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Abstract

Fe deficiency is still common in infancy, even in affluent societies, and has prompted Fe fortification of food products and use of Fe sup-
plements in many populations. In the present study, we tested the hypothesis that Fe status among 9-month-old infants following the
Danish Fe supplementation recommendation (>400ml Fe-fortified formula or 8mg Fe/d) is associated with more favourable levels of
Fe status indicators compared to those not following the recommendation. A random sample of 9-month-old infants living in Copenhagen
was established and 312 healthy term infants were examined at 9-1 (sp 0-3) months of age. Blood samples were available from 278 infants.
Overall, twenty infants (7-8 %) had Fe deficiency (serum ferritin < 12 g/l and <1% had Fe deficiency anaemia (serum ferritin < 12 g/l
and Hb < 100 g/D). Serum ferritin was positively associated with birth weight (P<0-001), intake of fortified formula and follow-on formula
(P=0-001), and female sex (P<0:001). Cow’s milk intake and length of exclusive breast-feeding were negatively associated with Hb
levels (P=0-013 and P<<0-001). Serum ferritin levels were significantly higher (P<<0-0001) and transferrin receptor (TfR) was significantly
lower (P=0-003) among infants (7 188) meeting the Fe supplementation recommendation compared to those (7 67) not meeting the
recommendation. No significant difference between these two groups was found for Hb. In conclusion, this study confirmed that Fe
status of infants following the Danish Fe supplementation recommendation was significantly associated with increased serum ferritin

and decreased levels of TfR indicating more favourable Fe status, compared to infants not following the recommendation.
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Fe deficiency anaemia during infancy is the most common nutri-
ent deficiency worldwide™”. Infants and young children are par-
ticularly at risk of Fe deficiency due to high demand for Fe
during the period of rapid growth and due to a diet with low
available FeV. Healthy term infants are born with Fe reserves
that usually ensure an adequate supply during the first 4—6
months of life when breastfed®. After 6 months of age, how-
ever, the dietary requirements for Fe increase markedly. For
this reason, Fe deficiency most commonly develops during
late infancy (6—12 months) and during the second year of
life'®. Fe deficiency that progresses into Fe deficiency anaemia
may be associated with delayed mental and motor develop-
ment®
reversible

Complementary feeding diets in industrialised countries
include a broad range of foods containing Fe. Fish, meat and
chicken in these diets are especially good sources of Fe due
to the high content of haem-Fe, which is easily absorbed and
promotes the absorption of non-haem from other foods®™.

and it is uncertain whether such consequences are
“

In contrast, several components in the diet, like phytic acid
and Ca, may reduce the amount of bioavailable Fe”®. Previous
studies'?
in 8—9-month-old infants was positively associated with fish
and meat intake, whereas a negative association was found
for intake of cow’s milk and bread.

Contrary to most countries, Denmark recommends that
infants are given Fe supplements (8 mg Fe/d) from the age of
6-12 months if they do not receive at least 400 ml Fe-fortified
formula and/or follow-on formula per d'*. Fe supplements,
most commonly in the form of Fe drops, are easily distributed,
have long shelf-life and are less expensive than fortifying
foods with Fe. However, the risks and benefits of Fe supplemen-
tation are likely to vary between populations. Whereas there is
sound evidence for the efficacy of Fe supplementation for Fe-
deficient infants and young children in developing countries?|
several studies have found significant adverse effects in infants
with normal Fe status>~'® In both affluent’®'® and deve-
loping countries"'*'>, several studies have suggested that Fe

on Fe intake in Danish infants showed that Fe status

Abbreviation: TfR, transferrin receptor.
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supplementation for 4—5 months was significantly associated
with decreased growth of infants with normal Fe status.

The benefits and potential negative effects of complying with
the Danish Fe supplementation recommendation on the Fe
status of Danish infants have not been thoroughly examined.
In the present study, we therefore tested the hypothesis that
Fe status among 9-month-old infants following the Danish Fe
supplementation recommendation is associated with more
favourable levels of Fe status indicators, compared to those
not following the recommendation.

Materials and methods

The data for this study were obtained from infants seen at
the first examination of an ongoing prospective cohort — the
SKOT (Smabgrns Kost Og Trivsel; Complementary and young
child feeding) cohort. The overall aim of the SKOT cohort was
to describe how complementary feeding of infants influences
growth, development and risk factors for later disease. The
infants were examined at age 9 months * 2 weeks.

A random sample of 9-month-old infants living in Copen-
hagen and Frederiksberg was established through the National
Danish Civil Registry. The sample included infants born from
April 2007 to May 2008. An invitation was posted to 2211 families
4-7 weeks before the infants turned 9 months. The inclusion
criteria were: singleton infants born =37 weeks of gestation
and without diseases that could affect growth or food intake.
Written consent to their participation was obtained from all
parents. Parents were interviewed on diet, growth and health
of the infant and were provided with instructions on food
recording. Records were taken of the age of the infant at
which full and partial breast-feeding had stopped and on the
frequency of feeding for infants still being breastfed. Less than
once a day was coded as zero. Full breast-feeding was defined
as only receiving breast milk, water and vitamins. This study
was conducted according to the guidelines laid down in the
Declaration of Helsinki. All procedures involving subjects were
approved by the Committees on Biomedical Research Ethics
for the Capital Region of Denmark (H-KF-2007-0003).

Anthropometric measurements

Nude weight to the nearest 1 g was measured in all infants using
a digital paediatric scale (Saratorius IP 65; Bie & Berntsen AS).
Recumbent length was recorded to the nearest 0-5 cm using a
digital measuring board. All measurements were performed
by four well-trained observers.

Anthropometric measurements were entered into the soft-
ware program WHO Anthro 20057

Diet recording

The diet was recorded for seven consecutive days using a vali-
dated method consisting of precoded booklets accompanied by
a booklet with twelve food photograph series™®. A detailed
description of the method is given elsewhere™®.

Intake of energy, nutrients and food items recorded in the
precoded food record was calculated for each individual

using the software system GIES (general intake estimation
system) (version 1.000d, developed at National Food Institute,
Technical University of Denmark) and the Danish Food Compo-
sition Databank (version 7; Sgborg; www.Foodcomp.dk). The
intake model in GIES operates with three separate data layers:
the recorded food intake, recipes and food composition data.

Infants meeting the Fe supplementation recommendation
were defined as either having received Fe drops five or more
days a week from 6 months of age or having received at least
400 ml Fe-fortified formula and/or follow-on formula per d.

Base diet was defined as all foods and drinks except for
human milk, formula and follow-on formula.

Blood samples

A 5ml venous blood sample was drawn by trained laboratory
technicians from the forearm in test-tubes containing lithium-
heparin. Local anaesthesia of the skin was given using a eutectic
mixture of local anaesthetics (EMLA) patch (AstraZeneca AB)
if the parents wished. Hb was measured immediately after
sampling using a Sysmex KX-21 haematology machine (Sysmex
Corporation) with intra- and interassay variation of 0-7 and
0-6%, respectively. Ferritin was analysed by chemiluminescent
immunometric assay using an Immulite 1000 analyser (DPC,
Diagnostic Products Corporation) with intra- and interassay vari-
ation of 27 and 5:0%, respectively. Serum transferrin receptor
concentration (TfR) was analysed by immunenzymometric
assay (Orion Diagnostica A/S) using an ABX Pentra 400 machine
(Horiba ABX) with intra- and interassay variation of 1-3 and 2-6 %,
respectively. C-reactive protein concentration was measured by
immunoturbidimetric assay (ABX Pentra CRP CP, Horiba ABX)
on ABX Pentra 400 machine (Horiba ABX) with intra- and inter-
assay variation of 3-6 and 3-4%, respectively.

In the present study, cut-off values for Fe deficiency anaemia
of Hb < 100g/1 (6:2mmol/D) and of serum ferritin < 12 pg/1
were considered appropriate for this age-group''?. Fe deficiency
was defined as cases with ferritin < 12 g/l. The cut-off value for
serum ferritin of <12pg/l was based on WHO criteria™%.
Infants having TfR > 3-3 mg/l were classified as having increased
TR levels®Y.

Since serum ferritin is a phase reactant, infants having
C-reactive protein > 10 mg/1 were excluded from data analysis.

Statistical analyses

Data are presented as means, with standard deviations and
percentiles. Group comparisons were performed using
Student’s ¢ test, Mann—Whitney U test, general linear modelling
or x? test. Statistical analyses of predictors for ferritin levels
were performed following logarithmic transformation because
of the skewed distribution. The logarithmic values of the ferritin
levels were used as the dependent variable in multiple linear
regression analysis of factors influencing the Fe stores. The
independent values were: growth rate (g/d since birth), birth
weight, sex, compliance with the Fe supplementation rec-
ommendation, length of exclusive breast-feeding, duration of
any breast-feeding, mother’s education, receiving Fe drops
>5d a week, total Fe in the diet, and intake of cow’s milk,
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formula and follow-on formula, meat and fish, bread, potatoes,
fruit and vegetables. Backwards elimination was used
in the multiple linear regression analysis. Variables with a
P level <0-05 were retained in the final model.

The estimated regression coefficients () represent the slope,
the effect on the dependent variable for one unit increase in the
independent variable. Since serum ferritin was logarithmically
transformed, we transformed the coefficients to ratio estimates
(10P), indicating a multiplicative increase in the dependent
variable corresponding to one unit increase in the independent
variable. The method is described in detail elsewhere??.

General linear modelling was used to compare Hb and Fe
status indicators for groups that met the Fe supplementation rec-
ommendation and groups that did not. Adjustments were made
for sex, intake of cow’s milk, birth weight and growth rate
(measured as the weight difference between 9-month examin-
ation and birth). Serum ferritin was logarithmically transformed
because of the skewed distribution. Data were analysed with
the software program SAS (version 9.1 for Windows, SAS
Institute, Inc.). P=0-05 was considered as significant.

Given the study sample size and assuming a standard
deviation of ferritin values of 24 wg/1%¥ | the statistical power
of the study to detect a difference of 12 ug/l was 80 %. For Hb,
assuming a standard deviation of 8g/I*®, the power of the
study to detect a difference of 4 g/l was 80 %.

Results

The study examined 312 participating infants and obtained
blood samples from 278 infants. In thirty-four cases, it was not
possible to obtain a blood sample either due to unsuccessful
sampling or owing to lack of parental consent. Infants were
excluded as follows: fourteen due to having C-reactive
protein > 10mg/l; two because of too many missing diet
recording days (>2d); one due to an improbably high record
of intake of energy and fat; and one due to the diagnosis of
chronic illness affecting metabolism. Thus, 260 infants were
included in the analysis. Of these, 127 infants had received Fe
drops from the age of 6 months >5d a week, sixty-four

Table 1. Characteristics of 9-month-old infants

(Mean values and standard deviations)

infants received more than 400 ml Fe-fortified formula and/or
follow-on formula per d and sixty-nine infants did not meet
the Fe supplementation recommendation set for this age
group. From this latter group, thirty-three infants had received
Fe drops sporadically. When the characteristics of infants meet-
ing the Fe supplementation recommendation were compared
with those not meeting the recommendation, no significant
differences were found for age, weight, birth weight, BMI
z-score, length, growth rate (g/d since birth) and proportion
of infants being partly breastfed. However, the proportion of
girls was significantly larger in the group meeting the Fe supple-
mentation recommendation compared to those not meeting the
recommendation (P=0-034; Table 1).

Predictors for Hb and ferritin levels

The influence of different variables on Hb levels was examined
using multiple regression analysis. Hb levels were negatively
associated with length of exclusive breast-feeding (P<0-001)
and intake of cow’s milk (P=0013) (Table 2). Intake of
meat and fish was not significant (P=0-366 and P=0-869,
respectively).

Log ferritin was positively associated with birth weight
(P<0-001), female sex (P<0-001) and intake of Fe-fortified for-
mula and follow-on formula (P=0-001) (Table 2). Intake of meat
and fish was not significant (P=0-541 and P=0-627, respectively).

Hb and iron status indicators

Hb and Fe status indicators are shown in Table 3. Serum ferritin
was significantly higher, and TfR significantly lower, among
infants meeting the Fe supplementation recommendation com-
pared to those not meeting the recommendation (P<0-0001
and P=0-003, respectively). No significant difference for the
two groups was found for Hb. Girls had significantly higher
mean ferritin and lower mean TfR than boys; mean ferritin of
415 (sD 29:9) and 33-0 (s 22-7) pg/l (P=0-009) and mean TfR
of 2.3 (sp 0-4) and 25 (sp 0-7)mg/l (P=0-004) for girls v.
boys, respectively (data not shown).

Do not meet Fe

Meet Fe supplementation

supplementation
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All (n 260) recommendation (n 191) recommendation (n 69)
Mean* SD Mean* SD Mean* SD Pt
Age (months) 91 0-3 91 0-3 9-1 0-3 0-926
Weight (kg) 9-1 1-0 9-1 1-0 9-1 1.0 0-429
Birth weight (kg) 35 0-4 35 0-4 3.6 0-4 0-213
BMI z-score (kg/m?) 0-4 1.1 0-4 1.0 0-4 1.4 0-566
Length (cm) 717 2.5 717 2.5 72.3 2.3 0-106
Weight gain (g/d)t 19-9 33 199 33 19-8 32 0-833
Partially breastfed (%)§ 54 54 52 0-802
Sex, girls (%) 52 55 41 0-034

*Mean for continuous variables and percentages for categorical variables.

1 Comparing supplementation groups.

1 Measured as the weight difference between 9-month examination and birth.
§ Receiving breast milk once or more per d.
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Table 2. Estimates from multiple linear regression analysis of factors associated with change in serum ferritin and Hb for 9-month-old infants

(Regression coefficients (8) and standard deviations)

Interpreted ratio

Dependent variable Independent variable* Estimate (B) sD P estimatest

Log serum ferritin Birth weight (kg) 0-148 0-709 0-001 1-41
Female sex 0-129 0-613 0-001 1.35
Infant formula and follow-on formula (100 mi/d) 0.027 0-161 0-001 1.06

Hb Cow’s milk (100 ml/d) —0-075 0-484 0-013 -
Length of exclusive breast-feeding (d) —0-002 0-016 <0-001 -

*Only variables reaching statistical significance are given in the table. The independent variables in the multiple regression analysis were: growth rate, birth weight, sex, meet-
ing the Fe supplementation recommendation, length of exclusive breast-feeding, duration of any breast-feeding, mother’s education, receiving Fe drops > 5d a week, total
Fe in the diet and intake of cow’s milk, formula and follow-on formula, meat and fish, bread, potatoes, fruit and vegetables.

1 Since serum ferritin was logarithmically transformed, the estimated B was transformed to ratio estimates (107), indicating a multiplicative increase in serum ferritin correspond-

ing to one unit increase in the independent variable.

Iron deficiency

Overall, twenty infants (7-8%) had ferritin levels <12 pg/l
(Table 3). The proportion of infants with anaemia according
to Hb cut-off levels of 100, 105 and 110g/1, was 1-1, 3-8 and
13-5%, respectively. The combination of low ferritin levels
and anaemia (Hb = 100 g/D), indicating Fe deficiency anaemia,
was present in one infant (0-7%) who had received Fe sup-
plementation according to the recommendation. This infant
did not have increased TfR levels. With regard to the proportion
of infants below the cut-off for Hb (=100 g/D), ferritin (<12 g/D
and TfR (>3-5mg/D), no significant differences were found
between the supplementation groups (P=0-117, P=0-111 and
P=0-687, respectively).

Iron intake

Infants meeting the Fe supplementation recommendation had a
significantly higher intake of formula and follow-on formula
(P=0-001) and a lower intake of meat (P=0-038) than infants
not following the recommendation (Table 4). No significant
differences were found for Fe intake from base diet between
the infants meeting the Fe supplementation recommendation
compared to infants not meeting the Fe supplementation rec-
ommendation (Table 4). Comparing the contributions from
different food groups to Fe intake, the only significant differ-
ence was for meat and fish; infants meeting the Fe supplemen-
tation received significantly lower Fe
contribution than infants not following the recommendation
(P=0:030; Table 4). The median Fe intake from total diet was
5-3mg/d for all infants; infants being partially breastfed had a
median Fe intake of 3-7mg Fe/d and infants completely
weaned had an intake of 7:2mg Fe/d. The Fe content of
breast milk was not analysed.

recommendation

Discussion

The present observational study confirms the hypothesis that
Fe status among infants following the Fe supplementation
recommendation was significantly associated with increased
serum ferritin and decreased levels of TfR indicating more
favourable Fe status, compared to infants not following the
recommendation. In contrast, no significant differences were
found in Hb levels.

A study investigating the effects of Fe-fortified foods
(including Fe-fortified formula) and medicinal Fe drops on Fe
status in infants concluded that the mode of oral administration
affects whether Fe will be incorporated into Hb or deposited
into stores””. Infants at 9 months who had received Fe
drops in addition to habitual diet had significantly increased
serum ferritin levels but no change in Hb compared to a control
group. By contrast, infants with a high intake of Fe-fortified
foods (including Fe-fortified formula) and no intake of Fe
drops had significantly higher Hb and no effect on serum
ferritin compared to the control group®. The authors
speculate that a single dose of Fe drops leads to a sharp peak
in serum Fe, whereas Fe-fortified foods typically are consumed
in smaller portions throughout the day, leading to smaller
peaks. A sharp peak in serum Fe may stimulate a peptide,
hepcidin, which might divert Fe from the Fe drops into stores,
whereas Fe given as fortified foods can be used for Hb
synthesis®. This could explain why we detected a significant
increase in serum ferritin while no significant difference
was found for Hb between the two supplementation groups.
However, the difference in Hb was borderline in terms of
statistical significance. This may be explained by some of
the infants in the group meeting the recommendation solely
receiving Fe-fortified formula and/or follow-on formula in
amounts large enough to meet the Fe supplementation rec-
ommendation (>400ml/d). This theory is supported by
results of an earlier study examining the effect of increased
meat intake on Fe status indicators in 8-month-old infants.
After a 2-month intervention period, infants eating a high-meat
diet had significantly increased Hb levels compared to infants
eating a low-meat diet, while no effect was observed for
serum ferritin”. Another study of Fe absorption in 9-month-old
breastfed infants demonstrated a significant positive effect on
serum ferritin after Fe supplementation (Fe drops) compared
to infants not receiving Fe supplements, while Hb levels were
not significantly affected®®. In the present study, a larger
sample size might possibly have revealed a significant
difference in Hb levels.

The positive association between birth weight and serum
ferritin is in line with other studies®>~%” and may reflect the
fact that infants born with high birth weight have larger Fe
stores. In this study, there was no association between serum
ferritin and growth rate, as has been shown in several other
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Table 3. Hb and iron status indicators for 9-month-old infants according to meeting the iron supplementation recommendation

(Number of participants, mean values and standard deviations; median values and 5th percentile (P5) and 95th percentile (P95))

Do not meet Fe supplementation

Meet Fe supplementation recommendationt

recommendationt (n 69)

(n191)

All (n 260)

Below cut-off (%)

Mean SD

Below cut-off (%) n

Mean SD

Below cut-off (%) n

SD

Mean

Cut-off value

Fe status indices

Hb (/1)

0-063
<0-0001%

2.9
13-4

1176 81

69
67

8-1 0-5

1192

191
188

141

119 8-1

=100g/l
<12pg/l

5.9

7-8

Ferritin (ng/l)

30-2

319

311

Median§
P5§

10-9

74-4
2.5

93.5
23

83-3
2:4

P95§
TR (mg/l)

0-003

4.3

0-7

31 69

0-5

35 185

0-6

>3-5mg/l

TfR, transferrin receptor.

* Comparing supplementation groups by general linear models adjusted for sex, cow’s milk intake, birth weight and growth (measured as the weight difference between 9-month examination and birth).

1 Receiving at least 400 ml Fe-fortified formula and/or follow-on formula per d or receiving Fe supplements (8 mg Fe/d).

1 Calculated for the logarithmically transformed values of serum ferritin.

§ Due to skewed distribution.
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studies"*?’=?” This may be explained by the Fe demand

during lean tissue growth.

The present study found a significant negative association
between cow’s milk intake and Hb levels, but there was no sig-
nificant association between cow’s milk intake and serum
ferritin levels. A negative association between cow’s milk
consumption and Fe status indicators has been reported
elsewhere!-2939,
reported® between duration of cow’s milk feeding during
the first year and Fe status. These associations have led many
countries including the USA and the UK to delay introduction
of cow’s milk until the age of 12 months®"*?. In Denmark,
contrary to most countries, the official recommendations
allow gradual introduction of cow’s milk from the age of 9
3% The mean intake of cow’s milk in this study was
very small, amounting to less than 50 g/d (Table 4). Thorsdottir
et al.*” have shown that the effect of cow’s milk consumption
on serum ferritin was not detected until consumption reached
500 g/d®”. This might explain why no association between
cow’s milk consumption and serum ferritin was found.

A positive association between meat and fish and Hb or
serum ferritin has been found in several studies'®*”. This can
be explained by the high content of bioavailable haem-Fe and
other factors in meat that promote non-haem-Fe absorption‘®.
This study found no such association although median intakes
of meat and fish were similar to the Copenhagen Cohort
Study which did reveal such an association®.

No association was found between Fe status indicators
and total Fe intake. This lack of association has also previously
been described®. This has been explained by the fact that
Fe absorption increases in states of Fe depletion and
depends on dietary components enhancing or inhibiting Fe
absorption®?.

Intake of formula and follow-on formula has a strong positive
effect on serum ferritin in the present study. Currently, all
formula and follow-on formula are Fe-fortified in Denmark;
so this association was not unexpected. However, this is con-
tradictory to an earlier Danish cohort study which showed
no association between serum ferritin and intakes of formula
although median intakes were similar to those in the present
study™®. This may be explained by the fact that fewer formulas
were fortified with Fe at the time (1988) when data were
collected for the earlier study.

In line with results of the studies by Sherriff et al.*” and Male
et al®, we demonstrated a positive association between
female sex and serum ferritin. In addition, girls were shown in
the present study to have a better Fe status, higher ferritin
levels and lower TfR level compared to boys. Similar sex differ-
ences were found in other studies®”?>3®. These may partly
be explained by a faster growth rate among boys and hence a
larger requirement for Fe®”.
alone cannot explain the sex difference, and genetic differences
have been suggested as another explanation®>.

Length of exclusive breast-feeding was negatively associated
with Hb. The amount of Fe in breast milk is low though well
absorbed and may explain this association®®. Several studies
in both affluent and developing countries have found Fe

A negative association has also been

months

However, growth difference
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Table 4. Iron intake from selected food groups and total iron intake from base diet and contribution of different food groups to iron intake for

9-month-old infants

(Percentages of food groups, median values, 5th percentile (P5) and 95th percentile (P95))

Meet Fe supplementation
recommendation (n 191)

Do not meet Fe supplementation
recommendation (n 69)

Median P5 P95 Median P5 P95 P>
Formula/follow-on formula (ml/d) 245.7 0 628-6 1071 0 3771 0-001
Cow’s milk (ml/d) 34.8 0 264-3 46-4 0 289-3 0-543
Meat (g/d) 1.4 11 37-8 16-4 1.6 40-5 0-038
Fish (g/d) 4.6 0 21.9 6-3 0 16-8 0-101
Fe intake from base diet (mg/d)t 33 1.3 5.6 35 1.6 6-1 0-229
Total Fe intake (including supplement/fortificants) 11.0 6-1 15.7 6-2 2.0 9-8 <0-0001
Cow’s milk (%) 1.0 1.0 0-265
Porridge, industrial (%) 9-0 67 0-224
Porridge, home-made (%) 24.8 238 0-666
Mash, industrial (%) 2.2 1.9 0-220
Mash, home-made (%) 15-0 15-4 0-947
Meat and fish (%) 1.9 26 0-007
Sliced cold meat (%) 11-4 12.7 0-324
Bread (%) 1.2 124 0-240
Vegetables and fruits (%) 9.5 9.0 0-833
Potatoes (%) 39 4.3 0-169

*Comparing supplementation groups.
1 All foods and drinks except for human milk, formula and follow-on formula.

status to be negatively affected when breast milk was the only
milk or the predominant milk given for at least 9 months®*4% |

In the present study, we found that 8 % of 9-month-old infants
had Fe deficiency and <1 % (one infant) had Fe deficiency anae-
mia defined as ferritin levels <12 pg/l in combination with Hb
=100 g/1. An earlier Danish study that used slightly higher criteria
of Hb (Hb = 105 g/D) and the same level for serum ferritin as in
the present study found no cases of Fe deficiency or Fe deficiency
anaemia in infants at the same age"’”’. However, mean values of
serum ferritin and Hb were similar to the present study, indicating
a larger variation in serum ferritin and Hb values in our data. The
prevalence of Fe deficiency in the present study was slightly
lower than in a Norwegian study of 12-month-old infants
(serum ferritin < 12 /D, However, both a Swedish and an
Icelandic study found much higher proportions of Fe deficiency
among 12-month-old infants®**”. The Swedish study found
26 % of the infants to be Fe deficient, while 41 % of the Icelandic
infants had serum ferritin < 12 Mg/1(26’29). However, when a
higher cut-off for Hb (Hb < 110g and serum ferritin < 12 p/D
was used, Fe deficiency anaemia was present in 3—5% of the
infants?*%3% For comparison, using these criteria, 1% of
the infants in the present study had Fe deficiency anaemia. This
indicates a slightly lower prevalence of Fe deficiency anaemia
in the Danish infants, but this could be explained by the younger
age in this study (9 months v. 12 months).

For Hb, using a cut-off value of 100 g/1, 1 % of the infants were
found to have anaemia. The cut-off value established by the
WHO is 110 g/l up until 5 years of age'”. However, this cut-
off value has been questioned in several studies®®*? and the
ESPGHAN Committee on Nutrition concluded that this value
was too high”. Other cut-off values of 97, 105 or 107 g/l have
been suggested %2542,

TfR is a more recent addition to the Fe status indicators.
The concentration of TfR reflects the intensity of erythropoiesis
and the demand for Fe. The concentration rises in Fe deficiency

anaemia and is a marker of the severity of Fe insufficiency when
the Fe stores are empty and there are no other known causes
of abnormal erythropoiesis®®. Comparison of this indicator
between studies is difficult because different commercial assays
can give different results and no cut-off value has been estab-
lished for infants and young children“*”. When TfR > 3-3mg/I
was used as a cut-off*”] 3:5% of the infants in the present
study had elevated TfR. TfR is less affected by inflammation
than serum ferritin®, and therefore this indicator could be a
valuable tool in populations with high prevalence of infections.

There were some limitations in the present study. First, the use
of post hoc allocation of infants to either of the two groups rather
than randomised intervention groups. Second, our observations
in Danish term, healthy, predominately Fe-replete infants at
9 months of age cannot be generalised to all infants because
Fe absorption and utilisation may be dependent on infant age,
growth and initial Fe status. Third, compliance over a longer
time period with the Danish Fe supplementation recommen-
dation would have effects on both serum ferritin and Hb.

Data from the present study showed that the prevalence of Fe
deficiency was low compared to other Nordic countries, and
almost no cases of anaemia or Fe deficiency anaemia were pre-
sent, according to the criteria used. However, this could in part
be explained by lower infant age in the present study. No signifi-
cant difference was found in the proportion of Fe deficiency for
the infants meeting the Fe supplementation recommendation
compared to those not meeting the recommendation. Though
Fe supplementation recommendation was significantly associ-
ated with higher serum ferritin levels and lower TfR levels com-
pared to infants not following the recommendation, the clinical
significance of this difference could be questioned. The differ-
ences found between the supplementation groups were
1:7 ng/1 for ferritin and 0-2mg/1 for TfR. This is a statistically
significant difference, but a difference with minor, if any, bio-
logical or clinical importance at the relatively high Fe levels
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found in both groups. Increased Fe stores are an advantage in
coping with the risk of developing Fe deficiency anaemia in
the second year of life. Fe drops are thus a beneficial surplus
supply. On the other hand, it could be argued that Fe forti-
fication of infant products along with a further delay in the
introduction of cow’s milk (at 12 months of age) satisfies Fe
needs in infancy, thus rendering the Fe drops superfluous.
The potential negative effects of Fe drops for infants with
sufficient Fe stores must be examined further before firm con-
clusions can be drawn. Even though this study demonstrated
no association between meat and fish intake and Fe status indi-
cators, an increased intake from these food groups is likely to
contribute to an even better Fe status.

In summary, the present study confirmed the hypothesis that
Fe status of infants following the Danish Fe supplementation
recommendation was significantly associated with increased
serum ferritin and decreased levels of TfR indicating more
favourable Fe status, compared to infants not following the
recommendation.
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