we describe the growth

of vegan children who lived in a collective commu-
nity in Tennessee. In this community, the children
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followed a similar diet and many received vitamin
and mineral supplements. Because growth data
were collected annually, there was available for

study a relatively large number of measurements of
children through ten years of age. In addition, we

evaluated birth weights, parental heights, and

breast-feeding patterns in relation to growth.

SUBJECTS

The children lived in a community called The

Farm, located in rural central Tennessee. The Farm

was established in 1971 as a collective community

that met many of its own needs concerning health
care, education, housing, and, to some extent, food

production. The socioeconomic level of the popu-

lation of The Farm was unusual in that the com-

munity members were highly educated, but they
generated a comparatively small income from

sources outside the community. The average family
income was below the federal poverty level for many

years but gradually increased over time. The ma-
jority of the children were white and had lived on
The Farm since birth.

The Farm community was generally well in-

formed regarding issues related to vegetarianism,
including complementing different protein sources,

for example, grains and legumes and nonanimal

sources of vitamins and minerals. Until 1983, the
population followed a vegan diet, with soybeans

being their primary source of protein. Supplements

of vitamins A, D, and B,2 were added to the soy

milk produced on The Farm. Nutritional yeast

(containing vitamin B,2) and other vitamin and
mineral supplements were also used. In the fall of

1983, some members of the community introduced

eggs and dairy products into their diets.

METHODS

1984 Special Growth Survey

In the spring of 1984, we collected height and

weight data of 144 children residing on The Farm.

We obtained written parental consent from more

than 95% ofthe families. In addition, a few children
were excluded from the study because of ethnic,

dietary, and health backgrounds that differed from
the other children raised there or because they had

a chronic illness known to affect their growth.

Body length to the nearest millimeter was deter-

mined with a measuring board for children younger

than 2 years of age; standing height was measured

for older children. We measured their weight to the
nearest 28 g (1 oz) with a Detecto pediatric balance
for children less than 2 years of age and to the
nearest 112 g (quarter pound) with a beam balance

for children older than 2 years of age. At the same

time, a subset of the population was measured on

separate days to validate measurement techniques;

no systematic errors were found.

The Farm’s Annual Growth Surveys

In addition to the data collected in the 1984
special growth survey, we included growth data

from the annual growth surveys of The Farm in our
analyses. Height and weight data from four cross-
sectional surveys performed in the years 1980 to
1983 were included. ETHOS, a Farm research or-

ganization, and The Farm’s health clinic conducted

the annual surveys because members of The Farm
community were interested in the physical growth

of their children.
The methods used in the 1980 to 1983 growth

surveys were not subject to the same rigor as the
1984 special growth survey. We evaluated several
characteristics of the earlier surveys to determine

the reliability of those data and to determine the
suitability of combining the data from The Farm

annual surveys with the data from the 1984 survey

for cross sectional analyses.
To determine the reliability of the data collected

in each of the separate cross-sectional surveys, we
compared height for age, weight for age, and weight

for height data between the 1984 special survey and
the annual growth surveys of The Farm. No signif-
icant differences were found. Because the surveys
were conducted at the same time of year, children
with multiple measurements in the data set were
not represented more than once in the age group

breakdowns by year. We found no significant dif-
ferences in growth, dietary, or demographic data

between children who had multiple measurements
with those who had only one measurement and
between children measured in 1984 and children
measured in the earlier Farm surveys. Based on

these analyses, all survey data from 1980 to 1984

were combined into one data set.

Dietary, Health, and Demographic Data

To supplement the growth data, we extracted

self-reported information from two health surveys
conducted by ETHOS on The Farm in 1980 and
1983. The information included birth date, dietary
history, birth weight, parental height, breast-feed-
ing patterns, vitamins and mineral supplementa-

tion, and place of birth. We also obtained disease

histories for each child to determine whether any
children had disorders of nutritional significance
that might cause their exclusion from the study.

We evaluated the reliability of the data reported

in the 1980 and 1983 health surveys. If data existed
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TABLE 1. Social, Demographic, and Dietary Data of
The Farm Children
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for a child from both surveys, the information was
cross-checked for consistency of reporting. No sig-
nificant differences were found in data reported in

1980 and 1983. We collected recent dietary histories
in 1984 to update past survey data.

The dietary data provided in the health surveys
were “modified food frequencies” by year and in-
cluded the mother’s diet during pregnancy. We

classified the children as omnivore (nonvegetarian),

lacto-ovovegetarian, or vegan for each year based
on the amount of eggs, dairy products, and meats
reported in their diets. We analyzed growth in

relation to the following diet classifications: the

mother’s diet during pregnancy, the child’s diet
from birth to age 2 years, and the child’s diet during

1984. We were also interested in whether or not the

child had followed a vegan diet since birth.

For each child, we averaged the heights of the
mother and father for a mean parental height.34’35
We then compared The Farm mean with the aver-

age of the mean heights of 25-year-old men and
women from a US reference population.36

Statistical Procedures

We compared weight and height measurements

of the children to the National Center for Health
Statistics/Centers for Disease Control growth ref-

erence population by age and sex. A growth per-
centile rank was calculated for each set of measure-
ments for three growth indicators: height for age,
weight for age, and weight for height.37 We regarded
a percentile value greater than the 95th percentile

or less than the 5th percentile as abnormal growth.
For each set of measurements, a standard deviation
value, Z score, was calculated for each growth in-

dicator based on the growth reference; a Z score of
+1.0 represented 1 SD greater than the mean of the

reference population.tm’39 The Z scores were then
compared by age group with the reference median

(presumed mean). We compared the mean Z scores

of the growth data after stratifying them by mean
parental height, birth weight, sex, and diet. We

used Student’s t tests and analysis of covariance to

determine the significance of these variables in
relation to growth.

RESULTS

We evaluated anthropometric data and health

data for 404 white children, who had a total of 833
measurements. The mean age at the time of meas-

urement (n = 833) was 71.6 months; 7.7% of the
children were less than 2 years of age; 35.7% were

2 to 5 years of age, and 56.7% were 6 to 10 years of
age. In Table 1, additional social, demographic, and
dietary information are provided. The mean birth

Item No.
(%)of

Children*

Birth data
Born on The Farm 304 (82)
Lived on The Farm by 2 y of age 339 (91)
Birth wt <2500 gt 18 (5)

Infant feeding patterns
Breast-feds 335 (95)
Solid foods started by 6 mo of ages 121 (80)

Other dietary information
Mother’s diet during pregnancy

Vegan 281 (75)
Lacto-ovovegetarian 64 (17)
Omnivore 28 (8)

Child’s diet

Birth-2 yr of age
Vegan 288 (83)
Lacto-ovovegetarian 49 (14)
Omnivore 11 (3)

Vegan since birth 253 (73)
Vitamin/mineral supplementation 263 (76)
Regular yeast supplementation 139 (87)

5678

Age (years)

Fig 1. Height for age of girls from The Farm relative to
National Center for Health Statistics (NCHS)/Centers
for Disease Control percentiles.
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Fig 3. Weight for age of girls from The Farm relative to
National Center for Health Statistics (NCHS)/Centers
for Disease Control percentiles.
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Fig 2. Height for age of boys from The Farm relative to
National Center for Health Statistics (NCHS)/Centers
for Disease Control percentiles.
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weight of The Farm children was 3389 g; the per-

centage of low birth weight infants (<2500 g) was

5%. These statistics were similar to birth weight

statistics for well-educated US white women.4#{176}The
mean parental height of The Farm children was

172.6 cm, compared with 170.4 cm, the average of
the mean heights of 25-year-old men and women

from the reference population.

Height for age, weight for age, and weight for

height Z score data are depicted in Figs 1 to 6 for

ages 2 to 10 years. Overall, the distributions of the
height for age, weight for age, and weight for height

of children from The Farm were between the 25th
and 75th percentiles of those of the reference pop-

ulation for most ages. In Table 2, the differences

between The Farm growth data and the reference

population growth data are shown (in centimeters
and kilograms) for all ages. The mean Z scores of

The Farm height for age and weight for age data
were less than the median (presumed mean) of the

reference population for most ages. In general, the
differences in height for age Z score between The

Farm and the reference population are statistically

significant for ages 5 years and younger. The great-

est differences were seen at ages 1 to 3 years, with

a decrease at older ages. However, the height for

age differences are not significant for ages 5 years

and older. Overall, data of 8% of The Farm children

Age (years)

Fig 4. Weight for age of boys from The Farm relative
to National Center for Health Statistics (NCHS)/Centers
for Disease Control percentiles.

were less than the 5th percentile of the height for

age reference.

The Farm weight for age data were slightly less

than those of the reference population for most
ages. The weight for age Z scores were only statis-
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tically significant at ages 9 and 10 years. Of The
Farm children, 3% were less than the 5th percentile

of the weight for age reference. The Farm weight
for height data were slightly greater than those of
the reference population for most ages. The differ-

ences in weight for height were statistically signif-

icant at ages 5 and younger and at age 9 years. Of

The Farm children, 1% were classified as small

weight for height (weight for height < 5th percent-
ile) and 3% as large weight for height (weight for

height > 95th percentile).

A positive association existed between mean pa-

rental height and the height for age Z scores (P <

.0001). The difference in height for age between
children from The Farm and the reference popula-
tion children decreased with age (P < .0001). We

Stature (cm)

Fig 5. Weight for height of girls from The Farm relative

to National Center for Health Statistics (NCHS)/Centers
for Disease Control percentiles.

stratified the data by sex, diet, and birth weight
after controlling for age and parental height. The

growth patterns were similar for the different strat-
ifications.

DISCUSSION

In this study, the growth of a group of children

raised with a relatively strict form of vegetarian

diet (vegan) was similar to that of the reference
population, even though the mean height for age
and weight for age were modestly less than the

median of the reference. The differences between
The Farm and the reference population were
greater for the height for age indicator than for the
weight for age indicator,with the greater differences
in height for age between 1 and 3 years of age. By

Stature (cm)

Fig 6. Weight for height ofboys from The Farm relative
to National Center for Health Statistics (NCHS)/Centers
for Disease Control percentiles.

TABLE 2. Duff
National Cente
Population (n =

erences in Height and Weight
r for Health Statistics/Centers

833)

Between The Farm
for Disease Control

Children and the
Growth Reference

Age

y

<1

1-2
3-4

5-6
7-8
9-10

Height Wt

Difference
From

Reference
(cm)

-0.24

-2.01
-2.06

-1.76
-0.69
-0.67

Farm Mean
Height
for Age
Z Score

-0.09
-0.67
-0.55

-0.39
-0.13
-0.11

Difference
From

Reference
(kg)

-0.09
-0.10
-0.20

-0.37
-0.16
-1.11

Farm Mean
Wt

for Age
Z Score

-0.10
-0.09
-0.13
-0.18
-0.06
-0.27
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10 years of age, the vegetarian children averaged
within 0.7 cm and 1.1 kg of the reference popula-
tion, representing 0.1 and 0.3 SD from the refer-
ence. The Farm children experienced normal birth
weights, a finding previously reported for The Farm
population by Carter et al4’ and for other vegetarian

populations.’7”8

In past studies,’32#{176} the growth of vegetarian pre-

school children has been shown to be somewhat

lower than that of reference populations yet within

normal growth limits, with length being more af-

fected than weight. However, in some of the past

studies,’3”8 a greater proportion of children was
shown with small height for age and weight for age
(<5th percentile of the reference). In other stud-

ies,’�’6 statistically significant growth differences
were also described among certain age groups, such

as weaning age, and for children with very restricted

diets. Weight for height data’3 have been described

as being within normal expectations. Anthropo-

metric studies of adult vegetarians, however, have

shown no significant differences in the heights and
weights of the vegetarians when compared with
control subjects.3’2’

Although, at younger ages, The Farm children’s

height for age Z scores were significantly less than
those of the growth reference population, there are
a few possible explanations for the smaller height

for age status. The first possibility involves the

introduction of solid foods into a child’s diet. 5ev-
eral researchers’3’6 have shown significant differ-

ences in weights and heights at weaning age for

vegetarian children when they were compared with

reference populations. Weaning foods in some
vegetarian diets may have low caloric densities;
therefore, some vegetarian children may not con-
sume enough calories for normal growth during
weaning.’7 The age at which solid foods are intro-

duced has been also noted as a factor influencing

growth. For this study population, appropriate solid
foods were introduced in the diets of most of The

Farm children by 6 months of age. However, be-

cause of the low income level of the residents of

The Farm in the early years of its existence, the

variety of foods available during certain seasons
was limited and may have adversely affected the
diets of children who were 2 years of age or younger

at that time.
The second possible explanation for the growth

variations between the study population and the
reference population is that the reference popula-

tion consisted largely of bottle-fed infants with

early supplementation, whereas The Farm infants
were breast-fed, with solid foods introduced at an

average age of 5 months. No growth reference is

available specifically for breast-fed children. Avail-

able data suggest,42’43 however, that breast-fed in-

fants may have somewhat slower growth patterns
when compared with bottle-fed infants with early

supplementation.

The third, and perhaps the most important, pos-

sible explanation for the differences between The

Farm and the reference population involves the
intrinsic irregularities in the current reference

growth curves. The National Center for Health

Statistics/Centers for Disease Control reference

consists of two populations (the Fels data of chil-
dren from Yellow Springs, Ohio, for ages 0 to 24
months and the US representative data for 2 years
of age and older), with noted differences in height
between the two populations.44’45 If the reference

population were free from these irregularities, the
observed differences in height for age between the
study and the reference populations would be
smaller at the younger ages.

In summary, the growth of The Farm children
even though modestly less than that of the refer-

ence population, showed no evidence of marked
abnormality. Part of the growth differences ob-

served at younger ages may be related to the limi-
tations of the current growth reference. According
to the results of this study, with attention to wean-
ing foods and nutrient intake, a group of children
raised with a relatively strict vegetarian diet

(vegan) can achieve adequate growth.
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