MS British Journal of Nutrition

British Journal of Nutrition (2008), 99, 416-420 doi: 10.1017/S0007114507797040

© The Authors 2007

The responses of serum transferrin receptors to iron supplements in subjects
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We aimed to study the response of serum transferrin receptors (sTfR) to Fe supplementation in women of childbearing age with Fe-deficiency
erythropoiesis (IDE) and Fe-deficiency anaemia (IDA). Primary screening was performed in 942 women ranging in age from 18 to 45 years.
After Fe-related biochemical indices such as serum ferritin, Zn protoporphyrin and Hb were determined, the subjects were divided into four
groups: normal, Fe store depletion, IDE and IDA. A total of 131 women were randomly selected from the normal, IDE and IDA groups. Sub-
sequently, seventy-six women with IDE and IDA were given various doses of Fe (14 mg/d for IDE; 28 mg/d for IDA) with ferrous L-threonate
capsules for twelve consecutive weeks. After receiving Fe supplements, the levels of Fe and sTfR were determined at weeks 0, 3, 6, 9 and
12.The levels of sTfR in women of childbearing age with IDE and IDA were significantly higher than those in the normal group. After receiving
Fe supplements, the levels of sTfR were significantly decreased in women of childbearing age with IDE and IDA, while the levels of serum ferritin

were significantly increased. In conclusion, STfR can be used as a reliable indicator for assessing the efficacy of Fe supplements.

Iron supplementation: Serum transferrin receptors: Reproductive-age women: Serum ferritin

Fe-deficiency anaemia (IDA) is a public health problem
throughout the world, particularly in developing countries.
Fe deficiency is especially prevalent among infants, children,
pregnant women and women of childbearing age. The tran-
sition from normal levels to the development of IDA involves
two sequential processes: Fe store depletion and Fe-
deficiency erythropoiesis (IDE). There are no additional
physiological phenomena associated with the development
of Fe store depletion and IDE, so both are classified as sub-
clinical Fe deficiency'. After exhaustion of the stored Fe
compartment, a subsequent depletion in the functional Fe
compartment, IDE and IDA, beginsz. Although the assess-
ment of Fe status is notoriously difficult because of the
lack of a sensitive index for screening specifically for Fe
deficiency, insufficient Fe intake from food and poor Fe bioa-
vailability are normally held responsible for IDA®. The most
widely used benchmarks to study IDA in the general popu-
lation are the use of measurements of Hb and serum ferritin
(SF), but this practice has been criticised. Therefore, it is
critical to find a sensitive, specific and applicable biochemi-
cal marker to determine the magnitude of early-stage Fe
deficiency. Currently, the concentration of serum transferrin
receptors (STfR) has been reported useful in the diagnosis
of Fe deficiency. It is superior to the traditional laboratory
methods for identifying Fe status because the sTfR levels
do not appear to be influenced by inflammation and infection
and sTfR levels have been reported to have low biological
variability*~°.

However, sTfR studies mainly concentrate on its efficacy in
the diagnosis of Fe deficiency. Little is known about the
change trends and characteristics of sTfR levels during Fe sup-
plementation. In the present study, we examine the responses
of sTfR to Fe supplementation, discuss the dynamic changes
characteristic of each stage, and provide evidence to show
that sTfR can be used as a reliable indicator for assessing
the efficacy of Fe supplementation.

Subjects and methods
Subjects

The study population originally consisted of 942 women, ran-
ging in age from 18 to 45 years. They were recruited using adver-
tisements and lectures in the suburban areas of Beijing and the
Langfang City of Hebei Province and were taken from the
lower or middle socio-economic stratum. Their levels of edu-
cation and income, marital status and occupation were recorded
at the time of their recruitment. A detailed clinical and anthropo-
metric examination was conducted on all participants. Women
with a history of smoking, alcohol use, haematological diseases,
asthma, diseases of the musculoskeletal system or recent infec-
tions or recent pregnancy (within the last year) and women
taking Fe supplements by mouth were excluded from the
study. The medical ethics committee of Peking University
approved the protocol. All participants provided signed consent
forms after the nature of the study was provided to them.

Abbreviations: IDA, Fe-deficiency anaemia; IDE, Fe-deficiency erythropoiesis; SF, serum ferritin; sTfR, serum transferrin receptor; ZPP, Zn protoporphyrin.
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Study design

The Fe status of all subjects was assessed at the onset of the
present study by determining SF, Zn protoporphyrin (ZPP)
and Hb levels in venous blood samples. According to the cur-
rent standard of evaluating levels of Fe, the subjects were
divided into four groups: normal, Fe store depletion, IDE
and IDA”. The evaluation standards for Fe-deficiency are: Fe
store depletion, Hb > 120 g/, ZPP < 1.4 pg/g, SF < 20 pg/l;
IDE, Hb > 120g/l, ZPP > 1-4pg/g, SF <20pg/l; IDA,
Hb < 120 g/l, ZPP > 1-4 ug/g, SF < 20 ng/1®.

A total of 131 women were randomly selected from those
with normal (n 55), IDE (n 31) and IDA (n 45) levels to deter-
mine sTfR. Among them, women with various stages of Fe
deficiency (n 76) were included in the 12-week intervention
study. Because low Fe storage does not equal Fe deficiency,
and there are no additional physiological phenomena in the
Fe store depletion stage, the women with Fe store depletion
were excluded from the intervention study.

Laboratory analysis

After fasting overnight, blood specimens (4-0ml) were
obtained from the subjects by certified laboratory technicians
to determine the parameters associated with Fe status. Blood
specimens were processed at a local examination centre and
sent to a laboratory in Beijing. Whole-blood specimens
(0-02ml) were added to light-avoided sterile heparin-anti-
coagulant tubes to determine ZPP levels using an accurate,
well-calibrated ZPP haematofluorometer (microfluorescence
method, ZPP haematofluorometer model 3800; Guangzhou
Kangda Industry Co. Ltd, Guangzhou, Guangdong, China).

Whole-blood specimens (0-02 ml) were added to methaemo-
globin cyanide dilution and Hb concentration was determined
(methaemoglobin cyanide method, spectrophotometer model
724; Shanghai no. 3 Analysis Instrument Factory, Shanghai,
China, and table-top multi-application oven-controlled oscil-
lator model HZ-881K; Taicang Scientific Experimental Instru-
ment Factory, Taicang, Jiangsu, China). The remaining blood
was centrifuged (Freeze Centrifuge model DDL-5; Shanghai
An Ting Scientific Instrument Factory, Shanghai, China) to
isolate serum that was stored at —70°C for determination of
the SF and sTfR. The SF was determined by the radioimmu-
nological method (intelligent y RIA measurement instrument,
model SN-695B; RuiHuan Instrument Factory of Shanghai
Nuclear Research Institute, Shanghai, China) using a
['*I]serum ferritin kit (The Atomic Energy Institute, Beijing,
China). The sTfR was determined using a double antibody
sandwich ELISA kit (R&D Systems, Minneapolis, MN,
USA, and enzyme calibration enzyme-linked apparatus
model 450; Bio-Rad Co., Hercules, CA, USA).

All members of the study team successfully completed
a training programme on the aims of the study and the specific
methods used. The biological measurements were standardised
among laboratories according to the criteria of Peking University.

Iron supplementation

In the study, the women in the IDE and IDA groups were
given different doses of Fe supplements for 12 weeks
(14 mg/d for IDE; 28 mg/d for IDA) with ferrous L-threonate

capsules that were provided by Beijing Juneng New Tech-
nique Co. Ltd (Beijing, China).

The Food and Drug Administration of China certified that
the capsules contained 7mg Fe and 30mg vitamin C. The
women were instructed to take the capsules between meals,
with no change in their diets, and were asked to keep a
record, on cards, of when the capsules had been taken. After
taking Fe supplements, the parameters reflecting Fe status
and sTfR levels were determined at weeks 0, 3, 6, 9 and 12.

Statistical analyses

The ¢ test and variance analysis were used to compare the
differences in all of the parameters among the three groups.
Univariate correlation and multiple linear regression were
used to analyse the relationship among the variables. Trends
in STfR and sTfR:SF over time were analysed using the x*
test for trends. SF and sTfR showed skewness in distribution,
so a log transformation was performed first to acquire normal
distribution, and statistical analysis was then carried out. All
the analyses were conducted with SPSS 10.0 for Windows
(SPSS Inc., Chicago, IL, USA).

Results
Iron status and serum transferrin receptors levels in subjects

The results of sTfR and Fe-related biochemical indices before Fe
supplementation are summarised in Table 1. Compared with the
group of women with normal Fe levels, the sTfR, sTfR:SF, Hb,
ZPP and SF levels differed significantly in Fe-deficient women
(P<0-05). Furthermore, the sTfR, sTfR:SF, Hb and ZPP
levels in the IDA group differed significantly from the IDE
group (P<0-05). The sTfR and sTfR:SF levels were 2-28 and
3:91 times higher than those of normal controls, respectively.

Correlation between serum transferrin receptors and iron-
related biochemical indices

To determine if there might be an independent association
between sTfR concentration and Fe-related biochemical indi-
ces, we examined the relationship of sTfR with concentrations
of Hb, SF and ZPP. Among seventy-six subjects, there were sig-
nificant negative correlations of STfR with Hb and SF and a sig-
nificant positive correlation with ZPP. The correlation with ZPP
was the most significant (Table 2). If sTfR was taken as a
dependent variable and Hb, ZPP and SF were taken as indepen-
dent variables to construct a multiple regression model, the
multiple correlation coefficient was 0-821. ZPP was a signifi-
cant variable and the correlation coefficient was 0-713. When
the insignificant variable SF was eliminated and another
regression model was constructed, the correlation coefficients
of sTfR with ZPP and Hb were 0-722 and — 0-181, respectively.

Dynamic changes of serum transferrin receptors in various
stages during iron supplementation

Fe supplementation was given to the IDE and IDA groups.
Table 3 shows a significant treatment effect in Fe-deficient
women over time. After the 12 weeks of Fe supplementation,
sTfR levels were significantly changed. The x* test for trend
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Table 1. Values of serum transferrin receptor (sTfR) and iron-related biochemical indices in iron-deficient and normal subjects before iron supplementation

(Mean values and standard deviations)

Age (years) Hb (g/l) ZPP (p.mol/l) SF (ng/l) STR (nmol/l) sTfR:SF
Group n Mean ) Mean sD Mean SD Mean sD Mean SD Mean SD
Normal 55 36-34 6-69 142.50 6-90 0-44 0-15 51.20 18-11 18.57 4.48 10-86 2.57
IDE 31 34.96 712 125.30* 12.10 2.32* 1.53 10-58* 4.21 27.73* 9-85 27.21* 14.90
IDA 45 35.92 6-02 102-90*t 15-20 375t 2.04 11.19* 4.29 42.31*t 20-12 42.46*t 29-31

ZPP, Zn protoporphyrin; SF, serum ferritin; IDE, Fe-deficiency erythropoiesis; IDA, Fe-deficiency anaemia.

*Mean value was significantly different from that for normal women (P<0-05).
1 Mean value was significantly different from that for the IDE group (P<0-05).

Table 2. Relationships between serum transferrin receptor
and iron-related biochemical indices haemoglobin, serum fer-
ritin (SF) and zinc protoporphyrin (ZPP) in subjects with iron-
deficiency erythropoiesis and iron-deficiency anaemia

n Correlation coefficient P
Hb 76 —0-561 <0-001
SF 76 —0-463 <0-001
ZPP 76 0-811 <0-001

showed statistically significant differences in sTfR levels at
weeks 0, 3, 6,9 and 12 (P<0-001 by x2 test for trend). In
the IDE stage, the sTfR level did not show significant
change in the first 3 weeks. It decreased gradually after 3
weeks. sTfR concentration at week 6 was significantly lower
than that at week 3 (P<<0-01), but there was no significant
change from week 6 to week 12 and the sTfR level reached
the normal range by the end of the study. In the IDA stage,
the sTfR level decreased rapidly in the first 3 weeks.
At weeks 3, 6 and 9, sTfR concentrations showed greatly
significant changes and tended to reach normal levels at
week 12 when Fe supplementation was complete. The details
of these results are shown in Table 3 and Fig. 1.

Dynamic changes of serum transferrin receptor:serum ferritin
ratio during iron supplementation

The change trend of sTfR:SF values was basically consistent
with STfR (P<<0-001 by x* test for trend). In the IDA stage,

sTfR:SF values had a significantly greater decrease at weeks
3, 6 and 12. However, sTfR concentration at that stage
showed no significant changes at weeks 3 and 12 (Table 3).
The details of these results are shown in Table 4 and Fig. 2.

Discussion

Transferrin receptor is a type of transmembrane glycoprotein
expressed on virtually all cells. It can bind to Fe-carrying
transferrin in plasma specifically, and transfers Fe into cells
through receptor-induced endocytosisg. Its classic function is
to regulate the uptake of Fe into the cells from circulating
transferrin. STfR present in serum is a truncated fragment of
the membrane transferrin receptor and the concentration
reflects tissue expressionlo, so sTfR expression is regulated
by body Fe status. Fe deficiency is associated with increased
sTfR levels and elevated Fe storage is associated with reduced
sTfR concentration. Recently, sTfR has been proposed as a
reliable parameter for assessing Fe status and erythropoietic
activitys’”. In the present study, compared with subjects
with normal levels of Fe, sTfR levels in women with IDE
and IDA were significantly increased. With progressive Fe
deficiency, the concomitant changes of sTfR appeared to be
consistent with earlier studies'' with their values greatly
different from those with normal levels. In the present study,
we found that sSTfR was significantly increased with progressive
Fe deficiency and the sTfR levels in the IDE and IDA
groups were 1-49 and 2-28 times as high as those in the
normal group, which suggests that sTfR is a sensitive par-
ameter to detect Fe deficiency, even for subclinical Fe

Table 3. Dynamic changes of serum transferrin receptor (sTfR) in subjects with iron-deficiency erythropoiesis
and iron-deficiency anaemia during iron supplementation

(Mean values and standard deviations)

Fe-deficiency erythropoiesis

Fe-deficiency anaemia

STIR (nmol/l)

Mean sD

STIR (nmol/l)

n Mean SD

Week n sTfRt sTfRE sTfRT sTfRE
0 31 27-73 9-85 1.00 1.00 45 42-31 20-12 1.00 1.00
3 31 26-03 8.45 0-94 0-94 45 29.15™* 1410 0-69 0-69
6 31 21147 5-49 0-76 0-81 45 25.22* 9-91 0-60 0-87
9 31 19-31 5.07 0-70 0-91 45 19-83** 6-01 0-47 0-79
12 31 17.74 4.42 0-64 0-92 45 19-18 521 0-45 0-97

Mean value was significantly different from that for the previous week: *P<0-05, **P<0-01.
1 Ratio of values of sTfR index in groups to those at week 0 (relative ratio with fixed base).
1 Ratio of values of sTfR index in groups to those of the previous week (link-relative ratio).
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Fig. 1. Values of serum transferrin receptor (sTfR) in subjects with Fe-
deficiency erythropoiesis (A; n 31) and Fe-deficiency anaemia (CJ; n 45)
during Fe supplementation. Values are means.

deficiency. However, the sTfR increment range in the present
study was smaller than some other studies. For example,
Kogho et al. studied forty-one IDA patients, and their sTfR
levels were 2-8 times higher than the normal value'”. Simi-
larly, Flowers et al. conducted a study involving nineteen
IDA patients, and the sTfR levels were 3-2 times higher
than those in the normal group'®. Such differences might be
due to the different body Fe-deficiency levels among the sub-
jects in the present study and theirs. The subjects in Kogho’s
and Flowers’ study were hospital patients with very severe
anaemia, while our subjects were selected from a ‘normal’
population and most had mild anaemia. In experiments with
animals, the sTfR levels in rats with severe IDA were several
times higher than those in the normal control groupM.
Through statistical analysis, highly significant direct associ-
ations were observed between sTfR concentration and these
indices. sTfR had a negative correlation with Hb and SF and
a positive correlation with ZPP. Its correlation with ZPP
was the most significant. We further examined this relation-
ship in multivariate linear regression models of sTfR by
including Hb, ZPP and SF. In these models, ZPP was the
best indicator of sTfR, possibly because both sTfR and ZPP
reflect functional Fe status and erythropoietic activity, in con-
trast with Hb and SF. Hb reflects severe Fe deficiency and SF
reflects Fe storage. Both of them show low sensitivity and
specificity. This might explain the apparently significant

association that we observed between sTfR with ZPP. Collec-
tively, sTfR is highly correlated with functional Fe-deficiency
biochemical indices. It can be used as an index to evaluate
functional Fe status. It can also take the place of traditional
Fe-related biochemical indices that are used by laboratories
to detect Fe deficiency and to evaluate the efficacy of Fe sup-
plementation because it is convenient, simple and practical.
Currently, there are few studies investigating sTfR character-
istics during Fe supplementation and whether sTfR levels can be
used as a reliable indicator for assessing the efficacy of Fe sup-
plementation. In the present study, we implemented a 12-week
oral Fe supplementation using Fe-deficient women. We com-
pared the values of laboratory parameters reflecting Fe status
before and after supplementation. There were no dietary restric-
tions during the supplementation and there were no dietary
changes in the women during the study. After Fe supplemen-
tation, we found the levels of sTfR significantly decreased in
women of childbearing age with IDE and IDA, while the
levels of SF significantly increased. In the first 3 weeks, sTfR
levels changed little in the IDE group but decreased rapidly in
the IDA group. This was probably due to the fact that the Fe
deficiency of the IDE group was less severe than that of the
IDA group. Furthermore, compared with the change of sTfR
levels in the IDA group, its response to Fe supplementation in
the IDE group was slower. After 3 weeks, the sTfR levels in
both groups decreased progressively and tended to remain
steady at week 9, and reach normal levels at week 12. This indi-
cated that sTfR levels began to return to normal when the body
Fe was gradually supplemented. At week 6, the sTfR levels were
close to the normal control group (18-57 (SD 4-48) nmol/l. This
means that the body Fe-deficiency status was basically recov-
ered after 6 weeks of Fe supplementation in both the IDE and
IDA groups. In the following several weeks of Fe supplemen-
tation, the sTfR level still decreased gradually. This was prob-
ably due to the increase of Fe-storage compartments that
occurred after that of the functional Fe compartments. Brutsaert
et al. considered whether sTfR concentrations were related to
erythropoietic activity and intracellular Fe requirements'”;
they were sensitive to Fe supplementation, during the improve-
ment of Fe status. A study was performed in IDA patients for 16
weeks. It showed that the changes of sTfR occurred later than
those of SF during Fe supplementation. When these two indices
were combined, and sTfR:SF was used, its decrease accelerated

Table 4. Dynamic changes of serum transferrin receptor (sTfR):serum ferritin (SF) ratio in subjects with iron-
deficiency erythropoiesis and iron-deficiency anaemia during iron supplementation

(Mean values and standard deviations)

Fe-deficiency erythropoiesis

Fe-deficiency anaemia

STfR:SF STfR:SF
Week n Mean SD sTfRt sTfRt n Mean sSD sTfRT sTfRt
0 31 2721 14.90 1-00 100 45 42.46 29-31 1-00 1-00
3 31 17.66** 12.78 1-04 1-04 45 20-33* 13-49 0-51 0-51
6 31 12.47* 4.08 0-71 0-69 45 15.26* 7-05 0-32 0-64
9 31 10.66 3-28 0-65 0-91 45 11.36* 4.52 0.27 0-83
12 31 10-30* 375 0-59 0-91 45 11.52 4.31 0-26 0-98

Mean value was significantly different from that for the previous week: *P<0-05, **P<0-01.
1 Ratio of values of sTfR index in groups to those at week O (relative ratio with fixed base).
1 Ratio of values of sTfR index in groups to those of the previous week (link-relative ratio).
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Fig. 2. Values of serum transferrin receptor (sTfR):serum ferritin (SF) ratio in
subjects with Fe-deficiency erythropoiesis (A; n 31) and Fe-deficiency anae-
mia (0J; n 45) during Fe supplementation. Values are means.

along with the administration of Fe. After Fe supplementation,
sTfR levels were significantly lower than that before Fe sup-
plementation'”. Ward er al. considered that SF was the index
for evaluating body Fe storage status, sTfR was the index for
evaluating functional Fe status, and the ratio of sTfR:SF could
be used to evaluate body Fe status comprehensively'®. Skikne
et al. found that the value of sSTfR:SF was less than 100 when sto-
rage Fe was abundant, while this value was significantly
increased with progressive Fe deficiency, reaching as high as
200 when there was severe deficiency of functional Fe'”. In
the present study, there was no significant difference in SF
levels between the IDA stage and the IDE stage. When the
sTfR:SF was taken as an observed index, its changing curve
was basically parallel with sTfR. This ratio decreased signifi-
cantly after Fe supplementation in both groups. In the IDE
stage, it decreased from 27-21 (sSD 14-90) before Fe supplemen-
tation to 10-30 (sp 3-75) after Fe supplementation, while it
decreased from 42-46 (sD 29-31) to 11-52 (sD 4-31) in the IDA
stage. Compared with the change of sTfR in IDA, the decrease
of sTfR:SF was more significant during Fe supplementation. It
shows that STfR:SF is also a sensitive index for evaluating the
efficacy of Fe supplementation. Because the determination of
sTfR levels requires very small (ml) blood samples and requires
a very simple analysis, it is more practical in evaluating the effi-
cacy of the intervention.

The present study observed the trend of dynamic changes of
sTfR and sTfR:SF during Fe supplementation. It indicates that
both can be used as specific indices for determining the effi-
cacy of Fe supplementation. It provides important evidence
for using sTfR as a sensitive index for screening Fe deficiency
and assessing the efficacy of Fe supplementation to alleviate
Fe deficiency.
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