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ABSTRACT Thirty-nine preschool children consuming different types of vegetarian diets were

studied. Type and amount of carbohydrate, fat, protein, and amount of sodium and cholesterol

provided by their diets were more like intakes suggested in the proposed Dietary Goals for the

United States than to levels in usual diets of nonvegetarian children. Macrobiotic vegetarian

children consumed less animal food than did other vegetarian children. The mean intake of vitamin

D of macrobiotics was an eighth of the Recommended Dietary Allowance and mean serum alkaline

phosphatase values were elevated. The mean intake of vitamin B,2 levels were normal. Vegan

macrobiotic chldren had the lowest intakes of vitamins B,2 and D. Other vegetarians’ mean intakes

of these vitamins met the Recommended Dietary Allowance. Mean iron intakes of the vegetarians

approximated the Recommended Dietary Allowance. Hematological indices were suggestive of

mild iron defic.ency anemia in a quarter of subjects. Serum cholesterol values were low for the

group. Physical measurements were within normal limits and macrobiotic vegetarians were not

smaller or leaner than other vegetarian children. The nutritional difficulties discovered could be

corrected by careful planning of vegetarian children’s diets while preserving the beneficial qualities

of the diet in other respects. Am J Clin Nutr l982;35:204-2l6.
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Introduction

The nutritional status of vegetarian adults
living in Western countries is well docu-
mented (1-10). In contrast, only limited find-
ings have been reported on vegetarian chil-
dren (11-16). Children whose parents adhere
to the more extreme of the newer forms of
vegetarianism in this country are of particular
interest since so little is known about their
growth, nutritional status, and general health
(17-20). In some of these groups, intake of
animal protein is quite limited, other food
avoidances are common, concepts of plan-
ning diets to meet nutrient needs are unpop-
ular or unknown, use of vitamin-mineral sup-
plements, enriched and fortified tbods is un-
common, and ongoing medical guidance is
infrequently sought (2 1-26). One group of
“new” vegetarians which has generated par-
ticular concern is macrobiotics (11, 24, 27,
28). The members of this group adhere to
philosophical teachings which encourage the
adoption of a vegan-like pattern witi� little or
no animal foods. Poultry, red meat, c:ggs, and
milk are generally avoided, while fish is used
more as a condiment than as a main dish.

Other so-called “nonorganic” and “pro-
cessed” foods are also eschewed (15). While
compliance to these principles by individual
macrobiotics varies, the risks of dietary short-
falls as well as some potential benefits
amongst those who adhere to the diet have
been documented (11, 27-29).

The dietary goals for the United States of
the United States Senate’s Select Committee
on Nutrition and Human Needs (30) have
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led to a good deal of interest in vegetarian
diets. These goals propose shifts in food
choices which would alter intakes with re-
spect to type and amount of energy-yielding

nutrients, sodium and cholesterol in direc-
tions which are more like vegetarian than
usual omnivore patterns. These recommen-
dations have generated a great deal of debate
since their publication (31-43). Some experts
suggest that adherence to the goals will result
in inadequate intakes of some nutrients, dis-
ordered nutritional status and impaired
growth among children (44, 45). Others are
more optimistic and see benefits rather than
risks resulting (46). Since vegetarian patterns
are probably more similar to those suggested
by the Dietary Goals than to those of present
American diets, studies of children eating
various types of vegetarian diets might pro-
vide objective evidence on these issues.

This study was undertaken to describe the
nutritional status of a group of vegetarian
children who were being fed a macrobiotic
vegetarian diet and another group of children
fed other types of vegetarian diets. The hy-
potheses tested were as follows. First, vege-
tarian children in both groups consume diets
which conform to the Dietary Goals. Second,
the previous and current diets of macrobiotic
children are closer to vegan (all plant) pat-
terns than are those of other vegetarians.
Third, the macrobiotic vegetarians’ mean in-
takes of calcium, zinc, iron, vitamin D, ribo-
flavin, and vitamin B12 are more likely to be
below the Recommended Dietary Allow-
ances (RDA) for these nutrients, owing to the
unsupplemented vegan-like dietary patterns
they follow. Fourth, macrobiotics’ intakes of
vitamin A and folate are higher than those of
other vegetarian children. Fifth, vegetarians’
biochemical and hematological indices of nu-
tritional status correspond to these intake
characteristics. Sixth, vegetarians are ex-
pected to exhibit depressed size as measured
by length, weight, weight for length, and
triceps skinfold, with the most pronounced
differences among macrobiotic vegetarians.

Population and methods

Table I describes the diets of the 39 children whose

parents volunteered for them to participate in the study.

Twenty-six were subjects recruited from a roster of 133
families with vegetarian preschool children who had

been involved in our group’s previous studies conducted

TABLE I

Diets followed and nember of Boston

vegetarian children participating
in the nutritional status study

Diet followed No. of children

Macrobiotic (27)
Vegan 9

Other vegetarians consuming small
amounts of fish and other
animal foods 18

Lacto or lacto-ovo vegetarians (12)

Seventh Day Adventists 4

Parentally prescribed
vegetarian regimes 8

Total 39

from 1974 to 1976 (15, 16, 28). The families had origi-

nally been recruited by methods described elsewhere (15)

and represent the wide range of vegetarian dietary pat-

terns practiced in the Boston area. One of the greatest

obstacles in obtaining volunteers in 1977 was that this

phase of the investigation involved finger prick blood

determinations, which many parents regarded as

threatening. In addition to recruitment of subjects from

the roster, the East-West Foundation, a Boston-based

center concerned with propagating the teachings of the
macrobiotic sect of vegetarians, furnished the names of

13 macrobiotic children who were not previously known

to our group as possible subjects. Since the macrobiotic
vegetarian group was of particular interest, these 13

children were added to the investigation. In sum, 27

study children were vegetarians whose parents claimed

to follow macrobiotic teachings. Nine of these children

ate diets which were vegan; the remaining subjects ate
vegetarian diets which included small amounts of fish

and other animal foods. The other 12 vegetarians were

lacto- or lacto-ovo-vegetarians; four were Seventh Day

Adventists, and eight followed self-prescribed vegetarian

regimes.

The subjects’ mean age was 4.0 ± 1.9 (SD) yr with a

range from 0.8 to 8.4 yr. The difference between the

mean age of the macrobiotic vegetarian children (4.3 ±

1.9 yr) and that of other vegetarians (3.5 ± 1.8 yr) was

not statistically significant. Seventeen of the subjects

were male and 22 female. All subjects were Caucasian.

After obtaining informed consent from their parents,

the children were admitted with their parents to the

hospital’s ambulatory clinical studies unit. A pediatrician

(WHD) examined each child and performed venepunc-

tures. The nutritionist performed anthropometric mea-
surements with the assistance of the pediatrician and

obtained the child’s 24-h dietary history and a food

frequency history from the parent.

Dietary data were calculated using a computer pro-

gram based on USDA’s Home and Garden Bulletin (47)
with additional entries of foods especially common in

vegetarian diets when data on nutrient analysis were

available. For many of these items data on fatty acid
analysis were incomplete and, therefore, type of fat

consumed could be calculated only approximately.

pointing to the need for additional information on fatty

acids in food tables.
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Dietary iron requirements depend not only upon the

amount but also the bioavailability of the iron which is

ingested. Total iron content of the diet vis a vis the

recommended allowances is a relatively poor indicator

of dietary adequacy when regimens such as those eaten

by the vegetarian children in this study are involved,

since a number of factors influencing bioavailability,

including the proportion of heme to nonheme iron and

the presence of enhancers such as the so-called “meat

factor” or ascorbic acid, differ from those in the usual

dietaries. Estimates of bioavailable iron were calculated

since it was thought that these estimates might correlate

better than total iron intakes with biochemical and he-

matological indices of iron status. The methods used to

estimate available dietary iron are based on data ob-

tained on adults, not children. While it is likely that

absorption factors would be in the same relative position

for children as they would for adults, because of the

demands of growth, the percentage of iron absorbed may

be higher for them, just as it is among iron deficient

adults (Monsen ER, personal communication). There-

fore, we calculated available dietary iron according to

the method of Monsen et al. (48) assuming appropriate

absorption figures would be those for 0 or 250 mg iron
stores rather than those for 500 mg iron stores usually

suggested for well nourished, noniron depleted adults. In

order to use the Monsen method, the pattern of meals

and snacks must be specified. The dietary records of 29

children (74%) provided such information; the other 10

records were excluded from the analysis because they

lacked it.

Hematological tests were analyzed by the Clinical

Pathology Unit of the hospital. All electrolyte, vitamin,

lipid, and protein analyses were performed in the labo-

ratory of the Clinical Research Center, Massachusetts
Institute of Technology, with the exception of iron and

non-iron binding capacity (TIBC), which were assayed

by ESA Laboratories, Bedford, MA.

Hb, mean corpuscular Hb concentration (MCHC),

mean corpuscular Hb (MCH), mean corpuscular volume

(MCV), hematocrit, white blood cell and red blood cell

counts were determined electronically using the Coulter

Model S. Blood smears for the reticulocyte count were

stained with new methylene blue N and examined mi-

croscopically.

Blood urea nitrogen was determined using the Re-

agent Kit (issued 1975) from Hyland Division, Travenol

Laboratories, Inc., Costa Mesa, CA. Assays for total

protein and albumin were carried out using the Auto

Analyzer II Method, Technicon Method no. 5E4-00

14FC4 (March 1974) and Technicon Method no. SE4-

0030-FD4 (Bromcresol Green Method: April 1974), re-

spectively (Technicon Instrument Corporation, Tarry-

town, NY). Alkaline phosphatase was measured using

Alkaline Phosphatase (PNP), Set no. SM5 10072 (May

1976), Worthington-Gilford Diagnostics, Worthington

Biochemical Corporation, Freehold, NJ. Serum choles-

terol was determined using the Cholesterol Set (enzy-

matic method, June 1976), Boehringer Mannheim Cor-

poration, Danbury, CT. Triglycerides were assayed using

Triglycerides Set, Worthington Biochemical Corpora-

tion, Freehold, NJ.

Measurements of calcium and phosphorus were car-

ried out using the Auto Analyzer II Method, Technicon

Method no. SE4-0003 FJ4 (September 1974) and Tech-

nioon Method no. SE4-0004 FH4 (August 1974), respec-

tively, (Technicon Instrument Corporation). Serum iron

and TIBC were also assayed using the Technicon Au-

toanalyzer; the ferrozine method of Giovaniello (49) and

Stookie (50) was employed. The levels of vitamin A, folic

acid and vitamin B,2 in serum were determined using the

methods of Thompson et al. (51), Waxman et al. (52),

and Lau et al. (53), respectively.

Results

Table 2 reports results testing the hypoth-

esis that vegetarian children’s intakes resem-
bled the Dietary Goals. Protein intakes as
percent of total calories were similar to those

suggested, although the contribution of am-
mal protein was lower than these recommen-
dations.

Carbohydrate constituted a higher propor-
tion of total calories than that specified in the
Goals. The proportion of added sugar was
lower than suggested, while complex carbo-
hydrates and naturally occurring sugars were
higher.

The proportion of total calories from fat
(27%) was slightly less than suggested (30%).
In evaluating the type of fat consumed, we
encountered methodological problems. Infor-
mation on type of fat consumed was complete
for foods providing approximately 75% of the
calories derived from fat, but for the remain-
ing foods fatty acid composition was not
available. Thus only twenty percent, instead
of 27%, of total calories derived from fat were
accounted for, the distribution being 7% from
saturated fat, 8% from monounsaturated fat,
and 5% from polyunsaturated fat (as linoleic
acid). The vegetarian pattern of fatty acid
intake was more similar to the pattern sug-
gested in the Dietary Goals than that of the
usual American diet, but for many foods fatty
acid composition was not available. Sodium
and cholesterol values were lower than those
specified by the goals.

Intakes were also analyzed by dietary
group. Macrobiotics’ intakes of animal pro-
tein, added sugar as percentage of total calo-
ries, and cholesterol were significantly lower
than those of other vegetarians. In addition,
vegan macrobiotics had lower intakes of total
and animal protein as percentage of calories
and also lower cholesterol intakes than ve-
getarian macrobiotics.

The second hypothesis was tested by corn-
paring macrobiotic and other vegetarian fam-

 by guest on July 28, 2013
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


NUTRITIONAL STATUS OF VEGETARIAN CHILDREN 207

TABLE 2

Selected group of Boston vegetarian children’s diets compared to

current patterns and the proposed Dietary Goals

Food consiiiuent
Current
pattern’

Pattern suggested
in Dietar Goals

Veget arians
Total Median

Macrobiotict Otherst

mean ± SD mean ± SD mean ± SD

(n = 27) (n = 12) (n = 39)

Calories 1597 ± 594 1494

Protein (% of total calories) 12 12 13 ± 4� 13 ± 4 13

Animal 8� 8� 2 ± 4fl 5 ± 4 3 ± 4 2

Plant 4� 4� 10±4 10

Carbohydrate (% of total cab- 46 58 67 ± 10 70

ties)

Added sugar 18 10 4 ± 4 Il ± 8 6 ± 6 4

Complex carbohydrates and 28 48 61 ± Il 61

naturally occurring sugars

Fat (% of total calories) 42 30 27 ± 9 26

Sodium (g)

Cholesterol (mg)

2

300 32 ± 4011 136 ± 150

1.6 ± 1.2

64 ± 100

1.4

33

* The mean for macrobiotics eating a vegan diet (11 ± 2) versus macrobiotics eating a vegetarian diet (14 ± 4)

was significantly different at less than the p = 0.05 level.

t The means for macrobiotics eating a vegan diet versus macrobiotics eating a vegetarian diet were significantly
different at the p = 0.05 level or less. For animal protein the contrasting means were 0.3 ± 1 versus 3 ± 5: for

cholesterol the means were 4 ± 12 versus 46 ± 42, respectively.

� Described in Dietary Goals for the United States, 2nd ed. (30).
§ Not specified in Dietary Goals, but usual American pattern of approximately 70� of protein from animal

sources is assumed.

II Only significant differences are presented.

ilies’ infant feeding and weaning practices

and current estimates of the frequency of
eating animal foods. All of the vegetarian
children had been breast-fed for some time
during infancy. Mean duration of breast-
feeding was 12.7 ± 9.1 months, with a range
of 0.5 to 55 months; the difference in duration
of breast-feeding between macrobiotics and
other vegetarians was not significant. The
mean age at which solid foods were intro-
duced into the diet was 6.0 ± 3.1 months,
with a range of 0.5 to 12 months. Macrobiot-
ics introduced solids later than did other veg-
etarians (7.0 ± 2.8 months, as opposed to 3.7
± 2.5 months); this difference was significant
(t = 2.10, df= 37; p <0.025). The two groups
of vegetarians also differed in the types of
solid foods they introduced. Brown rice and
other whole grains, vegetables, and fruits
were most popular in rank order for the
macrobiotics, while vegetables, fruits, and
other baby food were most frequently men-
tioned by the other vegetarians.

The macrobiotic children were usually
weaned directly from the breast to a cup,
while other vegetarians were weaned from
breast to bottle and then to the cup. The

mean age at which the macrobiotic children
were totally weaned from breast or bottle was
14.9 ± 4.3 months. This is significantly
younger than the mean age of weaning for
other vegetarian children: 19.4 ± 3.4 months
(I = 2.54, df = 27; p < 0.01). On the day of
the study, one macrobiotic child aged 2.3 yr
and three other vegetarian children aged 0.8,
2.0, and 2.2 yr had not been completely
weaned from the breast, and therefore these
children were not included in that analysis.

When the subjects’ current diets were clas-
sified according to extent of animal food
avoidances using the system developed in our
previous studies (15, 16), 16 (41%) of the
vegetarians had extensive animal food avoid-
ance patterns (i.e., four or more groups of
animal foods, including red meat, fish and
seafood, poultry, eggs and dairy products,
were avoided). Twenty-three (59%) of the
children were limited in their animal food
avoidances (i.e., less than four of the five
groups of animal foods were avoided). Of the
27 consumers of macrobiotic diets who were
studied, 14 (52%) were extensive in their
avoidance of animal food compared to two
(17%) of the other vegetarians. In addition,
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TABLE 3

Nutrient intakes of 39 vegetarian children living in Boston

as ascertained from 24-h recall dietary histories

0.8-1.4

9-16

0.9-1.6

2.0-3.0

400

100-300

800

10

10-15
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dietary histories revealed that nine of the
macrobiotics were vegans (a child was consid-
ered to be a vegan if foods from each of the
five groups of animal foods were consumed
less than one time per week) while none of
the other subjects was vegans. Table 1 sum-
marizes these findings.

Food frequency estimates were also ob-
tained from mothers in order to ascertain
how frequently various types of animal foods
were fed. None of the children ate red meat
on a regular basis. Among the 18 vegetarian

macrobiotics, 94% of the subjects ate eggs,
72% ate dairy products, 61% ate fish, and 33%
ate poultry one or more times a week. Vegan
macrobiotics did not consume foods from any
of these groups on a regular basis. In contrast,
the percentages of other vegetarians eating
these same foods this frequently were 83, 100,
8, and 0%, respectively.

The vegetarian’s dietary intakes met or
exceeded recommendations for most nutri-
ents (Table 3). The most notable exception
was vitamin D, the mean intake of which was

Daily intake

Nutrient Mean ± SD
Range of RDA for chil-

dren 1-7 yrMe-

dian

Intakes below or slightly below RDA:

Riboflavin (mg) 1.1 ± 0.6* 1.1

Macrobiotics 1.0 ± 0.5 0.9

Other Vegetarians 1.5 ± 0.6 1.6

Niacin (mg) 12 ± 7 10

Vitamin B6 (mg) 1.1 ± 0.5 1.0

Vitamin B,2 (jag)

Macrobiotics

1.8 ± 35*

0.6 ± O.7t

0.5

0.2

Other vegetarians 4.4 ± 5.4 2.1

Vitamin D(IU) 157 ±247* 42

Macrobiotics 51 ± 70 23

Other vegetarians 395 ± 331 338

Folacin (jag) 228 ± 185 182

Calcium (mg) 685 ± 432t 556

Zinc(mg) 8±4 7

Iron(mg) 15±7* 13

Macrobiotics 16 ± 8 15

Other vegetarians 12 ± 5 12

Intakes at or above RDA:

Protein/kg 3.3 ± 1.4 3.1

Calories/kg 103 ± 45 98
Phosphorus (mg) 987 ± 461 861 800
Vitamin E (lU) (as d-cs-tocopherol) 17 ± 20 10 7-10

Thiamin (mg) 1.4 ± 0.9 1.1 0.7-1.2

Vitamin C (mg) 139 ± 146 101 45

Iodine (jag) 294 ± 514 96 70- 120

Copper (mg) 1.9 ± 1.1 1.7
Vitamin A (IU) 7674 ± 5324* 6132 2000-3000

Macrobiotics 8621 ± 5833 8250

Other vegetarians 5544 ± 3219 5706

Magnesium (mg) 335 ± 164* 296 150-250

Macrobiotics 366 ± 173 346

Other vegetarians 267 ± 122 241

* Macrobiotics’ and other vegetarians’ intakes significantly different at p = 0.05 level or less when Student’s one-

tailed t test for independent observations used.

t A significant difference was found between the mean intake of vegan macrobiotics (0.02 ± 0.3) and that of
vegetarian macrobiotics (0.7 ± 0.7); p < 0.025.

j The mean intake of vegan macrobiotics (421 ± 213) was significantly different from that of vegetarian

macrobiotics (716 ± 373); p < 0.025.
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less than half of the RDA (55), owing to the

extremely low intakes of the macrobiotics.
Zinc, calcium, vitamin B12, and riboflavin
intakes were also slightly lower than recom-
mended levels.

The intakes of children consuming a ma-
crobiotic diet were significantly lower than
those of other vegetarians for vitamins D,
riboflavin, and B12, confirming in part the

third hypothesis. Macrobiotics’ mean intakes
were less than half of recommended levels
for vitamin D and vitamin B12. Vegan macro-
biotics’ intakes were lower than those of ve-
getarian macrobiotics for vitamin B12 and
calcium. In contrast, mean intakes of iron,
vitamin A, and magnesium were significantly
higher for macrobiotic children.

The bioavailability of iron was also calcu-
lated and results are presented in Table 4. It
was similar for the macrobiotics and other
vegetarians. However, further analysis re-
vealed that the vegan macrobiotics had lower
amounts of bioavailable iron than did the
vegetarian macrobiotics if iron stores were
assumed to be zero, and slightly lower avail-
able amounts if stores were assumed to be
250 mg.

Nutrient intakes reflected the food con-
sumption patterns of the children on macro-
biotic diets. Shortfalls existed for nutrients
found in large amounts in milk and other
animal foods, such as vitamin B12, riboflavin,
and vitamin D. The reliance of macrobiotic
families on whole grains was reflected in
higher intakes or iron and magnesium, and
these families’ extensive use of deep green
and yellow vegetables was reflected in very
high intakes of vitamin A.

In order to determine whether differences
in nutrient intakes between macrobiotics and
other vegetarians might be in part attributa-
ble to differential use of vitamin and mineral
supplements, use of the preparations was ex-
amined. Twenty (53%) of the vegetarians
used vitamin-mineral supplements. Twelve
(46%) of the macrobiotics did so; 10 were
macrobiotics with limited animal food avoid-
ances, and only two with extensive animal
food avoidances used these preparations.
Moreover, only two (22%) of the nine macro-
biotics consuming vegan diets used supple-
ments. In contrast, eight (67%) of the other
vegetarians used supplements, including all

children with extensive animal food avoid-
ances and six of the children with limited
animal food avoidances.

The fifth hypothesis was tested by analyz-
ing the results of biochemical and hematolog-
ical tests. Biochemical values (Table 5) were
within the normal range with the exception
of elevated levels of alkaline phosphatase and
vitamin A and decreased levels of TIBC. The
only difference between the two groups of
vegetarians which was found to be significant

was that for serum calcium, which was higher
for macrobiotics. However, among the ma-
crobiotic vegetarian children, the mean cal-
cium level of vegans was significantly less
than that of vegetarians. The vegetarians’
mean serum cholesterol was low in compari-
son to normal values, but the difference be-
tween macrobiotics and other vegetarians was
not significant. Within macrobiotics, how-
ever, the mean serum cholesterol of vegans
was significantly less than that of vegetarians.

Table 6 shows that hemoglobins and red

TABLE 4

Estimates of available dietary iron in a selected group of

Boston vegetarian children’s diets

Available iron if stores are:

Dietary group n Total iron intake

nig

0 mg
2S0

- mg

Iron
absorbed

?ng

Percentage
absorption

�ng

Iron
absorbed

mg

Percentage
absorption

mg

Macrobiotics

Vegans 8 16 ± 9.2* 1.0 ± 0.6 6.9 ± 4.0 0.8 ± 0.4 5.1 ± 2.1
Vegetarian 16 15 ± 5.2 1.5 ± 1.0 10.1 ± 4.9 1.0 ± 0.6 6.9 ± 2.6
Total 24 15 ± 6.6 1.4 ± 0.9 9.0 ± 4.8 0.9 ± 0.6 6.3 ± 2.6

Other vegetarians 5 II ± 3.4 1.3 ± 1.0 10.7 ± 6.6 0.9 ± 06 7.4 ± 3.9

* Mean ± SD.
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TABLE 5

Biochemical findings among a selected

group of Boston vegetarian children

Serum level n Mean ± SD Normal range

Calcium (mg/lOO 19 9.6 ± 0.8 10.0-11.4*

ml)

Macrobiotics 15 9.8 ± 0.3j�

Other vegetarians 4 8.8 ± l.7t

Phosphorus (mg/ 19 5.2 ± 0.6 45_55*

100 ml)

Alkaline phospha- 19 141 ± 45� 50-12511

tase (IU/l)
Vitamin A (jag/lOO 19 68 ± 32� l6_60*

ml)
Vitamin B,2 (pg/ 13 489 ± 183 lOO_700*

ml)

Folic acid (ng/ml) 13 11.3 ± 3.7 5_20*

Cholesterol (mg/ 19 141 ± 27�J l20_240*

100 ml)

Triglycerides (mg/ 19 109 ± 90 10- 190*

100 ml)

Blood urea nitrogen 19 12 ± 4 l0_20*

(mg/lOO ml)

Total protein (g/ 19 6.4 ± 0.4 6.2_8.l*

100 ml)

Albumin (g,/lOO 19 4.3 ± 0.3 44_53*

ml)

Iron (jag/lOO ml) 14 86 ± 38 85_lSO*

TIBC(jag/looml) 14 336±58� 350_450*

Vaughan VC III et al. (55).

t Significantly different at less than the 0.025 level
when Student’s I test was used.

� Mean value for vegan macrobiotics (9.6 ± 0.3)

significantly less than that for vegetarian macrobiotics
(9.9 ± 0.3); p <0.05.

§ Outside normal range.

II Clinical Hematology, Children’s Hospital Medical

Center, Boston, MA (personal communication).

#{182}Mean cholesterol level of vegan macrobiotics (117

± 17) significantly less than that of vegetarian macro-

biotics (162 ± 14); p <0.0005.

blood cell counts were within normal limits
(55-57), as was mean corpuscular volume,
with low values being reported (70 to 75 �

lower limits of normal, depending on age) for
only one of the children (59). However, a
fourth of the subjects had low hematocrits
(<31 to 36%) (57), and over half the subjects
had elevated reticulocyte counts (60). White
blood cell counts were also low (<5 to <15)
in approximately a fifth of the children (60).
Differences between macrobiotics and other
vegetarians were apparent only in that other
vegetarian children were more likely than
macrobiotic children to have red blood cell
counts less than mean values for age (p =

0.02 using Fisher’s exact 2 x 2 test). Differ-
ences between vegan and vegetarian macro-

biotics were significant only for the reticulo-
cyte count; vegetarian macrobiotics were
more likely to have elevated counts (p � 0.04
using Fisher’s exact 2 x 2 test).

Table 7 summarizes data used to test the
sixth hypothesis which deals with the com-
panson of various anthropometric measure-
ments with standards for these measure-
ments. Subjects’ measurements were within
usual limits. Differences between macrobiot-
ics and other vegetarians did not reach statis-
tical significance, nor did differences between
vegan and vegetarian macrobiotics. The fre-
quency distribution of weights conformed to
expectations, but a greater proportion (80%)
of subjects were under the 50th percentile for
length than might be expected, and more
than two-thirds of the subjects were over the
50th percentiles of both weight for length and
triceps skinfold norms, indicating greater fat-
ness than expected. Head circumferences
were also taken and each child’s measure-
ment fell within the normal range.

For 16 of the vegetarian children (4 1%),
eight of whom were macrobiotic and eight
other vegetarians, it was also possible to de-
termine the parent-specific height percentile
using standards developed by Tanner et a!.
(60). (Height of all but one mother and of
seven fathers was measured during the study;
reported heights were available for the re-
maining mother and nine fathers.) When the
children’s unadjusted height percentiles were
compared with their corresponding parent-
specific height percentiles, it was found that
five children remained in the same percentile,
one was in a higher percentile and 10 were in

a lower percentile on the parent-specific
charts. That is, the children were shorter than
might be expected given the height of their
parents.

Bone age was determined from knee and
wrist radiographs available on twenty (74%)
of the macrobiotic children. Mean bone age
of these children was 43.2 ± 20.1 months,
while mean chronological age was 51.7 ±

24.1 months. Bone ages for five of these
subjects were retarded or slightly retarded; 14
were within the normal range, and one was
advanced. Thus, retarded bone age was pres-
ent in a quarter of the macrobiotic subjects
for whom radiographs were available. Only
one of these five children was a vegan macro-
biotic.
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TABLE 6

Hematological findings among a selected group of Boston vegetarian children

Comparison of subjects to age and sex Appropriate
norms

Parameter n Mean ± SD Normal values
Low Acceptable Elevated

n (%) n (9�) n (%)

Hb (g/100 ml) 24 12.4 ± 1.0 2 8 22 92 0 0 3rd and 97th percentiles

11.2-14.2 at0.5 yrupto

11.6-14.8 at 8 yr

Hematocrit (%) 24 36 ± 3 6 25 18 75 0 0 � 3l-� 36 (6 mo-l2 yr)

Red blood cells (106/ 24 4.5 ± 0.3 0 0 24 100 0 0 3.8-5.5 (infant/child)

mm3)

Reticulocytes (%) 19 1.2 ± 0.6 0 0 8 42 11 58 0.5-1.7 (1-12 yr)

Mean corpuscular hemo- 24 34 ± 1 0 0 24 100 0 0 >30 (all children)

globin concentration

(%)
Mean corpuscular vol- 24 81 ± 4 1 4 23 96 0 0 3rd and 97th percentiles

ume (jt3) 70-84 at 0.5 yr up to 75-

88 at 8 yr
Mean corpuscular hemo- 24 28 ± 2 4 17 20 83 0 0 27-31 (all children but

globin (jag) newborns)
White blood cells (l0�/ 24 9 ± 3 5 21 19 79 0 0 5-15 (1-12 yr)

mm’)

* Dailman et al. (56).

t Center for Disease Control (57).

:1 Vaughan VC III et al. (55).
§ Headings DL (59).

TABLE 7

Comparison of a selected group of Boston vegetarian children’s anthropometric measurements to standards

Parameter and source for com- . .
No. and percentage of children with measurements within these percentiles

parison

Less than 10th 10-49 50-89 90 and over

Total n
n % n #{176}7 n % n �

NCHS standards (69)

Lengthorht* 5 13 26 67 3 8 5 13 39

Wt 2 5 16 41 18 46 3 8 39

Wtforlengthf 1 3 11 28 22 56 5 13 39

Less than 15th 5-49 50-84 85th or over

Total n
n % n CVv n % n C�

Ten State standards (70)

Triceps skinfold4 0 0 11 30 13 35 13 35 37

* Frequency distribution of lengths significantly different from expected; x2 = 11.4: p <0.01.

t Frequency distribution of weights for length significantly different from expected using two categories of < 50
and � 50; z2 = 3.00; p <0.041.

1 Frequency distribution of skinfolds significantly different from expected using two categories of < 50 and � 50;
z2 = 3.17; p = 0.038.

Mothers were also questioned on the
course of their pregnancies and on birth
weights of their children. Ten percent (N =

4) of the subjects’ mothers reported that they
were born prematurely. Mean reported birth
weight was 3220 g ± 510 for the vegetarian
children (N = 37). The mean birth weight of

boys (N = 16) was 3260 ± 470 g; that of girls
(N = 21) was 3200 ± 540 g. Differences in
birth weight by dietary group were not ap-
parent for males, but macrobiotic girls were
lighter at birth than other vegetarians (3040
± 420 g, N = 14, as opposed to 3510 ± 640
g, N = 7; p < 0.05).
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A study of thyroid hormone levels was also
carried out. Among adults adhering to hy-
pocaloric diets high in carbohydrate, the pe-
ripheral metabolism of thyroid hormone is
altered and reverse T3 (RT-3) values are
depressed (62). Our subjects consumed high
carbohydrate diets but apparently were in
energy balance, and therefore it was not an-
ticipated that such alterations in thyroid hor-
mone levels would be noted. However, to rule
out this possibility, tests of the serum T-3 (3,
5, 3’-triiodothyronine) and RT-3 (3, 3’,5’-tri-
iodothyronine) were performed for eight sub-
jects; an additional subject was tested only
for RT-3 and three other subjects were tested
only for T-3. Mean T-3 values were 214 ± 46
ng/l00 ml (N = 11); the usual range of T-3
values for children one to ten years of age is
94 to 269 ng/l00 ml (63). The mean RT-3
value for the vegetarian children was 16 ± 6
ng/ 100 ml (N = 9), as contrasted to 17 ± 4
ng/ 100 ml for four normal controls. Thus,
vegetarians did not differ in T-3 or RT-3
values from norms.

Clinical findings indicative of poor nutri-
tional status were few in either group and the
children were judged to be in good health by
the pediatrician. However, immunization
schedules were lacking for 49% of the chil-
dren (59% of the macrobiotics and 25% of the
other vegetarians).

Discussion

The vegetarian children of this study did
not consume diets which conformed to the
proposed Dietary Goals for the United States,
and thus the first hypothesis was not con-
firmed. Their diets differed in type of protein,
type and amount of carbohydrate, amount of
fat, sodium, and cholesterol from guidelines
specified in the Goals and also from usual
omnivore diets. The direction of alterations
in the vegetarian children’s dietary patterns
and those suggested in the Dietary Goals
were similar, however. Intakes of added
sugar, fat, cholesterol, and sodium were
lower, and intakes of total carbohydrate,
complex carbohydrates, and naturally occur-
ring sugars were higher than usual omnivore
intakes. However, the vegetarian children’s
dietary pattern demonstrated a more extreme
shift in these respects than the pattern speci-
fled in the Goals. By virtue of their more

extreme patterns, including proscriptions on
use of fortified on enriched foods and vi-
tamin-mineral supplements as well as pro-
scriptions on use of animal foods, the vege-
tarian children exhibited alterations in phys-
iological and health indices. However, it

would be incorrect to assume that the same
alterations in nutritional status which were
observed among these vegetarian children
would occur among nonvegetarian children
fed diets more closely approximating the
Goals. The health effects of these diets fed to
young children have not as yet been docu-
mented.

The second hypothesis was confirmed; the
diets of macrobiotic vegetarian children were
closer to vegan patterns than those of the
other vegetarians. All of the study children’s
intakes were clearly vegetarian (13, 63). Nine
of the macrobiotic children, however, were
vegans who consumed virtually no animal
food on a regular basis. An average of only
2% of total calories in the macrobiotic chil-
dren’s diet was contributed by animal protein,
while the other vegetarian children consumed
more than twice this amount. Since a wide
variety of plant proteins, including legumes
and seeds, were eaten in addition to limited
amounts of animal foods, and since other
studies of children eating even more restric-
tive diets with respect to animal protein in-
takes reveal satisfactory amino acid compo-
sition, the amino acid composition of the
children’s diets is likely to be satisfactory (13).

The macrobiotic vegetarians’ intakes were
substantially below the RDA for vitamins D
and B12 and less markedly so for calcium,
zinc, and riboflavin, disproving in part the
third hypothesis. Since all of the macrobiotic
vegetarians’ diets were not completely devoid
of animal foods, it is not surprising that their
intakes of these nutrients were higher than
those typically seen among vegans. As ex-
pected, the vegans among them showed more
marked shortfalls.

Mean intakes of iron approximated the
RDA for both macrobiotic and other vege-
tarian children. However, the bioavailability
of iron from plant sources is lower than that
from animal sources (63, 64). This perhaps
accounts for the fact that the vegetarians’
hematologic indices often differed from stan-
dards. The bioavailability of zinc and calcium
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in dietaries relying heavily on cereal grains is
also probably less than in omnivore diets (65).

The macrobiotic vegetarians’ intakes of vi-
tamin A were at least twice recommended
levels and were greater than those of other
vegetarians, but folacin intakes approximated
the RDA and were similar in both groups,
disproving in part the fourth hypothesis.

The fifth hypothesis was confirmed only in
part. The elevated values of alkaline phos-

phatase and low vitamin D intakes among
the macrobiotic vegetarians correlate well
with our previous observations in macrobiotic
children and raise the possibility that vitamin
D or mineral nutriture may be compromised
(29). The low serum calcium levels observed
in some of the subjects may have been due to
low albumin levels, since the latter is needed
for transport of the former, and subjects low
in one index tended to be low on the other.
Approximately a quarter of the subjects’ he-
matological indices suggested that the possi-
bility of a mild iron deficiency anemia de-
served further exploration, including mea-
surements to determine if serum ferritin or
transferrin values were indicative of iron de-
ficiency anemia. In their absence it is valid to
make the.diagnosis of iron deficiency anemia.
This is not surprising in view of the low
bioavailability of iron in the children’s diets.
Brown and Bergan (66) have reported iron
deficiency anemia in a sizeable proportion of
the macrobiotic vegetarian subjects they stud-
ied, as have other groups studying vegetar-
ians, although in none of these studies was
the most critical test of iron deficiency ane-
mia, an absence of bone marrow hemosid-
em, measured (4, 8, 13, 22). In our study
significant differences in bioavailability of
iron were not apparent between macrobiotics
and other vegetarians, nor were there striking
differences in hematological indices wither
between these groups, between vegan and
other vegetarian macrobiotics, or between
their indices and normal values. Iron defi-
ciency anemia is said to be common among
infants and preschool children subsisting on
omnivore diets; the possibility risks for its
development are elevated among those who
are consuming unsupplemented vegetarian
diets deserves further exploration (65, 67).

We examined the correlations between low
serum albumin values and transferrin satu-

rations on the ten subjects for whom data
were available to see if the possibility of
protein depletion needed to be considered for
some subjects by virtue of low values on both
of these measurements. Such an association
was not observed and, at least from the stand-
point of these criteria, an indication of protein
depletion was absent. However, in studies of
larger or more complete series such a possi-
bility deserves further investigation.

Serum vitamin B12 values were normal, a
finding that was consistent with the B12 di-
etary intakes. The few vegetarians whose vi-
tamin intakes were very low might suffer ill
effects if such low intakes are long continued.
However, dietary vitamin B12 deficiency takes

many years to develop. Vegetarian children
who are Seventh Day Adventists may be
given soy milk fortified with vitamin B12.
Thus, even those persons who avoid all ani-
mal foods need not have low intakes (22).

The elevated serum levels of vitamin A

correlated well with the frequent use among
the vegetarians of foods that are good sources
of this nutrient’s provitamin. Random serum
cholesterols were at the lower end of the
normal range and consistent with the type of
fat consumed. These levels may be beneficial
from the standpoint of one risk factor for
coronary artery disease (69).

The sixth hypothesis, that macrobiotic chil-
dren would be shorter, lighter and leaner than
other vegetarian children, was rejected. The
vegetarian children as a group were shorter
but not lighter than standards. However, the
findings of relative shortness of stature when

adjusted for parental height in over three-
fifths of those for whom data were available
and the retardation in bone age observed
among several of the children on macrobiotic
diets does suggest that some environmental
factor of dietary or other etiology may have
limited growth among these children. Find-
ings that more children’s measurements were
above the 50th percentiles of weight for
length and triceps skinfold than expected and
that a significant proportion (35%) of vege-
tarian children had triceps skinfold measure-
ments greater than the 85th percentile suggest
that vegetarian diets are not automatically
associated with leanness. Unfortunately it
was not possible to match vegetarian and
nonvegetarian children or subgroups of ye-
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getarian children for age and sex, and the
study population size was small, so that firm

conclusions on anthropometric findings can-
not be drawn. Also, the significance of re-
tarded bone age among the macrobiotic chil-
dren is weakened by the absence of data for
other groups of vegetarians, who may have
also been retarded in this parameter.

In conclusion, with the exception of certain
hematological parameters which suggested
that further investigation of iron deficiency
anemia was called for, in approximately a
quarter of the population, these vegetarian
children’s nutritional status and general
health was satisfactory. Shortfalls in nutrient
intakes were most pronounced in macrobiot-
ics, particularly among those who were ye-
gans. The dietary alterations in type and
amount of fat and carbohydrate, sodium, and
cholesterol observed in this study, as well as
in other studies of vegetarians, may be posi-
tive attributes from the health standpoint. If
vegetarian dietary planning is careful, these
can be achieved while assuring nutrient ade-
quacy in other respects. Those who counsel
the parents of vegetarian children should help
these persons to achieve this objective by
suggesting sensible substitutions of other
foods rich in a particular nutrient when usual
food sources are unacceptable. However, in
view of the unusual diets some vegetarians,
especially vegans, consume and other health
habits, such as inadequate immunization
schedules which are at variance with usual
recommendations for the pediatric age group,
ongoing health supervision by a pediatrician
is warranted. El

The authors thank Andrew McCaully, MS., research

chemist at the Clinical Studies Unit, New England Med-

ical Center Hospital, for his assistance in performing

several of the biochemical measurements and Donald B.

Darling, M.D., Chief of Pediatric Radiology at the New

England Medical Center Hospital, for evaluating all

radiographs. Marie Marcucci, MT., of the Clinical Re-

search Center at the Massachusetts Institute of Technol-

ogy is also thanked for her assistance in performing the

biochemical determinations. Jane Smithers, BA., played

a key role in recruiting subjects. Mary Kay O’Neill, RD.,

MEd., Lorraine Kowk, RD., MEd., Gail Neimeth,

RD., MEd., Alice Lichtenstein, RD., MS., and Ruth

Palombo, RD., MS. assisted in analysis of the dietary

data. Jean Kelly, R.D. determined the percentage of

added carbohydrate in the children’s diets. These studies
were performed in the Clinical Studies Unit of New

England Medical Center Hospital. The help of Mark

Molitch, M.D. and Seymour Reichlin, M.D., Ph.D. in

arranging for these facilities to be made available are

gratefully acknowledged.

References
1. Committee on Nutritional Misinformation, Food

and Nutrition Board, Division of Biological Sciences,

Assembly of Life Sciences, National Academy of

Sciences. Vegetarian diets. Am J Clin Nutr l974;27:

1095-6.

2. Raper NR, Hill MM. Vegetarian diets. Nutr Rev

1974;32(suppl):29-33.

3. Register UD, Sonnenberg LM. The vegetarian diet:

scientific and practical considerations. J Am Diet

Assoc 1973;62:253-6l.
4. Hardinge MG, Stare FJ. Nutritional studies of veg-

etarians. I. Nutritional, physical and laboratory stud-

ies. Am J Clin Nutr l954;2:73-82.

5. Walden RT, Schaefer LE, Lemon FT, Sunshine A,

Wynder EL. Effect of environment on the serum

cholesterol-triglyceride distribution among Seventh-

Day Adventists. Am J Med l964;36:269-73.

6. Hardinge MG, Crooks H, Stare FJ. Nutritional stud-

ies of vegetarians. J Am Diet Assoc 1966;48:25-8.

7. Ellis FR, Montegriffo VME. Veganism, clinical find-

ings and investigations. Am J Clin Nutr l970;23:

249-55.

8. Armstrong BK, Davis RE, Nicol DJ, Van Merwyk

AJ, Larwood CJ. Hematological, vitamin B,2 and

folate studies on Seventh-Day Adventist vegetarians.

Am J Clin Nutr 1974;27:7l2-l8.

9. Ellis FR, Holesh S, Ellis JW. Incidence of osteopo-

rosis in vegetarians and omnivores. Am J Clin Nutr

1972;25:555-8.

10. Sanders TAB, Ellis FR, Dickerson JWT. Studies of
vegans: the fatty acid composition of plasma choline

phosphoglycerides, erythrocytes, adipose tissue and

breast milk, and some indicators of susceptibility to

ischemic heart disease in vegans and omnivore con-

trols. Am J Clin Nutr l978;3l:805-l3.

11. Robson iRK, Konlande JE, Larkin FA, O’Connor

PH, Liu HY. Zen macrobiotic dietary problems in

infancy. Pediatrics 1974:53:326-9.

12. Trahms, CM. Dietary patterns of vegans, vegetarian

and non-vegetarian preschool children. Soc for Nutr

Ed Communicator l975;6:13 (abstr).

13. Fulton JR, Hutton CW, Stitt KR. Preschool vege-

tarian children. Dietary and anthropometric data. J

Am Diet Assoc, in press.

14. Brown PT, Bergan JG. The dietary status of “new”

vegetarians. J Am Diet Assoc 1975;67:455-9.

15. Dwyer JT, Palombo R, Thorne H, Valadian 1, Reed

RB. Preschoolers on alternative lifestyle diets. I Am

Diet Assoc l978;72:264-70.
16. Shull M, Valadian I, Reed RB, Palombo R, Thorne

H, Dwyer J. Seasonal variations in preschool chil-

dren’s growth velocities. Am J Clin Nutr l978;3l: I-

2.
17. Erhard, D. The new vegetarians. Part one-vegetar-

ianism and its medical consequences. Nutr Today

1973;8:4- 12.

18. Dwyer iT, Kandel RF, Mayer LDVH, Mayer J. The

“new” vegetarians: group affiliation and dietary

strictures related to attitudes and lifestyle. J Am Diet

Assoc 1974:64:376-82.

 by guest on July 28, 2013
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


NUTRITIONAL STATUS OF VEGETARIAN CHILDREN 215

19. Dwyer JT, Mayer LDVH, Kandel RF, Mayer J. The

new vegetarians. Who are they? I Am Diet Assoc

1973;62:503-9.

20. Dwyer IT, Mayer LDVH, Dowd K, Kandel RF,

Mayer J. The new vegetarians: the natural high? I

Am Diet Assoc 1974;65:529-33.

21. Robson iRK. Food faddism. Pediatr Clin North Am

l977;24: 189-201.

22. Vyhmeister IB, Register UD and Sonnenberg LM.
Safe vegetarian diets for children. Pediatr Clin North

Am l977;24:203-lO.

23. American Academy of Pediatrics Committee on Nu-

trition. Nutritional aspects of vegetarianism, health

foods and fad diets. Pediatrics 1977;59:460-4.

24. Council on Foods and Nutrition. Zen macrobiotic

diets. I Am Med Assoc 197 l;2l8:397.

25. Dwyer JT. Nutritional status and alternative lifestyle

diets, with special reference to vegetarianism in the

U.S. In: Rechigl M Jr, ed. Handbook Series in

Nutrition and Food. 1st ed. Cleveland: CRC Press,

Inc. (in press).

26. Dietz WH Jr, Dwyer IT. Nutritional implications of
vegetarianism for children. In: Suskind RM, ed.

Textbook of pediatric nutrition. New York: Raven

Press, 1981:179-88.

27. Erhard D. A starved child of the new vegetarians.

Nutrition Today 1973;8:lO.

28. Shull MW, Reed RB, Valadian I, Palombo R,

Thorne H, Dywer IT. Velocities of growth in vege-

tarian preschool children. Pediatrics 1977;60:4l0-17.

29. Dwyer IT, Dietz WH Jr, Hass G, Suskind R. Risk

of nutritional rickets among vegetarian children. Am

J Dis Child l979;l33:l34-40.

30. Select Committee on Nutrition and Human Needs,

U. S. Senate. Dietary goals for the United States-

Second Edition. Washington, DC: United States

Government Printing Office, 1977.
31. Harper AE. Dietary goals-a skeptical view. Am I

Clin Nutr l978;3l:310-2l.

32. Peterkin BB. The dietary goals and food on the table.

In: US Department of Agriculture, ed.: 1978 Food

and Agriculture Outlook Papers Presented at the
Food and Agriculture Outlook Conference, Wash-

ington, DC, November 14-17, 1977. Washington.

DC: US Government Printing Office, 1977:32.

33. Hegsted DM. US dietary goals. In: US Department

of Agriculture, ed. 1978 Food and Agricultural Out-

look Papers Presented at the Food and Agriculture

Outlook Conference, Washington, DC, November

14-17, 1977. Washington, DC: US Government

Printing Office, 1977:21.

34. Anonymous. Dietary goals. Lancet l977;1:887.
35. Simmons JH. Statement of the American Medical

Association. In: Staff of the Select Committee on

Nutrition and Human Needs, US Senate ed. Dietary

goals for the United States-Supplemental Views.

Washington, DC: US Government Printing Office.

1977:670.

36. Trusweli AS. The need for change in food habits

from a medical viewpoint. Proc Nutr Soc l977;36:

307-11.

37. Anonymous. Twenty commentaries. Nutrition To-

day l977;12:lO-l3, 20-7.

38. Anonymous. Dietary goals for the United States: a

commentary. Council for Agricultural Science and

Technology Report no. 71. Ames: Iowa State Uni-

versity, November 30, 1977.

39. Cuilen RW, Paulbitski A, Oace SM. Sodium, hyper-

tension and the US Dietary Goals. I Nutr Ed

1978; 10:59-60.

40. McNutt KW. An analysis of Dietary Goals for the

United States, 2nd ed. I Nutr Ed 1978; 10:61-2.

41. Anonymous. US Dietary Goals I Nutr Ed 1977:9:

152.

42. Lee PR. Nutrition policy-from neglect and uncer-

tainty to debate and action. I Am Diet Assoc

1978;72:58 1-8.

43. Reiser R. Oversimplification of diet: coronary heart

disease relationships and exaggerated diet recom-

mendations. Am I Clin Nutr l978;31:865-75.

44. Olson RE. Response to dietary goals for the US re

eggs. In: US Senate Select Committee on Nutrition

and Human Needs ed. Diet Related to Killer Dis-

eases. Vol VI. Washington, DC: US Government

Printing Office, 1977:7.

45. Harper AE. Against the US Dietary Goals. I Nutr

Ed l977;9:l54-6.
46. Latham MC, Stephenson LS. For the US Dietary

Goals. I Nutr Ed 1977:9:152-4.

47. Nutritive Value of Foods. Home and Garden Bul-

letin no. 72. Washington, DC: US Department of

Agriculture, 1970.

48. Monsen ER, Hallberg L, Layrisse M, et al. Estima-

tion of available dietary iron. Am J Clin Nutr

l978;3 1: 134-41.

49. Giovaniello P1. Fully automated method for the

determination of serum iron and TIBC. In: Techni-

con symposia: automation in analytical chemistry.

White Plains, NY: Mediad, Inc., 1968:185-8.

50. Stookie LL. Ferrozine-a new spectrophotometric

reagent for iron. Anal Chem 1970;42:779-81.

51. Thompson IN, Erdody P. Brien R, Murray 1K.

Fluorometric determination of vitamin A in human

blood and liver. Biochem Med l971;5:67-7l.

52. Waxman 5, Shreiber C, Herbert V. Radioisotopic

assay for measurement of serum folate level. Blood

197 l;38:219-28.

53. Lau KS, Goulieb C, Wasserman LR, Herbert V.

Measurement of serum vitamin B,2 level using ra-

dioisotope dilution and coated charcoal. Blood

1965;26:202- 14.

54. Food and Nutrition Board, National Research

Council. Recommended Dietary Allowances. 9th ed.

Washington, DC: National Academy of Sciences,

1980.

55. Vaughan VC III, McKay Ri. Nelson WE. Nelson

Textbook of Pediatrics. Philadelphia: WB Saunders

Co. 1975:1783-90, 1972-3.
56. Dallman PR, Siimes MA, Stekel A. Iron deficiency

in infancy and childhood. Am I Clin Nutr 1980:33:

86- 118.

57. Center for Disease Control. Ten-State Nutrition Sur-
vey. 1968-1970. Atlanta: US Department of Health,

Education and Welfare, Health Services and Mental

Health Administration. DHEW publ. no. (HSMA)

72-8130, 1972:1-115-18.

58. Koerper MA, Mentzer WC, Breher G, Dallman PR.

Developmental change in red blood cell volume:

implication in screening infants and children for iron

deficiency and thalassemia trait. J Pediatr 1976:89:

 by guest on July 28, 2013
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


216 DWYER El AL.

580-3.

59. Headings DL ed. The Harriet Lane handbook. A

manual for pediatric house officers. 7th ed. Chicago:

Yearbook Medical Publishers, 1975.

60. Tanner IM, Goldstein H, Whitehouse RH. Stan-

dards for children’s height at ages 2-9 years allowing

for height of parents. Hertford, England, Creaseys

Ltd. (reference SCHG 15).
61. Spaulding SW, Chopra II, Sherwin RS, Lyall SS.

Effect of caloric restriction and dietary composition

on serum 1-3 and reverse 1-3 in man. I Clin Endo-

crinol Metab 1976;42: 197-200.

62. Fisher DA, Sack I, Oddie TH, et al. Serum 1-4,
TBG, 1-3 uptake, 1-3, reverse 1-3 and TSH concen-

trations in children 1 to 15 years of age. I Clin

Endocrinol Metab l977;45: 19 1-9.

63. Hardinge MG, Crooks H. Non-flesh dietaries JADA
l964;45:545-9.

64. Hallberg L, Garby L, Sunanik R, Bjorn Rasmussen

E. Iron absorption from Southeast Asian diets. Am

J Clin Nutr l974;27:826-36.

65. Burpo CE, Savage IE, O’Dell BL. Biological avail-

ability of zinc in foodstuffs. In: Hemphill DD, ed.

Trace substances in environmental health. Vol 4.

Columbia: University of Missouri, 197 1:260-5.

66. Brown PT, Bergan JG. The dietary status of practic-

ing macrobiotics: preliminary communication. Ecol

Food Nutr l972;4:103-7.

67. Owen GM, Kram KM. Garry P1, Lowe IE, Lubin

AH. A study of nutritional status of preschool chil-

dren in the United States, 1968-1970. Pediatrics

l974;53:597-646.

68. Frerichs RR, Sprinivasan SR. Webber LS, Berenson

GS. Serum cholesterol and triglyceride levels in 3446

children from a biracial community: the Bogalusa

Heart Study. Circulation l976;54:302-9.
69. Hamill PVV, Drizd TA, Iohnson CL, Reed RB,

Roche AF, Moore WM. Physical growth: National

Center for Health Statistics Percentiles Am I Clin

Nutr 1979;32:607-29.

70. Frisancho AR. Triceps skinfold and upper arm mus-

cle size norms for assessment of nutritional status.
Am I Clin Nutr 1974;27:1052-8.

 by guest on July 28, 2013
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/



