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In evaluating iron nutrition and growth in infancy and early childhood,

many variables should be taken into account: iron endowment at birth, rate
of weight gain, blood loss, the level and bioavailability of iron in diet, post-

natal age, and possibly sex and race.

Because of rapid growth and low body content of iron, the preterm infant
requires more iron than the full-term infant. Iron requirements are great est
and iron deficiency ismost preval ent during periods of rapi d growth. The
importance of growth isapparent from the age distribution of iron deficiency
anemia. Theincrease in blood volume and red blood cell mass correl ates
with weight gain during infancy and childhood (1) (Fig. 1). Hence, the curve
depicting annual incrementsin red blood cell mass and the curve depicting
the distribution of i ron deficiency anemiaare similar. By redistributing iron
and by lowering hemoglobin concentrati on, the healthy terminfant isable
to doubleits birth wei ght without requiring an exogenousiron source. For
full-term infants, this doubling of birth weight occurs at 4 to 5 months of
age. Thereafter, iron must be absorbed from the di et if supply isto meet
demand. Siimes (2) asked the logical question: Are fast-growing, full-term
infantsat higher risk of developing iron deficiency than those who grow
sowly, or do those who grow more rapi dly absorb moreiron?

In all studies examining nutritional status, blacks tend to be smaller than
whites at birth. By 2 years of age, black chil dren are taller, heavier, and
thinner than white children (3) (Tabl e 1). Black infants, who probably have
lesstotal body iron at birth, grow more rapidly and accumul ate rel atively
more lean tissue (bone and mu<cle) and less fat than do white infants, while
consuming less protein, iron, and ascorbic acid.

Black children tend to grow faster, and they have lower levels of hemo-
globin than do white children of the same age, socioeconomic status, and
transferrin saturation (4) (Table 2). Oski and Pearson (5) noted that black
children with hemoglobin concentrationsin the 10.5 to 11.0 g/dl range were
four times more likely to have low mean corpuscul ar volume or ferritin and
high free erythrocyte protoporphyrin | evel sthan black children with hemo-
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Geor FIG. 1. Mean annual increment in red
blood cell mass during childhood. Peaks in
the curve corres pond with peak periods in

Medical Director, Bri rate of growth and in the incidence of iron
New York deficiency. (Reproduced from ref. 1 with

permis sion from Harper and Row, © 1985.)
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TABLE 1. Anthropometric differences between black and white preschool boys of comparable
socioeconomic status3

Age interval Height Weight Skinfold
(years) (cm) (kg) (mm)
1.50-2.49 +1.29" +0.37 -0.09
2.50-3.49 +1.86° +0.70C -0.29
3.50-4.49 +1.27 +0.48 -0.37
4.50-5.49 +2.20" +1.10° -0.45

'‘Adapted from ref. 3. (Reproduced with permission from the American Medical Association
©1973.)
"Difference between black and white boys: black boys are 1.29 cm taller than white boys

"Significant difference (p < 0.05).

TABLE 2. Hemoglobin levels according to trans ferrin saturation, age, and race in preschool
children of comparable socioeconomic status"

Transferrin saturation
Age and racel5-199%20-24%a: 25%
10re lean tissue (bone and muscle) and less fat than do white infants, while
onsuming less protein, iron, and ascorbic acid.
Black children tend to grow faster, and they have lower levels of hemo-
lobin than do white children of the same age, socioeconomic status, and
-ansferrin saturation (4) (Table 2). Oski and Pearson (5) noted that black
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Hemoglobin levels in g/liter.
'‘Adapted from ref. 4. (Reproduced with permission from the C. V. Mosby Co., © 1973.)
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globin concentrations between 11.0 and 12.0 g/dl. They concluded that most
children whose hemaoglobin concentrations wer ebetw ean 10.5 and 11.0 g/dl
had anutritional basis for their mild anemia. Reeves et . (6) aso concluded
that there was anutritiond basis for the difference in hemoglobin levels of
black and white infants between 11 and 14 months of age. They found an
equivaent response among both black and white infants following 3 months
of treatment with iron (3 mg/kg/day), with 38% and 35%, respectively,
manifesting an increase in hemoglobin concentrations of 1.0 g/dl or greeter.
Itis of interest that in view of this similar response, these investigators con-
cluded that black infants had a higher prevaence of iron deidency.

Impaired growth has been attributed to anorexia, disturbances in nucleic
acid synthesis, and atered small intestinal function associated with iron defi-
ciency anemia Naiman et d. (7) found decreased intestinal absorption of
xylose and fat in infants with iron deficiency anemia. Iron deficiency that
has progressed beyond depletion of iron stores (ferritin) will affect tissue
iron compounds (heme iron compounds, and iron-sulfur and metallo-
flavoproteins) and enzymes that do not contain iron but require it as a cofac-
tor (8). Factors that play arole include the rate of tissue growth, turnover
of individud iron compounds, and work load of individua tissues.

Itis entirely possible that an infant's diet may be deficientin iron but oth-
erwise nutritionaly adequate, so that infants become sufficiently iron-
deficient to impair growth. Y &, in reviewing the literature, itis difficult to
determine a what point such an effect might be observed. It is clear that a
number of factors contribute to the variability in observations regarding iron
nutrition and growth, such as iron stores at birth, rate and possibly compo-
sition of growth, level and bioavailability of iron in diet, and losses of iron
from body.

RETROSPECTIVE STUDIES

As iron deficiency develops, the rate of weight gain may decline; more

severeiron deficiency andiron deficiency of longer duration may cause fail-

ureto thrive (8). Morton et al. (9) found that full-term infantswith iron defi-
ciency at age 12 monthshad a greater weight gain frombirth than did iron-

sufficient infants. They speculated that infantswith greater weight gain had
become iron-deficient from excessive demands for dietary iron.

Grindulis et al. (10) examined 145 children between 21 and 23 months of
age: 55 (31 %) had hemoglobin concentrations of lessthan 11.0 g/dl, and 25
(19%) had hemogl obin concentrations of lessthan 10.0 g/dl. Fifty-seven
percent had plasma ferritin values of lessthan 7.0 ng/ml and transferri n sat-
uration values of lessthan 15%. These investigators found no associ ation
between hemoglobin concentrations at age 22 monthsand body weight at
birth or at 22 months (Table 3). They reported only mean values and appar-
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TABLE 3. Nutritional characteristics of Asian children at 22 months3

Hemoglobin (g/dl)
> 11.0< 11.0< 10.0

Body weight
Birth (kg) 3.07 3.15 314
22 months (SDS") +0.1 +0.3 +01

'‘Adapted from ref. 10. (Reproduced with permission from the British Medical Journal ©

1986.)
"Standard deviation scores.

ently did not evauate separately children comprising the lower quartile with
respect to hemoglobin concentration and weight gain from birth.

Owen et al. (11) found that preschool children whose heights for age were
below the 25th percentile tended to have lower levels of hemoglobin and
transferrin saturation than children whose heights were above the 25th per-
centile (Fig. 2). This was particularly truefor children between 1 and 3
years of age.

Judisch et al. (12) reviewed medical records of 156 children (Fig. 3) less
than 3 years of age who were diagnosed as having moderately severeiron
deficiency anemia (hemoglobin < 9.0 g/dl, microcytosis and hypochromia,
and low transferrin saturation). All infants were between 12 and 17 months
of age when diagnosed, and one-third had a birth weight below 2,500 g. The
majority (86%) were black. In 88 of 156 children, sufficient follow-up infor-
maion was availableto examine pre- and posttreatment body weights (6 mg
of dementa iron/kg/day for 2 months). The frequency distribution of
wdghtsis shownin Fig. 4. It is evident that treatment with iron was asso-
ciated with an improvement in weight.

A study of 10-month-old infants in two health districts in Paris (13)
showed that plasmaferritin was low in 21 %, and 12% of infants were ane-
mic (hemoglobin < 11.0 g/dl). Apparent weight gain was inversely corre-
lated with ferritin, suggesting amgjor effect of growth on iron metabolism
(Table 4).

PROSPECTIVE STUDIES

Burman (14), in a study in Bristol (England), noted that birth weight was
significantly related to hemoglobin concentration at age 3 monthsin boys
only and at no other age. Among infantswho did not receiv e supplementary
iron, there was adight sex difference in mean hemoglobin concentration;
girlshad a0.4 g/dl greater concentration than boysat ages 15 and 18
months. The sex-rel ated difference in hemogl obin concentration at these
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FIG. 2. Hemoglobin and transferrin saturation values in relation to age and stature, x =

average hematological values of children whos e heights were below the 25th percentile. 0 =
values of children whos e heights were equal to or above the 25th percentile. (Reproduced from
ref. 11 with permission from the C. V. Mosby Co., © 1971.)

TABLE 4. Ferritin concentration in relation to weight gain from birth to 10 months'
SIUWL1Y, UL UU UIUSC WHU gIUW HIVLIC TdpIuly dUSUID HIUIC 1IUN!

In all studies examining nutritional status, blacks tend to be smaller tt
whites at birth. By 2 years of age, black children are taller, heavier, a
thinner than white children (3) (Table 1). Black infants, who probably he
less total body iron at birth, grow more rapidly and accumulate relativ:
more lean tissue (bone and muscle) and less fat than do white infants, wh
consuming less protein, iron, and ascorbic acid.

Black children tend to grow faster, and they have lower levels of hen

'‘Adapted from ref. 13. (Reproduced with permission from the Archives of French Pediatrics,
©1984.)
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FIG. 3. Frequency distribution of weights at time of diagnosis of the entire group of 156 iron-
deficient children. (Reproduced from ref. 12 with permission from Pediatrics, © 1966.)

2 esmay reflect the more rapid weight gain of boysduring thefirst year of
ife.

Burman (15) randomly selected a cohort of infants at age 3 months to
receive supplementary iron (10 mg daily), while the other infantsreceived
aplacebo. In the placebo group, wei %ht gain wassignificantly greaterin
boysthanin girlsat 3, 6, and 9 months. In the treatment group, weight gain
was significantly greater in boysthanin girlsat 3,6, 9, 12, 21, and 24
months. Weight gain was significantly greater in iron-supplemented than in
non-iron-supplemented boysat ages 21 and 24 months. Iron supplementa-
tion had no signifi cant effect on weight gain in girlsat any age.

Among 470 children between 17 and 19 months of age in four health clin-
icsin central Birmingham (England), 25% were found to have hemoglobin
concentrations between 8.0and 11.0 g/dl (16). Fifty-four children were
treated with iron (24 mg) and vitamin C (10 mg) daily for 2 months, and 56
children received vitamin C only (10 mg daily) for the same period. Levels
of hemoglobin and related hematological indices(mean corpuscular volume
and mean corpuscul ar hemoglobin) aswell as biochemical measures of iron
nutriture (serumiron, transferrin saturation, and ferritin) all improved in the
infantstreated with iron but not in those treated with vitamin C alone. The
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FIG. 4. Frequency distribution of weights of 88 iron-deficient children in whom follow-up data
permitted comparison before and after iron therapy. (Reproduced from ref. 12 with permission
from Pediatrics, © 1966.)

rate of weight gain in the children who received iron and vitamin C was 10
g/day, significantly greater than in those who received vitamin C only (7

g/day) (Fig. 5).
Chwang et al. (17) demonstrated improved growth in anemic (< 11.0
g/dl) and iron-deficient (transferrin saturation < 15%) school children who

were treated wi th iron (2 mg/kg/day) for 12 weeks. Treatment effects were
demonstrable for weight, height, and arm circumference in the anemic

group but not i nthe nonanemic control group. Within the control group, no
significant differences were seen between those who were treated with iron
and those who received placebo.
In a longitudinal study of 276 full-term infants, all of whom stopped breast
feeding by age 3 months, one-half received milk fortified with 3 mg of iron
and 20 mg of ascorbic acid/100 kcal, and one-half received unfortifi ed milk
(18). Hematol ogical data were comparablein thetwo groupsat age 3
months. By age 9 months, the control group had significantly lower mean
hemogl obin, transferrin saturation, serum ferri tin, and elevated erythrocyte
protoporphyrin (Fig. 6). Differences also existed at age 15 months (Fig. 7),
although there were no differencesin growth.
In a study of breast-fed and formula-fed infants, we examined iron nutri-

ture and growth (19,20). Nearly equal numbers of male and female infants
were present in each of four feeding groups:. breast (N = 26), breast plus

10 mg/day of supplementary iron (N = 27), formula (N = 41), and iron-
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FIG. 5. Weight gain according to treatment group (p = 0.001). (Reproduced from ref 16with
permission from the British Medical Journal, © 1986.)

fortified formula (N = 45) estimated to providean inteke of 10 mg of iron/
day. Use of iron supplement or iron-fortified for mula began when infants
were 1 month of age. Formulafed infants gained an average of 23.5 g/day,
and breast-fed infants gained 19.3 g/day between 1 and 178 days of age!
Within thebreast-fed and formula-fed groups, there were no apparent differ-
ences in weight gain during thefirst 6 months to reflect iron supplementation
(Table 5). The decreasein body storageiron (BSI) was grestest in the infants
receiving formulaand lowest in theinfants in the breast plus supplementary
iron group. The decreasein BS| was comparable in the other two groups,
athough infants in the group receiving iron-fortified formula gained weight

a asignificantly greater rate.

COMMENT

The Committee on Nutrition of the American Academy of Pediatrics sug-
geststhat determination of weight gain isthe single most valuable component of
the clinical evaluation of nutritional adequacy of the infant di et. A feeding-
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related difference in weight gain of more than 3 g/day over a 3-month period
during early infancy should be considered of nutritiond significance.

If a sufficiently large group of infants were followed between 6 and 18
months of age, it is likely that slight changes in weight gain would be
detected if biochemica changes indicative of iron depletion were found. It
is reasonably certain that the rate of gain will decrease when the iron defi-
ciency becomes severe and anemiais latent or actualy developing. It is not
possible to conclude whether the early phases of iron depletion are associ-
ated with an initia increasein rate of gain; this seems possible as the infant

consumes more food than necessary, presumably in an effort to achieve an
adeguate iron intake.

TABLE 5. Gain in body weight and decrease in body storage iron (BS) from birth to 6 months
in infants in four feeding groups

Gain in weight Decrease in BSI
Feeding group (g/day) (ma/kg)
Formula +24.1 -21.5
Iron-fortified formula +23.0 -18.9
Breast +19.5 -18.4

Breast + iron supplementation
(10 mg/day) +19.0 -13.5
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Discussion

Dr. Filer: In the Albuquerque study, were there any differences in body
length after 12 months?

Dr. Owen: | have only examined the weight data. There may be some sub-
tle sex differences that affect nutritiona needs for later growth. In the study
by Waravens and Hambidge, there was a growth effect of zinc supplemen-
tation in male but not in femae infants.

Dr. Filer: Do you have any information about the zinc status of these
infants?

Dr. Owen: No.

Dr. Walravens: Individual variability makes it difficult to do studies of
this type. Did you control for parenta size? If you have many short parents,
you will have many little children by age 9 to 12 months when the growth
rateis slowing down due to influence on genetic growth potential.

Dr. Owen: The altitude in Albugquerque is about 5,500 ft (1,700 m) above
sealevd. Approximately 70% of the children were Hispanic. We do have
height information for the mothers; how ever, | do not know if we have
paternd heights. All infants were full-term and dl were enrolled in the study
prenatally. Parents were contacted sometime during the second or third tri-
mester of pregnancy.

Dr. Oski: We have observed that as many children became iron-deficient,
they begin to show a pattern of "failure to thrive."

Dr. Walravens: Are these children older?

Dr. Oski: Actually, their growth rate began to decrease at 6 or 7 months
of age.

Dr. Walter: We have observed the same thing. However, we think that it
is related to zinc status because it aso happens in bresst-fed infants. Ten
years ago, we studied three groups of infants Onegroup was fed iron-
fortified milk that had been acidified and one group was given nonfortified
cow's milk. Thethird group was given 150 mg of iron dextran intramuscu-
larly at birth. These three groups were followed to 3, 9, and 15 months of
age. Therewerelarge differences in theferritin levelsbetween the groups.
Infants given theiron-fortified milk were not anemic at 3 or 9 months of age,
and very few had anemiaat 15 months. A difference thatwedon't know how

to interpret, however, is that the infants who were given iron dextran at birth
had higher hemoglobin levels than thosef ed iron-fortified formulaby 3

months of age. Very few of theinfants in theiron dextran group had anemia
a 9 months, and the incidenceof anemiawas comparable to that of infants

775
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fed the iron-fortified milk at 15 months. In the non-iron-fortified milk

group, about 25 % had anemia. The body weight of infantsfed the non-iron-

fortified milk waslessthan that of infantsfed the iron-fortified formula. We

believethat thisdifference has nothing to do with iron. At 3 months of age,

all infants were well nourished according to their weight for age, but at 9 and
15 months, their mean growth curve fell off although they remained within

the normal range. We believe that thisdifference in body weight occurred

because infantsin the iron-fortified formula group drank more milk and

grew better. The fortified formula also had additional vitamins A and D that
were not added to the nonfortifi ed milk. There was no difference in mean
body weight for age between the i ron dextran and non-iron-fortified milk
groups even though there was alarge di fference in iron status. These same
rel ationshi ps between groups were observed for length for age. Thelinear
growth curves of the iron-dextran and non-iron-fortified milk groups were
the same with linear growth of the iron-fortified mil k group somewhat
higher than the other two groups. The fall off in the linear growth curve was

more marked than the falloff in body weight, which iswhy we believeitis

azinc-related phenomenon. Also, male infants were more affected than
femaleinfants.

Dr. Filer: Why do you say this is a zinc effect?

Dr. Walter: We have serum zinc data and 60% of the infants who were
being breast-fed exclusively or were being fed cow's milk have level sl ower
than 60 pg/dl at 9 monthsof age. All sampleswere obtained in the fasting
state before 10:00 A.M.

Dr. Filer: How can you conclude that it is zinc that is having an effect?

Dr. Walter: | am only suggesting that. Our current study will provide con-
clusions.

Dr. Dallman: 1 find it difficult to come to grips with the topic as a whole
becauseit seemsto methat it can be broken down into several issues. For
example, we know that birth weight isamajor factor and that |ow-birth-
weight infants, with their low iron stores, get iron-defi cient early.

Dr. Owen: Of course, and, at the same time, the low-birth-weight infant
isgrowing rapidly.

Dr. Dallman: Exactly. So, growth rate and iron deficiency are going to
belinked i nthat the fastest-growing infants are the oneswith the lowest birth
weight and are also the oneswho will get iron-deficient.

Dr. Oski: No one has ever done a study of iron-deficient infants who
remain untreated to see what the rate of growth is.

Dr. Dallman: | agree. If one cancels out the birth weight issue, there may
be two different situations going on. What Marty Siimestried to assesswas
whether infants who had average birth weights but were very big at 1 year
of age would have higher iron requirementsthan infants who started out
larger at birth but did not gain very much during thefirst year. | believe that
he made some hypothetical cal culations of the iron requirement during the
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first year of life for fast- and s ow-growing infants. It makes sense to me that
the fastest-growing infant who hasa higher iron requirement would be more
vulnerable for iron defici ency. The other situation—the one that Dr. Oski
may have observed—isthat those infantswho becameiron deficient in early
life may have agrowth deficit at about the same time.

Dr. Oski: Iron-deficient infants actually become anorectic.

Dr. Dallman: It is difficult to pull all of these factors together because
there are at | east three separate issues. One of them isrelated to birth weight
and the rate of growth due to prematurity; the second issue isthat rapid
growth isa causative factor in iron deficiency, as observed in adolescents,
and thethird issueisthat an established iron deficiency hasan influence on
growth. If we coul d separate these issues, we could probably learn more
about the pathophysiology of iron deficiency.

Dr. Oski: One of the best situations to observe the effects of rapid growth
isin exclusively breast-fed babies. Those infants who grow most rapidly on
human milk are the oneswho are most likel y to become iron-deficient.

Dr. Walter: | disagree, based on my serum zinc data from breast-fed
infantsat 9 months of age.

Dr. Filer: Actually, this situation may apply to any mineral deficiency.
The faster the infant grows, the more likely it isthat the infant will develop

adefici ency. For example, this effect has been observed in copper defi-
ciency.



