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In a cohort of term infants (7 = 91), followed from birth to 12 months, iron intake was examined by 24-
h food records, and iron status by blood samples (haemoglobin (Hb), mean corpuscular volume
(MCV), seruin values for iron, ferritin and transferrin, and crythrocyte protoporphyrin) at 2, 6 and 9
months. At 9 months of age, 5% had anaemia {(Hb < [05 g/1), but none had developed iron deficiency
according to strict definitions used in this study {serum ferritin < 13 ;1g/1 and transferrin saturation
< 10%). Infants with high serum ferritin, serum transferrin and erythrocyte protoporphyrin values at
one blood sampling also had high values at the following sample (tracking, r = 0.45-0.80), suggesting
that iron stores at delivery are an important determinant of iron stores during late infancy. Factors
related to changes in scrum ferritin were investigated by multiple linear regression. From 2 to 6 months,
serum ferritin was negatively associated with knee—heel growth velocity (p = 0.006) and positively
with intake of infant formula { p = 0.04). From 6 to 9 months it was negatively associated with intake
of bread (p = 0.001), and there was a trend for a positive association with intake of meat (p = 0.07)
and fish { p = 0.08) and for a negative association with intake of cow's milk (p = 0.07). In conclusion,
those with a high growth velocity and a dietary pattern with a high intake of bread and a low intake of
meat and fish had lower ferritin values and thereby an increased risk of depleting their iron stores later
during infancy. O Erythrocyte protoporphyrin, infune nurvition, iron, iron deficiency, serwm ferritin,
serwm transferrin
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Iron deficiency is still common during late infancy and
early childhood in industrialized countries, especially
among soctally disadvantaged groups and ethnic mino-
rities (1-5). The present situation in the Scandinavian
countries is, however, not well documented. It is impor-
tant to prevent iren deficiency because it may be associ-
ated with impairment of mental and psychomotor
development. This can be reversed by iron supplemen-
tation (6, 7), but in some cases it seems that the impair-
ment is irreversible (7-9). Furthermore, iron deficiency
h_as 4 negative influence on cell-mediated immune func-
tien (10) and may also affect appetite (11).

Iron status during infancy is determined by inter-
action between a number of critical factors. Iron endow-
Meitat birth is important, butitis generally agreed that
the won status of the mother has no or little influence en
the iron status of the newborn infant (12, 13). However,
anumber of studies have shown that newborn infants of
mOt.hers with low serum ferritin values also have lower
ferritin jevels {14-16). In a study of healthy Danish
Mothers who had all been recommended an iron supple-
Ment during pregnancy, umbilical cord ferritin values
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were significantly correlated with maternal values (17),
and in another Danish controlled study of healthy
mothers, infants of mothers receiving placebo had sig-
nificanily lower umbilical cord ferritin values than
infants of mothers who had received iron (18). Iron
endowment at birth is needed to protect the infant
from iron deficiency during the first 4 -6 months of life
when the iron requirement for growth is very high and
iron intake from breast milk is low.

After 4-6 months of age, dietary iron intake becomes
critical. Exclusive breast feeding beyond 6 months of
age is associated with an increased risk of develop-
ing ron deficiency (19). Cow’s milk has a negative
influence on iron status (5, 20-23), because the iron
content is low and poorly absorbed, and because it
may provoke minor intestinal bleeding, especially
during early infancy (24). Iron-fortified infant formula
has therefore been recommended instead of cow’s milk
until 12 months of age (25, 26), but there 1s no consensus
in the Scandinavian countries on up to which age
formula should be recommended. Iron-fortified infant
cereals are widely used, but the availability of the iron in
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these products has been questioned (21. 27, 28), partly
because of the phytate content in the cereals which
reduces the availability of iron. Meat, fish and chicken
are good sources of iron because they contain a high
proportion of hacm-iron, which is easily absorbed, as
well as substances that promote the absorption of non-
haem iron from other foods (29). However, advice on
intake of meat, fish and chicken does not usually play a
conspicuous role in recommendations for the preven-
tion of iron deficiency during infancy. Although iron
fortification is effective in the prevention of iron defi-
cicney anaemia during infancy, caution has been
advised against uncritical fortification and supplemen-
tation (30—32). Iron is a potent pro-oxidant which might
cause damage if given in excess, and a high iron content
in infant food can interfere with the abserption of other
minerals (32-34).

The aim of the present study. which was part of
the Copenhagen Cohort Study on Infant Nutrition
and Growth (35, 38), was to describe the iron status
and iron intake, and influence of feeding pattern and
growth velocity oniron status, in Danish infants during
the first year of life.

Subjects and methods

In this prospective study, a random sample of Danish
infants was followed from birth to 12 months of age.
This was an observational study in which the mothers
were not influenced in their choice of feeding. Two
hundred and fifty-one infants born at Hvidovre Hospi-
tal during 109 predetermined 24-h periods from October
1987 to February 1988 fulfilled the following inciu-
sion eriteria; parents of Danish origin, singleton birth,
gestational age between 37 and 42 weeks, birth weight
for gestational age between the 10th and 90th percen-
tiles, no neonatal disease or malformation, and mother
and infant admitted to maternity ward for at least
3 days. Randomization of the 251 infants allocated
139 to a study group and 112 to a contrel group.
Ninety-one (65%) of the families in the study group
agreed to participate and 84 completed the study up
to 12 months of age. Fifty-nine (53%) of the families
in the control group agreed to participate. The control
group wus included in the study in order to determine
if the close observation with food rcgistrations, test
welghing, anthropometry and blood sampling had any
influence on infant feeding patterns. This group was
contacted and examined only at 9 months, at which
time the same blood tests and food records were
performed as in the examination at 9 meonths in the
study group. There were no significant differences
between duration of breast feeding in the two groups.
and there were no major differences between the char-
acteristics of the study and control groups. A more
detailed description of the selection and characteristics
of the groups is published elsewhere (35, 36). The study
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was approved by the Ethics Committec for Copenhagen
and Frederiksberg.

Food intuke

Twenty-four hour food records were kept monthly by
the purents from 1 to 12 months of age, using household
measures. At 2. 4 and 9 months of age. intake wa
weighed on electronic scales for an extended period
(48 h, 48h and 5 days. respectively). Breust-feeding
status was recorded monthly according to definitions
published previously (35). All mothers except onc
sturted breast feeding. At 3, 6 and 9 months, 71%.
52% and 33%. respectively, were still breast feeding.
A detailed report of the breast feeding pattern in this
cohort has been published previously (36). Nutrient
intake was calculated using the Dankost computer
program (version 1.3}, developed by the Danish
National Food Agency.

fron supplements and fortification

A daily iron supplementation of 15 mg is recommended
in Denmark for infants between 6 and 12 months of age
who are not receiving a daily minimum of 400ml of
iron-fortified formula. However, this advice is not fol-
lowed by the majority of parents, including those in this
study. Five study and six control infants were given an
iron supplement before 9 months of age, for a median of
2 months (range 1-4 months). Infants receiving iron
supplements were included in the analysis of iron status
markers, but were excluded from the analysis of the
influence of diet on iron status. All brands of formula
given to the infants in the study were iron fortified
(median value 8 mg/l formula, range 8—13 mg/l, infor-
mation from manufacturer). At the time of the study
most of the commercially produced infant cereals were
fortified with iron (median lcvel 16 mg/kg ready-made
porridge, range 15-21mg/kg, information from
manufacturer). From 1988, iron fortification of infant
cereals was abolished due to a change in legisiation.

Venous blood sumples

At 2, 6 and 9 months of age, 86, 79 and 125 infants.
respectively, were available for blood tests. The remain-
ing infants were absent or the parents did not agrec Lo

- the blood sampling. Venepuncture was attemptied only

once and was successful in 83%, 73% and 77% of cases.
respectively. Mean age (1£SD) on the day of blocd
sampling was 6143 days, 185+8 days and 276 =8
days. respectively. In some cases the amount of blood
obtained wag not sufficient for all blood tests; this is the
reasonn why the numbers in Tabte | differ stightly.
Haemoglobin (Hb) and haematocrit were measured
on the day of sampling. Serum was stored at -0 C
for the other analyses, which were performed within the
following year. It was possible to obtain cord serui
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samples from 31 infants. These samples were kept at 4°C
until they were frozen at —20°C, 4 days after delivery.

Hb and mean red cell volume (MCV) werc analysed
on & Hemalog analyser {(Technicon, Tarrytown, USA),
while haematocrit was determined manually (Hb mmol;
| = Hb g/l x 0.0621). Serum iron was measured on a
SMAC autoanalyser (Technicon, Tarrytown. USA)
and serum transferrin by immunoelectrophoresis.
Transferrin saturation was caiculated as scrum iron
(pmol/1) x 100/serum transferrin (gmol/l) x 2. Serum
ferritin was measured with a radioimmunoassay (Fer-
ritin RIA Amersham, Amersham, UK}. Total red blood
cell (RBC) protoporphyrins were quantitated in dupli-
cate en a Hitachi F-1000 fluorescence spectrophoto-
meter  (37). Protoporphyrin  concentrations  were
expressed as nanomoles coproporphyrin equivalents
per litre red biood cells (nmol 0.655 = yig). The radio-
immunoassay used for determination of serum ferritin
{Ferritin RIA Amersham) is described in detail else-
where (38). In the concentration range 13—40 pg/l, the
within-assay reproducibility (cocfficient of variation) is
5.6% and the between-ussay variation (total assay
variation) 12.0% (38). The kit has been calibrated
against the international human liver ferritin standard
WHO 80,602 (39). Ferritin RIA Amersham values of 13
and 16 peg/l correspond to WHO standard ferritin values
of 12 and 15 pg/1 (39). However, throughout this paper
we are reporting the original uncalibrated Amersham
values. There is at present no consensus as to which
ferritin value should indicate absent or depleted iron
stores, either in adults or children. In infants. cut-off
values of 8—12 pg/1(40, 41), 10 12/1(5, 19, 42) and 12 g
1 (8,20) have been suggested. In the present study. a
critical serum ferritin value of <13 ug/l (approxi-
mating a WHO standard value of <12 :g/1} was used.
We defined iron deficicncy as cases in which serum
ferritin - was <13 g/l and transferrin  saturation
< 10%. When, in addition to this, Hb was < 105 pe:l
(6.5mmol/l), iron deficiency anaemia was considered
present.

Growth

Body weight and knee—heel length were measured at 2. 6
and 9 months of age on the day of blood sampling.
Knee—heel length, which allows a more accurate
measurement of linear growth velocity than crown-
heel length, was measured using an clectronic infant
knemometer (43).

Staristical methods

Puired and non-paired Student’s s-tests (two-tailed)
were used for comparison of means between groups.
Pearson’s correlation coefticient was employed to
deseribe tracking of iron status indicators (i.c. the
degree to which an infant with a high value at one
bloed sampling also had a high value at the following
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sampling) and associations between different iron status
indicators. All correlations were plotted and inspected
for outliers. Statistical analyses of ferritin values were
performed after logarithmic transformation, and geo-
metric means were used because of the skewed distribu-
tion. The change in ferritin values over a period was
calculated as the differcnce between the logarithmic
values. This parameter was used as the dependent vari-
able in multiple linear regression analysis of factors
influencing change in iron stores. Backward elimina-
tion was used in the multiple linear regression analy-
sis. Variables with a p level <0.1 were kept in the final
model. This level was chosen because of the limited
number of infants in the analysis. The highest possible
number of infants was included in each multiple regres-
sion analysis.

Results

When the study and control groups were compared, at
9 months, iron status markers were not significantly
different, and there were no differences in iron intake.
However, Hb was slightly, but significantly. higher in
the control group (115g/1 versus 119g/1; p = 0.01).
There were no significant differences between the two
groups at 9 months regarding the number of infants
receiving iron supplements, duration of breast feeding
or the number of infants being breast fed. We have
therefore added data from the control group when
analysing 9-month values.

Hb and iron status niarkers

Vatues at 2, 6 and 9 months of age are shown in Table |
and Fig. 1. Geometric mean serum ferritin in cord blood
was 186 ug/l (S5th, 95th percentiles: 83 ug/l, 373 ug/l),
and was significantly lower than the 2-month value
{p < 0.001). There was a strongly significant tracking
of the values for serum ferritin, serum transferrin and
erythrocyte protoporphyrins, implying that infants with
a high value at one blood sampling also tended to have a
high value at the following blood sampling (Table 2).
The associations between Hb. serum ferritin, erythro-
cyte protoporphyrin, scrum transferrin, transferrin
saturation and serum iron were examined at 2, 6 and 9
months, There was a strong negative association
between serum ferritin and serum transferrin at all
ages (r= ~045 —0.44 and —0.40, respectively; all
p<0.001). Hb was positively associated with serum
iron (r=10.43, p < 0.001) and transferrin saturation
(r =037, p < 0.G1) at 2 months, but not later. Ervthro-
cyte protoporphyrin was negatively associated with Hb

values at 2 months (r = —0.23. borderline significant.
p = 0.07) and 9 menths (» = —0.24, p < 0.03}, but not
al o months (» = —0.01). when the erythrocyte proto-

porphyrin levels were lower than values at both 2 and 9
months. There were no consistently significant gender
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Tahle 2. Tracking of haemoglobin and iron status indicators.”
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Cord blood 2-6 6-9 2-9

2 months months months months
Haemoglobin A 0.50%** (48) =0.02 (40 0.08 (48
Serum ferritin 0.47* (28) 0.65%**(43) 0.49%* (32) 0.18 (35)
Erythrocyte protoporphyrin 0.45%*% (37) 0.77%*%* (3] 0.26 (42
Serum transferrin 0.80*** (46) (.53%%* (37) 0.34% (39)
Serum iron 0.07 (3% 0.07  (29) 011 (33
Transferrin saturation 0.15 (33) —-0.11 (26) 0.05 (30)
Mean red ceil voiume 012 {37 002 (33) 0.24 (43

* Values are Pearson correlation coefficients. Number of infunts in parentheses.

*p <005 %% < 0,01, %+, < (.00

Table 3. Percentage of infants with anaemin

2 months 6 months 9 months
(7 = 68) {n=37) (=94
Hb < 105/ (< 6.5mmol ) 15% (10 5% (3)° 59 (5)°

Hb < 110g1(< 6.8 mmol.]) 20%4 (19)

29% (20) 32% (18)

“Number of infants with znaemia in parentheses.
® None of the infints had serum ferritin values < 13 pmol 1

differences in Hb and iron status markers throughout all
age groups, Hb and iron status markers were also
examined according to current breast feeding status.
using analysis of variance, and distinguishing between
exclusive breast feeding, partial breast feeding and no
breast feeding. No significant diffcrences were found at
2.6 or 9 months.

fron deficiency and anaenia

The lowest serum ferritin values at 2 and 6 months were
47 and 21 g1, respectively. At 9 months only two

infants (2%) had values < 13 ug/l (approximating a
WHO standard value of 12 g/}, and no infant had
values in the range 13-16 pg/l {approximating a WHO
standard value of 15 ug/). The percentage of infants
with transferrin saturation < 10% was 2%, 4% and
30% at 2, 6 and 9 months, respectively. The number
of infants with anacmia according to the haemoglobin
cut-off points of 105 ¢/l and 1 10 g/1is shown in Table 3,
Noinfant had iron deficiency oriron deficiency anaemia
according to our definitions at any age,

Iron intake

Iron intake for infants not breast fed is shown in Fig. 2.
The contribution of the different food groups to the
total iron intake of these infants is shown in Table 4,
The iron content of human milk was not analysed.

Food intake and growth velocity

The influence of growth velocity and intake of foods
from different food groups on the change in serum

15 1.6
1.2 .
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o} . . , . . . . . ‘ : : oo
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(3) (123 (203 (2 57) (8O
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Age [monthg)

Fiz. 2 tron intake by age in infunts not breast fed (10th. 50th. 9Mh percentiles). Solid lines show daily intake and broken lifes daily intake per kg

hUd_V weight. Number of infants in parentheses,
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Tuble 4. The cortribution of different food groups to iron intake in infants not breast fed

Age (months)

3 4 5 & 7 b 9 10 11 12
Formula follow-up 100 9% 89 72 54 35 29 15 13 11
Cow's miik — 0 0 1 2 3 4 5 4 4
Porridge, industrial — 1 3 8 12 13 9 8 6 7
Porridge, home-made 0 ! 5 8 10 11 11 12 11
Meat and fish — i 2 8 14 i5 20 » 17
Bread — - B 0 5 14 17 24 23 29
Vegetables and fruits — i 6 12 10 9 11 il 16 12
Other foods — i} 0 0 I 2 4 6 4 9
Number of inlants 20 n 29 33 40 44 49 53 56 37

* Values are percentage of (otal iron intake. —- = no intake, 0 = intake < 0.5%,

ferritin valucs was examined using multiple regression
analysis. The periods from 2 to 6 months and 6 to 9
months of age were analysed separately (Tables 3. 6).
The influence of weight gain and knee-heel length
velocity was cxamined in separate multivariate ana-
lyses because of the strong positive correlation between
these two variables.

During the 2—-6-month period there was a significant
negalive correlation between knee—heel length velocity
and changes in serum ferritin levels. Growth velocity
(both weight and knee- heel length) was positively cor-
related with formula intake (p = 0.02 and p=10.02,
respectively). and consequently the influcnce on serum
ferritin of both growth and formula intake became
stronger in the multivariate analysis. Knee-heel
growth velocity was negatively (p = 0.006), and for-
mula intake positively (p = 0.04), carrelated with

Tahle 5. Description of variables included in regression analysis of fuct

changes in serum ferritin values in the final model.
There was a highly significant tracking of serum ferritin
levels from 2 to 6 months of age, as previously men-
tioned. When serum ferritin values at 2 months of age,
knee-heel growth velocity and formula intake from 2 to
6 months were included as explanatory variables, 58%
of the variation in serum ferritin levels at 6 months of
age could be explained {cstimates not shown).

During the 6—9-month period, weight gain, intake of
bread and intuke of cow’s milk were all negatively
associated with changes in serum ferritin in the univari-
ate analysis, while knee—heel growth velocity was insig-
nificant {Table 6). The influence of weight gain became
insignificant in the multivariate analysis. Fish. and to a
lesser degree meat, is often caten with bread, and was
therefore positively correlated with bread intake
(p=0.003 and p = 0.11. respectively). This explains

ors influencing change in iron stores.

Centiles Percentage
— : —_— - of infants
25 30 73 with any intake "
Growth 2--6 months
Weight gain (g 'day) 18 21 24 — 42
Knee-heel length tmmyday) 0.19 0.22 0.24 — 41
Average intuke 26 months®
Infunt formula (ml/day) 0 40 388 56 43
Growth 6- 9 manths
Weight gain (g.day) 10 iz - i5 - 3z
Knee- heel length (mmj;day) 0.14 0.15 0.1% — KR
Average intake 6 -9 months”
Infant formula (mliday) 0 105 426 64 28
Cow’s mitk (ml/day) 17 61 179 86 28
Bread (g/duy) 10 16 26 93 28
Porridge, home-made (g/day) 26 54 125 93 28
Porridge, ready made (g/day) 0 20 96 N 64 28
Fruits and vegetables (giday) 76 117 158 100 28
Potatoes (g/day) 22 3 60 100 28
Meat (g/day) 4 11 22 93 28
Fish (g/day) 0 3 6 71 28

* Average of the monthly food records during the periods.
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Tahle 6. Estimates from regression analysis of factors influencing change in serum ferritin values,

Regression

Explanatory coeflicient
Nependent variable variables A+8D P e "
Change in serum ferritin Univariiite Weight gilil’]h —0.02 +0.02 0.26 0.03 42
from age 2—6 months® Knee- heel growth velocity® -4.61 £ 1.98 0.03 0.12 41
Infant formula® 0.04 £ 0.03 0.12 0.06 43
Multivariate Model 1
Weight gain® —0.03 + 0.02 0.09 0.13 41
" Infant formula? 0.06 + 0.03 0.04 — —
Model 2

Knce—heel growth velocity® ~6.05 + 2,08 0.006 0.21 40
Infant formula® 0.06 + 0.03 0.04 — —
Change in serum ferritin Univariate Weight gain® -0.03+002 0.03 0.15 32
from age 6—% months® Knee—heel growth velocity® 1.02 £ 219 0.64 0.01 32
Bread' —2.04 + 0.62 0.003 0.29 28
Cow's milk® ~0.13 + 0.06 0.05 0.15 28
Fish! : —1.12 4+ 1.95 0.57 0.01 28
Meat' 035+ 1.01 ¢.73 0.00 28
Multivariate Bread' —2.68 £ 0.71 0.001 0.48 2%
Meat 1.57 £ 0.82 0.07 — -

Cow’s milk? —0.10 + 0.05 0.07 - :
Fish' 3.37 £ 1.81 0.08 — —

* The only food group examined was formula intake; P g/day;  mm/day: * 100 ml,duy: © Only results from food groups with a pvatue below 0.1,
cither in the univariate or multivariate analysis have been shown; ! 100 g/day.

why fish and meat became more significant in the multi-
variate analysis when bread was included. Since the
change in serum ferritin values over a period was
calculated as the difference between the logarithmic
values, the effect of the explunatory variables can be
estimated by taking the exponential value of the regres-
sion coeflicient. For example, the univariate effect of an
additional 100 ml of infant formuls intake from 2 to 6
months of age changed the ferritin ratio by exp(0.04) =
1.04. This means that the serum ferritin level at 6 months
of age would be 4% higher than it would have been if the
infant had not been given this additional 100 ml of infant
formula. The average daily intake of bread was only a
few grams at 6 and 7 months of age. At 8 and 9 months
of age the average intakes were 22¢ and 31 g, respec-
lively. Approximately 75% of the bread intake was
brown rye bread. Thirty to forty percent of the intuke
of meat was liver paste, the remaining being mainly
minced meat. Approximately half of the intake of fish
products consisted of cod roe used as sandwich spread.

Discussion

The main finding of this study was that a major part of
the variation in serum ferritin values between the infants
could be explained by early ferritin values. by growth
velocity, which had a negative influence. and by differ-
ent dictary characteristics, which had either negative or
positive influences. Furthermore, up to 9 months of age,
no case of iron deficiency developed. according to the
strict criteria used in this study.

Serum ferritin 1s regarded as a reliable indicator of iron
stores (30). although reservations have been expressed
regarding how well it reflects iron stores during the first
months of life (5, 44). However, we found that the strong
tracking, together with the significant influence of growth
velocity and diet on ferritin values. supported the view
that serum ferritin values during early life are a useful
indicator of iron stores, and thereby of the risk of devel-
oping iron deficiency later during infancy. An alternative
explanation has been proposed by Morton et al., who
also found significant tracking of ferritin levels during
infancy (5). They suggest that ferritin levels might also
indicate an individual’s ability to extract iron both from
the piacenta and from the diet in postnatal life. Consider-
ing the day-to-day variation in serum ferritin values,
which, at least in adults, is considerable (45), we were
surprised that as much as 58% of the variation in serum
ferritin values at 6 months of age could be explained by
tracking, by differences in growth velocity, and by differ-
ences in intake of iron-fortified formula.

Serum ferritin 1s elevated during infectious diseases
which might result in an underestimation of the truc
prevalence of iron deficiency. However, it is unlikely
that this was a major problem in the present study, since
all children were regarded as not suffering from infec-
tious diseases at the time of blood sampling.

The negative association between growth velocity
and change in serum ferritin values is in accordance
with a study in which iron deficiency at 1 year of age
was associated with greater weight gain (3), and can be
explained by the need for iron during growth of lean
tissue.
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Iron stores at birth are to some cxtent determined by
maternal iron stores (14-18), and since they consist
mainly of iron from circuluting haemogiobin, the
amount of blood transfused from the placenta before
clamping the umbilical cord is also of importance (46).
We obtained no information in the present study on
maternal iron status or iron supplementation, and none
on the timing of umbilical cord clamping. However, it
was the general recommendation that pregnant women
should take iron supplements, and in uncomplicated
deliveries the policy was to clamp the cord when cord
pulsations stopped and to keep the infant below the level
of the placenta until then.

Up to 9 months of age we did not find iron deficiency
according to the definitions used in this study. Ferritin
cut-off values were not critical in this study, since only
two infunts had values less than 16 g/, However, the
best criterion for a diagnosis of iron is a treatment {rial
with iron (41). In a study of 1-year-old infants, more
than 50% of the infants who responded 1o an iron
treatment trial would have been missed if treatment
had been restricted only to those with abnormal labora-
tory tests (47). Thus we cannot exclude the possibility
of iron deficiency in our study. It is likely that iron
deficiency 1s most prevalent from 12 to 18 months of
age and it is possible that some of the infunts in this
study developed iron deficiency later. Blood sampling
at this age would have been most interesting, but we had
to limit the number of venepunctures and the main
study had several other objectives requiring early
bloed sumples.

The use of 4 Hb value of 105 g/l (6.5 mmol/1) as the
criterion for anaemia was suggested by Sitmes et al. (19)
and Fuchs ct al. (21). Others have suggested eritical
values of 107 or 110g/1 (6.8 mmol/l) (40, 42, 48), but
our data indicate that a vaiue of 110 g:1is too high. since
32% of the infants would be classified as having anae-
mia at & months of age using this value, despite none
having iron deficiency according to our criteria. In a
retrospective study of routine screening of [-vear-old
infants in Norway, 37% had Hb values below 110 g1
(49), and 1n a Swedish study including healthy, breast-
fed infunts, the mean Hb value at 6 months was 109 g/1
(32), also supporting the view that 110g/1 as a cut-off
value is too high. )

The data presented provide noermative data for iron
intake and iron status markers during infancy in healthy
Danish infants. Serum ferritin values in the present
study showed the same change with age and the same
levels as in the classical study by Sumes et al {30). Our 6-
month values were similar to those from a recent Swed-
ish study (32). There is no consensus on the optimal
mcthod of expressing the results of erythrocyte pro-
toporphyrin and the preferred technique for standard-
1zation (30, 51), and there is a lack of normative data for
infancy. Age-related changes, with high values during
carly infancy, lower values during mid-to-late infancy,
and then an increase towards late infuncy, which might
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reflect increasing iron deficiency at this age. have also
been found in other studies (3, 21. 32). Qur scrum
transferrin values were similar to those found by Saar-
inen and Siimes (53), while the serum iron values, and
thereby the transferrin saturation values, were lower
than in other studies. Since this was also the cuse at 2
and 6 months. when iron deficiency is less likely, we
belicve that this was due to a methodological difference,
rather than iren deficiency. Thus a cut off-vatue of 10%
as a criterion for iron deficient erythropoiesis scems to
be too high in our setting.

Median iron intake during the last months of infaney
was ~ 6mg:day or ~0.6 mg/kg/day. with 10th percen-
tile values of ~4mg;day and ~0.4mg/kg/day (Fig. 2).
These are somewhat lower than values from other
Scandinavian countries, where the mean intake was
between & and 11mg/day (54-56). During these
months 35-40% of iron intake comes from bread and
home-made cereals, both of which have low
iron availability, while ~40% comes from meat, fish
and iron-fortified formula, with high availability. The
reccommended intake of ron from 6 to 12 months
varics belween 6mg/day (37) and 10mg/day (58).
Lower limits for intake for the Nordic countries (58)
and the UK (39) are 4.0 and 4.2 mg/dav, respectively.
Recommendations for total iron intake are. however, of
limited use, since the absorption of iron vuries {rom a
few percent to 30%. depending on the compoesition of
the meal, and iron absorption is higher in individuals
with low iron stores. Stekel (13) and Fomon (42)
have estimated the requirement of ubsorbed iron

during this age at 0.9 and 0.75mg:day. respectively.
Owing to the variation in iron availability, several

studies have failed to find an association between total
iron intake and iron status (3, 4, 60). In a study com-
paring iron status in Asian and Caucasian infants in
England, the Asian infants had iower serum ferritin
vilues despite a higher iron intake (1), The main differ-
ence between the diets was the absence of meat in the
Asian diet.

Instead of iron intake we examined the influence on
iron status of the amount eaten of different foed groups.
since iron content and availability, and the content of
enhancers and inhibitors of iren absorption, are usually
the same within the different foed groups. The results
from multiple regression analysis of the association
between intake from different food groups and changes
i serum ferritin should be interpreted with caution. The
number of infants in the analysis was limited and the
amount eaten of some of the food groups was low.
Furthermore, significant associations might not be
causal since the intake of certain food groups might be
a proxy for a dietary pattern that is affecting iron status.
However, the significant associations found in the ana-
lysis (i.c. cow’s milk and bread having a negative eflect
oniron status. and infant formula, meat, and fish having
a positive effect) are in accordance with what would bc
expected from present knowledge. A positive effect of
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infant formula on iron status from 6 to 9 months was
expected because of iron fortification, but was not
found.

The strong negative associatlion between bread intake
and changes in serum ferritin from 6 to 9 months
suggests an inhibitory effect of bread on iron absorp-
tion. It has been shown that the inhibitory eflect of
bread is mainly due to the content of phytate and
other inositol phosphates (61). In the present study
approximately 75% of the bread intuke was brown
rve bread; bread made from high extraction wheat
constituted a considerable part of the remaining 25%.
Brown rye bread is traditionally produced with pro-
longed sourdough fermentation. which reduces the
phytate content etfectively (61), but the degree to
which phytate is reduced in industrially produced rye
bread is unknown, since rapid baking processes uare
often used. The intake of home-made porridge, which
is mainly oat porridge. containing a high level of phy-
tate, was considerably higher than bread intake. How-
ever, this was not significantly associated with changes
in serum ferritin in our study, The intake of commer-
cially produced cercals was not associated with changes
in ferritin values, but the amount eaten was low: not all
cereals were fortified with iron. and the number of
infants in the analvsis was small.

The positive cffect of meat and fish intake on iron
status in this study. despite the low amounts eaten,
warrants further evaluation of the efficiency of meat
and fish intake in the prevention of iron anaemia
during the second haif of infancy. Higher meat and
fish consumption would also improve zinc intake.
Studies suggest that zinc deficiency is not uncommon
at this age (62, 63), and we found indications of mild
zinc deficiency in the present cohort (64).

In conclusion, iron deficiency anaemia was not
present in this cohort up to 9 months of age, but some
of the infants had indications of marginal iron stores at
thix age. These infants might be at risk of developing
iron deficiency anaemia {ater if their diet does not
contain sufficient amounts of available iron. Those
with a high growth velocity will have an increased risk
ol depleting their iron stores, and our data suggest that a

hizh intake of bread and cow’s milk and a low intake of

meat and fish during the last half of infancy would
turther increase the risk. However. to conclusively
suggest dietary changes in this population we need to
know the prevalence of iron deficiency anaemia during
the sccond year of life, and possible associations with
<ictary habit.
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