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S U M M A R Y . In nutritional studies to assess the prevalence o f  iron 
deficien cy , it has been  com m on  practice to d efine  3 stages o f  
increasing severity: iron storage depiction  as defined  by a low  serum  
ferritin, m ild  iron d eficien cy  w ithout anem ia based on laboratory 
evidence o f  iron deficien t erythropoiesis (ID E ), and overt iron 
deficiency anem ia (ID A ). W hile  this approach provides a broad 
perspective o f  im paired iron status, the main liab ilities o f  iron lack are 
associated on ly  w ith  the m ore advanced stage o f  ID A . C onsequently, 
the hem oglobin  determ ination can be used  to screen for nutritionally  
significant iron d efic ien cy . H aving identified  anem ia, m ore sp ec ific  
laboratory studies are needed  to estab lish  iron lack as the cause. T he  
traditional m easurem ents o f  iron deficien t erythropoiesis (ID E ) such  
as a lo w  transferrin saturation, e levated  erythrocyte protoporphyrin, 
or decreased  m ean corpuscular vo lu m e are com m on ly  used. The  
major drawback in  using these parameters is  that they are affected  
sim ilarly in  ind ividuals w ith the anem ia o f  chronic d isease (A C D ), a 
com m on form  o f  anem ia in low  so c io eco n o m ic  populations. B ecau se  
iron stores are invariably absent in ind ividuals w ith uncom plicated  
IDA, a lo w  serum  ferritin concentration b elow  20  p g /L  confirm s the 
diagnosis o f  ID A  w h en  anem ia is present. T h e main lim itation o f  the  
serum ferritin is that it is  fa lsely  elevated  to within the normal range 
when ID A  d ev e lo p s in  ind ividuals w ith concurrent in fection  or 
chronic inflam m ation. W hen  this occurs in a clin ical setting, a bone  
marrow exam ination  is com m on ly  perform ed to identify ID A . R ecent 
investigations indicate that this cum bersom e procedure can be avoided  
by m easuring an im portant new  iron-related m easurem ent, the serum  
transferrin receptor (TfR ). B ecause the synthesis o fT fR  is upregulated  
with tissue iron d efic ien cy , ID A  can be identified  readily by an 
elevated serum  T fR . Im portantly, the serum  T fR  is normal in 
individuals w ith the A C D  but becom es elevated  i f  these individuals 
develop ID A . T he optim al com bination  o f  laboratory m easurem ents 
for detecting ID A  is the hem oglobin , serum  ferritin and serum  TfR . 
K eyw ords: Iron d efic ien cy  anem ia, ferritin, protoporphyrin, ane­
mia, iron d efic ien cy , assesm ent, iron status.

R E S U M E N . E v a lu a c ió n  d el e s ta d o  n u tr ic io n a l d e  h ierro . En
estu d ios nutricionales para evaluar la d efic ien cia  d e  hierro, se  han 
definido com unm ente tres estad ios de severidad  creciente: agota­
m iento de las reservas de hierro, defin id o  por bajos n iveles de 
ferritina sérica, deficien cia  de hierro m oderada sin anem ia basada en  
ev id en cia  de laboratorio de eritropoyesis d efic ien te  en  hierro (ED H ) 
y anem ia por d eficien cia  de hierro (A D H ). A unque esta c la s ifica c ió n  
provee una am plia perspecti va de la alteración d e estado de hierro. las 
principales con secu en cias de la falta de hierro están asociadas con  
estadios m ás avanzados de anem ia por d efic ien cia  de hierro. 
C onsecuentem ente, la determ inación de hem oglob in a  puede usarse 
para tamizar la deficien cia  de hierro nutricionalm ente sign ificativa. 
Una vez  identificada la anem ia, estud ios de laboratorio m ás e sp ec í­
fico s son necesarios para establecer la falta de hierro co m o  causa. Las 
m ediciones tradicionales de eritropoyesis d efic ien te  en hierro (E D H ) 
tales com o una baja saturación d e  transferrina, elevada  protopoi firina 
eritrocitaria, o  la d ism inución  del volum en corpuscular m edio  se  
utilizan com únm ente. La principal desventajad e esto s parám etros es  
que éstos están afectados de m anera sim ilar en  ind ividuos con  la 
anem ia de enferm edades crónicas, una form a com ún de anem ia en  
poblaciones de bajo n ivel soc ioeco n ó m ico . D eb id o  a que las reservas 
de hierro se  encuentran ausentes en  la anem ia por d efic ien cia  de  
hierro sin com p licaciones, una concentración  de ferritina sérica por 
debajo de 2 0  p g /L  confirm a e l d iagnóstico  de anem ia por d eficien cia  
de hierro una v ez  que la  anem ia estápresente . La principal lim itación  
de la ferritina sérica es que puede encontrarse falsam ente elevada o 
en lím ites norm ales cuando la anem ia por d efic ien cia  de hierro se  
desarrolla en  ind ividuos con in fección  o  in flam ación  crónica co n cu ­
rrente. C uando esto  ocurre en e l m ed io  c lín ico , un exam en de m édula  
ósea  se  realiza com únm ente para identificar la A D H . Las investiga­
c ion es recientes indican que este procedim iento  puede evitarse  
m idiendo un n uevo indicador relacionado al hierro llam ado receptor  
sérico de transferrina (RTf). D eb ido  a que la sín tesis de R T f está  
regulada paralelam ente con la  d efic ien cia  de hierro tisular, la A D H  
puede identificarse rápidamente por n iveles e levad os de RTf. Es 
im portante destacar que el R T f es norm al en  individuos con  anem ia  
por enferm edades crónicas pero aum enta si es to s  ind iv id u os desarro­
llan A D H . La com binación  óptim a de las m ed ic iones de laboratorio 
para detectar la A D H  son  la hem oglobina, la ferritina sérica y el R T f 
sérica.
P a la b ra s  c lave: D efic ien cia  de hierro, evaluación , estado nutricional, 
ferritina, protoporfirina, anem ia.



INTRODUCTION

Reliable laboratory methods to evaluate iron status are o f  
critical importance in efforts to improve the iron nutrition o f  
a population. In countries where iron deficiency is less common, 
iron measurements are needed to assess prevalence rates in 
susceptible segments of the population and to mon itor changes 
in iron status over time. In developing countries where iron 
deficiency is more prevalent, reliable measurements o f  iron 
status play an important role in the assessment o f  new 
intervention strategies. The iron measurements that are suitable 
for epidemiological studies have undergone a continual 
refinement during the past several decades and newer methods 
with greater specificity and sensitivity for identifying'Tron 
deficiency have been added. There are several considerations 
when selecting iron-related methods such as cost, suitability 
for capillary blood sampling, ease o f  laboratory performance 
and adaptability for field studies. There is no single method or 
combination o f methods that is satisfactory for all purposes. 
The following discussion o f available iron measurements will 
emphasize the measurement o f serum transferrin receptor, an 
important new method for assessing iron status.

Definitions of iron status
The initial stage o f  iron lack is storage iron depletion in 

which the continuous supply o f iron for hemoglobin production 
is adequate but no buffer o f body iron reserves exists to cover 
short-term needs. The only practical method for identifying 
this early stage o f iron deficiency in population studies is the 
serum ferritin concentration that varies directly with iron 
stores in otherwise normal individuals (1,2). Values below 10­
20 (ig/L indicate absent iron stores. The main limitation o f the 
serum ferritin is that chronic infection or inflammation elevates 
the concentration 2-3 times higher than values representing 
iron stores (3). In developing countries where inflammatory 
diseases are more common, cut-off levels of 30 pg/L or higher 
have been used but these modified definitions should be 
established on the basis o f bone marrow examinations or 
therapeutic iron trials (4).

A curtailment in the supply o f transferrin-bound iron to 
developing red blood cells is referred to as iron deficient 
erythropoiesis (IDE). The serum iron, total iron-binding 
capacity (TIBC), and the transferrin saturation calculated as 
the ratio o f serum iron/TIBC are the traditionaljndices o f IDE. 
Unfortunately, these iron transport measurements are affected 
by numerous physiological and pathological processes and 
consequently have low  specificity  for identifying iron 
deficiency as the cause o f IDE. Their major value is in 
excluding iron deficiency as the cause of anemia when the 
transferrin saturation is normal or increased. An elevated free 
erythrocyte protoporphyrin is more specific for iron deficiency 
but this measurement is increased with excess lead exposure 
as well as in the anem iaof chronic disease (ACD). Microcy tosis 
o f circulating red blood cells as reflected by a low  mean

corpuscular volume is a useful index o f  IDE, but like most 
other laboratory measurements, it does not distinguish iron 
deficiency from inflammatory diseases.

The most advanced stage o f  iron lack is iron deficiency 
anemia (IDA), the severity o f  the anemia reflecting the degree 
o f iron lack. Few, if  any, o f  the nutritional consequences of 
iron deficiency such as decreased learning capacity in infants, 
impaired work performance in adults, and increased perinatal 
morbidity and mortality have been demonstrated in absence of 
anemia. Consequently, the hem oglobin concentration is an 
indispensible index o f  the impact o f iron deficiency on health 
and well-being. The hemoglobin concentration should not be 
the only index o f  iron status because there are numerous 
diseases and deficiency states that result in anemi a. One of tl ic 
key laboratory measurements that is often used in tandem with 
hemoglobin to identify IDA is the serum ferritin assay. The 
combination o f  hem oglobin and scrum ferritin measurements 
was used in a highly effective manner by Layrisse and 
coworkers to assess the efficacy of a large-scale program of 
food iron fortification in Venezuela (5). However, as discussed 
previously, falsely normal or elevated levels due to chronic 
inflammation diminish the utility o f  using only the serum 
ferritin and hem oglobin to identify IDA. The developm ent o f 
the serum transferrin receptor (sTfR) assay has circumvented 
many o f the problems in identifying IDA in populations where 
infections and IDA are com m on.

Serum Transferrin Receptor
The movement o f iron within the body is controlled by a 

specific membrane receptor for transferrin iron that varies in 
amount with the iron needs o f  the cell. The presence o f a 
circulating form o f this protein was first reported by a group 
o f Japanese workers (6). Later investigators demonstrated that 
the serum form is a soluble fragment containing m ost o f the 
large extracellular domain o f  the transferrin receptor (7). 
There have been several extensive reviews o f  this new iron- 
related measurement (8-10). The concentration o f  the scrum 
transferrin receptor (sTfR) is directly proportional to the total 
body mass o f  transferrin receptor, 80% o f  which is derived 
from the red cell precursors in the bone marrow. There are 
only two conditions that elevate the concentration o f  the sTfR 
- an increase in red cell precursors in the bone marrow 
(erythropoiesis) and tissue iron deficiency. There are many 
form s o f  anem ia that are a sso c ia ted  w ith  enhanced  
erythropoiesis but these are not encountered frequently enough 
in population studies to diminish the usefulness o f  the sTfR for 
identifying IDA.

Serial phlebotomy studies in normal adults have shown 
that the sTfR concentration remains normal during the 
progressive depletion o f  iron stores (11). With the onset of 
tissue iron deficiency, the sTfR concentration increases in 
direct proportion to the severity o f  the deficiency. Because of 
the reciprocal changes in ferritin and sTfR at varying levels of 
body iron, the ratio o f  the logarithm o f the receptor/ferritin



ratio bears a precise inverse relationship to body iron levels 
over a wide range from iron repletion to advanced IDA (11). 
This observation is hardly surprising in view o f the tight 
reciprocal regulation o f  the synthesis o f these two key iron 
proteins by means o f the iron regulatory proteins (12). When 
the supply o f  iron to tissues is adequate, ferritin synthesis is 
upregulated to store any excess o f intracellular iron. When the 
supply of iron to body tissues is inadequate, ferritin synthesis 
is reduced and the synthesis o f transferrin receptor is enhanced 
to al low the cell to com pete more effectively for the tran sferri n- 
bound iron in its environment.

The laboratory methods for measuring the sTfR are similar 
to the sensitive immunoassays that are used to assay the serum 
ferritin, differing only in regard to the immunological reagents. 
There are number of assays for the sTfR that are available 
commercially but, unfortunately, there is a wide range of 
reported normal values. The urgent need for standardization of 
sTfR assays has been repeatedly emphasized in the published 
literature (13). One important advantage o f using the sensitive 
immunological assays o f ferritin and sTfR is that only a few  
microliters o f plasma or serum is required. In a recent 
investigation, ferritin and receptor measurements were 
performed on capillary blood spotted onto filter paper and 
allowed to dry (14). The sTfR results were identical to the 
spotted samples after correction was made for displacement of 
serum by red cells. However, the spotted ferritin values were 
significantly higher than serum ferritin values due to the 
release o f ferritin from hemolyzed red blood cells. This 
problem was circumvented in part by using the receptor/ 
ferritin ratio o f  the spotted blood samples that proved to be as 
reliable as serum determinations for distinguishing normal 
subjects from those with IDA. The distinction between milder 
iron deficiency without anemia and either normal or IDA was 
less satisfactory with spotted samples than with serum. Recent 
studies have shown that the latter difficulty can be circumvented 
by using spotted capillary plasma samples rather than whole 
blood (15). H ow ever, in certain field conditions, the 
requirement for centrifugation o f  samples could be difficult. 
The use o f capillary blood samples to prepare either whole 
blood or serum paper spots offers a significant advantage in 
field surveys by eliminating the need for venous sampling and 
thereby simplifying the storage and transport of.specimens.

As mentioned previously, one problem in assessing iron 
status in lower socioeconom ic segments o f a population is the 
difficulty in distinguishing IDA from the ACD. The latter 
form o f anemia, which is associated with a wide spectrum of 
chronic inflammatory or infectious disorders, is encountered 
frequently in clinical practice. The pathogenesis of this common 
anemia is still unclear (16,17). In one study in anemic patients 
above 65 years o f age, 36% had IDA while 44% had ACD 
based on bone marrow examinations, the conventional method 
of maki ng this distinction (18). Recent clinical studies indicate 
that this cumbersome procedure can be circumvented by 
measuring the sTfR.

An initial evaluation of the sT(R in anemic patients with 
inflammatory illnesses such as rheumatoid arthritis or chronic 
bacterial infections demonstrated that the sTfR remains normal 
in contrast to the distinct elevation in patients with IDA (19).

In a subsequent report, 129 anemic patient underwent bone 
marrow examinations to assess their iron status (20). The three 
diagnostic categories included 48 patients with IDA, 64 with 
the ACD, and 17 with both IDA and the ACD. The best 
separation between the groups was obtained with the ratio of 
receptor/ferritin that distinguished between patients with IDA 
and ACD and with a single exception, between those with 
ACD and both IDA and ACD. The key finding in this study 
was that the ratio of receptor/ferritin can be used to identify 
IDA even in the presence o f inflammatory disease.

The utility of the sTfR is not limited to distinquishing IDA 
from other forms o f anemia. Recent investigations have 
demonstrated its usefulness in the assessment o f  milder iron 
deficiency without anemia (21,22). These studies support the 
earlier work o f Skikne et al. who demonstrated that the sTfR 
becomes elevated during the progression o f iron deficiency 
well in advance of developing overt IDA (11).

CONCLUSIO NS

Several recent clinical investigations indicate that tandem 
measurements o f serum ferritin and sTfR offer major 
advantages in identifying IDA in population studies. These 
measurements have the practical advantage o f requiring only 
a small sample of capillary blood and thereby permitting the 
transport and storage o f samples on filter paper.

A significant limitation o f the sTfR is poor standardization 
between laboratories and commercially available assay kits. 
In addition, more information is needed about the reliability of  
the receptor/ferritin index in the presence o f other nutrient 
deficiencies such protein, vitamin A, folic acid, or vitamin 
B i2 - Despite these limitations, the initial experience with 
coupled measurements of serum ferritin and sTfR suggest that 
this approach is a meaningful advance in our ability to assess 
the nutritional iron status o f a population.

REFERENC ES

1. W orw ood M . Ferritin in human tissues and serum . Clin  
H aem atol. 1982:11:275-307 .

2. F inch C A , B ellotti V , Stray S, L ipschitz D A , C ook JD, Pippard  
MJ et al. Plasm a ferritin determ ination as a d iagnostic tool. 
W est J M ed. 1986;145:657-63 .

3. L ipschitz D A , C ook JD, F inch C A . A clin ical evaluation o f  
serum ferritin. N  Engl J M ed. 1 9 74;290:1213-1216 .

4. van-den-B roek N. T he aetio logy  o f  anaem ia in pregnancy in 
W est A frica. Trop D oct. 1996;26:5-7 .

5. L ayrisse M , C haves JF, M endez-C astellano, B osch  V , Tropper 
E, Bastardo B et al. Early response to the effect o f  iron 
fortification in the V enezuelan  population [see  com m ents]. 
A m  J C lin Nutr. 1996;64:903-7 .



6. Kohgo Y, Nishisato T, Kondo H, Tsushima N, Niitsu Y, 
Urushizaki I. Circulating transferrin receptor in human serum. 
Br J Haematol. 1986;64:277-81.

7. Shih YI, Baynes RD, Hudson BG, Flowers CH, Skikne BS, 
Cook JD. Serum transferrin receptor is a truncated form of 
tissue receptor. J Biol Chem. 1990;265:19077-19081.

8. Cook JD, Skikne BS, Baynes RD. Serum transferrin receptor. 
AnnuRevMed. 1993;44:63-74.

9. Beguin Y, Simpson RJ, Raja KB, Shah T. Thesoluble transferrin 
receptor: biological aspects and clinical usefulness as 
quantitative measure of erythropoiesis. Haematologica 
1992;72:1-10.

10. Cook JD, Skikne B, Baynes R. The use of the serum transferrin 
receptor for the assessment of iron status. In: Hallbefg L, Asp 
NG, eds. Iron Nutrition in Health and Disease. London: John 
Libbey & Company,Ltd; 1996:49-58.

11. Skikne BS, Flowers CH, Cook JD. Serum transferrin receptor: 
A quantitative measure of tissue iron deficiency. Blood. 
1990;75:1870-1876.

12. Klausner RD, Rouault TA, Harford JB. Regulating the fate of 
mRNA: The control of cellular iron metabolism. Cell. 
1993;72:19-28.

13. Kuiper-KramerE P, van Raan J, and van Eijk HG. A new assay 
for soluble transferrin receptors in serum: time for 
standardization. Eur J Clin Chem Clin Biochem. 1997; 35; 
793.

14. Cook JD, Flowers CH, Skikne BS. An assessment of dried 
blood-spot technology for identifying iron deficiency. Blood. 
1998;92:1807-13.

15. Flowers CH, and Cook, JD. Plasmaspottedontofilterpaperfor 
the assessment of iron status. [Abstract]. FASEB J. 1999; 134, 
A265.

16. Krantz SB. Pathogenesis and treatment of the anemia of 
chronic disease. [Review]. Am J Med Sei. 1994;307:353-59.

17. Lipschitz DA. The anemia of chronic disease. J Am Geriatr 
Soc. 1990;38:1258-1264.

18. Guyatt GH, Patterson C, Ali M, Singer J, Levine M, Turpie I 
et al. Diagnosis of iron-deficiency anemia in the elderly. Am ] 
Med. 1990;88:205-9.

19. Ferguson BJ, Skikne BS, Simpson KM, Baynes RD, Cook JD. 
Serum transferrin receptor distinguishes the anemia of chronic 
disease from iron deficiency anemia. J Lab Clin Med. 
1992;119:385-90.

20. Punnonen K, Irjala K, Rajamaki A. Serum transferrin receptor 
and its ratio to serum ferritin in the diagnosis of iron deficiency. 
Blood. 1997;89:1052-57.

21. Zhu YI, Haas JD. Response of serum transferrin receptor to 
iron supplementation in iron-depleted, nonanemic women. 
Am J Clin Nutr. 1998;67:271-75.

22. Beguin Y, Grek V, Weber G, Sautois B, Paquot N, Pereira M 
et al. Acute functional iron deficiency in obese subjects during 
a very-low-energy all-protein diet. Am J Clin Nutr. 1997;66:75-
79.


