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Aim: This study compared transferrin receptor (TfR) concentrations with iron parameters relative to a 

child's intake of cow's milk and follow-on formula.  

Methods: TfR, β-haemoglobin, serum ferritin and mean corpuscular volume (MCV) of red blood cells 

were analysed in a study population of 263 children aged 2.5 y. The amounts of cow's milk and 

follow-on formula consumed were recorded.  

Results: There was a significant difference in concentrations of TfR/log ferritin between children 

whose milk intake was <500 ml and those with a milk intake ≥500 ml (p= 0.003). There were 

significantly higher values of TfR/log ferritin in children whose MCV of red blood cells was ≤75 fl 

than in those with >75 fl (p < 0.0001). The TfR concentrations were significantly lower after iron 

therapy than before treatment. 

Conclusion: Higher concentrations of TfR were correlated with lower concentrations of haemoglobin 

and MCV of red blood cells. Milk consumption increases the risk of a higher ratio of TfR/log ferritin. 

TfR concentrations were significantly lower after iron therapy. 

 

There is evidence that the number of transferrin receptors (TfR) on the surface of a cell reflects the 

iron requirements of the cell and controls its rate of iron uptake from circulating diferric transferrin (1–

2). Higher concentrations of circulating TfR have been reported to provide a reliable indicator of iron-

deficiency anaemia (IDA) (3), as well as tissue iron deficiency in adolescents (4) and adults (5). The 

high sensitivity of TfR to iron deficiency, combined with the need for taking only a small blood 

sample, makes it a valuable parameter for the assessment of tissue iron needs in children (6). In 

addition, the identification of iron deficiency in anaemic patients suffering from chronic inflammatory 

disease is a common and difficult problem. In contrast to serum ferritin (S-ferritin), TfR 

concentrations are not influenced by an infection (7). 

 

The use of this measurement in the evaluation of iron status in children is limited by an inadequate 

knowledge of the physiological concentration of serum TfR in childhood. Some studies have described 

iron status and the mean concentrations of TfR at various ages (4, 7–10). Unfortunately, the methods 

used differ widely and yield different concentrations. Yeung and Zlotkin found the mean concentration 

of TfR to be 4.4 mg l
-1

 in healthy infants ages 9–15 mo (10). However, there was no statistical 

relationship found between TfR concentration and either haemoglobin (Hb) or S-ferritin. A study by 

Persson et al. analysed iron status in 76 healthy 1-y-old full-term Swedish infants (8) and determined 

the mean value of TfR to be 3.8 mg l
-1

. They, too, found no correlation between TfR and Hb or S-

ferritin. 

Virtanen et al. calculated the mean concentration of TfR among children of the same age to be 7.8 mg 

l
-1

 (9). They concluded that the best predictors of serum TfR concentration were log serum ferritin (p < 

0.0001) and serum iron (p = 0.004), with both factors showing inverse correlations. 

 

Recently, two of the present authors have shown that iron deficiency has a prevalence of 10% among 

young children (n = 367) in southern Sweden today (11). In this group the intake of cow’s milk was 

significantly higher among children with iron deficiency than among iron-sufficient children. Blood 

was also obtained for later analysis of TfR. The aims of the current study were (i) to compare serum 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Crossref

https://core.ac.uk/display/264990108?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


This is an Author's Accepted Manuscript of an article published in Acta Paediatrica, 
Vol. 92, No. 6 (2003) p. 671-675, Taylor & Francis©, available online at: 

http://dx.doi.org/10.1111/j.1651-2227.2003.tb00597.x 
(Access to the published version may require subscription) 

 

 

2 
 

TfR with other iron status parameters, (ii) to measure TfR before and after iron therapy, and (iii) to 

determine whether these results can be correlated with a child’s daily intake of cow’s milk or follow-

on formula. 

 

Patients and methods 
Study population 

Malmö is a city on the south-western coast of Sweden with a population of about 250000. It has 19 

Child Welfare Centres which provide universal healthcare for families. In 1995, the nurses at each of 

the centres were asked to assist in recruiting 2.5-y-old children (those born between 1 July 1992 and 

30 June 1993) for the present study. Although Sweden’s basic healthcare programme recommends 

routine check-ups for children of this age (2.5 y ± 1 mo), not all (n = 3004 live births recorded during 

that period) were actually brought in for such an examination. Of those who were, 1287 children 

ultimately received an invitation to participate in the TfR study, which also included screening for 

coeliac disease. Both oral and written information about the nature and purpose of the investigation 

was given to parents, along with the assurance that all results would be kept confidential. A total of 

690 families agreed that their child could participate. Blood for coeliac disease screening was given 

priority, leaving only enough blood for the analysis of TfR in 263 children. Nurses at each Child 

Welfare Centre took a 3 d dietary inventory, by asking the parent to estimate the mean intake of the 

amount of cow’s milk and follow-on formula consumed by each child. An invitation for a blood test at 

the hospital was then posted to each child.  

 

The study population was recruited from 17 Child Welfare Centres. This resulted in some 

overrepresentation from centres in more affluent socioeconomic areas. The gender distribution was 

about equal (M 51%, F 49%). 

 

Inclusion criteria were: 2.5 y (±1 mo), absence of infection at the time of blood sampling, C-reactive 

protein (CRP) < 9 mg l
-1

, no clinical signs of infection 1 wk before testing, and no chronic diseases 

that may affect iron status.  

 

Blood sampling and laboratory analyses  

Capillary blood samples were obtained for analysis of Hb, S-ferritin, CRP and serum TfR as a primary 

screening. CRP was analysed to exclude children with infections who may have yielded false high S-

ferritin values. If Hb was <110 g l
-1

  or if S-ferritin was <20 µg l
-1

, the child received a new invitation 

for further blood samples for a second screening. These blood samples were taken before 10.00 h. 

Blood was analysed for serum iron (S-Fe), total iron binding capacity (TIBC), mean corpuscular 

volume (MCV) and mean cell haemoglobin concentration (MCHC). Iron deficiency was defined as 

either an S-ferritin concentration <12 µg l
-1

  in combination with one abnormal test of either MCV 

(≤75 fl), S-Fe (<10 µmol l
-1

) or transferrin saturation (<10%); or an S-ferritin concentration in the 

range of 12–19 µg l
-1 

after combining two abnormal tests from among MCV, S-Fe or transferrin 

saturation. IDA was defined as Hb concentrations <110 g l
-1

 together with iron deficiency (12–14). If 

low Hb was found in cases where MCV alone was depressed, thalassaemia was excluded. One child 

diagnosed as having thalassaemia was subsequently excluded from the study. Where iron deficiency 

was diagnosed, iron therapy with ferrous succinate was given twice daily for 3 mo in 5 ml doses, each 

containing 3.7 mg of Fe
2+

 ml
-1

. The outcome was monitored by a blood sample taken at the end of the 

therapeutic course. Haematological parameters were measured on a Coulter STKS cell counter 

(Coulter Instruments, Fullerton, CA, USA). S-Fe and TIBC were analysed on a Technicon DAX 48 

autoanalyser (Technicon Instruments, Tarrytown, NY, USA). S-ferritin was analysed using a 

Technicon Immuno I instrument, calibrated with Technicon SET point calibrators. Serum was 

separated immediately and frozen at -20  C until analysed. Serum TfR was measured with an enzyme-

linked immunosorbent assay (Ramco Laboratories, Houston, TX, USA)(9). The intra-assay 

coefficients of variation (CVs) were 5–7% at normal or high concentrations and 13–16% at low 
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concentrations; the interassay CVs were 6–9% at normal or high concentrations and 13–16% at low 

concentrations. 

 

Statistical analysis 

The statistical package used was Statview. Results are expressed as means, standard deviation (SD) 

and confidence interval (CI). Groups were compared by paired t-test, unpaired t-test, correlation test, 

Mann–Whitney test and analysis of variance (ANOVA). The figures for cow’s milk intake and S-

ferritin were skewed and therefore subjected to logarithmic transformation. 

 

Ethics 

This study was approved by the ethics committee of the University of Lund. As noted earlier, 

informed consent on the basis of oral and written information about the project was secured from the 

parents of all participants.  

 

Results 
A total of 263 children participated in the study. No differences in TfR concentrations were found 

between boys and girls.  

 

Transferrin receptors related to iron status 

The mean concentration of TfR (n = 263) was 6.9 ± 1.6 mg l
-1

  (mean ± SD; 95% CI 6.7–7.1). There 

was a negative correlation between TfR and MCV (correlation coefficient r = -0.35, p = 0.0007). The 

group with MCV ≤75 fl had significantly higher concentrations of TfR than children with MCV >75 fl 

(p = 0.01). There were significantly higher values of TfR/log ferritin in children with MCV ≤75 fl than 

in those with MCV >75 fl (p = < 0.0001)  

 

A cutoff value of ≥8.5 mg l
-1

 was chosen, in accordance with World Health Organization (WHO) 

recommendations for adults (15). TfR levels ≥8.5 mg l
-1

 were obtained in 38/263 children (14%); 

16/263 (6%) had Hb <110 g l
-1

. There were significantly higher values for Hb (p = 0.01) and MCV (p 

= 0.005) in the group whose TfR concentrations were >8.5 mg l
-1

 than in those with TfR ≥8.5 mg l
-1

  

(Table 1). In all, 10% of the children had iron deficiency and received iron therapy. Blood samples for 

TfR before and after therapy were obtained from eight children (Fig. 2). The mean concentration of 

TfR before iron therapy was 8.2 ± 1.3 mg l
-1

  (95% CI 7.3–9.2), compared with 6.9 ± 1.0 mg l
-1

 (95% 

CI 6.4–7.6) after therapy (p = 0.001). Significant differences in TfR/log ferritin were also found before 

and after therapy (p = 0.003). The ratios were 7.7 ± 2.6 and 4.8 ± 1.2, respectively. 

 

Intake of cow’s milk and follow-on formula in relation to concentration of transferrin receptors 

Information about the intake of cow’s milk and followon formula was obtained for 209/263 children 

(79%). As the distribution of milk intake was skewed, it was subjected to logarithmic transformation. 

There were no significant differences in milk intake when 8.5 mg l
-1 

was chosen as a cut-off value. 

There was a significant difference in concentrations of TfR/log ferritin between children whose milk 

intake was <500 ml and those with an intake ≥500 ml (p = 0.003) (Fig. 3). The ratios were 5.1 ± 1.4 

and 6.4 ± 3.8, respectively. There were no significant differences with regard to the intake of follow-

on formula between children with TfR <8.5 mg l
-1

  and those with TfR ≥8.5 mg l
-1

. 

 

Discussion 
This study described TfR concentrations among 263 healthy 2.5-y-old children in Malmö, Sweden, 

and compared the findings with other iron status parameters and types of milk consumption. 

Concentrations of TfR were also measured before and after iron therapy in eight children. Reliable 

laboratory measurements of iron status are important for detecting iron deficiency and assessing its 

magnitude. TfR has a high sensitivity to iron deficiency. This, combined with the need for only a small 

blood sample, makes it a useful parameter for assessing tissue iron requirements in infants (6). 
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Unfortunately, the methods used in different laboratories vary considerably, hence their reports 

disagree, making it difficult to compare results. In a study by Virtanen et al. (9), which used the same 

method for TfR as the present study, 1-y-old children had a mean value of 7.8 mg l
-1

 (9). These 

children were given breast milk or follow-on formula until they were 12 mo old. The difference 

between the present study, which showed a mean value of 6.9 mg l
-1

, and the study by Virtanen et al. 

may be due to differences in age groups. To the authors’ knowledge, no other study has investigated 

TfR before and after iron therapy, or examined the question of a possible correlation between high 

values of TfR and a high intake of cow’s milk in this age group. The WHO has chosen 8.5 mg l
-1 

as a 

cut-off value for adults. TfR concentrations ≥8.5 mg l
-1

 were found in 14% of the children examined in 

this study, which in adults would have indicated iron need. According to the study criteria, only 10% 

were iron deficient, a figure that would have been higher if a value of TfR ≥8.5 mg l
-1 

alone had been 

used as an indicator of iron deficiency. The 2.5-y-old children in this study who received iron therapy 

exhibited significantly lower TfR values after therapy. This indicates that these children had a tissue 

need for iron. Both in this study and in the study by Virtanen et al. (9), a negative correlation appeared 

between TfR and MCV. Neither the present authors, Persson et al. (8) nor Yeung and Zlotkin (10) 

found any 

correlation between TfR and S-ferritin. However, using multiple linear regression analysis, Virtanen et 

al. (9) found that the best predictors of serum TfR concentrations were log serum ferritin and S-Fe, 

with inverse correlations in both cases. A possible reason why Sferritin was not negatively correlated 

to TfR in the present study could be that S-ferritin increases in children with an infection, and even if 

the CRP level were normal and there were no clinical sign of an infection 1 wk before blood sampling, 

this could contribute to the result. 

 

Domellöf et al. (16) studied TfR concentrations among iron-supplemented children from 4 to 9 mo of 

age, both in Honduras and in Sweden. They concluded that iron supplementation given from 6 to 9 mo 

of age significantly reduced the risk of IDA in a population with a high prevalence of IDA, but not in 

Sweden where the prevalence of IDA is lower. Their study also shown that TfR concentrations had 

decreased significantly in the iron-supplemented group compared with the placebo group, but only 

among the Honduras children. The effect on TfR was similar whether the children were iron 

supplemented from 4 mo or from 6 mo. 

 

The children consuming fortified formula in the current study did not have significantly lower 

concentrations of TfR. However, since the content of their complementary food was unknown it is 

difficult to know the possible importance of fortified formula in the study group. Morley et al. (17) 

presented a randomized intervention study among 9–18-mo-old children concerning cow’s milk and 

different kinds of formula. They did not describe any results from blood analyses before the 

intervention. The study did not find any significant differences in TfR concentrations among children 

fed unfortified formula or cow’s milk at 18 mo. This contrasts with results from the present group 

(11), which showed the frequency of iron deficiency to be lower among those consuming follow-on 

formula (11). There was a significant difference in concentrations of TfR/log ferritin between children 

whose milk intake was <500 ml and those whose intake was ≥500 ml. Upon randomization to one of 

three different feeding groups in the study by Morley, data were collected concerning feeding history 

and the parents were asked to complete a 2 d food diary. These data are presented by Singhal et al. 

(18). They describe the energy intake from the assigned milk but do not present the intake of meat, for 

example. Singhal et al. analysed blood obtained at the end of the study, when the children were 18 mo 

old. Therefore, a comparison before and after intervention is not possible. TfR concentrations did not 

differ in the three different feeding groups but it would have been interesting to know whether there 

had been a difference in TfR concentration, due to the intervention, from 9 to 18 mo. 

 

The present study group consisted of 2.5-y-old children, who are assumed to eat a diet more similar to 

that of adults, but unfortunately only the amounts of cow’s milk and follow-on formula were known. 
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Therefore, a prospective study will be performed including children from 1 to 2.5 y, to describe what 

they really eat at 1, 1.5 and 2.5 y and how intake changes over time. There are some studies describing 

food intake in children up to 18 mo but after that age knowledge is lacking. As the third largest city in 

Sweden, Malmö has a great disparity between socioeconomic standards in different parts of the city. 

This study included children from a diversity of urban areas in Malmö. About 40% of the children in 

Malmö are classified as immigrants according to the Swedish National Registry, which defines an 

immigrant as having at least one parent born in another country. The proportion of immigrant children 

participating in the two studies was 32%, somewhat lower than in the whole of Malmö. The earlier 

study found 6% of Swedish children of native born parents to be iron deficient (they were 

subsequently given iron therapy), compared with 18% of immigrant children (11). Immigrant children 

drank significantly more cow’s milk than did Swedish children. No difference in TfR concentrations 

was found between native and immigrant children. The results may have been different if the 

percentage of immigrants had been higher.  

 

In conclusion, this study found significant differences in concentrations of TfR/log ferritin when 

comparing cow’s milk intake <500 ml with an intake of >500 ml (p = 0.003). There were significantly 

lower levels of TfR after iron therapy. In addition, the presence of higher concentrations of TfR was 

related to lower concentrations of Hb and MCV. 

 

 
 
Fig. 1. Transferrin receptor (TfR)/log ferritin ratio among children with mean corpuscular volume (MCV) ≤75 fl compared 

with those with MCV >75 fl (p = < 0.0001). 

 

 
Data are shown as mean ± SD. aUnpaired t-test was used for comparison of groups. Hb: haemoglobin; S: serum; MCV: mean 

corpuscular volume; MCHC: mean cell haemoglobin concentration; Fe: iron; TIBC: total iron binding capacity; ns: not 

significant. 
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Fig. 2. Transferrin receptor (TfR) concentrations in children with iron deficiency (n = 8) before and after iron treatment (p = 

0.001). 

 

 
 
Fig. 3. Transferrin receptor (TfR)/log ferritin ratio in children with milk intake ≥500 ml d-1 compared with those with milk 

intake <500 ml d-1 (p = 0.003). 
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