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Narrative Summary 

The objective of this AID contract is to develop interven

tion strategies to combat nutritional iran deficiency. 

The fallowing fIve areas of activIty were proposea in the 

orIginal contract: (1) factors affecting iran bioavail

abil ity of food, (2) iron availability from diets in 

developing countries (LDC diets), (3) development of iran 

fortification systems, (4) food technology, and (5) pilot 

fortification programs. With few exceptions, these 

studies involve measurements of radioiron absorption in 

man. A total of three-hundred and twenty iran absorption 

measurements have been performed during the .past year, 

using 80 volunteer subjects. 

During the period of this report research was completed in 

a number of areas that have been the subject of study in 

the earlier part of the contract period. Studies in the 

area of factors affecting iron bioavailabillty of food 

were designed to complete our evaluation of the effect of 

soy products. In the earlier InvestigatIons it was 

demonstrated that say products inhibited the absorptIon of 

nonheme iron from meals composed of semIpurifled Ingred

ients and infand food supplements. The results of the 

recent investigations demonstrate that say products also 
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produce a sIgnIfIcant decrease In the b10avallabil1ty of 

nonheme iron from a meat meal. The effect depends on the 

amount of soy used and IS consIderably smaller when the 

meal includes other foods that exert a similar InhIbitory 

effect. The d1minuition in nonheme iron avaIlabILIty is 

partially offset by the high iron content of soy flour 

WhICh Increases the overall iron content of the meal and 

by a reciprocal rIse In the availability of heme Iron. 

Nevertheless, when 30 g soy flour (dry weight) was eaten 

wllh 70 g beef, the mean absorptIon was 0.27 mg compared 

wIth a mean absorption of 0.57 mg from 100 g beef. On the 

other hand, when soy flour was substituted for meat at the 

level currently used In the school lunch program and eaten 

in a mIxed meal, there was only a 23% decrease In the 

actual amount of Iron absorbed. 

StudIes of Iron availability from diets in developing 

countrIes were e~tended by measuring the avaIlabIlity 

of Jron from two types of sorghum and a number of le

gumes. Cereal and legume foods form the bulk of the 

staple diets In many developing countrIes. WhIle the 

availa~lllty of Iron from 'cereals such as Wheat, corn, and 

rice has been studied extensively, there are fewer obser

vations on various legumes and very few for sorghum. ThIS 

serIes of studies demonstrated that iron was poorly 

avaIlable from both red and white sorghum as well as from 

black beans, lentIls, mung beans, and split peas. DIffer

ences in avaIlability were relatively small and percentage 

absorptIon values were very SImilar to those for soybeans 

8nd cornmeal. 

WIth reference to the development of fortification systems 

studIes on the availability of fortificatIon Iron added 

to rIce prior to cooking were completed. EarlIer investl

gat Ions suggested that iron absorbed Into rlce mIght be 

poorly absorbed and relatIvely little affected by enhanc

ers of Iron absorptIon In the meal. This would make rIce 
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a poor vehicle for fortification iron since, if correct, 

the observations would suggest that fortifIcation iron 

might not enter the common nonheme iron pool. Howeve~ 

these earlier studies involved the use of iron coated onto 

rice using a shellac to prevent loss during the washing of 

the rice prIor to cooking. The current studies demon

strate that this 1S not the case and 1ndicate that fortif1

catIon 1ron added to rice before cooking enters the 

nonheme common pool 1n the meal. We now believe that the 

earlIer results were the result of incomplete release of 

the fortif1cation iron because of Inadequate dissolutIon 

of the coating. The present studies demonstrate that ric~ 

remains a suitable vehicle for fortification iron. 

Finally, a pilot study was undertaken using iron incorpor

ated into a hydrodynamically balanced compound (Hoff

mann-LaRoche Company) that allows delayed release to occur 

in the gastrointestinal tract. Iron in this form was 

significantly better absorbed than the common pool of iron 

when this preparation was taken together with a relatively 

inhibitory meal. This approach has a considerable potent

ial advantage for the administration of both fortification 

and supplementation iron to people in developing countries 

since it might allow the iron to be released in the upper 

gastrointestinal tract after the meal containing inhibit 

ors of Iron absorption has passed further down the gastro

intestinal tract. 

A. General Background 

Iron def1ciency anemia is widely recognized as the most 

prevalent nutritional def1ciency in the world. 'hile the 

imp~ct of the anemia which accompanies 1ron lack has not 

been defined fully, severe iron def1ciency is known to 

impair work capacity, increase the risk of maternal and 

infant morbidity and mortality, reduce resistance to 

infection, and impair the physical and mental growth of 

school-age children. 
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Two major approaches have been discussed as intervention 

strategies to combat iron deficiency anemIa. The most 

direct approach is iron supplementation or the supply 

of medicinal iron to children or pregnant women. However, 

iron supplementat:on programs are costly to administer 

and usually fail due to lack of compliance. An alterna

t i vet airon's u p pIe men tat ion iss 0 me for m a f die tar y 

manipulation: either adding more iron to the diet (iron 

fortificat.ion) or adding a substance that increases food 

iron availability (enhancement fortiflcation). A critlcal 

question at present concerns the efficacy of either or 

both of these procedures because their effectiveness has 

never been clearly established. Furthermore, because no 

single method of iron delivery will be sUltable In all 

LDCs, several fortification systems should be made avaIl 

able which could be applied In specIfIc situations with 

minimal modification. 

The purpose of the present project is to develop methods 

of iron delivery that would be suitable for field testing 

and eventual implementation on a national level. The 

optimal approach will depend on the level of dietary iron 

and the degree of its availability. At one extreme, diets 

with lowiron content but high availability would be best 

suited to Iron fortification. The best strategy may be to 

employ both these approaches in tandem. 

B. Statement of Project Objectives 

The development of an effective food intervention strategy 

to combat iron deflciency requires consideration of the 

absorption of a particular form of iron, its stability 

when added to a particular food vehicle, and the effect 

that it may have on the vehicle itself. The selected food 

vehicle must be consumed in sufficient quantities by the 

deficlent population, be compatible with the form of adderl 

lron, and be centrally processed to permIt adequate 

regulation of the fortification process. 
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Before selecting a particular fortification strategy, a 

number of studies must be conducted in human subjects 

with radioisotopes to determine basal iron availability of 

the diet, to measure absorption of fortification iron, and 

to estimate the gain in iron balance that would be achieved 

with Implementation of the strategy. Field trials will 

eventually be required to establish the effectiveness 

of a given strategy but such trials are costly and should 

be limited to those approaches that appear most promising. 

The	 present project as originally submitted was to conduct 

research in 5 closely related areas: 

(1)	 Evaluation of factors affecting food Iron availabil 

ity. 

(2)	 Measurement of iron availability from LDC diets. 

(3)	 Development of effective systems of iron or en

hancement fortification. 

(4)	 Food technology studies to establish iron/vehIcle 

compatibility. 

(5)	 Pilot fortification trials to measure the efficacy 

of the intervention strategy. 

There has been no major change in the basic objectives 

as defined in the original contract. Efforts in developing 

iron fortification systems depend largely on Isotopic 

studies of food iron absorption. These studies are still 

the core of the present contract. During this year studIes 

of factors affecting food Iron absorption which commenced 

earlier in the contract period were complete. It has been 

possible to answer most of the questions raised by earlier 

observations. 
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C. AccomplIshments to Date 

The body of thIS progress report IS contained In the follow

Ing appendIces: 

I\ppendix A: Iron absorption studies 

Appendix B: Publications 

A detaIled descrIptIon	 of nIne Iron absorption. studles 

conducted durIng the past year are contaIned Ln AppendIx 

A. The studIes are presented under the headIngs of 

Abstract, Ratlonale, Deslgn, Results, and Comment. The 

followIng 1S a 11st of these studIes: 

If 
Study	 Subjects Title~ 

39 14 3	 Pilot study of iron absorption, 
hydrodynamically balanced system 
(HBS). 

40 21 9	 Effect of soy (high level) on 
absorption of heme and nonheme iron 
from beef. 

41 29 7	 Effect of soy (low level) on nonheme 
iron absorption from beef alone and 
hamburger meal. 

42 37 11	 Rice fortiflcation iron exchange I. 

43 45 12	 Effect of soy (low level) on absorptIon 
of heme and nonheme iron from hamburger 
meal. 

44 52 9	 Bloavallability of Iron from red sorghum, 
white sorghum, and corn meal. 

45 59 10	 Iron bloavallablllty from soybeans, black 
beans, and lentils. 

46 G5 10	 Iron bloavailabillty from mung beans, 
split peas, and cornmeal. 

47 7·4 9	 Rice fortifIcation iron exchange II. 
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Three of the studies performed during the past year were 

done to complete the series of observations on the effect 

of soy products on iron absorption. In these studIes, soy 

flour was used to replace a portion of the meat in a simple 

meat meal and in a more complex meal that included a bun, 

french fries, and a milkshake. The marked reduction 1n 

nonheme iron absorption seen previously with semipurified 

meals. and infant food supplements was again observed when a 

large quantity of soy flour (30 g dry weight to 70 g ground 

beef) was added to a pure meat meal, nonheme iron absorp

tIon falling from 24.82% to 0.87% (Study 40). A smaller 

amount of soy (30 g hydrated weight)) equal to that current

ly employed In the school lunch program, had a somewhat 

less marked effect. Nevertheless, there was still a 

significant fall in percent nonheme iron absorption; the 

mean values being 16.74 and 3.19% respectively (Study 41). 

When the beef burg~r was eaten together with french fries 

and a milkshake, nonheme iron availability was also marked

ly reduced even in the absence of soy (2.36%). Neverthe

less, the addition of soy produced a further small fall in 

nonheme Lron availability to 1.63%. However, since the 

iron present in the soy increased the overall nonheme 

iron content of the meal, there was no difference in 

the actual amount of non heme iron absorbed (0.08 mg vs. 

0.07 mg). A further interesting observation was made, 

namely that in the presence of soy, percentage heme 

iron absorption showed a reciprocal increase. For exampl~ 

in the mixed meal in which the level of soy substitution 

used was comparable to that used in the school lunch 

program (Study 43), percentage heme iran absorpt ion rose 

from a mean of 33.1% to 42.1%. Thus the negative effect of 

soy on nonheme iron availability was ameliorated both by an 

increase in the nonheme iron content of the meal and by an 

increase in percentage absorption of heme iron. The sum of 



7
 

these opposing effects would mean that if soy flour were 

added to a hamburger in a mixed meal at the level currently 

employed in the school lunch program, mean absorption 

from this meal would have fallen from 0.56 mg to 0.43 

mg. This is a small but significant reduction in iron 

absorption due largely to withdrawal of 30% of the heme 

from the meal, an effect which is not entirely compen

sated for by the increase in percentage absorption of 

heme Iron. 

Legumes and cereal products are the dIetary bulk staples of 

many developing countries. The demonstratlon that iron in 

soybeans and soy products is in general relatively poorly 

available made a comparison with other legumes as well as 

with cereal important. Wheat and rice have been studIed 

extensively and were not included in this series of obser

vations. Studies 44, 45, and 46 demonstrate that the 

availability of iron from soybeans and four other commonly 

eaten legumes, black beans, lentils, mung beans, and split 

peas as well as from corn and two types of sorghum is very 

similar. This information is summarized on the third graph 

ill Study 46. Valid comparisons between these three studies 

were made possible by the inclusion of a reference meal 

with each. It can be seen by this graph that the meal:refe

renee ratio was relatively similar in all cases ranging 

between 0.3 and 1.1. In fact, it is noteworthy that 

the ratios obtained for two cornmeal studies lie at the 

extremes of the range for the series of observatIons. This 

set of experiments has led us to the conclusion that 

cornmeal, sorghum, and a number of legumes includlng soy

beans do not differ significantly in their effect on 
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nonheme iron absorption. All are relatively poor'sources 

for available Iron. The legumes including soybeans may 

have some advantage in terms of iron nutrition because of 

the higher intrinsic iron content. 

Studies on the suitability of rice as a vehicle for forti 

fication iron were completed (Studies 42 and 47). While 

technical difficulties made the interpretation of Study 42 

unsatisfactory, Study 47 clearly demonstrated that fortifI 

cation iron introduced into rice prior to cooking and 

a bs 0 r bed i ntother ice duri ng the coo kin g proc e ;; s s hare ~ 

the properti9s of the common pool with respect to bioavail 

ability. This study demonstrates that the poor absorption 

previously observed with iron coated onto rice was due to 

incomplete release of iron from the coated grains and not 

to the poor availability of iron cooked into rIce. It 

therefore reflected a technical problem in the coatIng 

procedure and not a property of rice. This is an important 

result and IndIcates that rIce may still be a suitable 

vehicle for fortification iron if the technIcal problems of 

adding the fortificant can be solved. 

The final study carried out during this year (Study 39) 

was performed in collaboration with Hoffmann-LaRoche 

Company and represents a pilot investigation of a new and 

potentially attractive means of overcoming the inhibitory 

effect of food on fortification or supplementary iron. 

Hoffmann-LaRoche Company has developed a hydrodynamically 

balanced system that allows delayed release of iron to 

occur in the gastrointestinal tract thus separating iron 

added to a meal in the form from the rest of the components 

because of different rates of passage through the gastro

intestinal tract. The limited number of observatIons 

per formed in this study suggest that the iron in the 
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hydrodynamically balanced system may be absorbed two to 

three times as well as ferrous sulfate introduced into the 

same meal. .The possibility of reduced side effects and 

better absorption in the presence of food would be major 

advantages of such a product in any supplementation 

program. 

DIsseminatIon and Ultilization of Research Results 

The fIndings that have been developed under this contract 

have been communicated through formal presentations at 

national and International meetings, through exchange on an 

informal basis between investigators visiting the Iron 

nutrition unit in Kansas City, and by reciprocal visits by 

Kansas investigators. The following is a summary of these 

various avenues of communication. 

1.	 Presentations 

a.	 Cook: "Biochemical Determinants of Food Iron Availabil 

ity"; XII International Congress of Nutrition; San 

Diego CA; 20 August 1981. 

b.	 Morck: "Inhibition of Food Iron Absorption by Soy 

Products"; XII International Congress of Nutrition; 

San Diego CA; 22 August 1981. 

c.	 Cook: "Rapid Assessment of Iron Status"; Fifth 

International Conference on Proteins of Iron Storage 

and Transport; La Jolla CA; 26 August 1981. 

d.	 Lynch: "An In Vitro Method for PredIctIng Iron 

Availability"; FIfth International Conference on 

Proteins of Iron Storage and Transport; La Jolla 

CA; 26 August 1981. 
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e.	 Cook: "The Effect of Plant Protein on Iron Bioavail 

ability"; International Nutritional Anemia Consulta

tive Group (INACG) Annual Meeting; Santiago, Chile; 11 

December 1981. 

f.	 Cook: "Bioavailability of Iron from Cereal and 

Legume Diets"; Nutrition Foundation Food and Nutrition 

Liaison Committee Meeting; Naples FL; 22 January 

1982. 

g.	 Lynch: "RelationshIp between Iron Stores and Food 

Iron Absorption"; FDA Nutrition Division Seminar; 

Washington DC; 6 May 1982. 

h.	 Lynch: "Iron Status in the Elderly"; American 

Society for Clinical Nutrition; WashIngton DC; 8 

May 1982. 

2.	 Scientific Publications 

The following articles have been published or accepted 

for publication during the fourth year of this contract. 

Copies are included in Appendix B. 

a.	 Cook JD, Morek TA, Skikne BS, Lynch SR. Dietary 

inhibitors of iron absorption in man. In: Wagner PA, 

Kirk JR, eds. Proceedings of the Florida Symposium on 

Micronutrients in Human Nutrition. Gainesville: 

UnIversity of Florida, 1981;99-105. 

b.	 Cook JD, Morek TA, Lynch SR. The inhibItory effect 

o f soy pro due t son non hem e· iranab s 0 r pt Ion 1 n man. 

Am J Clin Nutr 1981;34:2622-2629. 
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c.	 Morck TA, Lynch SR, Skikne BS, Cook JO. Iron availa

bility from infant food supplements. Am J Clln Nutr 

1981;34:2630-2634. 

d.	 Cook JD. Current definitions of deficiency anemia. 

In: Oski FA, Pearson HA, eds. Iron Nutrition Revis

isted - Infancy, Childhood, Adolescence. Report of 

the Eighty-Second Ross Conference on Pediatric Re

search. Columbus OH: Ross LaboratorIes, 1981;25-29. 

e.	 Cook JD, Morek TA, Skikne BA, Lynch SR. BIochemIcal 

determInants of Iron absorptIon. In: Harper AE, 

David GK, eds. Nutrition in Health and Disease 

and International Development: Symposia from the 

XII International Congress of Nutrition. Progress 

in Clinical and Biological Research, Volume 77. 

New York: Alan R. Liss, 1981;323-331. 

f.	 Morck TA, Cook JD. Factors affecting the bioavail 

ability of dietary iron. Cereal Foods World 1981; 

26:667-672. 

g.	 Cook JD, Skikne BS. Serum ferritin: a possible 

model for the assessment of nutrient stores. Am 

J C1in Nutr 1982;35:1180-1185. 

h.	 Cook JD. Clinical evaluation of iron deficiency. 

Seminars in Hematology 1982;19:6-18. 

1.	 Pintar J, Skikne BS, Cook JD. A screenIng test 

for assessing iron status. Blood 1982;59:110-113. 

j.	 Morek TA, Lynch SR, Cook JD. Reduction of the soy

induced inhibition of nonheme iron absorptIon. 

Am J Clin Nutr 1982;36:219-223. 
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k.	 Lynch SR, Cook JO, Morek TA. In vitro measurement 

of food iron absorption. Proceedings of the Flfth 

International Conference on Proteins in Iron Metabolism 

(in press). 

1.	 Cook JO, Morek TA, Skikne BS, Lynch SR. The impor

tance of animal products in human iron nutrition. In: 

Beitz DC, Hanson RG, eds. Animal Products in Human 

NutritIon. New York: Academic Press (in press). 

m.	 Lynch SR, Finch CA, Monsen ER, Cook JO. Iron status 

of elderly Americans. Am J Clin Nutr (in press). 

n.	 Morek TA, Lynch SR, Cook JO. Inhibition of food 

iron absorption by coffee. Am J Clin Nutr (accepted). 

o.	 Pootrakul P, Skikne BS, Cook JO. The use of capillary 

blood for measurements of circulating ferritin. 

Am J Clin Nutr (accepted). 

p.	 Lynch SR, Morek TA. Iron deficiency anemia. Contem

~£~£~ Issues in Clinical Nutrition (accepted). 
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statement of Expenditures and Obligations 

Total 
Category Awarded 

Expended 
Thru 7/82 Balance 

Personnel 271,983 
Travel 29,480 
Shipping 24,000 
Equipment 38,644 
Supplies 38,644 
Volunteers 67,500 
Contracts 12,915 
Publication 2,500 
Subtotal 485,666 
Indirect 163,190 
Total 648,856 

229,180 
21,638 

22,100 
39,427 
41,950 
10,640 

3,000 
367,935 
135,405 
503,339 

42,803 
7,842 

24,000 
16,544 

783 
25,550 
2,275 

500 
117,731 

27,785 
145,517 

A no-cost extension for the completion of the objectives 

of this contract has been requested which will extend 

the contract end date to 31 October 1983. 



APPENDIX A 

-IRON ABSORPTION STUDIES
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STUDY 39 

PILOT STUDY OF IRON ABSORPTION 
HYDRODYNAMICALLY BALANCED SYSTEM (HBS) 

ABSTRACT 

Gastrointestinal side effects are a major obstacle to the 

implementatIon of Iron supplementation programs. Hoffmann

LaRoche Company has developed a hydrodynamically balanced 

system (HBS) that allows delayed release to occur In the 

gastrointestinal tract. A decrease in sIde effects IS 

anticipated. Absorption from hydrodynamically balanced 

capsules was 1.44, 1.21, and 2.l4~ for th ee different 

formulations. In comparison, Feosol taken with the same 

meal as only absorbed at the O.6~ level. This pilot study 

suggested HBS iron should be carefully evaluated since a 

lower frequency of side effects and better absorption in the 

presence of food would be major advantages in any supple

mentation program. 
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RATIONALE 

The major obstacle in iron supplementation programs at the 

present time is gastrointestinal side effects associated 

with the administration of oral iron. One approach to 

improving therapeutic efficacy (increasing absorption and/or 

reducing side effects) is to administer the iron in a manner 

which delays its release within the gastrointestinal tract. 

In the present study, we evaluated a hydronamically bal

anced system (HBS) in which iron is incorporated Into a 

substance that absorbs water and has a lesser density than 

the gastric contents. It therefore remains In the proximal 

portion of the stomach which in turn retards gastric empty

ing. At the same time, iron is released from the prepara

tion providing a constant flow to the small intestine. In 

the present study three f~rmulations of HBS were compared 

with conventional iron (liquid ferrous sulfate). 

DESIGN 

The HBS was radiolabeled in the Kansas laboratory by person

nel from Hoffmann-LaRoche; details of this preparation are 

unavailable. The products were labeled as follows: HBS-l 

(JL T258-160), HBS-3 (JLT9258-74), HBS-4 (JLT-9258-75). T"le 

alternate form of radioiron was liquid ferrous sulfate 

(Feosol elixir, SmithKline), 5 ml containing SO mg Iron, 

labeled with radioiron by the addItion of 1 uCi 59FeS04. 

In addition to the iron preparations, all four meals used 

in this study consisted of a McDonald's Egg McMuffin, 1 oz 

40% bran flakes, 8 oz 2% mIlk, 4 g sugar, and 6 oz coffee. 

RESULTS 

Although studIes were performed In only three Individuals, 

the differences were great enough to suggest a distInct 

advantage to the HBS preparatIon. The preparations are 

listed as slow, medium, and fast in the attached table,
• 

reflecting the predicted rate of dissolution. Mean absorp

tion values averaged 1.44, 1.21, and 2.14% respectively and 
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all were significahtly higher than Feosol which averaged 

only 0.60%. These results are only rough indicators of the 

difference but suggest that HBS may offer a distinct thera

peutic advantage. 

DISCUSSION 

This pilot study requires more extensive evaluation of HBS 

and further studies are underway. 



S'l'UDY ] 9. Iron Absorption from Hydrodynamically-Balanced System (liBS) 

Packed IRON ABSORPTION 
Cell Serum HBS Feosol 

Subject Age Volume Ferritin Slow (A) Med (B) Fast (C) (D) 
(%) (ug/l) (% of dose) 

1 24 42 47 0.52 0.40 1.03 0.23 

2 24 42 40 1.41 1.35 2.67 1.06 

3 26 44 70 4.12 3.33 3.58 0.93 

MEAN* 25 43 53 1.44 1.21 2.14 0.60 

-1 SE 0.79 0.65 1.47 0.37 

+1 SE 2.62 2.24 3.12 0.99 

* Geometric means except Age and Packed Cell Volume 

and Feosol. 

ABSOr~TION 

A/D B/D 

2.26 1.73 

1.33 1.27 

4.43 3.58 

2.37 1.99 

1.67 1.47 

3.36 2.71 

RATIO 
C/O 

4.47 

2.51 

3.84 

3.51 

to ' 
2.96 ~ 

4.18 



STUDY 39. Iron Absorption from Hydrodynamically-Balanced System (HBS) and Feosol. 

A/B 

A B 5 

A/C 

0 R P T 

A/D 

ION RA T 

B/C 

I 0 S 

B/O C/O 

Mean Ratio 

-1 SE 

+1 SE 

l/Ratio 

Student's t 

P value 

1.19 

1.11 

1.27 

0.84 

2.61 

0.011 

0.67 

0.52 

0.88 

1.48 

1.47 

0.053 

2.37 

1.67 

3.36 

0.42 

2.48 

0.012 

0.57 

0.44 

0.73 

1.76 

2.19 

0.018 

1.99 

1.47 

2.71 

0.50 

2.25 

0.017 

3.51 

2.96 

4.18 

0.28 

7.30 

0.0002 

,... 
~ 

Corre1ation* 
(r) 

p value 

0.99 

0.0003 

0.95 

0.007 

0.81 

0.047 

0.98 

0.002 

0.87 

0.028 

0.95 

0.006 

* log scale 
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STUDY 40 

EFFECT OF SOY (HIGH LEVEL) ON ABSORPTION 
OF HEME AND NONHEME IRON FROM BEEF 

ABSTRACT 

Previous studies have demonstrated inhibition of nonheme 

iron absorption by soy products. In this study we compared 

the absor pt i on a f bot h heme and nonheme iron fr am meal s 

consisting of 1) 100 g ground lean beef and 2) 70 g ground 

lean beef mixed with 30 g (dry weight) textured soy flour. 

Percentage absorption for nonheme and heme iron was 24.82 

and 0.87, and 17.03 and 27.13 from the beef and beef + soy 

meals respectively, demonstrating a reciprocal increase in 

percentage heme iron absorption. A mean of 0.57 mg iron 

was absorbed from the beef-only meal and 0.27 mg from the 

beef + soy meal. 
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RATIONALE 

Several prior studies from this laboratory have demonstrated 

that a number of soy products markedly inhibit the absorp

tion of nonheme iron. The majority of these studies were 

performed with meals containing no meat and therefore did 

not examine the effect on iron absorption of sUbstituting 

meat products with soy. One obvious effect would be a 

reduction in heme content of the meal. Because the absorp

tion of heme iron is several times higher than nonheme iron, 

even a modest decrease in heme content could produce a 

substantial reduction in composite absorption of heme and 

nonheme iron. The present study was undertaken to determine 

the effect on heme and nonheme iron absorption of substitut

Ing part of the meat in a complete meal. 

DESIGN 

Nine volunteer subjects participated in this study. It 

involved the administration of two meals simultaneously 

labeled with extrinsic tags of heme and nonheme radIoiron. 

The fIrst meal consisted of 100 g ground lean beef which had 

been broied for 5-7 mlnutes immedIately prior to admin1stra

tion. The 100 9 meat contained 2.6 mg iron, 1.2 mg in the 

form of heme. Ferric chloride, 0.1 mg iron tagged with 

59;'e, was added 1n a volume of 0.5 ml O.OlN Hel to the 

meat just prior to serving. Similarly, 55fe-labeled heme 

iron isolated from a pathogen-free rabbit was added in a 

volume of 0.5 ml directly to the hamburger. The second meal 

consisted of 70 g ground lean beef that had been mixed prior 

to cooking with 30 g (dry weight) textured soy flour (Supra 

-50A, Ralston Purina). Iron content was 5.24 mg, 0.B4 mg as 

heme. The second meal was tagged with radioiron and admin

Istered in a manner identical to the first. 
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RESULTS 

When the meal consisted only of beef, the absorption of both 

heme and nonheme iron was exceptionally high in these 1ron 

replete subjects. Heme iron absorption averaged 17.0% as 

compared to 24.8% absorption of nonheme iron. Indeed, the 

absorption of nonheme iron was significantly higher than 

that of heme iron (mean ratio A/B:l.46, t:3.48, p <. 0.01). 

When a port1on of the beef was substituted with soy, a 

profound decrease 1n nonheme iron absorpt1on, to a mean of 

0.87%, was observed. Paradox1cally, heme absorption actual

ly increased 1n the soy-containing meal from 17.0 to 27.1%, 

a difference that was h1ghly sign1ficant (t=5.96, p <

0.001). 

The signi ficance of these changes in percentage absorption 

1S illustrated by calculating the absolute absorption of 

heme and nonheme iron from these meals: 

Beef Meal Beef + Soy Meal 

Heme Nonheme Total Heme Nonheme Total 

I r orl 

Content 1. 20 1. 50 2.70 0.84 4.50 5.34 

(mg) 

Iron 

Absorbed 0.20 0.37 0.57 0.23 0.04 0.27 

(mg) 

COMMENT 

There was a dramatic reduction in the absorption of non heme 

iron when soy was added to beef In th1S study. Howc','er, 

this fall should be 1nterpreted In the Ilght of the very 

high aVRilability of nonherne iron from a meal containIng 

only meat. The addItIon of any food other than anImal 

t1ssue to meat will produce a sharp fall in absorptIon 

although perhaps not to the extent observed with soy. 
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Moreover, while percentage absorption decreased dramati

cally, the change in absolute absorption of nonheme iron in 

the soy-cont1llning meal was somewhat less pronounced. 

Of considerable theoretical interest from the point of view 

a f mucos ali ron t ran spa r tis the fIn din g t hat tho add it.' (; 

of soy to this meal actually improves the percent absorptior' 

of heme iron. Therefore, the absolute quantity of heme iron 

absorbed from this meal increased slightly. It seems 

possible that the apparent facilitating effect of sayan 

heme absorption is exerted by control mechanisms withIn the 

mucosal cell. If control of the absorption process is 

exerted in the exit pathway from the mucosal cell to the 

circulation, it is conceivable that a reciprocal relation

ship could exist be ween the absorption of heme and nonheme 

iron. Thus, a decrease in mucosal uptake of nonheme iron 

would be accompanied by a rise in the absorption of heme. 

If this concept is valid, a sharp increase in the absorption 

of nonheme iron might inhibit the absorption of heme Iron 

and preliminary evidence to support this has been obtained 

In more recent studies with ascorbic acid. The overall 

effect of adding this relatively large amount of a soy 

product to the meat-only was to reduce iron absorption by a 

factor of approximately two. 

It should be noted that the level of soy substitution in 

this study was substantially higher than the level at which 

soy is used as a meat extender in the present school lunch 

program. In our study, 30% of textured soy flour was added 

on the basis of ~ weight rather than hydrated weight which 

provides a level of substitution roughly two and one-half 

times that currently used in the US. 



STUDY 40. Effect of Tehtured Soy Flour on Nonheme and Heme Iron Absorption from Beef. -

Subject Age 

Packed 
Cell 

Volume 
(t) 

Serum 
Ferritin 

(ug/l) 

IRON· ABSORPTION 
Nonheme 

-Soy +Soy -Soy 
(A) (B) (C) 

(% of dose) 

Heme 
+Soy 

(D) 

ABSORPTION RATIO 
+/- Soy 

Nonheme Heme 
B/A Dlc 

1 25 45 98 9.08 0.41 6.57 14.16 0.04 2.15 

2 25 44 80 18.10 0.40 19.15 29.00 0.02 1.51 

3 24 45 108 19.55 0.93 14.10 23.85 0.05 1.69 

4 24 41 40 23.02 0.78 18.60 18.07 0.03 0.97 

5 25 49 42 27.30 1.70 29.15 56.08 0.06 1.92 

6 

7 

23 

25 

48 

47 

74 

58 

32.33 

32.52 

0.62 

0.91 

14.18 

20.43 

25.88 

36.28 

0.01 

0.02 

1.82 

1.77 

;-.J 

U1 

8 24 46 31 33.61 1.01 19.50 27.23 • 0.03 1.39 

9 27 50 20 50.21 2.66 22.26 31.46 0.05 1.41 

HEAN* 25 46 54 24.82 0.87 17.03 27.13 0.04 1.59 

-1 SE 21.09 0.71 14.81 23.79 0.03 1.47 

+1 SF. 29.2? 1.01 19.59 30.95 0.04 1.72 

* Geometric means except Age and Packed Cell Volume 



ST~nY ~~~__Effe~~Q~ Textured Soy Flour on Nonheme and Heme Iron Absorption from Beef. 

A/B 

A 

A/C 

B S 0 R P T ION 

A/D 

R A 

B/C 

T lOS 

BID C/D 

Hean Ratio 

-1 SE 

+1 SE 

1/ Ratio 

28.31 

24.74 

32.40 

0.04 

1.46 

1.31 

1.62 

0.69 

0.91 

0.80 

1.05 

1.09 

0.05 

0.04 

0.06 

19.43 

0.03 

0.03 

0.04 

30.95 

0.63 

0.58 

0.68 

1.59 

Student's t 

p value 

24.79 

<10- 5 

3.48 

0.004 

0.67 

0.262 

19.16 

<10- 5 

20.81 

<10- 5 

5.96 

0.0002 

t,\ 
e, 

Corre1ation* 
(r) 

p value 

0.753 

0.009 

0.755 

0.009 

0.605 

0.042 

0.655 

0.028 

0.595 

0.045 

0.836 

0.002 

* log scale 
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STUDY 41 

EFFECT OF SOY (LOW LEVEL) ON NONHEME
 
IRON ABSORPTION FROM BEEF ALONE AND A
 

HAMBURGER MEAL
 

ABSTRACT 
Earlier studies demonstrating an effect of soy on nonheme 

iron absorption from mixed meals involved the use of 30 g 

dry weight soy flour. In this study, we examined the effect 

of adding 12 g textured soy flour (the level of soy substi 

tution currently employed in the school lunch program) on 

nonheme iron absorption from 1) a beef burger and 2) a 

beef burger together with a milkshake and french fries. 

Mean absorption levels were 16. 74~ and 3.l9~ for the beef 

burger without and with soy respectively and 2.36 and 1.63~ 

for the complete meal without and with soy respectively. As 

a result, absolute nonheme iron absorption fell from 0.25 to 

0.08 mg in the beef meal and from 0.08 to 0.07 mg in the 

composite meal. 
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RATIONALE 

In the previous study a profound fall in the absorption 

of non heme iron was observed when soy was added to a meal 

contaIning only beef. Since this reduction may represent 

the effect of adding any food substance other than animal 

tissue to beef, the present study was undertaken to 

determine whether the fall in absorption of nonheme iron 

is less pronounced when an additional source of food is 

ingested with beef. 

DESIGN 

Seven volunteers participated in this study, one of whom 

was markedly iron deficient. Four separate meals were 

served. The first meal (A) consisted of 100 g cooked 

ground lean beef tagged with 0.1 mg iron as ferric chloride 

and 2 uCi S9Fe. The second meal (B) contaIned 70 g ground 

beef that had been mIxed with 30 g hydrated textured soy 

flour (only 12 g dry product as compared to 30 g used In 

Study 40). 

In the second pair of meals, the beef (C) and beef + soy 

(D) meals were consumed with a vanilla milkshake (145 

ml) and french fries (68g). 

RESULTS 

When soy was added to the meal containing only ground 

beef, percentage absorption fell significantly from 16.74 

to 3.19% (mean ratio D/A=0.19, t=5.48, p< 0.001). Surpris

ingly, an even greater decrease in percentage absorption was 

observed when the milkshake and french fries were added to 

the beef meal (mean absorptioll 2.36%, mean ratio C/A=0.14, 

t=4.39, p<- 0.01). The partial substitution of meat with soy 

produced a further modest decrease to a mean of 1.63%, a 

reduction of 31% which was marginally significant (t=2.09, 

0=0.04). The addition of soy increased the iron content of 
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both types of meal. As a result there was a somewhat 

smaller fall in the absolute amount of nonheme iron absorbed 

from the meal containing ground beef only whIle nonheme iron 

absorptlon from the two complex meals was very similar. 

Beef Standard Meal 

.:.~--_!:~ .:So>::_-.:!:~ 

Nonheme iron content (mg) 1. 50 2.45 3.30 4.25
 

Nonheme iron absorbed (mg) 0.25 0.08 0.08 0.07
 

COMMENT 

It is apparent from this study that the addition of other 

food items to a beef meal produces a sharp reduction in 

percentage absorption of nonheme iron. The inhibiting 

effect of soy in this study was no more pronounced than 

that of french fries and a milkshake. Moreover, the 

substItution of soy for meat in the complex meal reduces 

percent nonheme iron absorption moderately but does not 

significantly alter the actual quantity absorbed because of 

an increase in meal iron content. 

It is also noteworthy that when only 12 g of textured soy 

flour rather than 30 g is added to beef, the reductlon in 

percentage nonheme iron absorption is less pronounced. 

In study 40, a decrease of 96% was observed at the higher 

level of soy as compared to 81% in the present study 

with the :evel of soy substitution currently employed in 

the school lunch program. 



STUDY 41. Effect of Soy-Extended Beef on Iron Absorption From Beef-Only and Standard Meals. 

Subject Age 

Packed 
Cell 

Volume 
(%) 

Serum 
Ferritin 

!).lg/l ) 

-Soy 
(A) 

IRON 
Beef 

+Soy 
(B) 

(% 

ABSORPTION 
Standard Meal 

-Soy +Soy
(cl (D) 

of dose) 

ABSORPTION 
+1- Soy 

BIA Die 

RATIO 
STD/Beef 

CiA DIB 

1 26 47 122 7.51 2.37 0.85 0.61 0.31 0.71 0.11 0.25 

2 

3 

27 

25 

44 

45 

142 

15B 

13.38 

14.91 

1.15 

1.07 

0.65 

1.16 

0.88 

0.65 

0.08 

0.07 

1.35 

0.56 

0.04 

0.07 

0.76 

0.60 

4 

5 

6 

7 

26 

23 

30 

25 

39 

47 

43 

44 

2 

126 

93 

65 

16.00 

19.23 

22.06 

36.30 

11.27 

2.37 

4.80 

9.17 

25.7B 

1.10 

3.78 

6.02 

IB.12 

G.BB 

1.11 

5.15 

0.70 

0.12 

0.21 

0.25 

0.70 

0.80 

0.29 

0.B5 

1.61 

0.05 

0.17 

0.16 

1.60 

0.37 

0.23 

0.56 

hI 
tv 

MEAN* 26 44 64 

-1 SE 

+1 SE 

16.74 

13.94 

20.10 

3.19 

2.24 

4.56 

2.36 

1.43 

3.90 

1.63 

1.01 

2.66 

0.19 

0.14 

0.26 

0.69 

0.58 

0.83 

0.14 

0.09 

0.22 

0.51 

0.40 

0.66 

* Geometric means except Age and Packed Cell Volume 



$TUDY__~l_. ~ffect of ~oy-Extended Beef on Iron Absorption From Beef-Only and Standard Meals. 

A B S 0 R P T ION RA T I 0 S 

A/B A/C A/D B/C B/D C/D 

Mean Ratio 

-1 SE 

+1 SE 

Ii Ratio 

5.23 

3.87 

7.08 

0.19 

7.08 

4.53 

11.06 

0.14 

10.22 

6.60 

15.80 

0.10 

1.35 

1.07 

1.71 

0.74 

1.95 

1.51 

2.52 

0.51 

1.44 

1.21 

1.72 

0.69 

Student's t 

P value 

5.48 

0.0008 

4.39 

0.002 

5.32 

0.0009 

1.30 

0.120 

2.63 

0.020 

2.09 

0.041 

Correlation· 
(r) 

p value 

0.523 

0.114 

0.474 

0.141 

0.436 

0.164 

0.910 

0.002 

0.860 

0.006 

0.937 

0.0009 

• log scale 
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STUDY 42 

RICE FORTIFICATION IRON EXCHANGE I 

ABSTRACT 
A previous study (34) demonstrated that fortification 

iron coated onto the surface of rice grains by the use of 

a shellac did not exchange completely with the common 

pool of nonheme iron in the meal. This could have re

sulted either from incomplete release from the coating or 

incomplete exchange between iron cooked into rice grains 

and the rest of the iron in the meal. This study was 

designed to compare the absorptlon of iron cooked into 

rlce and rice noodles with the absorption of the common 

lron pool in the rest of the meal. Iron was better 

absorbed from the common pool than from the label cooked 

into the rice. However, discrepancies between the stand

ards prepared for the rice experiment make the result 

difficult to interpret. 
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RATIONALE 

In last year's report, two separate studles were descrlbed 

in which rice was coated with FeS04 by a process developed 

by Hoffmann-LaRoche. This shellaking procedure was deslgned 

to prevent the loss of the mineral coat during washing of 

the food and to release fortification iron during the 

cooking process. In the first attempt, the shellac coat 

prevented complete dissolution of the added iron. In a 

second study (34), a thinner coat was applied which appeared 

to more completely release the iron during cooking. How

ever, when absorption of the iron coated onto the rice was 

compared to absorption of iron added to another meal item, a 

marked difference in absorption was observed. This sug

gested that iron released during the cooking process 

;night have been absorbed into the rice grain and thus 

failed to exchange completely with the common pool of 

nonheme dietary iron. If so, this would represent a 

major obstacle to the use of rice for iron fortiflcation. 

The present study was designed to determine whether radlo

iron added to the water used to cook rice undergoes complete 

isotopic exchange with a second form of nonheme lron added 

to the meal. The format of the study was similar to that of 

Study 34 except that radioiron was added to the cooking 

water as an extrinsic tag rather than used to coat the rice 

grain. 

DESIGN 

This study was performed in 11 normal subjects who were 

fed twu separate meals. The meals differed only in respect 

to the form of the rice. Each contained a quarter pound of 

beef (113 g uncooked weight), 80 g applesauce, and 100 g rice 

(uncooked weight). The f lrst meal was prepared by adding 
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1600 g washed rice to a large cooker contaIning 1900 

ml water, 20 g salt, and 34 g margarine. Sixteen ml 

radioiron containing 64 mg iron as FeS04 was added to 

the water; the food was stirred thoroughly and then 

cooked for 35 min. The cooking water was almost 

totally absorbed by the rice. The second radioiron 

label (4.0 mg iron as FeCl3 per person) was mIxed 

with the applesauce prior to se:ving. 

In the second meal rice noodles, rather than whole 

grain rice, were served. As in the first meal, suffici 

ent radIoactive FeS04 was added to the cooking water 

to provide the equivalent of 4 mg Iron per servIng. 

The noodles were added t~ the boiling water which was 

tmmedlately removed from the heat and allowed to cool. 

L\ll the water was absorbed by the noodles within 

approxImately 5 min. The alternate form of radIoiron 

't as added as FeCl3 (4.0 mg iron) to the applesauce. 

RESULTS 

Values for percentage absorption are listed in the 

accompanying tale. In the meals containing whole grain 

rice (A, B), mean absorption of the FeS04 added to 

the cooking water averaged 1.39% compared to 1.75% for 

~he iron added to the applesauce. This 26% difference 

in absorption was statistically significant (t=3.l4, 

p=0.005). From meals containing rice noodles (C, D), 

mean absorption of the FeS04 used for cooking averaged 

1.43% as compared to a mean of 2.23% for FeCl3 added 

to the applesauce. This 56% difference in absorptIon 

was also statistically sIgnificant (t-7.62, p~ 0.001). 
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COMMENT 

The fIndings in this study were unexpected. While it was 

anticipated that a difference in the absorption of nonheme 

iron might be observed with whole grain rice for reasons 

described above, it was not expected that this would occur 

with rice noodles. One would expect rice noodles to be 

digested rapidly and provide no barrier to complete isotopic 

exchange. Two sets of radioiron counting standards were 

prepared in this study and there were some discrepancies 

between them. It is possible that the aberrant results may 

have been the result of an error in the preparatIon of 

counting standards. The study was therefore repeated (stUdy 

47). 



STUDY 42. Absorption from Rice Meal and Noodle Meal with Double Extrinsic Tags. 

Subject Age 

Packed 
Cell 

Volume 
(%) 

Serum 
Ferritin 

(ugf1) 

IRON ABSORPTION 
Rice Noodl~ 

Water Food Water Food 
(A) (B) (C) (p) 

C% of dose) 

ABSORPTION RATIO 
BfA Dlc 

1 

2 

25 

24 

44 

50 

80 

115 

0.45 

0.52 

0.56 

0.86 

1.01 

0.92 

1.67 

1.71 

1.24 

1.65 

1.65 

1.85 

3 24 46 70 0.70 1.06 0.86 1.53 1.51 1.77 

4 

5 

6 

7 

8 

23 

26 

23 

23 

23 

45 

44 

42 

42 

44 

138 

106 

121 

124 

58 

0.78 

0.88 

0.98 

1.28 

2.26 

0.85 

1.05 

1.42 

1.46 

2.26 

0.76 

0.85 

1.13 

1.00 

1.88 

1.12 

1.08 

1.95 

1.66 

2.21 

1.08 

1.19 

1.44 

1.14 

1.00 

1.47 

1.27 

1.72 

1.66 

1.17 

oJ.. 
~. 

9 23 46 103 2.53 2.18 1.31 1.46 0.86 1.11 

10 23 46 152 4.92 5.40 4.80 8.37 1.09 1.74 

11 24 46 14 9.55 19.20 7.65 15.20 2.01 1.98 

MEAN* 24 45 &G 1.39 1.75 1.43 2.23 1.26 1.56 

-1 SE 

+1 SE 

1.04 

1.86 

1.29 

2.37 

1.14 

1.80 

1.73 

2.87 

1.17 

1.36 

1.47 

1.65 

* Geometric means except Age and Packed Cell Volume 



STUDY 42. Absorption from Rice Meal and Noodle Meal with Double Extrinsic Tags. 

A/B 

A B S O· R 

A/C 

P T 

A/D 

ION RA T 

B/C 

lOS 

B/D C/D 

Mean Ratio 

-1 SE 

+1 SE 

1/ Ratio 

0.79 

0.74 

0.85 

1.26 

0.97 

0.86 

1.10 

1.03 

0.62 

0.53 

0.73 

1.61 

1.22 

1.09 

1.37 

0.82 

0.78 

0.69 

0.89 

1.28 

0.64 

0.60 

0.63 

1.56 

Student's t 

p value 

3.14 

0.005 

0.25 

0.40 

2.98 

0.007 

1.81 

0.05 

1.93 

0.04 

7.62 

<10- 5 

.1:. 
~~ 

Correlation* 
(r) 

P value 

0.97 

<10:- 5 

0.92 

~.10_5 

0.84 

0.0006 

0.95 

<10- 5 

0.91 

<10- 5 

0.98 

<10- 5 

* log scale 
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STUDY 43 

EFFECT OF SOY (LOW LEVEL) ON ABSORPTION 
OF HEME AND NONHEME IRON FROM A HAMBURGER MEAL 

ABSTRACT 
The effect of 30 g soy flour (hydrated weight) added to 

70 g beef eaten In a meal which included a bun, french 

frIes, and a mi lkshake on absorption of heme and nonheme 

iron was examined. Mean percentage nonheme iron absorp

tion fell from 5.05 to 1.90 while mean percentage heme 

i.ron absorption rose from 33.1 to 42.1. As a result, 

total iron absorption of the meal without soy was 0.56 mg, 

and 0.43 mg with soy. The marked effect of soy on percent

age nonheme iron absorption was ameliorated by an increase 

In non heme iron content as a result of the iron present in 

the soy as well as an Increase in percentage absorption of 

heme iron. 
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RATIONALE 
The previous two studies (40 and 41) demonstrated that the 

addition of a large quantlty of soy flour to a meal of beef 

alone or to a complex maal reduced non heme iron availability 

substantially. In this study a lower level of soy was 

employed, s1mllar to that currently used 1n the school lunch 

program. A complex meal was used S1nce the add1tlon of 

other foods also reduced nonheme iron absorption (study 41). 

The data obta1ned In th1s study more closely predlct the 

effect of soy extension as it 1S currently pract1ced 1n this 

country. 

DESIGN 
A total of 12 volunteer subjects were employed in this 

study. Three had marginal iron reserves. The study involved 

the administration of two separate meals tagged simultane

ously with heme and nonheme extrinsic labels. The flr~t 

meal contained 100 g lean beef (broiled for 10 min), french 

fries, and a vanilla milkshake. In the meal designated as 

"plus" soy, 70 g of beef was mIxed with 12 g textured soy 

flour and 18 ml water to provide a 30% substitution of beef 

with hydrated soy. Both meals were tagged by adding sImul

taneously 0.1 mg iron as 59FeC13 and 5 uCi 55fe-labeled 

heme prepared 1n rabb1ts. 

RESULTS 
In the beef-only meal, percentage absorption of nonheme 

iron averaged 5.05~a and fell signlf1cantly to 1.90% w1th 

the soy-extended hamburger. This 62% fall was h1ghly 

significant (t=5.63, p<O.OOl). There was a rec1procal 

r1se In heme iron absorption from 33.10% to 42.10% (t=2.83, 

p=0.008). 
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The 

1ng 

effect 

table: 

on net iron absorpt10n 1S outlined 1n the follow

Stan

Heme 

dard Meal 

Non- Total 

Standard Meal 

Heme Non

+ Soy 

Total 

Iron 

Iron 

Content 

Absorbed 

1. 20 

0.40 

3.20 

0.16 

4.24 

0.56 

0.84 

0.35 

4.15 

0.08 

4.99 

0.43 

COMMENT 

The effect of soy addition in this study is very similar 

to that observed in two previous studies (40,41). A 

sharp decrease 1n percent nonheme iron absorption is 

accompanied by a reciprocal rise in the percent absorp

tion of heme iron. This presumably reflects some recipro

cal control within the mucosal cell as discussed in Study 

40. As a result, the effect of a decrease 1n the heme 

1ron content of the meal 1S partially but not completely 

offset by improved absorption. In addition, the effect 

of soy on nonheme iron absorption is partially compen

sated for by an 1ncrease 1n nonheme iron content. Never

theless, overall iron absorpt1on from the soy-extend

ed meal 1S only 77% that from the pure beef meal. 



~_J.!:!I>\~_:! "J • }::J f_(2"~t oJ_~QY-L$chool Lunch Program Levels) on Nonheme and Heme Iron Absorption. 

Subject Age 

Packed 
Cell 

Volume 
(%) 

Serum 
Ferritin 

(ng/l) 

IRON 
Nonheme 

-Soy +Soy 
(A) (Bl 

ABSORPTION 
Heme 

-Soy +Soy
ee) (D) 

ABSORPTION RATIO 
+/- Soy 

Nonheme Heme 
B/A D/C 

1 24 47 118 0.68 0.23 8.23 16.17 0.33 1.94 

2 27 42 104 1.05 0.10 29.25 27.81 0.09 0.95 

3 18 42 87 1.47 0.37 18.87 21.73 0.25 1.15 

4 21 46 78 1.98 0.85 44.18 47.68 0.42 1.07 

5 24 48 85 2.71 0.82 29.30 35.43 0.30 1. 20 

6 

7 

18 

19 

46 

47 

78 

31 

6.08 

8.20 

2.46 

5.00 

36.76 

49.52 

43.15 

59.82 

0.40 

0.60 

1.17 

1.20 

~ 

c:' 

n 
~ 18 45 89 8.83 1.80 30.63 25.27 0.20 0.82 

9 18 44 48 17.05 9.70 60.63 58.77 0.56 0.96 

10 18 41 10 17.80 9.42 48.97 75.06 0.52 1.53 

11 18 45 15 19.08 17.90 44.05 85.31 0.93 1.93 

12 18 44 5 19.42 10.41 39.92 76.55 0.53 1.91 

MEAN* 29 45 44 5.05 1.90 33.10 42.10 0.38 1.27 

-1 SE 3.54 1.16 28.36 35.98 0.32 1.17 

+1 SE 7.20 3.09 38.63 49.26 0.45 1.38 

* Geometric means except Age and Packed C:.:.ll Volume 



STUDY 43. Effect of Soy (School Lunch Program Levels) on Nonheme and Heme Iron Absorption. 

A/B 

A 

A/C 

B S 0 R P T I 

A/D 

0 d R A 

B/C 

T I 0 S 

BID C/O 

Mean Ratio 

-1 SE 

+1 SE 

1/ Ratio 

2.66 

2.23 

3.16 

0.38 

0.15 

0.12 

0.20 

6.55 

0.12 

0.09 

0.15 

8.33 

0.06 

0.04 

0.04 

17.41 

0.06 

0.03 

0.06 

22.14 

0.79 

0.72 

0.86 

1.27 

Student's t 

P value 

5.63 

0.0001 

7.33 

<10- 5 

8.91 

<10- 5 

7.28 

<10- 5 

8.65 

<10- 5 

2.83 

0.008 

~ 

\.0 

Correlation* 
(r) 

p value 

0.963 

<10- 5 

0.761 

0.002 

0.838 

0.0003 

0.711 

0.005 

0.872 

0.0001 

0.851 

0.0002 

* log scale 
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STUDY 44 

BIOAVAILABILITY Of IRON fROM RED SORGHUM, 
WHITE SORGHUM, AND CORNMEAL 

ABSTRACT
 
The extrinsic tag method was used to measure nonheme iron
 

absorption from red sorghum porridge, whIte sorghum porridge,
 

cornmeal porridge, and a reference dose of ferrous ascorbate.
 

Iron was poorly absorbed from each of the three graIn types,
 

mea n val u e s bel ngO. 81 ro.' O. 61 %, and O. 95 ra res p e c t i vel y •
 

Mean reference absorptjon was 8.91%. This study demonstra


ted low iron availability from sorghum and cornmeal. There
 

was no significant difference between the two types of
 

sorghum.
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RATIONALE 

Sorghum is an important staple in some developing coun

tries. While iron availability from other staples (corn, 

rice, wheat) has been studied extensively, only a few 

observations on sorghum are available. It is generally 

believed tllIat red sorghum contains more tannin than white. 

The former is usually considered less palatable but is grown 

because less damage is done to the crops by birds. The 

present study was undertaken to determine whether there IS 

any dIfference in Iron availability from red and white 

sorghum and whether this is associated with a variatIon in 

tannin level. 

DESIGN 

Sorghum meal was obtained from LeSotho, Africa by Dr. Fred 

Barret (USDA). Four separate test meals were administered 

to each of nine male volunteers. In meals A, B, and C 

radioiron was added to a 90 g serving of porridge. The 

porridge was made with 15 g red sorghum flour (meal A), 15 g 

white sorghum flour (meal B), or 15 g cornmeal (meal C), 

which was mixed with 25 ml cold water and 0.5 g salt and 

then added to 50 ml boiling water and cooked 10 min •. Sugar 

(4.4 g) was added to each meal. Meal D was the standard 

reference meal (3 mg FeS04 with 18.9 mg as ascorbic acid 

in 50 ml water labeled with 1 uCi 59Fe). 

RESULTS 

Nonheme iron was poorly absorbed from all the porridge 

meals, geometric mean values being 0.81~ for red sorghum, 

0.61 for white sorghum, and 0.95~ for cornmeal. There was 

no statistical difference in absorption between the dif

ferent meals. 
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COMMENT 

This study demonstrated low iron availability from both 

types of sorghum. There was no difference in absorption 

between red sorghum and white sorghum. Moroever, assay for 

tannic acid carried out at Kansas State University demon

strated some polyphenyl compounds in both samples but no 

tannin in either of them. 



IRON ABSORPTION
 

~ILb j cc.!:-~ge 

Packed 
Cell 

Volume 
U~) 

Ferritin 
(}Jg/U 

Sorghum. 
Red White 
(l~) ( D) 

(% of 

Cornmeal 
(C) 

dose) 

REF 
(D) 

ABSORP7ION 
AlB Ale 

RATIO 
BIC 

1 27 42 157 0.17 0.20 0.23 10.41 0.85 0.73 0.86 

2 25 49 143 0.37 0.47 0.~8 11.35 0.78 0.37 0.47 

3 20 43 61 0.37 0.22 1.17 7.13 1.68 0.31 0.18 

4 23 44 77 0.48 0.33 0.43 20.12 1.45 1.11 0.76 

5 

6 

18 

32 

44 

44 

21 

90 

0.55 

0.57 

0.15 

0.27 

2.55 

0.85 

11.08 

7.37 

3.66 

2.11 

0.21 

0.67 

0.05 

0.31 

U1 
U1 

7 20 45 77 0.92 0.58 0.13 0.92 1.5S 7.07 4.46 

8 18 46 31 4.86 3.42 0.68 4.37 1.42 7.14 5.02 

9 19 47 17 9.92 22.31 30.96 64.16 0.44 0.32 0.72 

MEAN* 22 45 59 0.81 0.61 0.95 8.91 1.32 0.85 0.64 

-1 SE 0.52 0.35 0.56 6.09 1.08 0.55 0.40 

+1 SE 1.25 1.05 1.61 13.05 1.63 1.31 1.03 

* Geometric means except Age and Packed Cell Volume 



Mean	 Ratio 

-1 SE 

+1 SE 

1/ Ratio 

Student's t 

P value 

Correlation* 
(r) 

p value 

*	 log scale 

h./B 

1.32 

1.:18 

1.63 

0.75 

1.38 

0.103 

0.94 

0.0001 

A 

A/C 

0.85 

0.55 

1.31 

1.18 

0.37 

0.36 

0.60 

0.042 

B S 0
 R	 P T ION 

A/D 

0.09 

0.05 

1.15 

10.97 

4.69 

0.0008 

0.22 

0.281 

R A T 

B/C 

0.64 

0.40 

1.03 

1.56 

0.95 

0.186 

0.61 

0.040 

lOS 

B/D 

0.07 

0.04 

0.12 

14.55 

4.95 

0.0006 

0.36 

0.172 

C/D 

0.11 

0.08 

0.15 

9.32 

6.54 

0.0001 

U1 
0'1 

0.76 

0.009 
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STUDY 45
 
IRON BIOAVAILABILITY FROM
 

SOYBEANS, BLACK BEANS, AND LENTILS
 

ABSTRACT 
This study and the next (46) were designed to compare 

nonheme iron absorption from identical meals prepared from 

different legumes. A refer~nce dose of ferrous acorbate was 

included in both studies to allow a direct comparison. Mean 

values for iron absorption from soup prepared from soybeans, 

black bear.s, and lentils were 1.66~, O.84~, and 1.2~ re

spectively. Absorption was hIghest from the soybean soup 

and lowest from the black bean soup. Although this differ

ence is statistically significant at the 5~ level, the 

actual variation is small, suggesting that the bioavaila

bility of iron in different legumes is comparable. 
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RATIONALE 

Early studies showed a wide variation in reported levels of 

iron absorption from soybeans. More recently, studies 

carried out under this contract have demonstrated relatively 

uniform, poor availability of nonheme iron from soybeans and 

purified soy products. Previous studies have in most 

instances also demonstrated relatively low iron availability 

from other legumes. The purpose of this study and the 

following one (46) was to compare iron availability from 

soybeans with that from similar legumes. They were selected 

to provide approximately the same quantity of protein and 

intrinsic iron. 

OESIGN 

Each subject ate four separate meals. The flrst three, 

A, B, and C, were prepared as a soup consisting of the 

legume seasoned with bay leaves, red pepper, garlic powder, 

onions, margarine, salt, and pepper. Radioiron was added as 

55FeC13 or 59FeCl3 to the soup as an extrinsic tag in each 

meal and each subject received 100 g of the legume plus 50 

ml of the supernatant broth in which it was cooked (total 

serving 150 g). The iron content of all meals was made up 

to 4 mg by the addition of FeC13. The legume sources were 

soybeans (meal A), black beans (meal B), and lentils (meal 

C) • The f 0 u r t h mea 1 ( me.a-l D) was are fer e nc e do s e 0 f 

ferrous ascorbate. 

RESULTS 

Iron was poorly absorbed from each of the meals, the hlghest 

absorption being obtained with soybeans and the lowest with 

black beans. Although the difference between these two meals 

was statistically signiflcant at the 5% level, only 0.03 mg 

more iron was absorbed from the soybean soup. 
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COMMENT 
This study demonstrates that there is little difference in 

the amount of iron absorbed from soybeans and that absorbed 

from other legumes. Although these legumes contain apprec

iable quantities of iron, the bioavailability is low. This 

does not appear to be a unique property of the soybean but 

rather a general finding among legumes. 



§T~DY 1~~ Biouyai13b~1ity of Iron from Soybeans, B1ackbeans, and Lentils. 

Subject Age 

Packed 
Cell 

Volume 
(%) 

Serum 
Ferritin 

(ug/1) 

Soybeans 
(A) 

IRON ABSORPTION 
B1ackbeans Lentils 

(B) (C) 
(% of dose) 

REF 
(D) 

ABSORPTION 
A/B A/e 

RATIO 
B/C 

1 20 50 73 0.30 0.46 0.20 3.35 0.65 1.50 2.30 

2 21 46 79 0.40 0.11 1.76 18.66 3..63 0.22 0.06 

3 20 49 62 0.87 1.88 0.71 35.00 0.46 1.22 2.64 

4 23 46 132 1.20 0.40 0.41 3.60 3.00 2.92 0.97 

5 

6 

20 

19 

49 

46 

91 

20 

1.41 

1.55 

0.13 

1.26 

2.35 

1.61 

15.20 

11.73 

7.83 

1.23 

0.60 

0.96 

0.07 

0.78 

en 
r-.\ 

7 18 46 23 2.53 1.73 1.38 52.80 1.46 1.83 1.25 

8 18 4 2 80 4.42 4.63 1.81 31.60 0.95 2.44 2.55 

9 20 46 52 5.31 1.06 2.38 37.58 5.00 2.23 0.44 

10 20 47 86 9.81 2.48 2.86 15.28 3.95 3.43 0.86 

MEAN* 20 47 61 1.66 0.84 1.20 16.32 1.97 1.38 0.70 

-1 SE 1.16 0.57 0.91 12.11 1.46 1.06 0.46 

+1 SE 2.36 1.23 1.58 22 .. 00 2.65 1.79 1.07 

* Geometric means except Age and Packed Cell Volume 



STUDY 45~ __ Bioavailability of Iron from Soybeans, Blackbeans, and Lentils. 

A/B 

A B S ORPT ION 

A/C A/D 

R A T 

B/C 

lOS 

B/D C/O 

Mean Ratio 

-1 SE 

+1 SE 

1/ Ratio 

1.97 

1.46 

2.65 

0.51 

1.38 

1.06 

1.79 

0.73 

0.10 

0.07 

0.14 

9.83 

0.70 

0.46 

1.07 

1.43 

0.05 

0.04 

0.07 

19.36 

0.07 

0.06 

0.09 

13.52 

Student's t 

p value 

2.28 

0.024 

1.22 

0.127 

6.83 

<10- 5 

0.84 

0.21 

8.14 

<10- 5 

11.13 

<10- 5 

0 
w 

Correlation* 
(r) 

p value 

0.67 

0.017 

0.68 

0.016 

0.48 

0.080 

0.18 

0.311 

0.44 

0.101 

0.67 

0.017 

* log scale 
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STUDY 46 

IRON	 BIOAVAILABILITY FROM MUNG BEANS, 
SPLIT PEAS, AND CORNMEAL 

ABSTRACT 

The present study is an extension of study 45 and provided 

additional information about iron availability from le

gumes. Cornm(~al was included in this study to provide a 

comparison with a cereal. Mean absorption values were 1.91~ 

for mung beans, I.09~ for split peas, O.54~ fur cornmeal. 

The reference absorption was 18.82~. Thus, studies'45 and 

46 taken together demonstrate that the bioavailability of 

iron from di fferent legumes is very similar and somewhat 

better than that from unpurified cornmeal. 
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RATIONALE 

Study 46 represents an extension of study 45 and was conduct

ed for the same reasons. An additional comparison was made 

in this study with cornmeal mush prepared from unpurified 

cornmeal. This meal was added to provide a comparison with 

a commonly eaten cereal. 

OESIGN 

Iron absorption studies were carried out in ten male volun

teers using the extrinsic tag method. Each subject ate four 

meals, one of which (meal 0) was the reference dose of 

FeS04 (3 mg iron as FeS04 with 18.9 mg ascorbic acid In 

50 ml water). The first two meals were prepared as a soup 

havlng a compositlon identical to that used In study 45 with 

the exceptIon that the legumes In this study were mung beans 

(meal A) and split peas (meal B). The third meal (meal C) 

was a cornmeal mush prepare~ from 480 g cornffi8al, 16 g salt, 

140 g sugar, 73.1 g margarine, and 2,400 ml water. Each 

subject received a 150 g serving. The iron content of these 

meals was somewhat higher than that in study 45, each being 

made up to 7.8 mg by the addition of FeC13. 

RESULTS
 

Geometric mean iron absorption values obtained were 1.91~
 

for mung beans, 1.09~ for split peas, and 0.54~ for corn


meal. The reference absorption of 18.82~ was very similar
 

to that in study 45 (16.32~).
 

COMMENT
 

Iron absorption from legume-based soups was relat~vely low
 

but very similar to the values obtained in study 45. A
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direct comparison is possible since the reference absorption 

values of 18.82 and l6.32~ are very similar. In addition, 

the mean serum ferritin concentrations of 52 ug/l and 61 

ug/l imply similar iron stores. A significantly lower mean 

percentage absorption was obtained from cornmeal. However, 

it should be noted that the same cornmeal used in study 45 

y1elded considerably better availability. The reason for 

the v~ry poor availability for th1S preparation of cornmeal 

IS not clear. 

It is evident that the bioavailability of iron in soybeans 

is very similar to that in other legumes and 1n unpurifled 

cornmeal. This is demonstrated on the follow1ng graph Wh1Ch 

depicts the meal:reference ratios for all observations from 

studies 44, 45, and 46. The meal:reference ratio excludes 

the effect of iron stores, making observations in different 

subjects directly comparable. The results of these three 

studies led us to the conclusion that the availability of 

iron in legumes is comparable to that in cereals. The 

higher iron content of cereals wouid provide some advantage 

for iron nutrition. Furthermore, the inclusion of soybeans 

in cereal-based diets would carry no particular disadvantage 

for iron absorption. 



STUDY 46. Bioavailabi1ity of Iron From Mungbeans, Split Peas, and Cornmeal. 

Subject Age 

Packed 
Cell 

Volume 
(%) 

Serum 
Ferritin 

(ug/1) 

IRON ABSORPTION 
Mungbeans SplitPeas Cornmeal 

(A) (B) (C) 
(% of dose) 

REF 
(D) 

ABSORPTION RATIO 
AlB A/C Blc 

1 20 44 36 0.76 0.27 0.58 25.31 2.81 1.31 0.46 

2 19 45 81 1.07 0.77 0.32 14.28 1.38 3.34 2.40 

3 19 44 77 1.13 0.80 0.48 31.35 1.41 2.35 1.66 

4 20 45 157 1.75 2.30 0.26 43.67 0.76 6.73 8.84 

5 

6 

18 

18 

44 

46 

65 

38 

1.87 

2.17 

0.96 

1.53 

1.28 

0.25 

20.47 

7.15 

1.94 

1.41 

1.46 

8.68 

0.75 

6.12 

O. 
I.e"') 

7 18 45 37 2.20 0.98 1.31 21.38 2.24 1.67 0.74 

8 18 44 19 3.37 1.23 0.70 12.93 2.73 4.81 1. 75 

9 18 45 47 3.43 1.62 0.48 34.06 2.11 7.14 3.37 

10 18 46 51 3.91 2.32 0.67 9.18 1.68 5.83 3.46 

MEAN* 19 45 52 1.91. 1.09 0.54 18.82 1.74 3.53 2.03 

-1 SE 1.60 0.89 0.45 ·15.55 1.54 2.82 1.50 

+1 SE 2.27 1.34 0.65 22.78 1.97 4.41 2.74 

* Geometric means except Age and Packed Cell Volume 



STU.QY.--.19.:.. Bioavai1abi1i ty of Iron from Mungbeans« Split Peas« and Cornmeal. 

A/B 

A B S 

A/C 

O·oR P T 

A/D 

ION RA T 

B/C 

I·O S 

B/D C/D 

Mean Ratio 

-1 SE 

+1 SE 

1/ Ratio 

1.74 

1.54 

1.97 

0.57 

3.53 

2.82 

4.41 

0.28 

0.10 

0.08 

0.14 

9.85 

2.03 

1.50 

2.74 

0.49 

0.06 

0.04 

0.08 

17.14 

0.03 

0.02 

0.04 

34.73 

Student's t 

P value 

4.48 

0.0008 

5.60 

0.0002 

7.67 

<10- 5 

2.34 

0.0219 

9.44 

<10- 5 

13.51 

<10- 5 

....1 

0 

Correlation* 
(r) 

p value 

0.789 

0.0033 

0.210 

0.280 

0.345 

0.164 

0.223 

0.267 

0.185 

0.303 

0.023 

0.474 

* log scale 
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STUDY 47
 

RICE FORTIFICATION IRON EXCHANGE II
 

ABSTRACT 
This is the final study in a series to determine whether 

fortification iron added to rice prior to cooking enters 

the nonheme common pool. Absorption of radioiron cooked 

Into rice or rice noodles was compared with the absorp

tIon from another tag put into another component of the 

meal. Mean percentage absorptions for the rice meal were 

2.17% for iron cooked into the rice and 1.96% for the 

other common pool tag; with the noodle meal, the values 

were 2.6 and 2.9%. These results indicate that fortifica

tIon iron add~d to rice before cooking enters the nonheme 

common pool in the meal. 
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RA TI oNAl E 

The rationale for this study was outlined in Study 42. 

The desLgn of the present study was the same except that 

in addition to the meal containing rice, applesauce, and 

meat, 50 mg ascorbic acid was added 1n the form of 4 oz 

fresh orange juice. It was thought that by examining 

isotopic ratios at a higher level of assimilation, the 

sensitivity of the comparison would be enhanced. 

DESIGN 

The meals employed in this study and their preparation 

are exactly as that described in Study 42 with the 

exception that 4 oz orange juice was ingested with both 

meals. 

RESULTS 

Mean absorption of FeS04 added to the water used to 

cook rice (meal A) averaged 2.17%, nearly identical to 

the mean of 1.96% from FeCI} added to the applesauce. 

The mean ratio B/A=0.90 was not statisticaly signif1cant 

(student's t=1.34, p=O.ll). 

Results with the meal containing rice noodles were very 

similar. Absorption of FeS04 added to the cooking 

water averaged 2.60% as compared to a mean of 2.90% with 

the iron added to the applesauce. The mean ratio of 1.12 

did not reflect a significant difference in absorption of 

these two iron forms (t=1.46, p=O.09). 

COMMENT 

The present study is the last in a series to determine 

whether iron used to coat rice or added to cooking water 

is absorbed to the same extent as nonheme iron in the 

complete meal. There are perhaps several reasons for 

differences observed in earlier studies. When FeS04 

was used to coat the rice gra1n, the difference in 

absorption may have resulted from incomplete d1sSo1ution 

of the iron coat. 
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Why a di fference was also observed when iron is simply 

added to the cooking water (Study 42) is not clear, but 

technical problems encountered in the preparation of the 

standards is a possible explanation. Nevertheless the 

present study suggests that rice is a feasible vehicle 

for fortification and that fortification iron present 

during the cooking process is just as available as iron 

in the meal with which it is consumed. The procedure 

used for rice coating by Hoffmann-LaRoche however is not 

suitable in its present form, and it is clear that an 

alternate approach to this food technology problem will 

be required if rIce is pursued as a vehicle for fortifi 

cation. 



STUJ?X 47. l-\bsorption from Rice Meal and Noodle Meal with Double Extrinsic Tags. 

Subject Age 

Packed 
Cell 

Volume 
(%) 

Serum 
Ferritin 

()lg/l ) 

IRON ABSORPTION 
Rice Noodle 

Water Food Water Food 
(A) (B) ( C) (D) 

(% of dose) 

ABSORPTION 
BfA 

RATIO 
Dlc 

1 

2 

32 

42 

40 

44 

55 

136 

0.63 

0.85 

0.91 

0.77 

0.46 

1.51 

0.53 

2.06 

1.44 

0.90 

1.15 

1.36 

3 19 45 31 1.25 0.87 1.52 1.66 0.69 1.09 

4 24 44 139 1.43 1.02 1.50 1.88 0.71 1.25 

5 

6 

7 

8 

9 

23 

28 

23 

26 

23 

43 

46 

45 

44 

46 

54 

75 

48 

20 

13 

1.60 

1.86 

6.08 

6.76 

8.16 

1.46 

2.10 

5.13 

5.72 

6.90 

1.21 

3.66 

6.48 

4.63 

13.65 

1.50 

5.61 

8.81 

4.63 

12.86 

0.91 

1.12 

0.84 

0.84 

0.84 

1.23 

1.53 

1.35 

1.00 

0.94 

... 

MEAN* 27 44 63 

-1 SE 

+1 SE 

2.17 

1.59 

2.95 

1.96 

1.46 

2.62 

2.60 

1.85 

3.64 

2.90 

2.08 

4.06 

0.90 

0.84 

0.97 

1.12 

1.04 

1.31 

* Geometric means except Age and Packed Cell Volume 



fLTUDY ..i]_.__~bsorption from Rice Meal and Noodle Meal with Double Extrinsic Tags. 

Mean	 Ratio 

-1 SE 

+1 SE 

1/ Ratio 

Student's t 

P value 

Correlation* 
(r) 

p value 

* log scale 

A/B 

1.11 

1.03 

1.19 

o.so 

1.34 

0.11 

0.97 

<10- 5 

A B S 0 

A/C 

0.83 

0.71 

0.99 

1.20 

1.08 

0.15 

0.87 

0.001 

R P T 

A/D 

ION RA T 

B/C 

lOS 

B/D 

0.75 

0.64 

0.87 

1.34 

0.75 

0.62 

0.91 

1.33 

0.67 

0.57 

0.80 

1.48 

1.90 

0.05 

1.49 

0.09 

2.29 

0.03 

0.89 

0.0007 

0.33 

0.003 

0.86 

0.002 

C/O 

0.89 

0.83 

0.97 

1.12 

-...J~
1.46 frJ ~ 

0.09 

0.97 

<10- 5 
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DIETARY INHIBITORS OF IRON ABSORPTION IN ~illN 

Cook JD, Morek TA, Skikne BS, Lynch SR 

university of Kansas Medical Center 
Division of. Hematology 
Kansas City, Kansas 66103 

It is no\·/ well known that when several food 
items are ingested in the same meal, a common pool of 
nonheme i~on is fo(med, the absorption of which is 
'measured by extrinsic radioiron tagging (Cook et aI, 
1972; Bjorn-Rasmussen et aI, 1972).. Studies of food 
iron absorption with this technic have focused prim
arily on dietary constituents that enhance the ab
sorption of nonheme iron. Of these, ascorbic acid 
and animal tissue including fish and poultry are of 
overriding importance. In fact, a method has re
cently been proposed for predicting iron absorption 
from a meal based on its content of ascorbic acid and 
animal tissue (t10nsen et aI, 1978). This model i.s an 
important advance because it focuses on iron avail
ability rather than total iron content. HO\l,ever, the 
model is oversimplified becau~e many dietary fact
ors, especially substances that inhibit iron ab
sorption I are not taken in to accoun t. These in-' 
hibi tory ~actors are the subject of the present 
review. 

In evaluating the effect of an inhibitor or an 
enhancer of iron absorption, it is necessary to 
choose a basal ..rne'al that is presumably 'neutral r with 
r,espect to iron absorption. The degree of inhibi
tion/enhancement will undoubtedly depend on the 
choice of this reference meal.. For example, the 
effect of an inhibitor may be much less dramatic in 
a meal that also contains an enhancer such as as
corbic acid or animal protein. The use of baseline 



meals \-lith different levels of aVctilability undoubt
edly explains some of the conflicting reports on the 
potency of die tary inh ibi tor s. The major kno'dn 
inhibitors of food iron absorption are listed in the 
follo\o/ing table. 

Dietary Inhibitors of Iron Absorption 

potencx 

Egg ++ 

Bran +++ 

Phytate ± 

EDTA ± 

Ca/P04. +-
Tea +++ 

Coffee ++ 

Prote:i.n 
Ovalbumin + 
Soy +++ 

Eggs.' Early studies employing biosynthetic 
t~gg ing indicated that irol4 in Pgg, especially in 
yolk, is poorly assimilated. For example, the add
i tion of an egg to a meal consisting of bread reduced 
percentage absorption from 5.1 to 0.9% (El\olOod et aI, 
1968). Peters et a1 (1971) reported that the major 
i.nhibi. tory p.ffect was in egg yolk. The addi tion Of 
egg whi te to fer rous ascorba te reduced percen tage 
absorption from 33 to 14% whereas the addition of 
yolk caused a decrease to 3.9%. The inhibiting 
effect is attributed to vitellin, the major. phos
phoprotein complex in egg yolk. A less dramatic 
inhibiting effect has been observed in more recent 
studies. l'lhen a boiled egg ",as added to a continenl:al 
breakfast, Rossander et a1 (1979) observed a de



creas~ in absorption that \olas not s'tatistically 
significant. In a study by Cook and Monsen (1976a), 
a pO\o/der ed egg \'las found to be no more inh ibi tory than 
\.,thole milk or egg albumin. These inconsistencies may 
relate to the nat~re of the meal used to examine the 
effect of egg. 

Bran. In the classic chemical balance st.udies 
performed by Widdowson and McCance (1942), it was 
notec that less iron is absorbed from a diet con
taining brown bread than one containing white bread. 
In later studies using extrinsic radioiron tagging, 
the degree of inhibition in nonheme iron absorption 
was proportional to the amount of bran added. Bjorn
Rasmussen (1974) reported that the addition of 1.7, 
3.3, 6.7, and 10% bran produced a decrease in ab
sorption of 18, 31, 57~ and 54% respectively. In 
studies done in our laboratory, we observed, a 74% 
decrease ,in percentage absorption of nonheme i"ron,. 
from 2.4 to 0.6%, when 12 g bran was added to a meal 
containing a milkshake and muffins. When the meal 
contained an absorption enhancer the inhibiting ef
fect was less pronouJ')ced. For example, when meat was 
added to the meal containing 12 9 bran, absorption 
decreased from 3.5 to 1.7% (51%). When 100 mg 
ascorbic acid was 'added to the meals, absorption wi th 
bran fell from 9.3 to 3.9%, a 58% decrease (un
published results). 

Most workers have attributed the inhibiting 
effect en: bran to its phytate content. VIe attempted 
to assess the role of phytate by incubating br.an at 
370C for 16 hours to allow destruction of phytate by 
endogenous'enzymatic·hydrolysis. Although the phy
tate content was reduced from 139 to 9 mg, the 
inhibiting effect was very similar to that of whole 
bran. In another study, dephytinized bran was sep
arated into soluble, phosphate-rich and insoluble, 
high ~iber fractions. Studies with these two com

.ponents demonstrated that the major inhibitory ef
. feet resided with the soluble fraction • 

•
EDTA. Interest in the effect 'of EDTA on iron ab

~orption has been stimulated b~ its suggested use for 
rron for.tification. A significant inhibition in 
absorption was observed when Na2EDTA was,added to a 
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meal containing either common food items or semi
purified ingredients. Nonheme iron absorption de
creased by 20 and 50% with molar ratios for EDTA:iron 
of 1:1 and 2:1 respectively (Cook and Honsen, 1976b). 

More recent studies, however, have suggested 
that EDTA may sometimes enhance iron absorption. 
Layrisse and Martinez-Torres (1977) observed that 
the absorption of 5-50 mg iron as NaFeEDTA was 
twofold 'higher than \olhen iron \oJas' added as fer.rous 
sulphate. Viteri et al (1978) reported 0.6% ab
sorption when 5 mg NaFeEDTA was added to a mil ~-r. ice
sugar formula, compared to 0.3% when ferrous sulfate 
was added. The effect of EDTA on nonheme iron 
absorption is apparently related to both the total 
content of EDTA and its molar ratio to iron. When the 
molar ratio of EDTA:iron is less than 1, absorption 
from the meal may, be enhanced, par ticularly \-lhen 
h.::a~~' ~t'.~~,,,,,h':'':,- •• :- ,--

Cal-cium and Phospnate'. There are' confl icting' 
reports on the effect of inorganic calcium and/or 
phosphate on iron absorption. Peters et al e197l} 
suggested that phosphate compounds strongly inhibit 
iron absorption. More recently, Cook and Iw10nsen 
(1976) observed a 50% decrease in iron absorption 
when 178 mg calcium and 138 mg phosphorous were added 
to a meal containing semipurified ingredients. How
ever, sep~rate addition of soluble calcium or phos
phates had little effect on iron absorption. The 
formation of an insoluble complex of calcium and 
phosphate may have bound and insolubilized the iron. 
Additional studies in this area are necessary be
cause of the extensive use of phosphate compounds as 
food additives. 

Tea and Coffee. Tea is one of the most potent 
inhibitors of food iron absorption. So striking is 
its inhibitory effect that regular consumption of 
the beverage has been proposed as a means of d,e
creasing the absorption of dietary iron in pati~nts 
with iron loading disorders (Alarcon et aI, 1979). 
In the original description of its inhibiting ef
fect, the addition of a cup of tea to a meal con
taining radiolabeled bread decreased percentage ab
sorption from 10 to 2% (Disler et aI, ,.1975a). In a 



subsequent study in rats, no inhibiting eff~ct was 
seen ""i th tanna te- free tea or "Ii th ca f fe ine "/he reas 
tannins extracted from tea and tannic acid produced 
a marked inhibition of iron absorption (Disler et 
aI, 1975b). This effect is due to the formation of 
a black insoluble precipitate of iron tannate. 
Tannins are widely distributed throughout 
the vegetable kingdom and may be responsible, at 
least in part for the low availability of iron in 
these foods. 

We have observed in our laboratory a similar 
inhibi ting effect of coffee. When a cup of coffee was 
taken with a meal containing meat, a 40% decrease in 
absorption was observed, compared to a 65% decrease 
when ,taken with tea. These observations are relevant 
to the possible use of sugar as an iron fortification 
vehicle because a large quantity of sugar is consumed 
in these beverages. _ . 

Protein~ Because anima!' tissue enfiances' iron
absorption, protein is generally regarded as having 
an enhancing effect on iron absorption. Ho""ever l 
stud ies wi th a semipur ified meal containing dex
trimaltose, corn oil, and egg albumin, have demon
strated that of these, egg albumin is the only 
significant inhibitor (Hansen and Cook, 1979). Nhen 
the protein source was omi tted 'from the meal, ab
sorption increased from 3.8 to 9.6%; Hhen the protein 
level was doubled" absorption decreased signifi
cantly from 2.3 to 1.4%. These results indicate that 
if protein p~r ~ has an effect on' i~on absorption, 
it is an inhIbitory one. 

We have recently studied the effect of other 
semipurified proteins and have found an even more 
str iking inhibi tion by soy protein. ~'lhen var ious soy 
products (including fat-free soy flour I textured soy 
prot~in, and isolated soy protein) were substituted 
for ovalbumin, a 70-80% inhibition in absorption \-,as 
observed. Similarly,a 50-60% decrease was seen when 
soy prot~in was substi tuted. for 30% of the meat 
protein. These findings have implica~ions for 
iron fortification programs because infant protein 
supplements contain high concentrations of soy pro
.tein. . 
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Summary
l\fiereas the effect of certain dietary enhancers 

of iron absorption such as ascorbic acid and animal 
tissue are well defined, the effects of inhibiting 
substances in our diet have not yet been fUlly 
characterized. The most potent inhibitors are egg, 
bran, tea, coffee, and soy products. The effect of 
these substances should be included· in models 'to 
estim~te food iron availability. 
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A Screening Test for Assessing Iron Status 

By Jean PintClr, Barry S. Skikne, and James D. Cook 

Intorvention strategies to combat iron deficiency anemia in 
developing countries may hast on the development 0.1 iron 
overload in patients with an inherited defect in hemoglobin 
synthesis. This risk could bo diminished if thero was a 
rapid and simple method <Ivai/able for detecting iron ovor-· 
load in population scroening progrOlms. "Ve have d&Vlllopt:d 
such a method, which is in effect a semiquantitative 

I RON DEFICIENCY is highly prevalent in man)' 
developing counlrie~, affecting from 10% to 30% of 

the population in some areas. In order to alleviate this 
nutritional deficiency, additional iron must be 
supplied to the population either with the diet (iron 
fortification) or as iron medication (iron supplementa
tion). However, a significant concer!l with the5e inter
vention :lLCalegies is that certain individuals may be 
adversely affected by a higher iron intake. For exam
ple, in Thailan" where iron deficiency is vcr)' common, 
about 1% of the population have inh'erited abnormali
ties in hemoglobin syllthesis (e.g., thalassemia major, 
hemoglobin E-thalassemia) that may lead to early 
death from iron overload. I ~Jany of these disorders are 
associated with a h)'p<:)Chromic microcytic anemia. 
making it difficull ~.'') distinguish them morphologi
cally from iron-deficiency anemia. 

Serum ferritin level.. provide a clear separation 
belween iron-deficienc,: anemia (below 20,ugjliter) 
and thalassemia major (greater than 500 Jlg/literY 
Most c~nYentional radioimmunometric assays for 
serum ferritin require se'.eral hours to l'crform and 
require laboratory facilities that are seldom available 
in developing countries. We describe a rapid screening 
test of iron status that takes advantage of the striking 
diffe:ence in serum ferritin levels in anemic patients 
with iron defickncy and iron o,,·erload. 

MATE~IAL~ AND METHODS 

Human Ferritin 
This was purified from hUlTUln Ii\'er tissue using a modification of 

~be melhod of ~Iazur and Shorr! Following six recf}"Slalliz:!tions 
wilh c::ldmium sulfate, Ihe material wa.. p3Ssed Ihrough a S:phade.'t 
G200 column and concentrated by ultracentrifugation at 100,000 g 
for 2 hr. The: ferritin button w!.s dissoh'ed in normal sa!ine contain. 
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ferritin m9i1SUrement based on II modification of a two-site 
em:ym&-Iinked immunoassay. The assay requires only 2 
drops of whole blood and a totill incubation time oJ 90 min. 
The procedure. which COln readily distingui:oh iron defi. 
ciency from even a modest Increaseln storage iron, has II 
potentially wide appliC61tion in setting! where a prompt 
assessment of iron status is required. 

lng 0.2% sodium azide and stored at 4DC. The concentralicm of 
ferritin protein was delermined by the Lowry method' lIsing hovine 
serum albumin (BSA) as the standard. 

Rabbit Antiferritin 

Rabbits were immunized by injecting 200 I,g ferritin with 
complete Freund',5 adjuvant at weekly intervals for 3 IVK followed by 
one final injeclion 3 wlc later. The titer of whole antisel & US".: ;., 
these studies was 1:32. Crude anlisel'3. Were "tored at -20·C. 

Antiferritin AllIibody 

This was isolated by affinity chrom:ltography using cyanogen 
bromide-activat~.d Sepbarose 4B u described by Gonyea.s The 
protein )'ield was assessed by determining :absorb3nce Rt '-80 nm. 
Ten milliliters whole antim":1 yielded approximately IS mg prolein, 
which was then diluted to a final concentration of 10 mg/ml. 

Enzyme-Conjugated Antibody 

Purified antiferritin was conjuBated with alkaline phosphlliasc 
using a modificalion of the method of Theriault llnd Pane.' Ten 
milligrams purilied antiferritin was added to O.G ml;;ll:alir.c phos
phatase: in 3.2 M ammonium sulfate (lIlkaline phosphatase from calf 
mucosa. 5050 U/ml; Sigma Chemical Co., St. Louis. Mo.). This 
mixture was dilllyzed against I liter phosphllte·bu(fered snline 
(PBS) (IS mmolejliter pH 7.2, cont;lining O./.% ~odium a7.ide). The 
antibody-enzyme mixture W;',$ then mir.ed with 100/.1 r.futaralde
hyde solution (10 g/litcr water) and allowed to stand 2 hr at room 
temperature. Artcr (urtber dialysis :lgainsl PBS. Ihe mllleri:l) W3S 

applied to a. Sephadcx G200 column- that had been previously 
equilibrated with PBS. Eluted fr:letions wilh the hi&hcsl prolein 
content as measured by absorbance at 280 nm were pooled: the 
conjugate was diluted l:lO with Sex. TlSA in 0.05 M Tris-HCI. pH 
8.0. and slored at 4DC. 

Preparation ofSolid Phase 
The test was performed using polyvinyl chloride microliler pl:lles 

(Dynatcch Laboralorie.i, Alc.xandri:l, Va.), The solid phas!: wns 
prepared by adding to each well whole rllubit anlifcrrilin serum 
diluted 1:1250 with 0.2 M sodium bicarbonate, pH 9.2. Mtcr 
standinJ overnight at 4-C. the serum was aspiro1tl'.d and the we"s 
Wished 3 times with PBS. The: w:J~hed plales wert: covered witb 
sealini film (Dynalech labor:ltoric:s. 1\lexandri:J. VII.) :lnd were 
stored in this manner for up to 12 IVY. at 4·C. 

Assay PlOcedltre 
In Ihe lirstslep, two drops conlainins; nppro:<im3td)' JS ,,1 serum 

are added wilh :I Pasleur pipclle 10 each wdl followed by the S3me 
volume of BSA·!.IUIf'r (30 g IlSA/liler rnS). Sl3nd3rds are simi
larly prepared by lidding 2 drop' rerrilin solulion 10 e:lch well 
followed by 2 drops normal rabbit serum. Idler allowina Ih, plJtcs 

Blood. Vol. 59, No.1 !JlInvatyt. '982 110 
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10 ~\ano 011 r~m temperature lor I) min. the wells lire a~pirattd and conventional immulloradiometrie assay (IRMA).' The 
rinsed J times with PHS. color intensity in the screening test with each sample 

In the second step of the: assa)'. 4 drops co~jueated antiferritin was compared to ferritin standards conlClining 0, 20, 
(diluted J: I00 in OSi\ burrer) arc pl:.ced in each well and the plates 

50, 100,200, and 500 j.Lg/liler. Color intensity of each allowed to stand for 15 min. The wells arc <Ieain aspirated Md 
rinsed J times with PBS, well was assessed independently by 5 individuals. The 

In the linal step, each well is filled with substrate solution results of a study on 90 sera are shown in Fig. 1. While 
containing p·nitrophen)'lphosph:lIC (PN P) prepared by dissolving some overlap was observed in the screening test. the 
2.0 g PNP in 100 ml 1 M dietlranolamine cont:lining 0.1 s/liter feasibility of lhe approach was established. 
magnesium carbonate, pH 10,0. After allowing the plates to stand at 

In a second evaluation, attention was focused on theroom temper:llure for 1 hr, the reaction is stopped by adding one 
drop Of I M sodium hydroxide to each well. The intensity of the screening assay as a means of distinguishing iron 
yellow color in each well is estimated \'isually against a white deficiency from iron overload in patients with anemia. 
background. '.l,'hen the tcst is performed with whole blood rather To further simplify the procedure, the need for cen
than serum. capil!ary blood is drawn into heparinized microhemat~ trifugation was eliminated by using heparinized whole 
crit tubes (Fisher Scientific, St, louis, Mo.). The contents of one 

'blood obtained by fingerstick. The results wilh the capillary tube ::re placed in each well followed by 2 drops of 
DSA-burr.~r. F"r standards, I drop ferritin solution is added to each screening test were compared to serum ferritin levels 
well together with I drop burr::! and 2 drops heparinized whole measured with IRMA on venous blood drawn sirnuita
rabbit blood, The plates are incubated, wasl1ed, and aspirated as neously. On the basis of ferritin standards containing 
described above. 20 and 200 j.Lgfliter, the color was judged to be in one 

of three categories: low «20), normal (21-200). or 
RESULTS elevated (>200); color was estimated by '5 obs~rvers 

In the initial evaluation of the assay, serum from on samples from 38 patients with a wide range in 
venous blood was used for both the screening test and serum ferritin. 
quantitative measurements of serum ferritin using a . Using the broader ranges ofIow, normal. and hil!h. ' . 
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excellent agreement was obtained between the screen
ing test and the IRMA method (Fig. 2). Of 4 samples 
with low serum ferritin (8, 10. 13, and 20 pg/liter), 
90% were correctly placed by the screening test, and in 
no instance was the ferritin estimated as high (Table 
1). Of 12 sera with ferritins between 21 and 200 
pg/liter. 92% were correctly assigned. With 22 sera 
containing over 200 pg/litcr serum ferritin, 98% were, 
identified correctly and the ferritin was not judged low 
in any of these. 

DISCUSSION 

The prime objective of this study was to develop a 
simplified tcst that could readily distinguish iron-

Tabla 1. Comparison 0' Sc,..eninll ".,t With IRMA Satum 
ferritin Lev.I, 

SC...n:nll T.II 

s,um f«ritifl 
1pg/li'.1 

No. at 
Samp~ 

LCNW Normal
,% 01 e>:JMNIIio<I.1 

HiQII 

:s 20 
21-200 
>200 
TOI.1 

"12 
22 
38 

90 
3 

10 
92 

2 
5 

98 

Fig. 2. Results of scre.nlng tBsl performad on whol~ 
blood comparod with serum 'errltin measured by IRMA. 

deliciency anemia from anemia associated with iror 
overload. This objective was achieved; in no case was ~ 

low ferritin considered high or vice versa (Table I). 1 
should' be noted that not all patients with iron 
deficiency anemia have ferritin values bela·...· 20 Ilg/ 
liter. When iron lack is associated with inflammation 
infection, or liver disease, serum ferril:n levels as higl 
as 60 p.g/liter may occur' in anemic patients witl 
absent iron stores.c However, because ferritin levels iJ 
patients with significant iran overload are invariabl 
above 500 ltg/liter. the screening test can r,till disli~ 
guish iran deficiency from iron excess. 

An important advantage of the scr~ening test is tha 
it can be performed without laboratory facililies and i 
therefore suitable for use in field work and in ruro 
health clinics. Although sophisticated laboratory faciJ 

'ities are required to prepare the materials for Ih 
assays, the coated plates and reagents can be stored fa 
at least 12 wk without appreciable dete: ioration. Fror 
a practical aspect, the screening test invol.es a tal: 
incubation time of 90 min, although one person ca 
easily p'erform 15-20 tests/hr. This incubation tim 
could be shortened appreciably with c~rtnin modific:l 
tions in the procedure. For c:<ampJe. we have foun 
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that incubation at 37°C rather than room temperature 
allows a decrease in the incubation time with substrate 
from 60 to 30 min. We did not employ the higher 
temperature since this would be inconvenient in field 
work. An alternate approach would be to employ 
double monoclonal antibodies against ferritin, one to 
prepare the solid phasc' and one for enzyme conjuga
tion. This would allow simultancous addition of the 
unknown and the enzyme-conjugated antibody, and 
thereby eliminate one phase of the test. The paradoxi
cal fall in the dose-responsc curve secn with IRMA 
when large doses of standard are used is not seen with 
the screening test, and color development is not appre~ 

ciably altered when whole blood is used because the 
red cel1~ are removed after the first incubation step. 
However, it is necessary to ensure that the volume of 
standard solution used is approximately equivalent to 
the serum content of whole blood. 

Although the screening test was designcd to distin
guish between the cxtremes in iron status in a setting 
with limited laboratory facilities, it has several poten
tial applications in the United Statcs. Since all causes 
of anemia except for iron deficiency arc associated 
with an increase in serum ferritin, the absence of color 
in the screcnirg tcst would provide strong prcsumvtive 

cvidence of iron deficiency. By performing the tcst in 
all patients admitted to hospital with low hemoglobin 
levels, a more costly hematologic evaluation could be 
avoided. Another application would be to detect latent 
iron deficiency in nonanemic patients in segments of 
the population where iron deficiency is uncommon. If 
performed in conjunction with stool tests for occult 
blood as part of the annual medical examination, the 
early recognition Qf a gastrointestinal malignancy 
would be facilitated. 

A screening test for iron status might also be useful 
in a community blood hank where potential donors are 
presently screened by hemoglobin or hematocrit deter
minations, which are relatively insensitive measures of 
iron deficiency_ The test would facilitate- the identifi
cation of nonanemic donors with latent iron deficiency 
who may develop frank anemia with continued blood 
donations. Another useful application for this test is in 
those segments of the population susceptible to iron 
deficiency, such as women of childbearing age. Since 
many women are reluctant to take iron supplements 
during pregnancy because of associated gastrointesti
nal side effects, the screen ~ould be u.sed in prenar.al 
clinics to identify those women with a specific need for 
iron therapy. 
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The inhibitory effect of soy products on 
nonheme iron absorption in man1

-
3 

James D. Cook, M.D., Timothy A. Morek, Ph.D., and Sean R. Lynch, M.D 

ABSTRACT Radioiron absorption studies were performed in male volunteer subjects to 
determine the effect on nonheme iron absorption of various semipurified proteins. When egg 
albumen and casein were substituted in protein-equivalent quanti lies in • semisynthetic mr..I, 
similar J1l~an absorptions of2.S and 2.7% were observed. In contrast, isoJ.I~d soy p:otein reduced 
abS<lrption sharpiy, to an average of 0.5%. When egg albumen in the ~emisyuthetic meal was 
replaced with full fat soy flour, textured soy flour, and isolated soy protein, absorption fcll from SOS 
to 1.0, 1.9, and 0.4%, respectively. indicating an inhibitory effect by a wide range oC soy products. 
The effect of substituting textured soy flour Cor meat in a meal containing. hamburger, french 
fries, and a milkshake was also evaluated. With 3: I and 2: I ratios of meat to unhydrated lclltured 
toy flour, absorption decreased by 61 and 53", respectively. The soy produeu tested in this study 
have a pronounced inhibitory elTect on the absorption of nonheme iron. Am. J. Clln. Nutr. 34: 
2622-2629, 1981. 

KEY WORDS Iron absorption, isolated soy protein, textured soy flour, full fat soy flour 

Introduttion	 of othe: semipurified proteins including ca
sein and isolated soy protein. Several soy 

The majority of clinical studies has shown products were found to inhibit markedly the 
that protein facilitates the absorption of di· absorption of nonheme iron in human sub· 
etary nonheme iron. Animal tissue including jects.
fish and poultry are especially important not 
only because they contain assimilable heme Methods 
iron (1-3) but also because they enhance 

Subjt!ctlabsorption of nonheme iron from foods eaten 
in the same meal (4-7). However, not all Three separale studies were performed in 36 men 

ranging in age from 18 1050 yr. Study J (IS subjects)sources of protein enhance iron absorption. 
compared the effeci of dilTerent semipurified proteins;For example, egg yolk has been shown to study U (10 subjects) examined Ihe influence of various 

impair iron absorption (8, 9) anu dairy prod soy products on iron absorplion; study JlJ (II subjects) 
ucts in general have a relatively inhibitory evaluated the effect on iron absorption of adding soy 
effect on nonheme iron absorption (5). protein to meat. All oftbe volunteers were in good health 

and denied a history of gastrointestinal disorden that We recently reported the results of iron 
mi&ht affect iron absorption. Iron status was normal,absorption studies in which the effect ofdou· 

bling or deleting the sources ofcarbohydrate, 
fat, and protein in a semisynthetic meal were 'From the Division of Hematology, Department of 
examined (10). Egg albumen, the protein Medicine, University of Kansas Medical Center, Kansu 
source, had an inhibiting effect on iron ab Cill.' KS. 

Supporled by Contract DSAN-C-0045 from the U.s. sorption whereas the content of fat or carbo
Agency for International Development.

hydrate had little influence. To detennine ~AddrCSl reprint requests to: James D. Cook, M.D.,
whether this inhibition was unique to egg Director of Hematology. University of Klnsas Medical 
albumen, we examined in this study the effect Center, Kansas City, KS 66103. 

711, Am,rlcan Journal a/Clinical Nutrition 34: DECEMDER 1981, pp. 2622-2629. Printed in U.S.A. 
ce 1981 American Sociely for Clinical Nutrition 
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with the exception of one subject who had a serum 
ferritin of 12 ng/OlI indicating dcpleted iron stmes (I I). 
Written consent was obtaincd from each volunteer and 
all procedures were carried out in acctlrdance with the 
standards of the Human Subjects Committee of the 
Univeuity of Kansas Medical Center. 

Absorption mtasurcmmls 

Three or four separate iron absorption tests were 
performed in each subject using double sequential ra
dioiron labels. Test mealJ were administered betwccn 7 
and 9 AM after an overnight fast, and only water was 

~allowed for the subsequent 3 h. All meals were labeled 
extrinsically by adding varying quantities of FeCI, in 1.0 
rol 0.01 N HCI contaIning either 2 pCi "'Fe or S]lCi ·...\Fe 
(12, 13). On the 1st day of each study, blood was drawn 
for measurements of serum ferritin (14, Jnd background 
blood radioactivity. The first pair of test /'fleals were 
lagged separately with either $'Pe or MFe and adminis
tered on 2 consecutive days. Blood was oblained 14 days 
later to mea:;are incorporated red cell radioacti\';ly and 
a second pair of separately lagged meals were again 
given on successive days. Subjects in study I were gjven 
only one additional test meal after the initial pair of 
measurernents. A final blood sample was drawn 2 wI.:
•ncr the last test meal 10 measure the increase in circu· 
lating red cell radioactivily. All radioiron measurements 
were performed on duplicate IO-ml samples of whole 
blood using a modification of lhe melhod of Eakins and 
Brown (15). Percentage absorption was calculated on the 
basis of blood volume estimaled from height and weight 
(16) and an assumed red cell incorporation for absorbed 
radioaclivity of 80% (17). 

Test mtalj 

All meals in studies I and II were comprised oj 
semipurified ingredients (Table J). They represent mod
ifications of the semisynthetic meal used in previous 
studies (5, 18) except that no inorganic calcium or phos
phalC was added. In study I. each meal contained 68 g 
carbohydrate dcrived from dCAtrimaltose, 35 g fat from 
com oil, and 29.4 g protein from various sources. The 
protein in meal A was $upplied as egg albumen (Monarlr 
Egg Corp., Kansas City, MO), in meal 8 as sodium 

caseinate (National Cnsein Sales, Chicago, rq, and in 
meal C as i~olatcd ~oy protein (fSP) (Supra 710, Ralston 
Purina Co., SI. Louis, MO). rsp is the spray·dried 
washed precipitate thaI is recovered after the water 
extract of dcfatted soybean flour has been adjusted 10 
pH 4.5, the isoclectric point of Ihe soy protein. 

In study II, the carbohydrate and fat components of 
the meals were the same as for study I, but each meal 
contained only 14.7 g protein. This was supplied in meal~ 
A through 0 as albumen, full fat soy flour (El Molino 
Mills, City of Indust.ry. CAl (FSf), textured soy nour 
(Sup'" SM, Ralston Purina Co.) (TSF), and ISP respec
tively. TSF is obtained by the extrusion of defatted soy 
flour. Sufficient FeCIJ was added to each meal in studies 
I and 1110 provide a final iron content of 4.1 and 4.0 mg, 
respective/yo 

The components of each of the mealJ in studies I and 
II were thoroughly mixed and served as a drink with the 
exception of the TSF meal (meal C, study Il). In tbe 
laUer, Ihe dry TSF granules were hydrated in a styrofoam 
bowl with twice their weight ofwater and warmed for 45 
s in a microwave oven. The fat and carbohydrate com. 
ponents were mixed and a portion poured over the TSF 
granules which were then eaten wilh a spClon. The re
maining carbohydrate and oil mixture which contained 
the ra.dioiron was taken as a drink. 

The effect of partial substilution of meal with TSF 
WllS ,=xamined in study III. MealJ A, 8, and C each 
contained 55 g french (ried polltoes, 180 ml vanilla 
milkshake, a meat pally containing varyin~ amounts of 
TSF, a.nd a bun. Meal A contained \00 g lean ground 
beef (precooked weight). In meal B, 30 g dry TSF 
granules were added 10 100 g beef whilc meal C con
tained Ihe same quantity ofTSF but only 70 g beef. This 
resuherl in weight ratios of meat to unh}'drated TSF o( 
approximately 3:1 in meal Band 2:1 in meal C and 
prolein ratios of 1.2 and 0.8, respectively. In meals Band 
C, TSF was moistened with an equal quantity of water 
and then mixed with the raw ground be-:r. All palties 
were broiled for S to 7 min per side, refrigerated over
night, and heated in a microwave oven immediately 
be(ore serving. The hamburger mellJ were t.\gged ex
trinsically by adding O. I mg iron as labeled FeCb to the 
milkshake. The final test (meal D) in study mconsisted 
of a reference dose oD mg iron as FeSO~ and sufficient 
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freshly prepared ascorbic acid solution to give a 2:1 
molar ratio of ascorbate to iron (6. 19). The purpose of 
this measuremenl, which has been used extensively in 
prior iron absorption studies in human subjects. is to 
standardize measurements of nonheme irotl absorption 
in subjects with varying iron status. 

Statistical analyJ-;s 

Because of the highly skewed distribution of iron 
absorption measurements when expressed as a percent
age of the administered dose, absorption data were con
verted to logarithms for slatisticalnnalysis and the results 
were reconverted to anlilogarithms to recover the origi
nal units (20). When comparing any two test meals in 
the same study. a paired t test was u~d to dctermine 
whether mean log absorption values differ signiCicanlly 
from 0 which is equivalent to testing whether the mean 
ratio in percentage absorption differ from 1. 

Results 

The effect of three semipurified protein 
sources on iron absorption (study I) is shown 
in Table 2. Geometric mean ab.:iorption in 
meal A containing egg albumen averaged 
2.49%. This is somewhat higher than previ
ously observed values for this meal, which 
presumably reflects the omission of inorganic 
calcium and phosphate (21). Mean absorp
tion from meal B containing sodium caseinate 
was nearly identical to that with egg albumen, 
averaging 2.74% (mean ratio B/A =.1.10). In 
contrast, absorption from meal C containing 

TABLE 2
 
Effect of pr9tein concentrates on iron absorption (study I)
 

ISP was much lower, averaging only 0.46% 
(mean ratio CIA = 0.19, P < 0.001). 

A comparison of the effect of different soy 
products on iron absorption (study II) is sum
marized in Table 3. Mean iron abs')rption 
from meal A containing egg albumen aver
aged 5.5%. This value is higher than that 
from the similar meal in study I, reflecting 
the lower albumen content in this study (10). 
In aU three meals containing soy products in 
study II, iron availability was markedly re
duced and in aU instances the differences 
with meal A were highly significant. With 
FSF (meal B) absorption averaged 0.97% 
(mean ratio B/A = 0.18). Inhibition of iron 
absorption from TSF (meal C) was somewhat 
less pronounced, averaging 1.91%(mean ratio 
C/A = 0.35). The lowest iron absorption 
occurred in meal D contain:ng ISP with a 
mean absorption of 0.41% (mean ratio D/A 
= 0.08). Thus, when soy products were sub
stituted for albumen in equivalent protein 
quantities, percentage nonheme iron absorp
tion was reduced by 82, 65, and 92% with 
FSF, TSF, and ISP, respectively. In study II, 
the difference in absorption between the three 
meals containing soy products were also sta
tistically significant. Absorption with TSF 
was significantly higher than with either FSF 
(mean ratio C/B ... 1.95, P < 0.01) or ISP 

Subject 

I 

",. 

29 

Packed ctU 
\'t'l_ 

" 47 

Sav. Carrilia 

-,,""
61 

AU· (A) 

0.97 

1_ abtorplioll 

Casein (8) 

"-/4u 
1.00 

Soy (C) 

0.16 

"boorplioA lliio 

8/" CIA 

1.03 0.17 
2 26 SO 34 1.26 1.11 0.07 0.88 0.06 
3 27 46 59 1.40 1,40 /.70 1.00 1.22 
4 2S 45 164 1.41 1.21 0.56 0.86 0.40 
S 26 43 31 1.43 4.12 0.36 2.94 0.25 
~ 2S 46 46 loSS 1.83 0./8 1.19 0.12 
7 2S 44 94 1.63 6.43 0.30 4.00 0.18 
8 2S 43 51 1.80 1.06 0.27 0.59 0.15 
') 2S 49 88 2.26 2.41 0.95 1.08 0.42 

10 28 50 48 3.78 J.26 0.52 0.33 0.14 
II 30 43 5S 4.51 6.03 0.56 1.35 0.12 
12 24 44 37 4.82 8.37 1.16 J.7S 0.24 
13 2S 46 45 6.25 4.43 0.12 0.7/ 0.02 
14 26 48 114 6.50 2.78 1.03 0.43 0.16 
IS 26 44 12 7.51 20.45 4.97 2.78 0.66 

Meant 26 46 53 
-ISE 

2.49 
2.08 

2.74 
2.16 

0.46 
0.35 

1.10 
0.92 

0.19* 
0.15 

+1 SE 2.98 3.47 0.62 /.31 0.24 

• ALB, egg albumen.
 
t All values arc geometric means except age and packed ceU volume.
*p < 0.001.
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(mean ratio C/D =4.62, P < 0.001). Absorp- content was reduced in proportion to the 
tion with FSF was also significantly higher quantity of added soy (meal C), absorption 
than with ISP (mean ratio B/D = 2.37, P < was slightly higher, averaging 1.51%. The 
0.01). difference in absorption from this mea) and 

The effect of partial substitution of TSF meal A containing no soy' was also highly 
for meat was examined in study III (Table 4). significant (mean ratio C/A - 0.47, P < 
With meat alone (meal A), absorption aver- 0.00I). Thus, in meals containing a meat to 
aged 3.2% with a range of 0.48 to 14.61%. soy ratio of 3:1 and 2:1, the decrease in ab-
When 30 g TSF was added to the same sorption due to TSF averaged 61 and 53%, 
quantity of meat (meal B), absorption fell to respectively. In these iron-replete men, ref
1.24%, a highly significant decrease (mean erence absorption (meal D) averaged 19.88%. 
ratio B/A = 0.39, P < 0.001). When the meat Absorption of nonheme iron from meals A, 

TABLE 3
 
Effect of various soy products on iron absorption (study II)
 

Subject A~I 
rlcked cell 

volume ScNm Cerritin 
ALB' (A) 

[ron .hoorplioa 

FSF<D) TSF(C) ISr(D) Olio 

Ablorplioo II.in 

CIA D/A .. """" ",ttltIo" 
I 24 44 83 2.01 0.81 1.00 0.16 0.40 0.49 0.07 

.2 21 46 105 3.28 0.91 0.90 0.52 0.27 0.27 0.15 
3 35 40 149 3.46 0.40 1.71 0.28 0.11 0.49 0.08 
4 24 46 59 3.75 1.52 3.30 0.61 0.40 0.88 0.16 
5 
6 

42 
25 

42 
47 

94 
30 

4.11 
5.53 

0.46 
0.57 

1.47 
2.40 

0.13 
0.17 

0./1 
0.10 

0.35 
0.43 

0.03 
0.03 

7 24 44 112 6.08 1.21 2.82 0.33 0.19 0.46 0.05 
a 24 46 46 8.37 4.67 2.73 1.27 0.55 0.32 0.15 
9 34 46 86 14.03 0.66 '1.06 1.55 0.04 0.Q7 0.1 1 

10 25 42 26 18.36 1.85 4.43 0.72 0.10 0.24 0.03 
Meant 28 44 69 5.50 0.97 1.91 0.41 0.18* 0.35* 0.08* 

-I SE 4.42 0.77 1.60 0.3t 0.14 0.28 0.06 
+1 SE 6.83 1.23 2.27 0.54 0.23 0.43 0.09 

• ALB, egg albumen.
 
t AU values are geometric means eltcept age and packed cc.ll volume.
*p < 0.001. 

TABLE 4
 
Effect of soy protein on iron absorption from a meal containing beef (study III)
 

Iroa Iblorptlo_ Absorplion IlliG 

Subjld 

I 

All 

36 

Pocked ceU 
'Ohu"" 

", 

44 

ScnllD Cerri· 
liD 

-,,
60 

100 &bed' 
(A) 

0.48 

~:ao1 

3:1 (B) 1:1 (C) 

("1,.,,,-/ 

0.13 0.25 

JtUo(D) 

17.80 

1/10 

0.27 

CIA 

0.52 

IIC 

0.52 
2 22 44 70 ..43 1.16 0.18 14.05 0.81 0.75 1.07 
3 18 39 33 2.30 Lt6 1.22 17.91 0.50 0.53 0.95 
4 19 44 59 2.41 0.78 0.60 7.73 0.32 0.24 1.30 
5 18 48 41 3.10 1.06 0.85 31.95 J.34 0.17 1.24 
6 18 46 61 3.47 1.55 3.25 23.43 0.44 0.93 0.47 
7 19 49 60 3.76 1.31 1.75 13.71 0.34 0.46 0.74 
8 37 41 51 3.81 0.88 0.91 7.88 0.23 0.23 0.96 
9 18 48 61 3.91 0.82 0.91 19.46 0.20 0.23 0.90 

10 20 46 31 10.76 6.47 8.08 36.85 0.60 0.75 0.80 
11 29 49 27 14.61 7.87 15.62 95.83 0.53 1.06 0.50 

Meant 2J 45 48 3.20 1.24 1.51 19.88 0.39* 0.47* 0.82; 
-1 SE 2.43 0.89 1.06 16.02 0.34 0.40 0.73 
+1 SE 4.21 1.72 2.17 24.68· 0.44 0.56 0.91 

• REF, reference dose. 
tAU vlllues are geometric means eltcept age and packed cell volume.*P< 0.001. 
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B, and C therefore averaged 16,6, and 8% of 
the reference dose absorption, respectively. 

Discussion 

The inclusion of soy products caused a 
significant inhibition of iron absorption from 
all meals in this study (Fig. 1). The immediate 
question posed by these results is the contrast 
with earlier investigations that indicated a 
relatively high bioavailability for soybean 
iron. For example, animal studies using the 
hemoglobin-repletion method in rats have 
shown a relative biological value of60 to 80% 
for soy products (22). However, it is known 
that iron absorption measured in smalliabo
ratory animals does not always reflect bioa
vailabilit)' for human beings. For example, 
Fitch et al. (23) observed that rhesus monkeys 
deveioped iron deficiency anemia when 
placed on diets containing ISP but not when 
fed casein-based diets with comparable levels 
ofprotein and iron. These workers also dem
onstrated that radioiron absorption from ISP 
was less than half that from casein. 

STUDY I STUDY. STUDY III 

--8------ ---------- -----

~ fa D 

I I 
B 

1 
:10 ~ CAS ISP FSF TSF ISP ;00 70 

0.0 

SOY: MEAT 

FIG. 1. The effect of semipurilie.:t proteins ort non
heme iron absorption. Absorption ratio~' of soy product: 
albumen arc ploUed for studies I and II. Fo~ ~tudy Ill, 
absorption rat~os arc plotted for meals c:ontammg vary
ing weight ratIos ofsoy to meat. The heIght of each bar 
represents ±I SE. 

A number of human studies have also 
shown relatively high iron availability from 
meals containing soybean that had been hy
droponically labeled with radioiron. For ex
ample, Moore (24) reported a mean absorp
tion of 18% in seveu normal subjects and 
values of 20 to 25% in patients with iron 
deficiency anemia. In a study comparing iron 
absorption from a variety of food items, a 
mean absorption of 11% was observed in 17 
subjects given intrinsicatly labeled soy (J 9). 
Sayers et al. (25) l~ter reported a mean ab
sorption of 20% from intrinsically Jabeled 
soybean meals given to five iron-deficienl 
subjects. 

However, not all human studies have 
shown this relatively high absorption of in
trinsically labeled soybean. Ashworth et 1\1. 
(26), in a study of 10 infants, observed a 
geometric mean absorption of2.6% for boiled 
soybean~ when the soybean was baked before 
administration to 16 infants, mean absorption 
was 6.7%. Bjorn-Rasmussen et al. (27) re· 
corded an absorption of 2.62% when soy· 
beans were given to lS normal subjecls, lhree 
of whom were women. Geometric mean ab
sorption in this study was J.53%, a value well 
within the range of absorption observed in 
the present study. 

The cause of this wide difference in iron 
absorption from hydroponically Jabeled soy
bean is unknown. In four separate studies 
·with different batches of the same variety of 
tagged soybean, absorption ranged from 2.7 
to 11.0% (28) (Table 5). This broad range is 
not explained by differences in iron status 
because the absorption ratio of soybean 10 
reference varied from 0.11 to 0.46. 

Other workers have not demonstrated di
minished absorption from soy-based diets. Jn 
a study by Rios et aL (29), in 4- to 7-month
old infants, mean absorption of fortification 

TABLE 5 
Absorption of hydroponically-tagged soybean 

rroa ablOrprion'
 
tlo. oIlUbjC':ll AbIerJl'ioII ntio
 

Soybaa /ter._
 
17 11.0 25.8 0.46 
15 2.7 25.5 0.11 
7 9.8 44.3 0.21 
II S.7 38.0 0.15 

Mean 6.1 29,4 0.21 

• AU values arc geometric means. 
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iron added to a soy-based formula was 5.4% 
as compared to 3.4% from a milk-based for
mula. The relatively bigh proportion of for
tification iron (ferrous sulfate) in this study 
may have masked an inhibiting effect. Young 
and Janghorbani (30) recently measured iron 
absorption from a soy-based diet using a fecal 
balance technique and· 68Fe as an extrinsic 
tag. An exceptio. tAlly high absorption of 21 
± 6% was observed which the investigators 
attributed to a generous but unspecified as
corbic acid intake with each meal. Van Stra
tum and Rudrum (31) found no effect on 
serum iron levels, iron binding capacity, or 
transferrin saturation in 92 healthy volunteers 
fed a diet containing 25% protein derived 
from soy protein foods. Since these iron pa
rameters do not become abnormal until iron 
stores are exhausted (32), and since iron de
ficiency develops slowly in the absence of 
blood loss, one \'.'I)uld not expect these mea
surements to show .. difference. 

This variability in iron absorption from 
soybean meals is perplexing. One difference 
between previous studies and ours is that our 
meals were extrinsically tagged whereas most 
earlier studies used intrinsically tagged soy
bean. However, this observation does not ex
plain the low absorption in this study because 
in each instance where a discrepancy has 
been noted betweeI'l extrinsic and intrinsic 
lagging, the extrinsic label was better ab
sorbed. In 11 subject:; given intrinsically 
tagged soybean, absorption averaged 6.3% 
from the intrinsic label as compared to 7.8% 
from an extrinsic label in the same meal (12). 
The 27% higher ab!lorption in that study may 
be explained by the fact that the extrinsic tag 
was taken as a drink and not mixed with the 
food; other workers have observed extrinsic 
to intrinsic tag ratios of 1.04 with soybean 

.meals (27). It therefore seems unlikely that 
the lower absorption values for soy products 
observed in the present study relate to the 
extrinsic tag method. 

Other differences between earlier studies 
and this report lie in the nature of the meals 
and the methods used for preparing them. 

•	 The semisynthetic meal contained both fat 
and carbohydrate whereas soybean was ad
ministered alone in maoy prior studies. More
over, in some of the latter the soybeans were 
baked; it is noteworthy that in the studies by 
Ashworth et a1. (26), baking resulted in a 

more than 2-fold increase in percentage iron 
absorption from soybean. We have also 
found a significant increase in iron absorption 
from baked soy products (T. A. Morek, S. R. 
Lynch, and J. D. Cook, unpublished obser
vations). Processing soybean to obtain higher 
protcin-conta~ning products cannol be ex
cluded as a factor m the inhibition of iron 
absorption. Although TSF rather tban FSF 
gave the highest iron absorption in Sludy II, 
(1.91%), the product with the highest protein 
content (ISP) gave the lowest iron absorption 
(0.41%). Since all three meals in study II were 
prepared on an equal protein basis, the results 
suggest that the processing of whole beans to 
obtain the three products altered their influ
ence on food iron absorption. 

While our results demonstrate that soy 
products may, under some circumstances, de
press iron absorption significantly, tbe mech
anism of the inhibition is unknown. Phytale 
is believed to have a strong inhibiting effect 
on iron absorption (33). We did not measure 
phytate levels of the soy fractions but they 
are known to contain relatively high amounts 
of phytate; ISP has been reported to contain 
1.86% phytic acid (22). However, in a recenl 
study with whole wheat bran, we found that 
the inhibiting effect of bran was not lessened 
when it had been dephytinized (34). More· 
over, while fully iron saturated phytale is 
insoluble at neutral pH, it has been sbown 
that more than half of the iron in wJ. '., ~ bran 
is present in tbe form of monoferric phytate, 
an iron complex soluble at neutral pH (35). 
Monoferric phytate is absorbed by dogs 
equally as well as food iron (36). Further 
studies will be necessary before phytate can 
be implicated in tbe inJtibition of nonheme 
iron absorption caused by soy products. 

The implications of our fmdings in relation 
to iron status in the population are uncertain 
because of the complexity of dietary factors 
thal influence nonheme iron absorption. In 
this country, soy is increasingly used as a 
meat extender and in meals containing meat, 
nonheme iron is readily available (3). In ad
dition, the heme portion of meat is absorbed 
independently, and is not impaired by faclors 
that reduce nonheme iron absorption (2). 
Therefore, one would expect the inhibiting 
effect of soy in people consuming a relatively 
large proportion of animal tissue to be quile 
limited. 

I 
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Inhibition of iron absorption by soybean 
derivatives is more likely to be an important 
problem in a.reas where soy constitutes the 
major source of protein, especially if the diet 
contains little meat or ascorbic acid. We have 
recently reported that infant protein supple
ments such as corn-soya-milk. which contain 
a high proportion of soy protein, may not 
supply sufficient iron for normal nutritional 
needs of children (37). There is little doubt 
that soy is a valuable and relatively inexpen
sive source of dietary protein. The inhibitory 
effect on iron absorption reported here does 
not detract from this important property but 
does emphasize the need to evaluate the ad
equacy of iron in diets containing significant 
amounts of soy products. It seems likely that 
the deleterious effects with respect to iron 
nutrition could be circumvt:nted by ihe ad
dition of fortification iron to these diets or 
perhaps the addition of an enhancer of iron 
absorption such as ascorbic acid. n 
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Iron availability from infant food supplements1-3 

Timothy A. Morek, Ph.D., Scali R. Lynch, M.D., Barry S. Skiklle, M.D., and 
James D. Cook, M.D. 

ABSTRACf Radioiron absorption teslS are performed in human volunkeer subjects to measure 
iron absorption from five infant food supplements. ThC$C products included corn-soya-milk, corr.
soy blend, wheat-soy blend, wheat protein concentrate blend, and whey-soy drink mix. In iron' 
replete adult males, mean percentage absorption ranged from 0.6 to 1.49&. By relating these results 
to absorption from ~ referenc~ dose of inorganic iron, it was estimated that iron-deficient infants 
would absorb between 1.7 and 4.\% of the iron contained in the infant foods. These results indicate 
that this fortification iron is poorly absorbed, and probably supplies only about half of the daily 
iron requirement for iron deficient children between 6 months and 3 yr of age. Am. J. Ctin. 
Nutr. 34: 2630-2634, 1981. 

KEY WORDS Iron, corn-soya-milk, infant foods 

Introduction 

Food supplements are distributed to un
dernourished infants and children in devel
oping countries as part of the Food for Peace 
Program of the U.S. Department of Agricul
ture. Com meal. wheat flour or protein con
centrate, soy flour. nonfat dried milk. and 
sweet cheese whey are combined in varying 
proportions. The foods are distributed in dry 

.fonn and are either diluted in water and 
consumed as a drink or porridge, or mixed 
with other foods to enhance protein and ca
loric intake. 

Iron. as ferrous fumarate. is added at a 
level of 7.8 mg iron/50 g. Ferrous fumarate 
is well absorbed in the fasting state (I). but 
its assimilation when added to food has not 
been adequately studied. In the present study. 
extrinsic radioiron tagging was used to mea
sure iron absorption from the following five 
infant food supplements: com-soya-milk 
(CSM) (2), com-soy blend (CSB) (3). wheat
soy blend (\VSB) (4), wheat protein concen
trate blend (WPC) (5). and whey-soy. drink 
mix (WSD) (6). The protein content of these 
foods is listed in Table 1. 

Methods 

Studies were performed in 27 adult male volunteers 
ranging in I\ge from 18 to 4S yr. All subjects gave written 
informed con!ent before their participation in the study 
and procedures followed were in accord with the ethical 
standards of the Human Subjects Committee of the 

Unh'ersity of Kansas Medical Center. None had a his
lory of hematological abnormalities or disorders known 
to influence gastrointestinal absorption. Iron "'Ius was 
judged to be normal in 2S of the subjects on tbe baJis of 
hematocrit, transferrin satur:uion, and serUm ferritin. 
Two had reduced iron stores as determined by serum 
ferritin le~'els of 12 and 13 Ilg/L 

The subjects were divided into two groups of 13 and 
14 individuals each. Four separate iron absorption tests 
were performed in ellch subject using dual radioiroD 
labels. In both groups, one of tile test meals consisted of 
CS~(, the m03t widely distributed infant food supple, 
menL The second and third test meals diffc:red in che 
two studies. consisting ofWSB and WPC in stud)' I and 
CSB and WSD in study 2. In both, che fourth test meal 
was a reference dose (REF) of ino~anic radioiron con, 
laining 3 mg iron as ferrous sulfate and 19 mg freshly 
dfsso!vcd ascorbic acid. The effect ofdifTerenceJ in iron 
status between the two study groups WIS minimized by 
expressing iron absorption from the infftnt foods IS a 
ratio with reJpect to REF absorption. CSM was admin
istered in both 5tudieJ to gauge the accuracy of this 
adjustment 

All tcst meals were administered between 7 and 9 AM 
after ali overnight fast and water alone was aUowed for 
3 hr. The infant foods were prepared tbe dtly before 
scC"ing, weighed into individual portion!, and refriger
ated overnight. Eacb meal contained SO to ~9 S dry 
product, 20 g sucrose. I g salt, and 170 to 22S ml water. 
Mineral and vitamin mL"tcs were included in the product 
formulatiun and brought the total content to 9 mg iron 
and 20 mg ascorbic acid per ~erving. The mcals were 
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TABLE I 
Per.:enta~e of toull protein c,'nlributcd 
t>~. major ingredients 
- -CSM ('58 wsa WPC WSf) 

S,,\' 
CQmmeal 
Milk 
Wheat 
Whe.)" 

4S 
27 
28 

63 
37 

SS 

4S 

61 

39 

74 

26 

Total ~ 100 100 100 100 100 

lagged extrinsically by adding 0.1 mg iron as ferric 
chloride in 1 ml O.oJ N HCl and either 2 #lCi !'~Fe or S 
/JCi ~\Fe (7" WSD was served as a cold beverage and 
the remaining foods wer~ healed in a microwa\'e O\'en 
and served a.~ a hot porridge, 

Blood was drawn on the 1st day of the study for 
measurement of serum iron. iron·binding capacit)', se
rum ferritin. and background radioaclivi~. Meals A and 
B. lagged separately with either SloFe or Fc, were lhen 
administered on 2 successh"e days. Blood was obLained 
14 days laler ;0 measure incorpOrated red cell radioac
th'it~" and meals C and D were then gh'en on 2 succes$i\'e 
d,ys. A linal blood sample \l,"as drawn 2 wk laler 10 

measure the ri.e in circulating red cdl radioactivity..-\11 
radioiron assays were performed on duplicate IO-ml 
samples of whole blood using a modification of the 
melhod of Eakins and Brown 18,. Percentage absorption 
in each subject was calculated on lhe b~sis of a blood 
Yo~ume estimated from the height and weight (9,. Red 
cdl incorporation ofab$orbed radioacth'ity was assumed 
10 be 8O'-i (10,. Serum iron was measured by lhe ICSH 
method (11). iron-binding capaCil)' by a magnesium 
carbonate lechnic (12). and serum ferritin by a 2-silc 
immunoradiometric assa)' (13" 

Because of the highly skewed distribution of iroll 
abs"rplion dlla when expressed as a percenlage of the 
administered dose. statistical analysis was performed on 
logarilhms and lhe results transformed to antilogarithms 
to recOVer the original units (14). One-way analysis of 
"arianee was used to compare ab:sorplion from lhe five 
infant foods after adjuslment for REF absorption, 

Results 

Iron status measurements aud iron absorp
tion values for both studies are listed in Table 
2. Iron absorption from aU supplements was 
remarkably low; nearly two-thirds of the ab
sorption values were less than 1%. Geometric 
mean \'~'ues ranged from 0.6% for CSM in 
study 2 to ).4% for the same food in study I. 
Absorption from the REF dose averaged 26.8 
and 13.4% in studies I and 2, respectively. 
This difference is presumably related to dif
ferences in iron status (:ven though mean 
serum ferritin levels in the two groups do not 
reflect such a difference, 

Absorption data were correcled for differ
ences in iron status by expressing each value 

as a ratio wilh respect to REF absorption 
(Fig. 1). The accuracy of this correction can 
be assessed by comparing the absorption ra
lios obtained for CSM in study I and 2. 
Uncorrected percentage absorption from 
CSM differed by 60% in the two studies 
whereas the absorption ratios of 0.052 and 
0.043 differed by less than 20% (Cable 3). 
One-way analysis ofvariance was performed 
on logarithms of absorption raLios lind 
showed marginal significance (F .,. 2.70. P < 
0.05). However, Duncan's multiple range 
tests (J 5) failed to show a significant differ
ence between any of the infant supplemc;,;ts. 

Discussion 

An important advantage of expressing ab
sorption in relai:-;,n to a reference dose is that 
percentage aJ- tion can be predicLed in 
subjects wr:' 4dtt:ring iron status. The rela
tively low means for REF absorption of 27 
and 13% in the present study are typical 
values for iron replete individuals. A much 
higher percentage REF absorption of abollt 
60% would be observed in the iron-deficient 
children who would receive these food sup
plements. Iron absorption frvm each of the 
foods has been calculated for REF absorpLion 
of 60% in Table 3. Values range from 1.7% 
with both wsn and WPC to 4.1% for CSB; 
intermediate values of 3.1 and 2.6% were 
obtained with CSM and 2.9% for WSD. The 
corrected valutis are remarkably similar de
spite variations in the composition of each 
supplement ThuS, children who take lOQ-g 
supplement daily might derive only 0.30 to 
0.74 mg iron daily from these infant foods. 

The extremely low assimilat'on of iron con
tained in infant foods was unexpected. Nev
ertheless. these results are comparable to 
those obtained in a previous study in Jamai
can infants reporled by Ashworth and March 
(16). Absorption from CSM a\'eraged 6% in 
that study compared to mean REF absorp
tion of 64%. When adjusted to 60% REF 
absorption, CSM absorption wa!i 5.7% in 
comparison with lower values of 2.6 and 3.1 
observed in the present study. !\.fuch of the 
disparity between the two studies can be ex
plained by the fact that arithmetic means 
rather than geometric means were calculated 
in the report by AshworLh 21d March (16). 
Geomctric valucs are invariably lower Lhan 
arithmetic means, especially when percentage 
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TAnLE 2 
Iron bi~'avililability from infant food supplements 

-
Suhjw A;c P"ekcd 'cll,".Iume ~",miron 1S· Serum rcr,ili" Iron Ib>ulplion 

'10 "Idl '" -,Inti 
CS~1 

'lief""" 
wsa WPc AEf 

Stud)' I 
I 18 48 164 41 56 0.58 0.72 0.71 10.86 
2 18 47 104 23 58 0.62 0.70 1.58 32.33 
3 24 51 1I3 31 113 0.65 0.28 0.42 18.96 
4 20 48 172 46 105 0.70 0.40 0.45 27.18 
5 IS 46 84 21 37 0.71 0.47 1.51 42.88 
6 31 45 142 39 107 1.00 0.61 0.33 11.46 
7 19 50 106 29 39 1.03 0.35 0.67 23.40 
8 19 46 119 34 44 1.28 1.22 0.47 19.66 
9 20 46 100 25 54 2.16 0.91 1.20 51.46 

10 20 49 123 34 40 2.17 0.58 0.40 23.00 
II 21 49 89 24 67 2.22 0.45 0.31 33.25 
12 
13 

18 
20 

50 
45 . 

134 
ISO 

40 
39 

41 
13 

4.10 
12.51 

1.93 
9.68 

0.97 
7.08 

46.83 
49.35 

Meant 21 4S 12J 33 52 1.40 0.76 0.77' 26.&2 

('S~ css WSD IlEf' 
Study 2 

I 26 44 144 35 126 0.03 0.58 0.37 IU5 
2 45 41 136 49 86 0.12 0.28 0.13 3.11 
3 27 41 156 46 62 0.27 0.45 0.38 11.37 
4 24 48 118 28 24 0.33 0.50 0.62 12.87 
5 27 44 99 2S 81 0.41 0.25 0.23 1.22 
6 22 42 118 36 79 0.47 0.38 0.17 5.70 
7 27 42 69 21 26 0.66 0.46 0.28 17.00 
8 2S 46 173 44 28 0.71 1.28 0.80 14.71 
9 25 44 140 38 30 0.76 0.7S 0.68 23.78 

10 24 47 86 23 72 1.13 1.86 I.2S 18.42 
11 29 40 108 30 43 1.32 1.77 1.50 32.82 
12 24 42 112 J:' 65 1.56 1.80 5.67 41.53 
13 42 46 168 57 56 2.17 3.73 0.82 17.27 . 
14 31 45 94 2S 12 4.22 10.40 4.63 62.47 

Meant 28 44 123 35 48 0.57 0.92 0.65 13.36 

• Transferrin saturation.
 
t Values for serum ferritin and iron absorption tests are geometric means.
 

absorption is low. Their data can be corrected Another aspect of methodology relating to 
to geometric means by assigning values of the present study is that absorption of the 
0.1 % to two subjects reported as absorbing no fortification iron, ferrous fumarale, was mea
iron. When adjusted to REF absorption of sured by adding an extrinsic radioiron tag 
60%, absorption from CSM in iron-deficient (ferric chloride) rather than using radiola
children averages 3.1% as compared to values beled ferrous fumarate. Previous studies have 
of2.6 and 3. )%obtained in iron-replete males shown that complete exchange occurs be
in the present study. The remarkable similar- twecn dietary iron and fortification iron when 
ity in results obtained in subjects with widely the latter is added as ferric chloride or ferrous 
different iron status underscores the impor~ sulfate (J7, 18). However, an extrinsic lag 
tance of REF corrections. It also demon- may not exchange completely with fortilica
strates the validity of measuring food iron tion icon when the latter is highly insoluble 
availability in subjects who may differ greatly such as ferric orthophosphate or sodium iron 
from the population that will consume the pyrophosphate (17). There is no evidence that 
food. Further validation will be difficult be- an extrinsic tag is less well absorbed than 
cause of the concern in administering radio- conventional forms of added fortification 
isotopes to children. . iron. If the extrinsic tag did not exchange 
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FIG. I. Absorption or iron from infant food supple
menU expressed as a ratio with respect to absorption 
from a standard reference dose of inorganic iron. Ratios 
are plotted on a logaritlunic scale. The "orizontal bars 
depict geometric means. 

TABLE 3 
Iron absorption from infant food supplements 
adjwted for iron status 

AdjllJled IbJorpo
lio.Q

S&lld~ Tnlmnl rrOlllbo 
IOlplioa fofu.l:REF .. 1111 

boa 

t;../.n 
CSM 1.40 0.052 3.12 0.56 
WSB 0.76 0.028 1.68 0.30 
WPC 0.77 0.028 1.68 030 

2 CSM 0.57 0.043 2.58 0.46 
CSD 0.92 0.069 4.14 0.74 
WSD 1.96 0.049 2.94 0.52 

• Corrected to 6()lJ, REF absorption and 18 mg Fe/ 
100 ! dry product. 

completely with ferrous fumarate in this 
study, falsely high rather than low absorption 
values wc·uld have been observed. 

The recommended intake of iron is 15 mg/ 
day for children 6 months to 3 yr of age (19, 
20). These values are based on the assump
tion that JO% of dietary iron is absorbed by 
the average child although two to three times 
this amount may be absorbed by iron-defi
cient children (21, 22). The results of the 
present study indicate that the iron added to 
infant food supplements may not fulfill the 
daily requirement of 0.7 to 1.0 mg absorbed 
iron (23). Since we estimated that iron-defi
cient children would absr;rb only 0.3 to 0.7 
mg iron from 100 g of product, the WHO/ 

UNICEF recommended quantity of80 to 100
 
g CSM/day might satisfy only about one-half
 
of their iron requiremenls. It is unlikely that
 
the typical diet in a developing country would
 
furnish the balance of daily iron needs.
 

There are at least two factors that could 
account for the low availability of fortifica
tion iron added to infant foods. Calcium and 
phosphorous salts impair the absorption of 

. food iron when combined in the same meal 
but not when added separately (24). Specifi
cations for the mineral mixes used in each of 
the five products tested in this study require 
the inclusion of either tricalcium phosphate 
or a combination of calcium carbonate and 
dicalcium phosphat~. We have recently ob
served a substantial increase in iron absorp
tion from CSM when these minerals are omit
ted (T. A. Morek, S. R. Lynch, and 1. D 
Cook, unpublished observation). A second 
possibility for low absorption in this study is 
the presence of soy protein. We have noted a 
striking inhibition of food iron absorption 
with a variety of soy products ranging from 
whole soybean to isolated soy protein (25). 
The importance of Ibis inhibitory effect of 
soy on iron absorption from infat:lt foods 
cannot be assessed from the data contained 
in this report because. soy protein contributed 
between 45 to 75% of the total protein in each 
of the five infant foocls examined. 

Poor availability of fortification iron is not 
in itself adequate justification for eliminating 
calcium and phosphate or so)' protein from 
infant foods. Availability could be improved 
by increasing the level of ascorbic acid in th' 
vitamin mix (26). Alternatively, it may be 
possible to add a foml oriron, the absorption 
of which is less inhibited by food. Recent 
studies suggest that sodium iron EDTA. may 
be less inhibited than other iron salts in cer
tain diets and may therefore enhance iron 
absorption from infant foods (27 J 28). ~ 

The authors acknowledge the cooperation oftlle rollow
ing companies in providing the m:llerials used in lhese . 
sludies: ADM Milling Company, Shawnee Mission. KS; • 
Krause Milling Company. Milwaukee, WI; r.auhorr 
Grain Company, Dan\'ilIe, IL; and Merrick Foods, Un· 
ion Center, WI. 
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Current Definitions of Deflciency Anemia
 
James D. Cook, MD
 

Deficiency (nutritional) anemia is defined as a decrease in an indi\'idual's he· 
moglobinconcentration below normal becauseofan inadequatesupplyofessential 
hematopoictic nutrients. One limitation of this definition is tl,e difficulty in de
tcrmining what constitutes a ·'normal" hemoglobin. The customary practice in • 
prevalence studies is to select a certain cut-ofr level or hemoglobin below which 
anemia is considered to be present. However, there are many problems with this 
appro3ch. It is difficult to rcach agreement about Lhe best criteria in a givcn 
segmentofthe population. Another problem is that hemoglobin levels var)' widely . 
in nOamal subjects, and the cut-offlevel for hemoglobin is thr.refoi'e far below tlle 
mean hemoglvbin for a particular age and' sex.' Because nutritionaJ anemia is 
usually mild, a marked overlap in hemoglobin occurs betwcen norm3J and anemic 
individuals. Even small changes in criteria can lead Lo vasl1y different estimates 
of the prevalence of nutritional anemia. 

Some comment should be made about the value of the hemoglobin per sc. 
Although several nutrients are required for normal hemaLopoiesis, theprevalence 
ofiron deficienc)' soexceeds deficienciesofother nutrients that iron deficic:lcylll\5 
become synonymous with nutritional anemia. Focusing only on the hemoglobin 
level implies that a low hemoglobin is the onl)' importanlconscquence of iron 1:le\c. 
a dubious assumption in the pediatric age group. 

Moreover,adecreasein hemoglobin in apopulation doesnol necessarilyindicate 
a nutrient deficiency. For example, infection may contribute significantly to 
anemia in children. Finally, the hemoglobin is one or lhe least sensitive and last 
affected parameters in iron deficiency. 

Djfficu1ti~ in determining the prevalence of nutritional anemia J,ave recently 
prompted alternative methods of analysis. J will rcview thrce of these in some 
detail: therapeutic iron trial, distribuLion analysis, and multiple iron parameters. 
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Therapeutic Trial 

The most convincing evidence ofnutritional anemia is the res~nse in hemoglobin 
levels following administration of the deficient nutrient. Therapeutic iron trials 
have provided valuable information about the distribution ofhemoglobin levels in 
normal and anemic individuals. Aclassic study was reported stveral years ago by 
Oarby,'': who obtained baseline hematocrits in Swedish women and then ad
ministered oral iron for 3 months. Anemic .individuals were .deCined as those 
showing a significant increase in hematocrit following iron therapy. When the 
frequene)' distributions of the original hematocrits in anemic and normal indi
viduals were plotted, it became obvious that there was a marked overlap in he-
matocrit levels between the two populations. Using the bestsiDgle hematocrit level 
to distinguish the two groups, it was found that 17% of anemic women (those 
showing a significant increase in hematocrit following oral iron) were incorrectly 
classified as normal, while more than 20% ofnormal women (no response to iron 
therapy) bad been incorrectly classified as anemic. 
. The therapeutic trial is the1l1ost sensitive approach to determining the prev
alence of nutritional anemia, but it has limitations. Iron administration must be 
supervised to assure compliance. When performed in.a population, the best ap
proach is to obtain serial measurements in the same individual (as oppcsed to 
successh'c random sampling), and this increases the cost ofthestudy enormously. 
A serious limitation in infancy is that developmental changes in hemoglobin may 
obscure a response tooral iron. However I despite these limitations, the therapeutic 
trial is the "gold standard" against which other measurements of nutritional 
anemia should be measured. 

Distribution Analysis 

In contrast to many laboratory parameters, hemoglobin levels in a normal pop
ulation have a gaussian distribution. Distribution analysis is based on the as
·sumptioD that in a population with a significant prevalenceofnutritional anemia, 
the observed frequency distribution of hemoglobin is actually comprised of two 
separate populations of normal and anemic individuals. This double population 
caueasily bedetected by plotting the cumulativedistribution ofhemoglobin levels 
on probability paper. In the absenceofsignificant anemia, as in adult males, this 
plot is linear,wbereasa pronounced deviation from linearityoccurs in theprescnce 
·of nutritional anemia. This approach was first used in a collaborative study of 
nutritioDal anemia in Latin America performed 'several years ago! A 
computer-searching techniq,ue was used to simulate the observed frequency 
distribution. assuming two populations of normal and anemic individuals. Th!= 
results were similar to those of Garby. In pregnant women, approximately 30% 
oftruly anemic women were mi!lclassified as normaI, while the number ofnormal 
·women misclassified as anemic actually exceeded the number of truly anemic 
women. Distribution analysis has been further developed by Habicht and 
~workers' to analyze tbedifCerence in hemoglobin concentrations between black 
and white women in HANES I (Health and Nutritional Examination Survey). 

Distribution analysis is not the total solution for determining prevalence of 
nutritional anemia, but it offers advantages over the USe of single criteria. One 
advantage is that the prevalence survey itself is used to determine the normal 
hemoglobin level within that population, rather than using an empirical prede



termined value.The main limitation is thatseveral hundred hemoglobin values arc 
needed toobtain reliable estimates. This may be a problem with prevalence studies 
in infancy, because developmental changes in hemoglobin require pooling ofdata 
in relatively narrow age groups. 

Multiple Iron Parameters 

Among the most important advances in iron nutrition during the past decade has 
been the development of more specific and sensitive laboratory measures of iron 
status. There is now abundant evidence to indicate that the optimal approach for 
measuring iron status is to perform a battery oflaboratory parameters, including 
serum iron, iron-binding capacity, transferrin saturation (TSJ, free erythroc)·te 
protoporphyrin (FEP), mean corpuscular ~·olume (MeV), and serum ferritin 
(SF). I will focus my remarks on only TS, FEP, and SF. 

TS and FEP are measures of iron-deficient erythropoiesis, that is, a deficiency 
in iron supply to developing red cells. TS is better known, but is more difficult to 
perform and subject to errol from iron contamination. Additional drawbacks arc 
the wide diurnal variations in normal individuals and the abrupt changes in levels 
with infcctions. Some of these problems arc climinated with FEP measurements; 
these have been greatly facilitated in recent years by the development ofsimplified 
techniquC5 ofanalysis. FEP increases only after several weeks ofiron deprivation, 
and returns slowly to normal following iron therapy. 1have been impressed by the 
similarity in the information provided by TS and FEP measurements in adults. 

An exciting new advance in the field of iron nutrition is the development of 
immunoradiometric measurements ofserum ferritin as a measure ofiron status. 
Several reviews of serum ferritin have been published recently.'-J In normal in
dividuals, SF is directly proportional to body iron stores.' SF measurements arc 
valuable bccause they permit one to distinguish between true iron deficiency and 
theanemia ofchronic infecI ion,adistinction that cannot bemadebyTSand FEP. 
SFdecreases in true iron deficiency but increases with chronic inflammation, and 
therefore usually provides a crear-cut distinction between these two most common 
causes or hypochromic. microcytic anemia. 

A low SFvalue is absolutely specific for iron deficiency (J 2nglml is considered 
by most as the optimal cut-oCf point), although a normal value docs not always 
exclude iron deficiency. SF is also the most sensitive test Cor detecting early iron 
deficiency, but docs not Call further as iron depletion progresses. This may be a 
reason that SF is not alwaysconside:ed the best test for diagnosing iron deficiency 
in inCants and young children, a majority of whom have no iron stores and uni
formly low SF. An additional problem with SF in children is the frequent ac
c:urrenceofinnammation orinfection;SFoftc:n fails todetect iron deficiency when 
it coexists with inOamm3tion. 

Three stages of iron deficiency C?n b~ defined on the basis of these laboratory' 
measurements (Figure). Storage iron depletion is defined by a Call in SF below 12 
ng/ml without changes in other iron parameters. Thesecond stage is iron-deficient 
erythropoiesis, when iron supply to the marrow is curtailed; this stage is char
acterized by an abnormal TS and/or FEP. The third and final slage, iron defi
ciency anemia, is ch3ractcrized by a significant fall in circulating hemoglobin, all 
other iron parameters having become abnormal at this stage. 

The exact manner in which thr.se various iron measurements should be used to 
determine the prevalence of iron deficiency is still uncertain. There is, however, 
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anadvantagein performing a battayofm~asurements. Evidence forthis is derived 
from a study performed in more than 1,500 subjects living in the northwest US! 
Frequency distribution ofTS, FEP, and SF, like the hemol~lobin, did not show a 
discrete population of iron-deficient subjects. Moreover, the use of only one 
parameter as a measure of iron deficienc)' did not facilitate: the idc:ntification of 
patients with iron deficiency anemia. For example, the pre,alence of anemia in 
the tot.,1 survey based on hemoglobin alone was 8.3%. When only one ofthe three 
iron parameters was used to identify iron deficiency, the pl'cvalence of anemia 
increased to only 10.9%. However, when two out of three and three out of three 
iron parameters were abnormal, 27% and 63% of the subjects, respectively, were 
anemic. This study underscores the importance of performing a battery of iron 
status measurements to detect iron deficiency anemia. 

In a subsequent report, we attempted to estimate iron status by using a 
combination of these iron parameters on the assumption that they identify dif· 
ferentstages ofiron deficiency." In iron-repletesubjects with SFabove 12 nglml, 
ironstores (in milligrams) wereestimated by multiplying theSFby 10. At theother 
c"treme ofiron deficiency anemia, body iron .....as estimated from the hemoglobin 
level on theassumption that a 1·8decrease in the adult corresponds to a deficiency 
of about 1SO mg iron. When the hemoglobin falls below normal (12 gIl 00 ml 
hemoglobin in women), a deficiency in body iron ofat least 300 mg has already 
occurred. Lower hemoglobin levels can be used for estimating the deficit in body 
stores. providing the other iron paz:ameters have established that the cause of the 
lowhemoglobin iS,in fact, irondeficiency.TS and FEP werealso incorporated into 
theanalysis toobtain informationat intermediatedegrees ofiron deficiency. When 
results of a survey of 426 normal women were analyzed in this manner, the 
distribution of calculated iron stores approached a gaussian distribution when 
plottedon probabilitypaper, providing some tentativesupport{or these estimates. 
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When one applies this type of analysis, iron deficiency should be the only major 
cause ofanemia in the sampled population. By providing an estimatc of body iron 
in all individuals, it may prove to be the optimal wayof detcrmining the prevalence 
of iron deficicncy. 

Summary 

A major limitation in prevalence studies of nutritional anemia has been the use 
ofsingle cut-ofrpoints of hemoglobin to define anemia. The therapeutic iron trial 
and distribution analysis of hemoglobin levels circumvent some of these problems 
when the hemoglobin is used as the only parameter of iron nutrition. However, 
evidence has been obtained in recent studies to indicate that the optimal approach 
for estimating the prevalence of iron deficiency is to employ a baltery of iron 
parameters in tandem with the hemoglobin determinations. 
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Discussion 

DR GARRY: Can the estimate ofiron stores you used for adults, namely, storage
 
iron (mg) 0= SF (ng/ml) x 10. be used in children a150~
 

DR COOK: I don't know of any phlebotomy studies that have been done in
 
children. 50 I don't have a direct answer to that.
 
DRSJIMES:Thecord bloodsofnewborns have thesame Jevelsofferritin as adult
 
males, but the newborn obviously has a remarkably lower total iron store. By this'
 
calculation. one comes toa straight line. We have published a nomogram that plots
 
the relation between ferritin and milligrams of storage iron per kilogram of body
 
weight (Figure). This plot is applicable to infants and children. as .....cll as adults.
 
The correlation between the log of serum ferritin and iron stores determined as
 
t~e milligrams per kilogram of body weight seems to be quite clear.
 
DR COOK: Studies in adults with iron overload suggest a value of 8 rather than
 
10. The number may vary, depending on the clinic:l1 setting. 
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Poor assimIlation of dietary iron is both the 
major cause of nutritional iron deficiency and the 
major obstacle in designing food fortification pro
grams to alleviate this deficiency. Studies in the 
past decade have shown that when several food i terns 
are ingested in the same meal, a common pool of 
nonheme iron is formed. In contrast to earlier 
studies with £ingle food items, this approach has 
provided some insight into the specific biochemical 
determinants of iron availability. Ne~ertheless,. 

many foods influence iron absorption by mechanisms 
that remain undefined. The factors that have been 
identified are shown in the following table: . 

. Biochemical Determinants of Fpod Iron Absorption 

Potency 
Enhancers
 

Helile* +++
 
Ascorbic Acid +++
 
Amino Acids +
 

Inhibitors
 
Tannins +++
 
Ca/P04 ++
 
Protein +
 
Phytate +
 
Fiber oJ
 

Ferritin* +
 

~Intrinsic availability 
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ENHANCERS . . 
Heme Iron. The 

distinction in regard 
most important 
to dietary iron 

biochemical 
is the pro

portion that is in the form of hemoglobi.n and 
myoglobin. Al though this heme iron consti tu tes 
only 5-10% of dietary iron, it accounts for nearly 
one-third of the iron absorbed each day because of 
its high availability. Since heme iron enters the 
mucosal cell as an intact porphyrin complex, its 
absorption is little affected by the composition of 
the meal. In a normal individual with iron stores 
of 500 mg, absorption of heme iron is about 25% as 
compared to 5% of nonheme iron (Honsen et aI, 1978). 
About 40% of the iron in animal foods (inclUding 
poultry and fish) is in the form of heme, giving a 
total intake of about 1 mg per day (Bjorn-Rasmussen 
et aI, 1974). Heme is considered an enhancer in this 
discussion not because of its effect on the absorp
tion of iron ingested in the same weal, but because 
of its high intrinsic availability. 

Ascorbic Acid. In contrast to heme iron, 
absorption of nonhe-me iron is profoundly influenced 
by the composi tion of the meal. l\scorbic acid is the 
most potent enhancer of nonheme i~on absor.ption 
known and has no ceiling to its enh ncing effect, 
even at megadose levels (Cook and Monsen, 1977). 
When the relative increase in iron absorption from 
a meal is plotted against the molar ratio of as
corbic acid/dietary iron, the dose response curve 
has two components (Lynch and Cook, 1900). The 
break occurs at a molar ratio of ascorbate/iron of 
about 7.5 ,;,hich corresponds to about 100 mg ascor
bic acid in an average meal. Above this level, the 
enhancing effect of ascorbic acid is less pro
nounced. Ascorbic acid facil i tates iron absorption 
by forming a soluble iron chelate at low pH which 
remains soluble at the higher pH of the small 
intestine (Conrad and Schade, 1968) 

So marked is the enhancing effect of ascorbic 
acid on iron absorption that it has been proposed as 
a dietary fortificant to render food iron more 
available. While this approach is attractive in 
theory, there are a number of practical problems. 
About one-third of added ascorbic acid is inac
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tivated by boiling and almost: all is lost by baking.
l>10reover, when both ascorbic acid and fortification 
iron are added to a vehicle such as salt, dis
coloration occurs. The relatively high cost of 
ascorbic acid as compared t~ iron is an additional. 
constraint in developing countries. Even if as
corbic acid is not suitable for fortification, its 
value should be stressed in educational programs 
desi~ned to improve iron status. The absorption of 
fron in a meal can be increased three times by 
including 100 ml orange juice (Callender et aI, 
1970) and up to seven times by including fresh fruit 
such as papaya (Layrisse et aI, 1974). 

Amino Acids. Animal tissue is an important 
constituent of the diet, not only because of its 
heme iron conte:1t but also because of its ability to 
enhance absorption of iron in foods ingested in the 
same meal. Substi tution of animul protein in a meal 
containing onl}' nonheme iron produces a b/o- to 
four-fold increase in iron absorption (Cook and 
Monsen, 1976) .rhis is true for a variety of animal 
foods but does not include dairy products such as 
milk, cheese, and eggs. One gram meat is roughly 
equivalent in its enhancing effect to 1 mg ascorbic 
acid (Monsen et aI, 1978). 

Despite many years of , investigation, the bio
chemical factor responsible for the enhancing ef
fect of animal tissue has not been identified. In 
early studies, cysteine was believed to be respon
sible for the enhancing effect of fish (Martinez
Torres and Layrisse, 1970), but this has ~o~ been 
confirmed in later studies. Bjorn~P.asmussen and 
Hallberg (1979) have recently shown that the p.n
hancing effect of meat is not mediated by an in
crease in gastr ic secretion and that the enhancing 
effect resides with the insoluble residue rather. 
than with a water extract of meat. Since amino acids 
are knO\m to enhance iron absorption (Forth and 
Rummel, 1973), the meat effect may relate to the 
ease with which ani~al foods are digested in the 
intestinal tract to polypeptides or amino acids. 

INHIBITORS 
Until recently, little attention was given to 
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factor!; that inhibit the absorption of dietary
iron. Moreover, as with animal foods, the bio
chemical mechanism by which certain foods reduce 
iron assimilation has not been identified. The 
foll6wing are the most important inhibitor~. 

Tannins. The pronounced inhibitory effect of 
tea on iron absorption ",as fir.st reporled by Disler 
et al (1975a; 1975b). These workers showed that a 
single cup of tea reduces the absorption of ferric 
chlor ide from 22 to 6% and in a meal ",ith several in
gredients from 11 to 2.5%. In animal studies, this 
inhibiting effect did not exist with tannate-free 
tea or with caffeine but it could be reproduced 
exactly ",ith either tannic acid or with tannins 
extracted from the tea. The' South African workers 
concluded that the inhibiting effect results from 
the formation of a black, insoluble precipitate of 
iron tannate. We have observed a similar but less 
pronounced inhibiting effect of coffee which is 
apparently due to tannins as well (Horck et aI, 
unpubl ished observations). Tannins are widely dis
tributed in vegetable foods and may be responsible 
for the 10\" iron assimilation from these foods. Tea 
has such a marked inhibitory effect thut its use has 
been proposed as a means of reducing the absorption 
of dietary iron in patients with thalassemia major 
or intermedia (de Alarcon et aI, 1979). 

Calcium/Phosphate. Animal studies have led to 
conflicting views on the effect of these minerals on 
iron absorption. In human studies, egg yolk has 
been shown to markedly inhibit iron absorption, an 
effect that is attributed to vitellin, the major' 
phosphoprotein complex in egg yolk. Peters et al 
(1971) concluded that phosphate compounds, either 
as inorganic pho~~hate or in phosphate-containing 
meals, are among the most important inhibitors of 
iron absorption. The e~fect is presumed to be due 
to the formation,of highly insoluble ferric phOS
phate. 

In studies with a semipurified meal (Monsen 
and Cook, 1976), the separate add i ticn of a soluble 
calcium salt and a soluble phosphate salt had little 
effect on iron abuorption. However, pronounced in
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hibition was obs=rved when both were added simul
taneously, an effect that probably resulted from 
co-pre..:ipitation of iron by an insoluble complex of 
calcium phosphate. 

Protein. The effects on iron absorption of 
protein, carbohydrate, and fat remain controver
sial. The buly. of information is derived from 
animal studies in "'hieh the proportion of these 
macronutrients is altered while maintaining a con
stant caloric intake. It has been difficult to 
determine in these studies whether the observed 
effect is due to an increase in one constituent or 
the reduction of another. 

Data on the effect of protein have been in
consistent •. The enhancing effect of meat has often 
been ascribed to protein per se but without direct' 
evidence. In fact, recent studies have shown that 
certain semipurified proteins may actually inhibit 
absorption. For exa~ple, when carbohydrate, fat, 
or protein were either doubled or eliminated from a 
semipurified meal, a significant effect was ob
served only with the protein source, eg~ albumen. 
When the latter was omitted, absorption increased 
from 3.8 to 9.6%, but fell from 2.3 to 1.4% when the 
level was doubled (Monsen and Cook, 1979). More 
recently, a striking inhibitory effect of soy pro
tein has been observed (Cook et aI, 1981). When 
full-fat soy flour, textured soy protein, or iso
lated soy protein ·...ere substituted for egg albumen, 
absorption \o/as inhibited 70-80%. A significant but 
less drarilatic inhibition \'/as also observed \oJhen 
textured soy protein was used as a meat extender~ 
The mechanism for this inhibition has not been 
defined. 

Phytate. In the early 1940's, in a study using 
a chemical balance technic, it was observed that 
less iron is absorbed from a diet containing brown 
bread than one co~taining white bread (Widdowson 
and McCance, 1942). Modern studies with extrinsic 
tagging have confirmed that bran inhibits iron 
absorption in propo;tion to the amount added to a 
meal (Bjorn-Rasmussen, 1974). It has been widely 
assumed that the effect is due to its phytute 
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content:. HO\-Icver, Sharpe et a1 (1950) observed that: 
whilc Godium phytate added to a meal reduced ab
sorption, naturally-occurring phytate did not de
press iron absorption significantly. Morris and 
Ellis (1976) found that more than half the iron in 
wheat bran is present as monoferric phytate. In 
contrast to fully saturated iron molecules, mono
ferric phytate is soluble at n~utral pH but insol
uble in an acid environment. Studies in dogs 
(Lipschitz et aI, 1979) and in humans (Simpson et 
aI, 1981) have demonstrated that radiolabeled 
monoferric phytate is relatively well absorbed. 

In the study by Simpson et al (1901), examining 
the inhibitory effect of bran, the phytate' content 
seemed to have littlp. effect on absorption. \'1hen 12 
9 whole bran wa~ ~Jded to a meal containing a milk
shake and muffins, absorption was reduced from 2.4 
to 0.6%. l'lhen ",hnle bran vias incubatecl at 370 C to 
destroy phytute b" enzymatic hydrolysis and in
cluded in a simiiar meal, the inhibitory effect of 
bran was not diminished. Thus, vlhile naturally
occurring phytat~ may reduce iron absorption, its 
effect is less pronounced than previously assumed. 

F.iber. The effect of fiber on iron absorption 
·has not been extensively studied in man, but there 
is reason to believe that it is inhibitory. In a 
recent study in humans (Cook et aI, unpublished 
observations), two separate meals were given that 
were nearly identical v,i th respect to macronutr ient 
composition but maximally different \o1ith respect to 
fiber content - 5.1 g vs. 0.3 g. Absorption from the 
low fiber meal averaged 6.1% as compared to 3.0% 
from the high fiber meal. Thus, at these two 
extremes, the inhibiting effect of fiber was rela
tively modest. Furthermore, studies with pectin 
and hl::micellulose have failed to demonstrate an 
inhibiting effect of these fiber sources (Cook et 
al, unpubl ished observations). It would appear 
that fiber has relatively little effect on iron 
absorption. 

Ferritin. The nonheme iron fraction of animal 
tissue is well absorbed. However, when purified 
radiolabeled fer [i tin was admini's tered to human 
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subjects, absorption averaged less than 1% as com
pared to 2' from a ~aize meal in the same sUbjects 
(Layris~e,et aI, 1975). On the other hand, when 2 

mg ferritin iron was adiilinistered with veal muscle, 
percentage absorption increased markedly from 1.3 
to 12%. The low availability of purified ferritin 
therefore app~ars to be an artifact of protein 
purification. 

SUHMARY 
The technic of extr insic rad ioiron tagg ing has 

greatly assisted in the identification of specific 
biochemical determinants of food iron absorption. 
Nevertheless, there remains a large gap bet.../een our 
knowledge of th~ intrinsic availability of iron in 
certain foods and the specific biochemical factors 
that acco~nt· for these effects. The enhancing 
effect of ascorbic acid and animal tissue on iron 
absorption is well established if not well under
stood. As yet, there is only scant information on 
the biochemical factors that cause inhibition of 
iron absorption by tannins, calcium/phosphate, 
protein, phytate, and fiber. 
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·Iron is efficiently recycled in the body 
and lillie is excreted because its function 
in proteins of oxygen and electron 
transport is essential to life. Primary 
responsibility for maintaining adequate 
levels of this nutrient rests in an intestinal 
absorptive system that is attuned to the 
changing needs of the individual. The 
amount of iron absorbed from food is 
indirectly related to iron status. As iron 
stores fall, absorption increases, and once 
stores are replete, absorption falls to a 
low level. The; few milligrams of iron 
necessary to replace daily losses must be 
absorbed from a diet that, in Western 
countries, usually contains a severalfold 
excess of this element. The fact that iron 
deficiency anemia is still a common 
condition indicates that not all ofthe iron 
present in this diet is capable of being 
absorbed. 

Sources of Dletar/lron 
Both the source and chemical form of 

dietary iron can markedly affect its 
availnbility for absorption. A mixed 
Western diet contains four sources of 
iron: food of animal origin, food of 
vegetable origin, fortification iron, and 
contamination iron (Table I). For most of 
the world's population, animal-derived 
foods are not available, and fortification 
iron is not yet widely distributed. In the 
vegetable category. the staples rice, 
maize, wheat, ar j beans have either 
moderate or poor iron availability (I). 
Therefore, it is not surprising that iron 
deficiency is prevalent among populations 
subsisting solely on these foods. 

The factors that affect bioavailability 

of dietary iron will be presented here 
prim:uily in the contextofa Western diet 
in which the amount of iron absorbed is 
not limited by the total iron content of the 
diet. 

There are t \Yo major chemical forms of 
iron in a mixed diet, and each is absorbed 
by a different mechanism. Heme, 
containing iron in a porphyrin ring 
structure (see line art), is found in 
hemoglobill and myoglobin and accounts 
for nearly 40% of the iron present in 
animal tissue, including fish and poultry 
(2). Because of the porphyrin complex, 
heme is more soluble in the neutral 
conditions of the small intestine than in 
the acid of the stomach. It is taken UD by 

CH
 . 3 

inside (3). Absorption of heme iron is 
high, averaging from 15% fariron-replete 
men to 35% in those lacking ironslcres (2). 

The I-mg iron per day provided by 
heme is a small proportion (5-10%) 9( 
total daily iron intake. However, due to 
its high bioavailability, it provides nearly 
one third of the iron absorbed each day 
from a mixed diet (4). Because of iis 
unique absorptive mechanism and 
solubility at elevated pH, heme iron 
availability is unaffected by dietary 
components that either enhance or 
inhibit the availability of the non heme 
iron present in the rest of the diet. 

Nonheme iron is present in foods of 
velletable orillin lind also account! for the 



Source Bionallability 

Food of Animal Orilin 
Henle Hiab 
Nonheme Hiah 

Low 
Food of Vegetable Origin 

Nonheme Moderate 
Low 

Fortification Iron 
Nonhc:me High 

Moderate 
Low 

Contamination Iron 
Nonheme High. 

, Low 

Examples 

Hemoalobin, myoalobin 
Muscle tissue,liver, fi'h 
Egp, purified ferritin 

Wheat, maize, bean' 
Rice, spinach 

Ferrous salts (sulrate, fumarate) 
Ferric orthophosphate 
Sodium iron pyrophosphate 

Deer fermented in iron drums 
Ferric hydroxide, ferric oxide 

added non exchanges completely with 
iron in Ihe diet (16.17). 

Iron bioavaiJabilily studies conducted 
in rals have provided much useful 
information concerning foods and iron 
compounds that arc good or poor sources 
of iron. However, using animals to assess 
food interactions with dietary iron and to 
estimate its bioavailability in a complex 
meal is more difficult. Recent data 
suggest that a primate model may prove 
useful for these purposes (18). 

The very small amount of iron 
absorbed relative to the iron content of 

the upper small intestinal mucosa in a 
soluble form. 

Other dietary constituents aid or 
interfere with nonheme iron solubility 
and, thus, absorption. For example, 
although nonheme iron in me:'.t is 
generally well absorbed, purified ferritin 
has low bio<ivailability when added to a 
vegetable meal (5). This may be an 
artifact due to chemical alteration during 
purification; however, it more likely 
demonstrates that meat digestive products 
are needed to facilitate ferritin absorption. 

Other sources of nonheme iron are 
compounds added to fortify the diet with 
additional iron above its endogenous 
level. The most common sources are 
soluble iron salts or small-particle 
elemental iron. When taken without 
food, ferrous salts .ue lietter ab~orbed 

than ferric forms (6). This is probably 
related to the fact that ferric iron is 
insoluble in aqueous solution abl.'\'e pH 
3, whereas the majority of fcrrous iron 
remains soluble at pH 8. 

Particle size is an important determinant 
ofelemental iron solubility and availability 
for absorption. However, electrolytic 
iron has a higher bioavailability than 
hydrogen-reduced iron of the same 
particle size, probably due to the gre-oiter 
surface area of its dendritic- crystal 
structure (7). , 

Solubility alone cannot accurately 
predict bioavailability of different iron 
compounds used for fortiiica: :on of 
wheat flour. Four soluble forms of iron 
were added to dinner rolls, and iron 
absorption was measured in human 
subjects (8). Rr;duced iron was absorbed 
the same as ferrous sulfate, but ferric 
orthophosphate and sodium iron 
pyrophosphate were only about 30 and 
SO% as available, r!:spectively (8). 

The iron content of the diet also can be 
increased by contamination during 
harvesting, processing, cooking, or 
storing food. Under the acidic conditions 
occurring in fermentation of maize and 
sorghum beer, iron was extracted from 
cast-iron drums and was shown to be well 
absorbed from the beer (9). At the other 
extreme, soil contamination of teff when 
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it is threshed under the hoc, " ~ of cattle 
was reported to aCl:ount fe.•.nos( of the 
200-300 mg daily iron intake of 
Ethiopians (10). Oxides alid hydroxides 
ofiron, common insoluble environmental 
forms, do not exchange with soluble 
radioiron salts used to measure food iron 
absorption in humans. Therefore, the 
actual nutritional value of contaminant. 
iron ca'lnot be: directly determined (II). 

Predicting the Bioavallablllty 
of Dietary Iron 

Methods for predicting availability of 
dietary iron in vitro have concentrated on 
duplicating the chemical environment of 
the stomach and upper small intestine. 
Although use of human gastric juice has 
been reported, more often food is 
incubated with hydrochloric acid 
containing pepsin at 37°C (12). After 
adjusting the solution to pH 7.5, the 
Craction of iron that was ionizable 
(reacting with a, a-dipyridyl) was found 
to correlate well with percentage iron 
absorbed in human s'tudies; soluble iron, 
containingcomplexed as well as ionizable 
iron, did not (13). Other techniques 
determine the proportion of ionic iron in 
the ferric or ferrous state, thus providing 
a useful monitor of chemical changes 
occurring during food processing (14). 

Although the amount of dietary iron 
that is chemically suited for absorption 
can be determined using in vitro 
techniques, animal studies are necessary 
to measure the actual absorption and 
utilization of food iron. Growing 
animals. depleted of iron stores through 
phlebotomy or by consuming an iron
deficient diet, are fed a diet containing 
graded levels of iron provided by a food 
item or an iron salt. The hemoglobin, 
hematocrit, or body weight response to 
this added iron is then compared to the 
response observed in a comparable group 
of animals fed identical levels of iron 
from highly available ferrous sulfate. In 
this manner the biologir.al value of the 
iron contained in the test ingredient can 
be calculated relative to ferrous sulfate 
(IS). Radioisotope retention by animals 
fed meals labeled with radioiron is 

the diet makes chemical iron balance 
studies in humans very difficult. Any 
analytical or sampling error may mask 
the effect on iron balance attributed to 
the diet. 

Direct measurement ofiron absorption 
us~ng minute quantities of radioisotopes 
ofIron has generated the most meani ngful 
data on iron absorption in humans. 
Absorption is determined two weeks after 
a test meal by either measuring 
erythrocyte incorporation or whole-body 
retention of radioiron (4). Although at 
first radioiron was biologically 
incorporated into the food under study, it 
was subsequently found that a soluble 
form of inorganic iron added extrinsically 
to a meal exchanges completely with 
other dietary nonheme iron released into 
a common pool of available iron in the 
acidic environment of the stomach 
(19,20). The addition of biosynthetically 
tagged heme iron likewise labels that 
component of dietary iron, enabling the 
proportional absorption of each iron 
form in a complex me'at to be rletermined 
(21). 

In some studies, a standardized dose of 
Cerrous sulfate and ascorbic acid is 
included as one test meai, the ahsorption 
of which is based solely on the level of 
iron stores in each subject (22). By 
expressing iron absorption from a test 
meal as a ratio to the amount of ferrous 
ascorbate-absorbed in the same individual 
intersubject variability due to difference~ 
in iron status can be minimized. 
Additionally, this ratio is useful in 
predicting the amount of iron that wouid 
be expected to be absorbed by people 
differing in iron status from those in the 
lest population. Adjusting the data to a 
reference dose absorption of 40% 
provides an index of how much iron in 
the test meal would be absorbed by 
subjects wilhout any iron stores (I I). 

Dietary Components 
Affecting Bl08vallablllty 

Although an iron salt may exhibit hir:h 
availability when fed alone, adding it to a 
meal such as maize, wheat, or black beans 
reduces the level of iron absorption 
consider:l.t>!y (19). Conversely, when :l 

glass of orange juice is included in a 
breakfast meal, h'on absorption can be 



increased 2~ times (23). 
These exnmples demonstrate that iron 

absorption from a complex meal 
represents the summation ofall enhancing 
and inhibiting components present in 
that meal. The iron absorption enhancers 
and inhibitors that have been studied 
most extensively in humans and their 
rclati ..'e potencies arc shown in Table II. 
Certain sugars, amino acids, and amines 
released during enzymatic digestion may 
improve iron availability by decreasing 
both the precipitation and polymerization 
ofiron in ..queous solutiollS, probably by 
interfering with the formation of water 
bridges with iron molecules. Substances 
.::apable of forming chelates with iron' 
promote absorption by maintaining the 
metal in a soluble, absorbable state (24). 
Other agents such as tannates, phytates, 
phosphates, oxalates, and carbonates 
form insoluble precipitates and macro
molecules with iron that have poor 
availability (25). Two factors of major 
nutritional significance that have been 
shown to consistently increase iron 
nvailability are ascorbic acid and meat or 
animal tissue. 

Enhancers 
Ascorbic Acid. When ascorbic acid is 

added to a meal, the increase in iron 
absorption is proportional to the dose, 
even at levels as high as I gm (26,27). 
Facilitation of iron absorption appears to 
operate in two ways. Asa reducing agent, 
ascorbic acid maintains the normally 
ferric form of food iron in a more soluble 
ferrous state. Secondly, under acidic 
conditions in the stomach, ascorbic acid 
forms a complex with iron that remains 
soluble as the pH increases in the upper 
small intestine (28). 

The addition of orange juice containing 
40-50 mg ascorbic a.cid to a breakfast 
meal of bread. egg, and tea or coffee was 
found to increase iron absorption from 
3.71010.4% (29). Ascorbic acid also was 
shown to account for the sevenfold 
increase in iron absorption from maize 
porridge when papaya was included in 
the meal (30). Because oxidation and 
heating destroys much of the ascorbic 
acid in food during storage and cooking 
(31). the ascorbic acid content of raw 
foods may not accurately predict thc 
degree of iron absorption enhancement 
expected from processed foods. 

Animal Tissue. Besides contributing 
highly available heme iron, animal tissue 
in the diet produces a twofold to fourfold 
increase in the absorption of nonheme 
iron. This phenomenon applies to a 
variety of meat products. but eggs. milk, 
and cheese either have no effect or arc 
somewhat inhibitory to iron absorption 
(32). The exact mechanism by which 
animal tissue promotes iron absorption is 
still unknown, but it has been suggested 
that amino acids and/or polypeptides 
arising from proteolytic digestion might 
chelatc dietary nonheme iron, thereby 

facilitating its absorption. 
Martinez-Torres and Layrisse observed 

a twofold increase in iron absorption 
when 100-g fish was added to a meal of 
black beans (33). They found this same 
magnitude of effect when the total amino 
acid content of the fish was added in 
purified form or when 21O-mg cysteine 
(the amount present in 100-g fish) was 
added alone. Like ascorbi~ acid, cysteine 
also is a reducing agent. 

Recently. studies by the same 
researchers have shown enhancement of 
iron absorption from maize, black beans, 
and soybeans when this level of cysteine 
was added after cooking the test meals 
(34). 

Other workers have shown increased 
iron absorption when beef, fish, chicken, 
orcalfthymus was added to a maize meal, 
but they noted no respon.c: for egg white, 
cystcine. or a water extract of beef (35). 
They proposed that meat aids iron 
absorption by counteracting luminal 
factors that otherwise would interfere 
with the transport of iron to the mucosal 
cel! ~urface. 

Inhibitor. 
Much of the early work in iron 

nutrition focused on factors that would 
increase the amount of iron absorbed 
from the diet. Basal meals in these studies 
consisted of staple foods such as com, 
beans, or rice, which, by themselv::s, 
exhibit low intrinsic iron bioavailability. 

To better assess inhibitory factors in 
the diet, chemically defined meals were 
formulated using purified sources of 
protein, fat, and carbohydrate; ferric 
chloride was added to bring the iron 
contcnt to 4 mg. Adding to this meal 
almost any nonmeat food that did not 
contain ascorbate usually resulted in a 
drop in iron absorption. The biochemical 
mechanism for this inhibition remains 
unclear in most instances. The following 
arc the food constituents that have been 
mo..t extensivcly studied in their effect on 

~ .....:"'f.~::'.'.' .. ';";.";" ....-.~.:.• ;"~"':,; 

'Tablr 'II. Food Components ArCectlnz 
.:.' Dietary Iron Bioavail.hilit, . 

: Food Components Potency : 

, Enhancers , "'. 

. Ascorbic Acid 
Animal Tissue 

iron absorption in humans. 
Tea. Disler and eo-workers were the 

first to report the dramatic reduction in 
iron abs" 'ption when tea was drunk with 
a meal (:> ..). A single cup of tea reduced 
absorption of ferric chloride from 22 to 
6%. and even with a complex meal, tea 
caused iron absorption to fall from I I to 
2.5%. Tannins extracted from tea leaves 
by hot water wert: shown to account for 
this inhibition. Neither caffeine nor 
tannate-free tea had any effect on iron 
absorption in rats, whereas tannic "cid or 
purified tannins extracted from tea 
produced the same degree of inhibition as 
brewed t~!\ ilself (37). This effect is 
probably due to formation of an 
insoluble iron-tannate complex in the but 
that renders a significant proportion of 
dietary iron unavailable for absorption. 
So great is the inhibitory effect of tea, il 
has been proposed as one way to reduce 
dietary iron absorption in patients with 
iron overload diseases (38). 

Corree. Even in the presence of 
supplemental ascorbic acid, cof(ee as well 
as tea inhibits iron absorption (39). In our 
own studies, coffee has proved to be 
about two thirds as inhibitory as tea. I 
When subjects drank coffee an hour after 
a meal, iron absorption was reduced the 
same amount i\S when coffee was taleen 
with a meal. Greater inhibition was seen 
with stronger coffee. 

Although the mechani$m of Ihe coffee 
effect has not been identified, polyphenolic 
eompounds arc present in I~offee and 
could possibly act in the same manner as 
the chemically related tannins in tea. 
Evidence that tea and coffee may act 
differently on iron absorption has been 
presented by recent in vitro data. When 
added to a suspension of cooked pinto 
beans. tca reduced the amount of soluble 
iron by 88%. Coffee, on the other hand, 
did not decrease the amount of iron in 
solution but was responsible for 
oxidizing all to the ferric state (40). 

S01 Producu. Based on studies using 
human subjects. we have recently 
reported a substantial inhibition of iron 
absorption associated with soy products 
(41). When substituted for egg albumen 
as the protein source in a semi-purified 
diet, full-fat soy nour. textured soy flour, 
and isolated soy protein reduced iron 
absorptiol' by 82. 65, and 92%, 
respectivcly. Similarly, a 50 to 60% 
jecrease was observed when textured soy 
flour was added to ground beef in a 
hamburger meal. Follow-up studies 
showed that the inhibitory effect 
attributed to isolated soy protein could 
not be completely eliminated by extensive 
heating or by adding the enhancers 
ascorbic acid or meat to the meal. I The 
precise mechanism behind this soy effect 
remains to be dctermined, but it appears 
to influence iron absorption to a greater 
degree when soy provides all of the 

IT. A. Morek, S. R. Lynch, and J. D. Coole. 
Unpublished dala. !' ' 
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prolein in a meal. 
Erhylenel1iaminetetrucetlc acid 

(EDTA). The ability of the chelator 
EDTA to bind iron and keep it soluble at 
neutral pHis well-known, butlhe ralio of 
chela Ie to iron seems to playa major role 
in determining whether this iron can be 
effectively utilized by the body. 

A significant inhibition in absorption 
was observed when Na,EDTA was added 
to meals comprised of semi-purified 
ingredients or common food items. When 
molar ratios for EDTA:iron were 1: I and 
2: I, nonheme iron absorption was 
decreased by 20 and 50%, respectively 
(42). 

An ability of EDTA to enhance iron 
absorption, however, has been shown in 
more recent studies in which absorption 
of5-50 mgironaspreformed NaFeEDTA 
was twofold higher than when iron was 
added as ferrous sulfate (43). A similar 
response relative to ferrous sulfate was 
seen when this iron chelate was added to a 
milk-rice-sugar formula (44). 

The effect of EDTA on iron absorption 
appears to depend on both the absolute 
amount of EDTA in the diet as well as the 
molar ratio of EDTA to iron. When this 
molar ratio is less than I, absorplion from 
the meal may be enhanced, especially 
when basal availability of food iron is low 
(45). 

Calcium/Phosphate. In animal studies, 
calcium and phosphate compound~ have 
been reported to decrease nonheme iron 
availability (46,47). Monsen and Cook 
demonstrated that, when a semi-purified 
meal was fed to humans, the addition of 
either calcium chloride or potassium 
phosphale alone did not affect iron 
absorption (48). However; when both 
were added simultaneously to the meal, 
iron absorption was reduced 53-73%. 
These resulls may be explained by the 

adsorption of iron onto the insoluble 
·calcium phosphate complex formed in 
the alkaline environment of the small 
intestine, rendering it unavailable for 
absorplion. 

Pelcrs et al studied the effect of vilrious 
phosphille compounds on iron absorption 
in humans and also under in vitro 
conditions (49). They reported that both 
inorganic and protein-bound phosphate 
formed an insoluble ferric phosphate 
complex that was unavailable for 
absorption. 

Eggs, Allhough eggs contain approx
imately I mg of irn'1, the iron is poorly 
available to huma.,J and the egg yolk 
further inhibits absorption of other 
dietary iron (29). The addition of egg 
white to ferrous ascorbate reduced iron 
absorption from 33 to 14%, and added 
yolk dropped absorption even further to 
3.9% (49). The vitellin fraction of yolk, 
high in phosphoprotein, was believed to 
account for this inhibition. 

Cook and Monsen used a semi-purified 
diet containing egg albumen i:l human 
studies to assess the effect of various 
animal proteins on iron absorption. 
Powdered egg produced the same level of 
iron absorption as whole milk, cheese, or 
the unsubstituted basal diet, indicating 
that not all animal-derived protein 
enhances iron absorption (32). The same 
workers subsequently showed that 
doubling the quantity of egg albumen in 
the meal caused a drop in iron absorption 
from 2.3 to 1.4%. On the other hand, 
omitting it completely from the 
formulation increased iron absorption by 
nearly threefold (50). Taken together, 
these studies show that both the white 
and the yolk of hen's eggs can inhibit the 
absorption of nonheme iron contributed 
by other foods eaten in the same meal. 

Wheat Bran. In an early human study 
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using chemical billance methods, 
Widdowson and McCilnce showed that 
more iron was absorbed from while bread 
than from brown bread, even though 
brown brcad contained 50% more iron 
(51). More modern studies employing an 
extrinsic radioiron lag have demonstraled 
that iron absorplion is reduced in direct 
proportion to the amount of bran added 
to a meal (52). 

Because wheat bran is high in phylale, 
a compound known to bind iron and 
other trace minerals, this was proposed as 
the inhibitory compound in bran. More 
than hillf of the iron in wheat bran is 
present as monoferric phytate (.53). In 
contrast to saturated ferric phytate, 
monoferric phytate remains soluble at 
neutral pH and its iron has been found to 
have relatively high bioavailability in 
rats, dogs, and man (54,55). However. 
only when purified sodium phytale is 
added to meals is iron absorption 
reduced; endogenous food phytate has no 
effect (51,56). In other human studies, 
iron absoflHion was diminished 10 Ihe 
same extent when either dephylinized 
bran or whole bran was added to wheal 
fluur muffins (.55). Therefore, it was 
proposed that the inhibitory effr.ct of 
bran was not necessarily due to phylate, 
but was perhaps associated wilh its high 
fiber content. 

Fiber. In a recent review of the cffects 
of fiber on trace mineral balance in man, 
Kelsay concluded lhat iron balance wa~ 

unaffected by dietary fiber (57). Howevcr, 
a study in humans was conducred using 
dual ra: :oiron tags added to two meals 
having identical nutrient composilion but 
containing either 5.1 or 0.3 g crude fiber 
calculated from food tables. Iron 
absorption averaged 3% from the high
fiber meal, and twice that level WIIS 

absorbed from the low-fiber meal.] 
Further unpublished studies by the same 
group ofinvestigators confirmed the bran 
inhibition of iron absorption but failed to 
show any effect due to pectin or purified 
cellulose. 

Under in vitro conditions, iron 
reportedly was bound by acid detergent 
fiber and neutral detergent fiber from 
wheat and maize (58). Pectin, but not 
cellulose, also exhibited high iron binding 
activity in vitro and reuuced by 40% Ihc 
amount of iron absorbed by a group of 
iron-overloaded patients with hemo
chromatosis (59). 

Obviously, the effect of fiber on iron 
absorption has not been completely 
clarified. Studies using purified fiber 
sources may not be representalive of the 
interaction of iron wilh foods Ihat are 
naturally high in fiber. 

Model for Estimating Iron Avallabillly 
A praclical model has been proposed 

for eSlimating the amount of iron likely to 
be absorbed from any given diet (2). By 

'Cook et al. Unpublished data. 



knowing how much meat and ascorbic 
acid is in the food consumed, meals are 
classified as having low, medium, or high 
iron availability. Estimates can then be 
made of the amount of heme and 
nonheme iron that would be absorbed by 
people having different levels of iron 
stores. This value is much more 
physiologically useful than the total iron 
content of the diet. 

Dietary faclors that inhibit iron 
absorption may vary in their degree of 
potency; but they clearly outnumber the 
two identified enhancers. It is hoped that, 
as new information accumulates, it can be 
incorporated into an updated model that 
add resses the interaction of both 
enhancers and inhibitors in determining 
the net bioavailability of iron in the diet. 
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Serum ferritin: a possible model for the 
3assessment of nutrient stores1

-

James D. Cook, M.D. and Barry S. Skikne, M.D. 

Introduction 

The importance of iron as a nutrienrwas 
first recognized bj the anemia that always 
accompanies a severe deficiency of the metal. 
The subsequent search for methods to detecl 
milder degrees of iron deficiency bas been. 
facilitated bv the existence of two highly sp~
cicilized iro~ proteins-transferrin for the 
transport of iron .belwe:n .cells. and fe~ritin 
for the storage of Iron vllthm cells. The tlssue 
concentration of ferritin or total nonheme 
iron in accessible sites of iron storage such as 
the liver or bone marrow is a reliable measure 
of body iron stores. However. the.difficulty 
!!.l_~~!~~.~ip'g.E~ples. fr~~h~~~~~:.~.~:~
 
limitcd.th~irusefulll~~.~orC\~.s..e_S§.l.I.lg ~t:~~ ~~~:

tu·s.· . 

In 1972, Addison et aL (1) first reported 
that minute amounts of ferritin could be de
tected in nOfmal human serum using a sen
sitive immunoassay and t:.at the concentra
tion of this circulating ferritin is closely c.oy
related with body iron stores. Serum femtm 
nie~~urements nave proven to ~ an JnvaI~
able tool for evaluating iron status. both m 
clinical practice and in prevalence surveys. 
However. dcsEite its practical \"aJu~. the phys
iological sigmficance of this tiny e::ttraceJlular 
iron compartment remains obscure.. Sc.verat 
comprehensive reviews have ~en published 
recently on ferritin biochemistry (2-5). and 
on both the methodolooical (6. 7) and clinical 
implications (ti. 8. 9) ~f serum ~erritin mea
surements. The foJloWIng o·..erYleW of these 
fUldings is presented in the hope that cr.trap
olations to the assessment of other body nu
trients may become apparent. 

Biochemistcy of tissue ferritin 

Roughly two~thirds gfbody iron sto~es are 
contained in ferritin the soluble fractlon of, . 
tissue nonheme iron. The remainder eXists as 
insoluble hemosiderin. an heterogeneous ma.

lerial composed largely of denatured ferritin 
and small amounts ofsugar. sialic acid, lipid. 
and other proteins.. Hemosiderin, which is 
visible by light microscopy. is the end point 
ofthe intracellular storage iron pathway. The 
concentration of tissue ferritin closely paral
lels that of hemosiderin although lhe ratio of 
ferritin to hemosiderin is higher in hepatic 
parenchymal cell~ and lowe;r in reliculoen
dotheJial (RE) cells in bone marrow and 
~k~. . . 
. Ferritin is an ubiquitous protein th~: is 

presenl throughout the plant and animal 
kingdom. \Vhile it is probably preseot io aU 
cells. the concentration is too low in many 
ti~sH.~~ (g,.IJ.l:~~¥:r~ i.t wi~h.o~~~~~ ..p~:. o[~~
sitive immunologlcal. as·st):s.. ;~t~!~~~g~. ~~~!J: .
ies offerrilin biochemi~trYb"egan in the carty I 

1940's (10), the exact. biochemi~l structure is 
still aD area ofactive investigation. The char
actedzalhn of ferritin has been facilitated by 
the facl that the protein is highly soluble in 
water, resistant to heating to 70 to 75°C. nnd 
readily cry~tallized with cadmium sulfate. It 
is a spherical protein cons\sting of an outer 
shell of 24 identical or nearly identical sub
urrts. each with a molecular weight of 18.500 
daIlons. The molecular weight of the ~sem
bled iron-free protein apoferritin is about 
445,000 daltons. • 

Iron i5 incorporated into.ferritin by pasSIDg 
through finy channels in the protein coa~ and 
is then deposited on a central core of.hlghly 
insoluble ferric o;qde phosphate mlcc!~:s. 
This dense iron core provides ~ ~?n.·~ntent 
means ofassessino the cellular dlstobuuon of 
ferrilin by ckctro~ microscopy. The iron coo-
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SER.U~1 FERRITIN wa 

tent of ferritin ma.y vary considerably ".nd 
iron m~y account for up to 20% of the pro
tein"s dry weight or about 4500 iron atoms! 
molecular &\pofcrritin. The maximum molec
ular ''''eight of the iron saturated protein is 
about 900,000 daltons. The ultrastructure of 
ferritin crystals has been extensively studied 
and arnino acid sequencing of horse spleen 
feninn has rt:cently been completed (Crich
to:1 RR, unpublished observations). The bio
synthesis of ferritin, including the manner 
in which iron is incorporated, has been inves
tigated in detail. It has been demonstrated in 
ani..-nal s!udies thal iron administration can 
induce 2 f-fold increase in hepatic ferritin 
synthesis wh~ch is mediated at the posttran
slation leveL A similar increase in synthesis 
OCCUI'S in response to acute inflammation, an 
ob3~rvationthat has led to the suggestion that 
ferritin is an acute phase reactan~ 

A productive avenue of recent investiga
tions stems from the obsentation that ferritin 
is not an homogene9us prot:i~ on. iso~~ectri~ . 
focusing but may contain as "man)' as 20 
isoferritin bands. The most popular view at 
present is that this microhetcrogeneity is ge
netic in origin and results from the existence 
of at least two ferritin subunits of slightly 
different size and electrical charge (fig. 1) 
(1 J). The subunit that predominates in the 
more acidic bands has been designated the 
"H- subunit since it is seen predominantly in 
ferritin isolated from beart. The "L" subunit 

'l~W~ttI 
(tcr3) 

pI 

)HeLa~~.S50~46 

,~ 
.G'~ 

~ 

0"" • 21 : L • 13 

fiG. 1. A propD5Cd model to explain lhe: diCfc:r:nt 
Uoferri:ins found in lhe: body (I I). 

predominates in the more basic isoferritins 
that are Stc:n in liver ferritin. II is suggcliled 
that the assembled ferritin molecule contains 
varying proportions of Hand L subunils 
ranging from the holopolymtr of L in the 
most basic isoferritin to appro:<imalely 30% 
Land 70% H in the most aCidic ferritin,. This 
genetic hypothesis predicts the er.istence of 
23 heteropolymers and two bolopoh'mers, 
which is entirely consistent with the n~mber 
of bands observed on isoe1eclric focusing. 

. The existence of different ferrilin subunits 
has been ofsome help in identifying the: tissue 
source ofcirculating ferritin and in exphlining 
certain immunological diffr.r.ences in immu
noassa.ys ofserum ferritin. 

Serum ferritin concentralllJ,,3 lit heaith and 
di~ease 

In considering methods for measuring iron 
status, it is convenient to divide body iron 
into compartments. The essential or func
tional compartment is'tnat iron coi1la~"'led 'in 
Hb, myoglobilJ. and certain iron-containing 
enz)'mcs. A much smaller compartment of 
storage iron exists only to replace any iron 
loss from circulating hemoglobin. The major
ity of clinical measurements to detect iron 
deficiency (e.g., Hb concentration, red cell 
indices. transferrin saturation, free el)·thro
Cj'Le protoporphyrin) becomes abnonn3.1 only. 
after iron stores are completely exhausted; 
there are only a few approaches that can 
detect changes in the storage compartment. 
The most precise quantitative p~ocedure is to 
phiebotomize the subject at weekly int:~als 
until ~ignificantanemia develops. The ongi
mil level of iron stores can then be calculated 
by subtracting the induced deficit in clrcuiat
ing Hb from the amount of iron T~moved by 
phlebotomy. Another procedure is to mea
sure iron absorption which varies inversely 
with iron stor~s. Iroa stores can also be eval
uated qualitatively by examining a sample of 
bone marrow or liver with light microscopy 
after staining for iron or quantitatively by 
chemical analysis ofnonheme iron. However. 
these invashoe approaches are justifi~d only 
in a clinical setting to identify the cause of 
frank anemia or to diag~o:ie iron ston~gc 
disease. 

In comparison to these rather cumbersome 
measuremenr:: the serum ferritin level pro
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vides a simple quantitative mea:.urcmenl of 
bod)' iron stores. ThciC arc many studies that 
indicute that serum ferritin i) a rnca,;ure of 
iron reserves. For c>:ample, the mean serum 
ferritin level in various surve~s in dc\'.::!oped 
countries is 90 to 95 ~lg/l in men and 25 to 30 
pg/l in women (8). Thcs~ value,; are in exact 
proportion [0 average values of 900 and 300 
mg storage iron determined in several earlier 
studies by quantitative phlebotomy. The se
rum ferritin level falls progre.s.~ivel)" during 
pregnancy when iron stOiCS are diminishing. 
and this decline can be prennted by iron 
supplementation (12). A rapid fall in serum 
ferritin concentration occurs durin~~ the first 
6 months of life. consistent with'"de...elop
mental changes in storage iron during this 
period (13). In normal blood donors. serum 
ferritin has been shown to correlate closely 
with the frequency of blood donation (14). A 
close inverse relationship has bun observed 
in normal subjects betwee~ p~rcent:lge ab:

iron ddici~i1c}" ancrni:t. In i\ tot~l of 154 c:':s~.) 

of uncomplicated iron defici:nc)' rCpo;"tetJ in 
the lit{:;atur~...a.lucs above the lower cutoff 
level or 12 1l~/1 W::ie observed in 0.-.1\' 1.6~ 
ofpa.ieni5 \:..ho had no stainable iron 0; bone 
mZiro',I,' cx~mination (23), In hospitalizc=d pu· 
tien'5. however. the diagnostic valu~ of the 
serum ferritin i3 diminished by the fat::t thal 
a vari~ty of clinical disorders such as infec
lion. chrome i.rlfiammatory disease, malig
nanc.y. andliverdisease produces an indepen
dent 2- to 4-fold elevation in serum ferritin at 
an]" gin:n l~\·cl of storage iron. Thus, while <t 

serum ferritin below 12 ILg/[ is diagno~ljc of 
iron ddici~ncy. levels as high as 60 (l.g/t may 
be seee wh~n iron deficiency and inrl:lmma
rion or Jiver~i.seaseoccurin the same patient 
(23). . . 

One of the m05t important applications of 
serum fenitin measurements is in evalualin~ 

the iron status of a population. The serum 
ferritin measurement has se\'eral adI,'2:1tages 

.sorption or iron aQd s~rum .f~rriti.:1. ll'5. 16).' o\·er pre\'jous laboratory determination,;. 1t is '. 
Finally. iron stores in normal m/m me2..5ured 
dirc(;tly by quantilati ...e phldJ'Jlomy have 
shown a high correlation with xnlm f~rririn; 
pooled values from regression an4'lysis in dif
ferent studies indicate tbat 1 'J1g/1 serum fer
titin is equivalent to about JO mg storage iron 
(17-19). 

A close relationship between serum ferritin 
and body iron stores has also ~en demon
strated in various clinical studies. In palients 

a more s~n,;iti\"e index of iron' deficienc.... be-·· 
cause in contrast to transferrin !latur:Hi0n or 
fr~e erylhrocyle protoporphyrin, the ~~rum' 
ferritb refkcts chtl.nges in iron slores before 
they are completely exhausted. The ~rllm 
ferritiil also has greater specificity lh2.!l th~ 
lransferri.n saturation or free erylhroC)le pro
topvrphyrin ~·bich do not distinguish bc
(weea iron deficiency anemia and the aiJ::mia 
of chronic disease which is associated with a 

with aplastic anemia.. the serom ferritin bas . block in RE iron transport. Anoiber advan
been shown to correlate with the number of 
previous blood transfusions (17.20). The se
nun ferritin level is markedh" increased in 
patients with idiopathic hem~hroma.t05is 
and the level correlates closely with hepatic 
iron concentration (21). Furthermore. reg'.Jlar 
therapeutic venisections in the~ patients in
duce a predictabt~ and orderly fall in the 
serum ferritin 1c\Oel. In 'patients with tbalas
semia major. plasma ferritin is known to 
correlate \yith both hep~tic iroil conc:ntra.~ion 

ta2e is tbat serum ferritin reflects chan~e!i in 
iroi1sratus witht.., the iron replctcsegment of 

. the popuh.lion. a facet that is panicularly 
imponaot l'.-hen monitoring the imp3ct of 
iron fortification or supplementation pro
2rams. ~foreo'..er, the serum ferritin will not 
onty indiczte a change in median iron store:s, 
bur wiIJ also identify individuals who may be 
at risk of de\'eloping iron o~erJoad. Om: Iim~ 
itatioiJ of serum fenitin levels in population 
studies is that once iron stores ha...e b~come 

nnd the number ofprevIous transfusloni (22). .deplet-;:d. rile level no longer renec15 Lhe: se
It should be noted, howe\'cr, tbat the decline 
ofiron stares and serum ferritia may ~ much 
different in normal individuals lhan ill 'pa
tients with iron overload. 

The sinole: most important facet of serum 
ferritin le\?ds from both a clinical and a nu
tritional standpoint is that a low serum ferri
lin in a patient with a low Hb is diagno;il!c of 

,,-ent\· orlbe iron lack. It should therefore not 
~ used to replace but rather to complement 
other iron storage parameters. rnc~eed. mea
surementi of Hb concentration. lransfe:rrin 
satu;:!.[;oiJ. free ei)'throcyte protoporphyrin: 
and serum ferritin were combined in il r~c~nt 
:stud)· to obtain a frequency distributi.:Jn of 
iroil stores in the entire population (24). This 



l', to;; ul ill:.d ·,SI> lurnL)h~) more i"form~\tion nill iron lfan~P?it .if th= CirCl!!attr.g prCIt~in 
th~!l the tmditionat approach b.\scc1 011 the WitS satur~ti:d. \~'Jlh JFon.liowc:,,·!:r, l}~: p;:Hcm 
pWilonion of indi!r:idu::ls falling bc:low cer of ~eru:n fernun on sucros: ~!:n>h}' centrifu
lain specified cutoff points. Howcver, it may gation rc~mbles thaI of the HO:J·fr~~ pro:cin 
ntlt be possible to determine the freqllency apofanlin (29), ~nd Won"'o~d et ~1. (30) 
dis~rib~:ti(ln of bod)' iron in populations reported that the IrOD. content of ferritin i:;o
wh~rt infe<:lion, inf1?r:'.ffiiltion, or prolcin latcd from the serum ofpatient) '.;:itn trans
c?lori:: m~lnl!trilio:l. ~;e prescnl bec.nlse of fusional iron overload was leiS Iha;} o:!C:-lenth 
their s~p~rilic effect on iron SlalllS param that of ti~l\': ferrilin. It should 21.50 be Hoted 
eters, thaI m05! of the ferritin bntiic studies \,..·ere 

perforrr.~ in aoi.-na.15 with purified ferritin 
Physiological signmc~nc<: of serum ferritin rather tban with nati...~ serum ferritin. 1n l. 

Becaus~ of the undi5puted practical value recent stud)' in human volunteer subj~cts who 
of serum ferritin measurements in clinical were injected with l:l.il-labeled ferri!in which 
end nutritional studies, a concerted effort has had been isolated from the serum of patients 
been made to determine the biological sigoif- with icou overload, a clearance hali-time of 
iC2.nce of the circulating protein that is de- several hours was observed (Worwood M. 
signed to sequester iron intracellularly. Stud- unpubfuhed observations). This lower tum
ies to determine the kinetics and biochemical over is more in. keeping with relatively low 
nature of serum ferritin in human subj::cts da)'-to~:l~· variability in serum ferrilin levels. 
have been dHIicult because of the low con- In attempting to defme the nature and 
centration of the protein. Despite this tech- origin of serum ferritin, emphasis has been. 
nical problem, a considerable amount of in- placed en the iSQf~rritin prome of the circu
formation has been obtained. lating protein and its immunological proper
.~-;rheso~.~~:_~f s~rum f~rritin-.appears toJ?e_.,"",t~~,~~ ~~:~.~.~!~W.1.. ~\'~~~ a11.~J.sc:ra ~~ainst heart, 
,~~;}tE S~I!~~JEJ! a~ ~~:~~ll:~a:~'~~·suc~as.i.l!}~rJ;~pl,~p,'.:.~o.t!z;n~r; :..S.e~:m·.fetI!!iiis)~~",,· 
heat-damaged red blooCt cells tagged WLth erall)' ct'mposed of ilie mor~ b:!.SIC femlms 
~9Fe are injected into rats. labeled ferritin' and thc:reby resembles the naluud z.poferritin 
appears in th~ circulation within minutes of the ii','er (8. 29). HQ',vever, major shifts in 
whereas no such labe:ling follows tbe injection the i50ferritin profile may be se~:l i."l various 
of a p:uench\'mal cell tag (25). Additional disease 5lales. For example,. patients wilh 
support for the RE cell origin of serum fer- massh:e iron o,,'er!oad have only the more 
ritin is the intimate relationship in clinical basic is.:'lferritins but during tb~ course of 
studies betweeAl marrow RE cell stores and therapeutic iron depletion, a. gradual increase 
serum ferritin, even when the lauer is dispro- in acidic ferritin occurs (31). Diagnostic pos
portionate1y elevated by inflammation or sibilitie5 have been rai5cd becau5r:: of the im~ 

liver disease (20). Ho,...·ever. in certain dis- munolo~cal differences observed in serum 
eases such as .viral hepatitis and malignanc)', ferritin from malignaot tissue 2nd normal 
par~ncb)'mal cell dhtruction may be associ- incli..'idc.als. but the subj~ct is complex. Sev~ 
ated with spillage of intracellular ferritin into eral comprehensive reviews of the area. have 
the circulation (8). been published recently (3, 6,8,9). 

\Vhen purified femtin is injected intrave- Receot informatioo bas b~en obtai.'led that 
Dously into rats, the protein is cleared exclu- the isofc:nitin profile of ferritin in s-erum is 
siveiy by the: parenchymal cell of the liver related to carbohydrate content (8,32. 33). It 
(26, 27). Despite the laigc: molecular size of was obs.er....ed that about two-third3 of ferritin 
the protein, very rapid c1e~rance half-times in se.rum of normal subiec~ bi.nds to conc~n
on ·the order of 5 to 15 mm have been ob- avl.1in A wben:as no such blOdme occurs WIth 
served in the rat (25), doo (28), and rabbit' tissue fc:rritia from heart. sple~n. or liver or 
(Wor''1ood M, unpublished observations). A with s;(um ferritin in patien,s \\ith hepatic 
study in newborn infants has also demon- necrosIS. ~{oieover. when fcrritin that had 
strated a half>.time of 5 to 10 min which been isolatc:d from the serum ofpati~ntswith 
lengthens slighlly when ferritin conci:ntration hemocbro~atosis was tr~aled with neurami
is increased (27). This rapid turnover would n~dase which releas::s sialic acid residues. 
be consistent with a sizable pathway ofinter- mlcrohc:terogeneity was completely 2.bol
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ish.:d. The hofcrritin profile of serum fo;:rritin 
therefore app~ars to be a function of £!"'co
s)'lation ralh~r than differences in ~;bunit 
composition. 
• T~e5e. observations ~ay have important 
ImphcatLons ~~r the physIological signiticance 
of serum femtm. In normal subjecLS. it ~...ould 
appear that much of the ciyculating protdn 
enters the plasma by secretion frolD th~ RE 
systc:m and that carbohydrate residues are 
added during this process. This could account 
for the low iron content of the ferritin in 
serum since there would 1?e scant opponunit)· 
for iron incorporation during this ~cretory 
process. The nonglycosylatcd fraction of cir
cuiating ferritin may represent direct release 
of cytosolic ferritin, a suggestion that is in 
keeping with the observation that most (If the 
ferritin circulating in patients with e;c;t:a.sivc 
hepatic necrosis does not bind to concana
valin A. Appareiltly. most of the ferritin in 
plasma is synthesized on polyribosumcs 
bound to the endoplasmic reticulum. and is 
therefore excreted from the cell whereas most 
a,p.oferritin synthesis takes place on free poly
nbosomes aDd is consequently retained 
within the cell. The sialic acid content of 
<:ircu~atingfenitin may help not only in ic!en
t~fying its origin but. since the caroohydrate 
content of plasma proteins often afiect their 
survival in plasma, glycosylation may deter
mine the rate and destination site of f~ni[in 
cleared from the circulation. 6 
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Reduction of the soy-induced inhibition of 
nonheme iron absorption1-3 

TimothyA. Morek, Ph.D., Sean R. Lynch, M.D., and James D. Cook, M.D. 

ABSTRACT Recent studies in normal men have demonstrated that 5-Oy produc:ts h~ve a. 
pronounced inhibitory efTec:t on the absorption ofnonhc:me dietary iron. The pUl'p\lse of the present 
investigation was to explore approaches to overcoming tlili inhibitioa. A modest but signjfic:~nt 

inc:re~se in iron absorption was observed when test meals containing either isolated soy protein or 
whole soybeans were baked at 200°C. The ~ddjtion of 100 mg ascorbic acid to a. meal cont~ining 

isolated !.Oy protein had a more dramatic effect, increasing mean absorption from 0.6 to 3.2':C. A 
similar but less pronounced inc:rease was observed .....ben meat was added to Ibe ~lated soy protein 
meal. These results indicate thaI the inhibilory effect of s;.y caD be reversed to some e:tlent by 
substances known 10 enhanc.: nonheme iron absorption. Am J Clin Nlllr 1952;36:219-228. 

KEY WORDS Iron absorption. soy protein. soybeans. asc:orbic acid. meat 

Introduction 

In a recent study comparing the effects of 
semipurified proteins, we observed that sev
eral soy products inhibited nOllheme iron 
absorption (1). When protein equivalent 
amounts were substituted for egg albumen 
(EA) in a meal containing no meat products, 
decreases in iron absorption ranged from 65 
to 92%. Similarly, when 30 g dry textured soy 
flour was added to a meal containing either 
100 or 70 g ground beef, absorption was 
reduced by 61 and 53%, respectively. Since 
soy products are a good source ofhigh quality 
protein, the feasibility of counteracting their 
inhibitory effect on iron absorption by di~tary 
manipulation merits careful consideration. 
Two approaches were examined in this re
port: 1) e:U:::lSi'l: heating of soy products to 
destroy possible inhibitory compounds, and 
2) adding enhancers of iron absorption to 
meals containing soy products to improve 
iron availability. 

Methods 

, Subjects 

Twenty-six male subje.:ts ranging in age from 18 to 
SO )'r parti.:ipated Lri three separate iron absorption stud
ies. .'\11 were in good health and denied a history of 
eastrointeslinal disorders that might affeCI iron absorp
tioll. 'ron status was uniformly normal with Ihe e:(ccption 
of one v<>l'mtec.~ who had a serum fcrritin level of2 p,g/ 
l, indicati"', of fl'lrkedly reduced iron slores. Wrillen 

informed conseDt was obtained from el'.::h volur..eei 
before the study. Experimental proceuures were in ~
cordance with the stllndards of the Human Subjecu 
Committee at the University ofKansu ~edjcal Center. 

In study I (niDe subjects), iron a\'ailability from whole 
so}'beans and from a meat conu,ining isolate" soy protein 
(SP) was determined both before and after exte;;sive 
baking of the soy c:omponent. The other two studies, 
each with se"cn subjec:ts, examined the effect of adding 
the known iron absorption enhancers 2.5<:orbic ~cid 
(study 11) Ind beef (study UI) to ~mipurificd meals 
containing either EA or SP as the protein sourc:e. 

Absorprion meGr.JrrmtnlS 

Double sequential radioiron labels were u!Cd to me~s
ure iron absorption from four sep:H~te tesl meals in each 
subject. All meals were ~dministered betwcen 7 and 9 
A~l after an o\'ernight faSl, and only wlter was all~wed 

for the subsequent 3 h. The absorption of nonheme iron 
was m:a.sured by adding variable qU:l.ntities of FeCb ;n 
~ ml 0.01 N HC11abeled wilh either 2 p,Ci "Fe Of S SLCi 

Fe to lhe test meals. Percentzge 2.brorplion was dctei
mined from incorporat~ red cell radioactivity :u de
scribed previously (I. 2). 

Tesl meals 

With the exception ofmcals C and D in 5tudy I "'hich 
c:onuined whole soybeans, aU test meals con!iste~ of a 
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milllure of semipurilied ingrc~ienls which wcr~ Ihor
oughly mixed and served as " dnnk (SS meal). This me:.1 
cOn/ained corn syrup solids (!)ri-Sweel 36, lIubinger 
Co.• Keokuk, IA) and cow oil which pro~'ided 66.8 g 
carbohydrale and 34.8 g fOIl, respeclivel~. The pC~lein 
componenl, a variable under sludy. conslsled of cllher 
18.4 g spray-dried EA (Monark Egg Corporalion, Kansas 
City, MO) or 16.9 g SP (Supra 710. Ralslon Purina Co.• 
St. Louis, MO). Bolh of III esc products provided 14.7 g 
protein per meal. Their iron conlent dilfered significantly 
(EA:10.9 ppm, SP:117.2 ppm). 

In the lirst part of study 1 (meals A and B) Ihe effect 
of baking SP on iron absorption from the 55 meal was 
examined. A slurry of 5P in water was prepared (1:3 by 
weigh I). It was spread onto a lightly ~rea;{'d ::~kie sheet 
and baked for I hat 2OO·C. The dried residue was fmely 
ground with a mortar and peslle and added to the olher 
meal ingredicnr· Ba!~ing destroyed lhe waler dispersi• 

. bility. of SP resll:ting in a grilty pre::ipilatc that settled 
out of tbe liquid mea: while slanding. TlISle was not 
appreciably altered. Ferric chloride providing 2.0 mg 
iron and tile radioiron label were added to bOlb meals 
bringing lhe total iron can lent to 4.0 mg per serving. 

The effect of hcating whole sllybeans was studied in 
the second part of study I (meals C and D). Dried 
soybeans (Arrowh~ad Milli,lnc., Herford. TX) Were lirst 
soaked in water ovemi!?ht. This walcr was discarded and 
fresh waler added tObe~her wiih diced onions. sail, moo
osudium glutamalr., and bay leaves. Afler boiJin;:: for 2 
h. the liquid was decanled and 100-g portions of boiled 
soybeans Were weighed OUL A~dilioaal l00-g portiolU 
werc placed on greased cookie sheels and baked at 2OO·C 
for 45 min with periodic turning. Average weight per 

serving or these light brown. crunch)'. tOllslee! so)'he;,ns 
was 38 g. indic:lling a 620/0 loss or moisture. Individual 
portions of boilee! or bake<.l beans (iron content rafter 
preparation: 13.0 lind 14.6 ppm, respectively) were ser~'ed 
with 100 OIl deionized WOller conlaining 3.0 mg iron. . 

Erylhrcx:yle radioiron concentration WilS measure<.l by 
the melhod of Eakins 3nd Drown (3) and serum rerrilin 
by the 2·site radioimmunomelric technique (4). The 
frequency dislribution of iron absorption measurcmc:nts 
when cxpr.:ssed as a percentage ofllle administered do~ 
is logarilllmic (5). Absorplion dala were Ihererore con
verted 10 logarithms for slalistical analysis and lhe resulls 
reconvcrled to recover the ol;ginaJ units. When compar
ing absorption bcol\~een any pair of lest meals in the same 
~uujc:cts. a p:fired I test was used to determine whelher 
mean log of the meal ralios differe.d significanlly from 
2cro. This is equivalent to ttsling whether the mean ,.Ilio 
in percentage absorplion differed from 1.0. 

Results 

Effect ofbaking (study I) 

Mean absorplion from the SS meal con
taining uncooked SP (meal A) averaged 
0.64% ~T~bJe 1). When SP was baked (meal 
B). mean absorption increased to 1.28%. The 
absorption ratio BfA (1.99) was highlysig
nificant (p < 0.001). A similar but less pro
nounced increase in absorption was observed 
when boiled soybeans (meal C) were further 

liA Ole CIA. 

1.96 1.52 2.42 1.88 
3.13 0.52· 3.70 0.62 
2.07 1.90 2.65 2.43 
2.79 1.14 1.60 0.65 
3.60 5.11 0.26 0,37 
1.64 1.74 5.80 6.14 
1.96 1.00 1.94 0.98 
0.95 1.78 1.17 2.19 
1.24 1.41 0.6:1 0.77 

U9t 15~ 1.65§ J.25§ 
1.73 1.23 1.21 0.93 
2.30 1.84 2.25 1.67 
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1,\81.1:. 2 
1~ITc:ct un iron absorption of 100 mg ascorbic acid (AA) 
add.:d tu semisynthetic n\l:ab made .....ith 
i~ulatcd SP and with EA 

Iron .bwrplion Abw'i'li,,:\ Illio 
l'ockeJ 

s.".m
SU!>J<c1 cell h"lalrd 5.. EI\"r.· ferrilin 

~olumc BIA ole Ale 11/0 
"'I~ne (I\) +1\1\ (RI "'I"n. (e) + ....\ (1)1 

'"
 q,.of~~"
I's.'1." 
I 24 41 2 0.23 4.91 5.77 11.53 21.34 1.99 0.03 0.42 
2 26 42 38 0.33 1.93 6.37 8.67 5.&4 1.36 0.05 0.22 
3 33 42 49 0.36 1.25 8.93 11.75 3.47 1.31 O.C» 0.10 
4 SO 43 72 0.43 1.56 3.36 7.65 3.62 2.27 0.12 0.20 
5 24 45 I':; 0.46 11.01 3.53 10.33 23.93 2.92 0.13 1.06 
6 19 47 2~ O.4S 3.68 2.06 5.17 7.66 2.50 0.23 0.71 
7 24 47 no O.go 3.40 4.90 12.43 4.25 2.53 0.16 0.27 
8 25 44 72 0.82 2.47 3.20 8.15 3.01 2.54 0.25 0.30 
9 26 42 24 0.82 2.97 13.38 19.82 3.62 1.48 0.06 0.14 

10 20 44 32 0.90 4.32 4.90 14.86 4.80 3.03 0.18 0.29 
11 23 45 36 1.45 4.5J 6.63 8.68 3.12 1.30 0.21 0.52 

Mean- 27 44 31 0.56 3.20 5.05 10.19 5.691' 2.02t O.lIt 0.31t 
-I SE 0.47 2.66 4.31 9.14 4.55 1.83 0.09 0.26 
+1 SE 0.66 J.S4 5.91 11.37 7.10 2.23 0.14 0.39 

• Geometric \'alues except :lge and pack.ed cell volume. 
tp <0.0001. 

baked (meal D). Mean absorption from meat 
C averaged 1.06% and increased to 1.60% 
after baking (meal D), (ratio D/C = l.50, P 
< 0.05). 

Effect ofascorbic acid (study /1) 

The effect of adding 100 mg ascorbic acid 
to the 55 meal containing either SP (meals A 
and B) or EA (meals C and D) was examined. 
The total iron content of each serving was 
adjusted to 4.0 mg by tbe addition of2.0 and 
3.9 mg iron as fe.rric chloride to SP and EA 
meals, respectively. Absorption from the SP' 
meal without ascorbic add was very low, 
averaging O.56~1,' l'TaD~ 2). When ascorbic 
acid was added, absorption increased signifi" 
cantl)' to 3.20% (meal ratio BIA = 5.69, P < 
0.001). Absorption of 5.0570 iron from meal 
C containing EA was mu·:h higher than from 
meal A containing SP. \Vith the addition of 
ascorbic acid (meal D). absorption increased 
over 2-fold to 10.19% (D/C = 2.2, p < 0.001). 

The value oro. t 1for mean absorption ratio 
A/C indicates an 89% inhibition of iron ab
sorption when SP W2S substituted for EA in 
the SS meal. The degree to which 100 mg 
ascorbic acid reduced this inhibitory effect is 
indicated by the absorption ratio B/C :::0 0.63. 

Although iron absorption from meal B with 
SP and ascorbic acid remained 37% lower 
than from meal C with EA alone, this differ
ence was not statistically significant. 

Effect of beef (study Ill) 

A 100-g ground beef patty was broiled and 
served with the SS meal containing SP (meal 
B) or EA (meal D). Meals A and B contained 
2.1 mg nonheme iron derived from SP while 
EA provided 0.2 mg iron in meals C and D. 
In meals B and D. the beef contributed 1.5 
mg total iron and 0.5 mg nonheme iron. 
Sufficient FcCtJ was added to all the meals 
to raise tbe iron content to 5.6 mg. 

When beef was added to the EA meal, 
absorption increased by only 26% (5.94 to 
7.47%; p < 0.05) (Table 3). However. absorp
tion increased nearly 4-fold, from 0.36 to 
1.44% (p < 0.00 I) when beef was added to 
the meal containing SP. Absorption from 
meal B (SP + beef) expressed as a ratio to 
that of meal C (EA alone) equals 0.25 show
ing a highly significant difference (p < 0.001). 
Therefore, the enhancing effect of beef failed 
to completely reverse the inhibiting effect of 
SP in this meal. 



scmiiymhcli.: meals lIlade wilh Isol'lled 
SP and wilh EA 

irINa .~~llo .. AL.orilliOll wio 

Sul>jca A/:. 
PlCl.d 

cell 
.ulumc 

Serum 
rt,ricin h"b••d SP 

Alan. (1\) +llccf(B) 

EA 

A!~". Ie) ",U••f(l,)) 
It... VJ( Ale 11/0 

)'r 'iOo 1':11 "'o/doN 

I 23 45 89 0.11 0.28 2.0S 4.12 2.54 2.00 0.05 0.06 
2 28 44 76 0.12 1.01 3.9/'J 6.68 8.41 1.71 0.03 0.15 
3 23 SO 39 0.18 0.75 4.Cl2 8.67 4.16 2.15 0.04 0.08 
4 21 44 80 0.35 0.88 l.r,S 1.27 2.51 0.76 0.21 0.69 
5 24 46 94 0.75 3.45 6.22 4.07 4.60 0.65 0.12 0.84 
6 19 44 45 0.77 2.36 17.48 20.71 3.06 1.18 0.04 0.11 
7 19 45 18 1.95 8.48 45.61 51.03 4.34 1.11 0.04 0.16 

MeaD 22 4S 55 
~I SE 

0.36 
.p.2~ 

1.44 
.O.9.!I 

5.94 
3.79 

7.47 
4.75 

3.9Of 
3.33 

1.26* 
1.0S 

O·06t 
0.05 

0.19§ 
0.13 

+1 SE 0.55 2.20 9.30 J1.76 4.58 1.50 0.08 0.28 
• 04:0melric va!U4:$ excepl age and packed cell volume.
 
tp < 0.0001.
 
:J:p. NS.
 
§ P < 0.01.
 

Discussion 

We recently reported an inhibitory effect 
of soy products on nonheme iron absorption 
(I). The observations made in that report; 
although similar to fIndings described here, 
are at variance with some earlier studies in 
which much bctter absorption from soy
based meals was recorded (6, 7). It seemed 
p,ossible that .thedis.crep~ncy m.ight .h~vc:: r~
suited from differences in the methods used 
t~ prepare test meals containing soybeans. In 
the earlier investigations, ground soybeans 
were boiled in water to a thick paste and then 
baked at 150 to 200°C for 45 to 60 min. Iron 
absorption from these baked soybean meals 
was approximately 2.6 times greater than ab
sorptio::' from boiled bea~ in a later study 
peru:u::ned in Jamaican children (8). In the 
present study, baking soybeans produced 
only a modest 50 to 100% increase in iron 
absorption and the iron was still considerably 
less available than it was in the 55 meals 
~ontaining EA. ~~ should al~o be ~'?ted ~qat 
~tensive heating is not a practical solution 
for preparations like 5P since unacceptable 
changes in their functional propellic:s may 
occur such as the reduced water dispersibility 
noted in this study. 

Another approach to counteracting the in
hibitory effect ofsoy is to add substances that 
enhance the absorption ofnonheme iron. The 

two that are most effective are ascorbic acid 
and meat (2). When 100 mg ascorbic acid 
were added (study II). iron absorption from 
the SP meal was only slightly lower than 
from the meal with EA and no ascorbic acid 
(3.20 versus 5.05% or 0.13 versus 0.21 mg 
iron), a difference that is not statistically sig
nificant. However, when beef was added to 
the meal with SP (study III). only 1.44% (0.07 
mg) nonh~me iron was absorbed compaf~d 

tv 5.94% (0.33 mg) from the meal containing 
EA alone. It is apparent from this study that 
the small enhancing effect of beef would be 
of little practical value for counteracting the 
inhibition caused by SP. 

Our observations indicate tbat ascorbic 
acid partially reverses the soy-induced inhi
bition of nonheme iron absorption although 
the increase in amount of iron absorbed may 
be considerably less than when the same 
amount of ascorbic acid is added to a less 
inhibitory meal. For example, the addition of 
ascorbic acid to the soy-bas.:-:l rneal in study 
II resulted in a more than 5-fold increase in 
percentage absorption compared to only a 2
fold increase when it was ~dded to tbe meal 
with EA. However. the absolute increa,e in 
absorbed iron was only 0.11 mg in the case 
of the soy meal as compared to 0.2 mg with 
EA. 

Thcre are several practic~l liwit:.tlio:ls to 
the use of ascorbic acid for enhancing iron 
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absorption. It is expensive and unstable in 
oxidizing environments. Sayers et al. (6) re~ 
ported no improvement in iron absorption 
when 100 mg ascorbic acid was added to soy 
flour before it was boiled and baked; 85% of 
the reduced fonn of the vitamin was lost 
during baking. The enhancing effect of as~ 

corbic acid is better preserved when the food 
·is only boiled (6). FltTthermore, much of the 
vitamin woul.d probably be lost during stor
age. 

Another approach to overcoming the low 
availability of iron in soy-containing meals 
that should be considered is the addition of 
fortification iron to the meal. This would . 
supply additional iron if percentage absorp~ . 
tion remained constant. Because of the low 
availability of iron in these meals, relatively 
large amounts of fortification iron would be 
needed. The usc: of iron in a form :mch as 
sodium iron EDTA merits considerr.tion 
since absorption of iron from this compound 
is less affected by inhibitory ligands in cereals 
than more conventional forms of fortification 
iron (9). 

It is clear from our studies that the adverse 
cffect of soy products on nonheme iron ab
sorption can be modified. However, neither 
extensive heating nor the addition of the ma
jor enhancers of iron absorption completely 
reverses it. OUf studies emphasize tbe need 

for a bettcr understanding of the factor or 
factors responsible for this cffect in order to 
develop cffective strategies for comballing it. 

.	 ~ 
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I INTRODUCTION 

Long before iron deficiency vIas recognized as the major cause of 

hypochromic anemia, many clinicians believed that a high intake of meat 

would produce a hematologic reponse. Increasing the intake of meat in 

the diet is not a satisfactory method of tre~ting patients with iron 

deficiency anemia. Ne!vertheless, there is mounting evidence that the 

intake of animal foods is a major determinant of iron status. Recognition 

of the importance of animal protein in iron nutrition is based largely 

on the results of food iron absorption studies in. human subjects. 

Because these measurements ferm the cornerstone of our present knowledge 

of i }40n balance, they \',; 11 be revi e\'led before discussing the importance 

of animal foods in iron nutrition. 

II NEASUf!Ef.1ENTS OF IRON ABSORPTION IN MAN 

Early studies of food iron absorption were based largely on chemical 

balance measurements; absorption was calcclated as the difference between 

iron intake and fecal iron loss. This approach proved to be unreliable 

because the small differences between iron intake and iron loss are often 

obscured by iron contamination. Most of our present, knowledge of iron 

nutrition is based on jsotopic measurements of iron absorption which 

have been used extensively since their introduction in the late 1940's. 

A. Radioiron Absorption 

There are several ways of determining percentage absorption of 

orally administered radioiron: fecal radioiron balance, plasma radioiron 
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tolerance curves, whole-body counting, and measurements based on incorporated 

red cell radioactivity. When assessing iron balance in patients with 

various clinical disorders, whole-body counting is the optimal method 

because the results are not affected by the distribution of absorbed 

radioactivity. However, vlhen studying food iron absorption in nonmal 

individuals, measurements of red cell radioactivity are preferable 

because as many as four separate iron absorption tests can be performed 

in the same subject using dual isotopes of iron (SSFe and 59Fe). By 

calculating the rc.tio of absorption from different meals in the same 

subject, the effect of differences. in iron status between subjects can 

be eliminated. Moreover, any errors in estimating blood volume from 

height and weight or assuming that all subjects incorporate the same 

proportion of absorbed radioactivity into circulating red cells are 

eliminated by calculating the ratio of iron absorption in a series of tests 

in the same subject. 

One drawback in food iron absorption studies is that percentage 

absorption of iron may vary markedly from study to study depending on 

the iron status of the subjects ~(Cook et al., 1969). This problem can 

be circumvented by measuring absorption in all subjects from a standard 

reference dose consisting of 3 mg inorganic iron as ferrous sulfate. B~ 

relating'food iren absorption to reference dose absorption in each 

subject, the effect of differences in iron status of the subjects can 

be eliminated. 

B.	 Biosynthetic Ta~ging
 

The most important aspect of foo~ iron absorption is not the method
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for determining isotopic retention but rather the technic used for 

tagging dietary iron. Early studies were performed with single food 

items that had been biosynthetically labeled with radioiron (rl,oore) 

1964). Vegetable foods were labeled by growing them in hydroponic media 

containing radioiron and animal' foods were t~gged by injecting radioiron 

intravenously several months before sacrifice. Studies with these foods 

provided the first evidence that iron bioavailability of animal foods is 

much higher than vegetable foods (Layrisse et a1.~ 1969; Martinez-Torres 

and Layr.isse, 1974). Thus~ iron absorption from staple·foods (ulaize, 

black beans, and wheat) ave~aged 3-5% while absorption from animal 

foods, (meat~ liver~ and fish), ranged from 15-30%. 

A major limitation of studies with biosynthetically labeled foods 

became apparent when two feods tagged separately with 59Fe and 55Fe were 

administered in the same meal. It was found that iron absorption of one 

food item could be markedly affected by the preserrce of a second food. 

For example, when labeled meat was administered with biosynthetically 

t~gged maize, absorption of meat iron was diminished while absorption of 

maize iron .../as. greatly enhanced (t1artinez-Torres and Layrisse, 1971). 

It \'/aS obvious from these mixi,ng studies that data obtained \"ith biosynthetically 

~agged foods are of limited importance because of the complexity of the 

ave~age diet. It was necessary to develop a technic to measure absorp~ion 

from a complete meal. 

c. Dietary Nonheme Iron 

~ major advance in studies of food iron absorption was the development 

in the early 1970·5 of extrinsic ~~gging to measure absorption of dietary 



heme and nonheme iron. This approach was based on the observation that 

if a small quantity of inorganic radioiron is simply added to a vegetal 

food at the time of its administration. absorption is nearly identical 

to that of a biosynthetic, or intrinsic, tag. Moreover. if a meal 

containing several vegetal foods is labeled extrinsically after thorough 

homogenization. absorption of the extrinsic tag is nearly identical to 

absorption of a food item in the meal that has been biosynthetically 

labeled (Cook et a1 •• 1972). These observations ptovide convincing 

evidence that a common pool of absorbable nonheme iren is formed with 

foods ingested in the same meal and that iron absorption fr'om this pool 

can be measured by extrinsic tagging. 

Although most studies have shown that extrinsic labeling is a valid 

means of measuring nonheme iron absorption, there have been a few exceptions. 

\o1hen biosYflthetically tagged \'Jhole grain rice Vias tagged extrinsically 

w;th a second form of radioiron, absorption of the two labeled foods 
,

differed markedly whereas this difference was not seen when rice was 

administered as flour; apparently the extrinsic ~ag does not permeate 

the whole rice, kernel (Bjorn-Rasmussen et al., 1973). Soma forms of 

fortifi~ation iron, such as ferric orthophosphate and sodium iron pyrophosphate» 

do not exchange completely \'li th di etary i ron because of thei r hi gh 

~egree of insolubility (Cook et al., 1973) and it is likely that iron 

contami nati on of food by di rt and/or food handl i,ng ~t'ocesses also resul 

in an insoluble form of dietary iron that does not exchange with native 

food iron. Iron in ferri ti nand hemosi deri n have been shm'in to exchang 

incompletely with an extrinsic tag, presumably because the protein coat 

of these storage iron proteins inhibits complete isotopic exchange. 

(Layrisse et, al., 1975'; f1artinez-Torres et al., 1976). Nevertheless, 
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with these few exceptions, extrinsic tagging has proven to be a valid 

method of measuring dietary nonheme iron absorption. 

D. Dietary Heme Iron 

It is well known that iren enters the muc~sal cell from the intestinal 

lumen not only as ionic iron but also as an intact porphyrin complex. 

This heme iron is rapidly degraded within the mucosal cell by heme 

oxygenase and the liberated iron enters the same pathway as absorbed 

ionic iron. Thus, it is either transported to the serosal surface where' 

it enters .the circulation or it is incorporated into ferritin as storage 

iron within the mucosal cell. It is important to disti~guish bebleen 

heme and nonheme iron because they are affected quite differently by the 

composition of the meal. Absorption of nonheme iron is. markedly affected 

by substances that enhance iron absorption, such as ascorbic acid, and 

by inhibitors that bind nonheme iron and render it unavailable to the 

mucosal cell, such as tea or fiber. The absorption of heme iron, on 

the other hand, is little affected by the composition of the meal 

because this iron remains sequestered within the porphyrin complex until 

it enters the mucosal cell. 

The same principle of extrinsic ~~ggi~g for measurement of nonheme 

iron absorption car. also be used to measure heme iron absorption; heme 

iron is labeled by adding a small quantity of radioactive hemoglobin to 

the test meal. Because there are two separate isotopes of iron available, 

sSFe and s9Fe, it is possible to separately t?9 heme and nonheme iron in 

the same meal and thereby provide a measure of total iron absorption 

from a complete meal. This two-pool model is particularly relevant in 

studies of animal foods since animal tissue contains both forms of iron. 



The validity of the two-pool model for studying iron absorption has 

been evaluated by comparing iron absorption measurements with predicted 

values of absorpti,on based on measurements of body iron loss. In one 

study, a meal composed of aliquots of all foods contained in a typical 

6-week diet \~as tagged with heme and nonheme radioiron and administered 

to 32 normal male subjects (Bjorn-Rasmussen et al., 1974]. Dietary iron 

intake based on this composite meal was estimated at 17.4 ~g iron daily 

of which 1 mg was in the form of heme iron. Absorption of nonheme iron 

averaged 5.3% or 0.8 mg/day while absorption of heme iron averaged 37% 

or 0.37 mg/day. The' combined absorpti,on cf 1.2 mg iron daily is in 

close ,agreement with estimates of iron loss in normal men. Simnlar 

absorption data have been obtained bylayrisse and Martinez-Torres 

,(1972) who studied a meal of meat, black beans» maize, and rice containing 

a total of 4.5 mg iron of which 1.5 mg was in the fonn of heme. In 

norn:al subjects) absorption of hem£: iron averaged 27% or 0.34 rng as 

compared with a value for nonheme iron of 6% or 0.12 mg; total absorption 

was 0.46 ~g iron. In iron deficient subjects, absor~tion of heme and 

nonheme iron increased to 37% (0.52 ~g) and 14% (0.43 ~g)~ respectively» 

t~ give a total absorption of 0.95 mg. These b10 studies not only 

ve;lidate double extrinsic t.a,ggi,ng, but also underscore the importance of 

heme as a source of dietary iron. 

III BIOAVAIlABILITY OF IRON IN ANIMAL FOODS 

A. Heat 

The use of biosynthetically tagged animal products in human iron 

absorption studies provided the first clear evidence of the beneficial 
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effect of these foods on iron balance. Early studies were performed 

with chicken (Moore, 1964) and rabbit muscle (Heinrich et al., 1969), but 

the most extensive observations have been mad~ using veal (Layrisse 

et al., 1969). Radioactive iron was injected into the jugular veins of 

3-month old calves; t~/O to four months later, the animals were sacrificed, 

and the biosynthetically labeled muscle and liver were'removed and kept 

frozen until administered in test meals to human subjects. 

Veal Inuscle was cooked and served as hamburger to 107 fasting adult 

subjects, many of whom were iron deficient (Martinez-Torres and layrisse, 

1971). Geometric mean absorption in the composite group was 21.5%. In 

58 of these subjects, absorption ~Ias also measured from a reference dose 

of ferrous sulfate; absorption averaged 23.8~ giving a mean absorption 

ratio veal:reference of 1.12. The ~igh bioavailabi1ity of veal muscle 

in this study was due at least in part to the high content of heme ·iron. 

Eighty-eijht to ninety-three p~rcent of the radioactivity was recovered 

in the supernatant of thoroughly hemogenized meat and 93-97% of this 

radioactivity was present as hemoglobin or myoglobin. Further evid~nce 

of the high heme iron content of veal was that substances that are kno~~n 

to alter the absorption of nonheme iron had little effect on the absorption 

of iron f~om veal muscle. For example, when 500 mg ascorbic acid was 

added to .veal. muscle, a slight increase (16%) was observed but this rise 

was not statistically significant~ Similarly, the addition of 500 mg 

~esferri'oxamine ,to the labeled food produced a relatively modest decrease 

(27%) in absorption. These results are in striking contrast to the 

profound effect that ascorbic acid and desferrioxamine have on the 

absorption of nonheme iron. 



B. Liver 

Similar studies were performed with labeled veal liver (Martinez

Torres et a1., 1974). When cooked veal liver was fed to 74 adult subjects, 

absorption averaged 19.8% with a typically broad range of 2.8 to 55.4%. 

In 27 of these subjects, reference dose absorption was measured simultaneously 

and averaged 16.8%; the liver:reference absorption ratio averaged 1.00. 

Analysis of the labeled veal showed that 78% of the radioactivity was in 

tie form of hemoglobin while the remaining 22% was contained in either 

hemosiderin or ferritin. As with veal muscle, the addition of compounds 

such as ascorbic acid or desferrioxamine, which markedly influence 

nonheme iron absorption, had little or no effect on the assimilation of 

labeled liver. When 500 mg ascorbic acid was added to the labeled 

liver, iron absorption in 10 subjects actually decreased from a mean of 

15.3 to 13.8%. When 500 mg desferri oxami ne \'1as added to the same food, 

mean absorption decreased from 20.6 to 8.6%. Although this difference 

was statistically ~ignificant, the effect was far less striking than the 

effect of this.che1ate on nonheme iron absorption. 

c. Other Foods 

Apart from veal muscle and liver, fish is the only other food that 

has been studied extensively by biosynthetic 1abeli~g (Martinez-Torres 

and Layrisse, 1970). Radio1abeled fish muscle was fed to 19. adult 

subjects who absorbed a mean of 18.3%; reference dose absorption averaged 

44.8%. The iron in fish muscle is apparently. less available than the 

iron in either veal muscle or liver. Iron absorption from eggs has also 

been studied by biosynthetic labeling (ftlClore, 1964; Chodas et a1., 

1957; Cal1endar et al., 1970). Mean absorption from iron in tagged eggs 
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~/as consistently less than 5%; this low iron availability is in striking 

contrast to results obtained with animal tissues. 

IV EFFECT OF ANIMAL PROTEIN ON FOOD IRON ABSORPTION 

Representative mixing studies with biosynthetically tagged foods. . . 
are listed in Table I. Maize or black beans were used as the ,taplp. 

food and veal muscle, veal liver, or fish as the animal food. In the 

first study iron absorption from a meal containing only maize (4 mg 

iron) averaged 4.1% but when maize (1 ~g iron) was fed together with 

veal muscle (3 mg iron), absorption of maize iron in'creased to 7.6%; the 

absorption ratio with:v/ithout animal protein averaged 1.87, an effect 

that was highly significant. Indeed, in all six studies shown in Table 

I, the increase in iron absorption from staple foods when taken with 
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veal muscle (3 mg iron}, veal liver (2 mg iron), or fish (1 mg iron) was 

highly significant and veal liver was at least as effective as veal 

muscle. 

·Whi1e these studies identify the enhancing effect of animal tissue 

on nonheme iron absorption, it is difficult to estimate their quantitative 

effect on iron absorption from a normal diet. In order to obtain a 

constant total iron content in all meals in the studies listed in Table 

I, a smaller quantity of the staple food was given with animal tissue 

than when it was given alone. Since the quantity of food in a meal may 

have a more important effect on absorption than its iron content, it may 

be preferable to make substitutions on the basis of protein or caloric 

content rather than on iron content. 

A final point in these mixing studies is the relatively minor 

effect of maize and black beans on the absorption of·iron from veal 

muscle, veal liver, or fish. For example, absorption of veal musclE 

fell by only 14% and 17% when eaten with maize and black beans, respectively. 

Absorption of veal liver was reduced by 25 and 44% when consumed with 1 

and 2 mg maize iron, respectively. The enhancing effect of animal 

tissue is much greater than the inhibitory effect of vegetal foods. 

In a more recent study, several animal feods were evaluated with 

regard to their effect on nonheme iren absorption by substituting them 

in two types of test meals (Cook and Monsen, 1975]. The first, considered 

to be a standard- meal, was a meal containing beef, potatoes, corn, bread, 
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margarine, ice milk, and peaches. This meal contained 696 calories and 

4.1 mg total iron; beef provided most of the protein. The second was a 

semisynthetic meal containing semipurified ingredients in which ovalbumin 

was the only source of protein. This meal was designed to matcr. exactly 

the compositior: of the standard meal in respect to food energy, fat, 

protein, carbohydrate, calcium, phosphorus, and iron. Several animal 

foods were substituted in both meals including pork, lamb, beef, chicken, 

fish, \'Ihole milk, cheese, and powdered .egg~ These foods t'/ere substituted 

for beef in the standard meal and for ovalbumir in the semisynthetic 

meal in amounts that \10uld provide the same quantity of protein. When 

the animal foods were substituted for beef in the standard meal, no 

adjustments were made for differences in nutrient content. ~lith the 

Eemisynthetic meal, however, the other constituents were varied so that 

the substituted meal had the same total nutrient content as the original 

meals. Four iron absorption test meals were given to each volunteer 

subject: standard, semisy~thetic, substituted standard, and suqstituted 

semisynthetic meals. 

The re3ults of the study are summarized in Table II. When pork, 

lamb, liver, chicken, and fish were sUb~tituted for beef in the standard 

meal, absorption ratios (substitute:beef) ranged from 0.82-1.03; 1n no 

case did the ratio reflect a ~ignificant difference. However, with 

dairy products, which contain no animal tissue, absorption ratios 

ranged from 0.22-0.39, all of which were statistically significant. 

Comparable results were obtained \'/ith the semisynthetic meal. Thus, 

when animal tissue was substituted for ovalbumin, the increase in absorptio 

ranged from 2.'1 to 3.77. Some enhancement was also observed with chicken 
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and fish (2.43 and 2.11, respectively), although the increase was less 

pronounced than with other animal tissues. On the other hand, milk, 

cheese, and eggs were all similar to ovalbumin in their effect on the 

absorption of nonheme iron; ratios ranged from 0.88 to 1.22. These 

results indicate that dairy products have little or no enhancing effect 

on the absorption of dietary iron, and should not be considered as 

animal products with respect to food iron availability. 

B. Effect on Ferritin and Hemosiderin Iron Absorption 

Nonheme iron in animal tissue is comprised of ferritin and hemosiderin~ 

the two major forms of storage iron in tissue. Nonheme iron in animal 

foods averages between 20 and 60% dependi~g in part on the body organ; 

muscle, for example, has a much higher nonheme iron content than liver. 

Early studies in which purified 59Fe labeled ferritin alone was administered 

to human subjects indicated an absorption of about 7% in normal subjects, 

values that were distinctly lower than absorption from other animal 

foods (Hussain et al., 1955). ~ore extensive studies with radiolabeled 

ferritin and hemosiderin ~/ere reported subsequently by Layrisse et al., 

(1975), and. Martinez-Torres, et al., (1976).· Iron absorption of purified 

ferritin in 108 subjects r~nged from 0.1 to 13.5% with a geometric mean 

of i.9%, a much lower absorption than was observed in earlier studies. 

When purified ferritin was administered with biosynthetically tagged 

maize, iron c.bsorption from maize was actually higher than from ferritin 

(2.0 and 0.9%, respectively); similar results were obtained with wheat 

and soybeans. However, when purified labeled ferritin was fed with 

animal tissue, a striking increase in absorption occurred. Absorption 
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increased from 1.3 to 12% when 2 mg ferritin iron was administered with 

veal muscle containing the same ~uantity of iron, and in a second study 

using veal liver, absorption increased from 1.7 to 6.6%. These absorption 

levels ~/ere comparable to those observed in meals containing both vegetable 

and animal foods. Since low absorption of ferritin iron may be an 

artifact related to purification of the protein, it seems unnecessary to 

regard ferritin and hemosiderin as separate pools of dietary iron. 

c. Effect on Heme Iron Absorption 

Animal tissue consists predominantly of heme iron and there;-ore is 

little affected by factors such as ascorbic acid or desferrioxamine 

~/hich have a profound effect on nonheme absorption. It would seem 

unlikely that other foods ~/ould have any effect on the absorption of 

purified hemoglobin. Surprisingly, however, iron absorption from labeled 

hemoglobin is much less when the hemoglobin is given alone than when 

given with meat. Martinez-Torres and Layrisse (1971) observed an increase 

in absoY'ption fro~ 12 to 22% when labeled hemoglobin was mixed with meat 

prior to administration and this finding was recently confirmed by 

Hallberg et al., (1979). The enhancing effect of meat on hemoglobin 

iron absorption is more important from a physiologic than from a nutritional 

standpoint because, with the exception of heme iron fortification, 

dietary heme iron is consumed as a component of animal tissue. 

D. Mechanism of Meat Effect 

One of the vexing questions in iron nutrition is what mechanism 

accounts for the enhancing effect of meat and liver on nonheme iron 

absorption. Some inferences can be drawn from studies of the enhancing 
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effect of ascorbic acid, the only other dietary substance that is 

kno\'/p to be as effecti Vc: as meat in i ncreasinc iron absoroti on. There . - , 

is evidence that the enhancing effects cf meat and 2scorbic acid, are 

not additive. When 100 mg ascorbic acid was added to a semisynthetic 

meal (Cook and Monsen"1977), the absorption ratio with:without ascorbic 

acid \'/as 3.19. t·lhen the same quantity of vitamin C was added to a 

standard meal, a lower ratio of 1.67 was observed. In another study, 

th~ addition of 100 mg fish to a meal containing fresh papaya (70 

mg ascorbic acid), produced no further enhancement in iron absorption 

(LaY~1sse et al., 1974). 

A series of iron ab~or~tion studies designed to identify the effect 

of animal protei n c·n iron absorpti on \'/ere recent'ly reported by Bjorn-

Rasmussen and Hallberg (1979). The possibility that meat acts by stimulating 

gastric ~ecretion \,'as ruled out \'/hen it \'itlS shown that meat increased 

iron absorption of maize from 0.7 to 2.1% in patients with histamine

fast achlorhydria. Furthermore, when betazo1e, a drug that stimulates 

gastric secretion, was administered to normal subjects, absorption did 

not increase significantly. A modest increase in absorption was observed 

~/hen a mixture of amino acids in amounts corresponding to that contained 

in beef muscle was added to maize, but contrar,y to previous observatjons 

(Martinez-Torres and layrisse, 1970), no increase was observed when 

cystine alone was added to maize. When beef w~s fractionated into a 

water extract (broth) and an insoluble residue and fed with a meal of 

maize, the residue increased iron absorp·l:.ion from 1.4 to 2.4~~ \·/hereas the 

broth ~ad no enhancing effect; the meat factor therefore does not appear 

to be water soluble. 
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The possibility that meat acts by stimulating mucosal uptake 7 or 

iron transport, would explain the similar enhancing effect.on nonheme 

iron, ferritin iron, and heme iron. However, a mucosal cell effect 

should also exist with inorganic iron and meat does not increase the 

absorption of ferrous chloride (Layrisse and Martinez-Torres~ 1972). 

Meat inight act by stimulating gastric secretion or altering gastrointestinal 

motility in favor of iron absorption but it seems more likely that 

animal tissue promotes the solubility of both'heme and nanheme iron, 

presumably by separate bi ochemi ca1 mechani sms. ~lhether a I'meat factor" 

is present in meat when administered or only,formed during digestion of 

the food in the gastrointestinal tract is still a matter of speculation. 

V EFFECT OF INTAKE OF ANIr~AL FOODS ON IRON STATUS 

A. Estimates of Food Iron Avai,lability 

little or no association has been found in various nutritional 

surveys between total iron intake and iron status. This may indicate 

that blood loss due to menstruation or pregnancy are more important 

determinants of iron nutrition than is the diet. Another possible 

explanation is that the total intake of dieta~ iron is less important 

nutritionally than the type of diet consumed. A model has recently 

been developed for estimating food iron availability and predicting 

absorption from the composition of the meal (Monsen et al.~ 1978). It 

is of interest to review this model since the content of animal food is 

an important parameter in estimating iron availability. 

The first step in estimati,ng iron absorption from a given meal is 

to calculate the total content of heme and nonheme iron. It is assumed 

for this purpose that pork, liver, fish, beef, lamb» and chicken all 
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contain 40% heme iron although, as noted earlier, this percentage may 

vary appreciably. Because heme iron absorption is not affected by the 

nature of the meal, iron absorption from heme is calculated by multiplying 

heme iron content by 25%, the estimated level of percentage absorption 

of heme iron in an individual with 500 mg body iron stores. 

Estimating nonheme iron absorption from a meal is more complex 

because of food interactions. Two enhancing substances in the diet were 

considered to have overriding importance: ascorbic acid and animal 

foods including fish and poultry. Orr~ gram animal foad was assumed to 

be roughly equivalent in its enhancing effect to 1 mg ascorbic acid. 

Meals were divided on this basis into those of 10w~ medium~ and high 

iron availability (Table III). Absorption of nonheme iron fronl these 

meals was estimated at 3, 5, and 8%, respectively~ in a subject with 500 

mg, iron stores. 

This model for est~mating absorption of dietary iron is undoubtedly 

oversimplified and is a prelimi~ary step at best in determining the 

importance of the diet in iron nutrition. Other diet~ry factors that 

are known to influence iron absorption, such as tea or EDTA, were not 

included in the estimates because precise quantitative data on their 

effect is not available. It is also not clear what factor should be 

used when the meal contains both ascorbic acid and' animal food. Even 

with these limitations, however, this model will come much closer to 

determining the importance of diet in maintaining iron balance. 
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B. Epidemiologic Studies 

Many attempts have been made to establish a correlation between 

iron intake and iron status of a population, but the correlation has 

been poor when based on total iron intake without regard to food iron 

availability. However, a recent study of 7,000 people in Finland showed 

that the intake of meat products does indeed correlate with iron status 

(Tukkanen and Seppanen, 1975). The intake of animal products ~as found 

to be significantly 10'../er in both male and female anemic subjects as 

compared with those having a normal hemoglobin level. A correlation was 

also observed in this study between meat consumption and iron status as 

measured by either the serum iron or total iron-binding capacity (Figure 

1). A much clearer picture of the importance of meat products should 

emerge when the model described above is used in future studies of 

dietary iron intake and its relation to iron status. 

VI Ir4PORTA~iCE OF ANINAL FOOD IN IRON FORTIFICATION 

A. Nonheme Iron Fortification 

The only practical long-term approach for combating iron deficiency 

anemia in a population is to increase dietary iron intake by fortifying 

with iron a common it~m in the diet such as bread, sugar, or rice. 

However, recent studies suggest that the success of iron fortification 

\'/';11 largely depend on the intake of meat, fish, and poultry, and that 

without these animal foods, even heavy fortification is unlikely to be 

effective. For example, Layrisse et al., (1973) added increasing amounts 

of ferric chloride to meals containing either maize (1 mg iron), meat 

alone (~ mg iron), or a mixture the two foods in the ratio 2 mg meat 

iron:l mg maize iron. Ferric chloride was chosen as the iron salt 



because it undergoes complete exchange with dietary nonheme iron. 

Absorption values when 5, 20, and 60 mg iron were added are shown in 

Figure 2. Hhen 60 mg iron, a level far above that which would be technically 

feasible on a national scale, was added to the maize meal, only 0.3 mg 

iron was absorbed. When this same amount of iron was added to a meal 

containing either meat alone or a mixture of meat and maize, an average 

of 3.27 mg and 1.22 mg~ respectively, was absorbed. 

Similar findings were observed in a later study by.Ha1lherg et al •• 

(1978). When 5 mg fortification iron as ferrous sulfate was added to a 

ric:··based meal containing only vegetables, absorption in an iron~ 

deficient individual ~/as estimated at 0.03 ~g iron. When 60 gm fish was 

added to the same meal, net absorption of fortification i'ron increased 

to 0.32 mg. The authors concluded that iron fortification may be feasible 

with a rice-based diet, but that a certain minimal threshhold level of 

fortification iron \1ould be required to achieve a reasonable level of 

absorption. The relatively high level of 5 mg fortification iron per 

meal was considered realistic even with diets containing only negligible 

amounts of fish or animal foods. 

B. Heme Iron Fortification 

The low bioavailability of inorganic iron added to meals containing 

little or no animal products has prompted the s~~gestion that heme iron 

in animal blood recovered from the slaughterhouse could be employed for 

iron fortific~tion (Reizenstein, 1975). Hemogl~bin iron has the advantage 

that it is less inhibited by dietary substances that impair the ab~.orptio~ 

of nonheme iron. The dose response curve also may be more favorable 

with hemoglobin iron than with i.iorganic iron, at least in patients with 
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latent iron deficiency. Vehicles that have been suggested for heme iron 

fortification include blood sausage, pudding, meat products, and baking 

products. 

The major limitation of fortification with animal blood is the 

risk of iron overload in iron replete individuals. Because heme iron 

absorption is less. affected by iron status than nonheme iron absorption~ 

heme ~ron might be well absorbed in iron replete individuals ~hich 

could conceivably create a risk of iron excess in susceptible segments 

of the population. In addition, the dark co1or of blood greatly limits 

the number of food items that could serve as vehicles for fortification. 

The costs of recovering hemoglobi.n and processing it to avoid ~acterial 

contamination are undoubtedly high. It is therefore unlikely that 

sl aughterhouse blood \'1~ 11 be extensively used for h-on forti fi ca.tion. 

VI I SU~1r'1ARY 

Studies employing double extrinsic tags of heme and nonheme iron to 

measure absorption of dietdry iron have clearly establish~d the importance 

of animal foods in iron nutrition. The major factor that aCCQunts fo~ 

h.igh assimilation of i·ron from animal foods is their content of myoglobin 

an~ he~oglobin. These iron complexes enter the mucosal cell of the 

intestinal tract as intact molecules and therefore are little affected 

by dietary substances that impair the absorption of nonheme iron. 

Animal foods also play an essential role in iron nutrition because of 

their ability to enhance assimilation of all forms of dietary nonheme 

iron ingested simultaneously. It is unlikely that iron fortification 

programs would be effective in popula~ions consuming. only mini~al quantitites 

of meat, fish, or poultry. 
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Table I. Effect of animal tissue on the absorption of nonhemc iron from a staple food. 

Iron Content Mean 
Of Staple Food Absorption Ratio 

No. of Fed Fed With (with:without
Animal Food Sta le Food Subjects Alone Animal Food animal food 

mg 

Veal Muscle a 
(3mg iron) 

Maize 15 4 1 4.1 7.6 1.87 
Black beans 11 4 1 4.8 10.7 2.21 

Veal Liver b 
(2mg iron) 

flaai ze 12 2 2 4.9 10.9 2.22 
Haize 14 3 1 2.2 7.0 3.17 

Fish c 
(lmg iron) 

Maize -::6 3 2 4.2 7.5 1.78 
Black bean~ ;8 3 2 1.0 1.7 1.70 

n Martinez-Torres and Layr1sse. 1971 
b Martinez-Torres et al •• 1974 
C layrisse et al.. 1968·· 



TABLE II. Effect on nonheme iron absorption of substituting various animal products in meals containing
either albumin (semisynthetic) or beef (standard) as the source of protein.i: 

SEMISYNTHETIC MEAL 
Mean Absorption

Iron Absorption Ratio 
ALB SUB (SUB:ALB)

(% of dose) 
SUBSTITUTE 

,-1-++Beef (7)* 1.7 2.96a
5. +++

Pork (7) 1.6 5.2 3.2l a 
Lamb (7) 1.6 5.2~: 3.23~ 
Liver .(8) 1.4 5.4 3.77 
Chicken 1.4 3.4++ 2.43ac.~7)Fish 8) 1.9 3.9+ 2.11 ac 
Milk (8) 0.7 0.9 . 1. 22bc 
Cheese (8) 2.0 2.4 1 20bc 
Egg 0.8 0.7 0.88·(1 O~ • b 
Albumin (7 

t C~ok and Monsen, 1976 
* number of subjects 

. 

STANDARD t~EAL
 
Mean Absorption

Iron Absorption Ratio 
BEEF SUB (SUB:BEEF)

(X of dose) 

9.7 9.3 0.95a 
7.6 7.8 1.03a 
3.8 3.9 1.Ola 

11.5 10.4+ O.90a 
14.8 12.2 o 82a 
5.5 1.6:: 0:29~ 
9.4 . 3.6 0.38
8.2 1.8++ 0.22b

b10.0 3.9++ 0.39 

. 

+ significant difference~ P< .05; ++ significant difference. P< .01; +++ s1gn1f1ca~t difference, P< .001,
 

abc mean ratios with differ~ng supenscripts are significantly different by Duncan's multiple range test.
 



TABLE III. Dietary Iron Availability.t 

Meal Iron 
Availability 

Heat) Fish 
Poultry 

(gm) 

Ascorbic 
. Acid --rmgy-

Nonheme Iron 
Absorption

(%) 

low <30 and <25 3 

r~edium 30-90 or 25-75 5 

High >90 or .~';15 8 

t Honsen et a1.) 1978 



F1GURE LEGENDS 

Figure 1. Relationship between percent of population wfth TIBe greater 

than 400 ug/d1 and daily intakes of meat in women (e) and men (0). (Takkunen 

and Seppanen, 1975) 

Figure 2. Absorption of fortification iron (ferric chloride) added tc 

meals containing maize alone (100 gm), meat alone (150 gm), and maize plus 

meat (50 and 100 g~, respectively). The enhancing effect of meat on nonheme 

iren absorption is apparent. (Layrisse et al., 1973) 
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Clinical Evaluation of Iron Deficiency 

James D. Cook 

S'NCE IRON deficiency was first recognized 
as a cause of anemia at the turn of the 

century, its prevalence has not changed dramati
cally. There has, however, been continuing 
refinement of the, laboratory methods to identify 
iron lack. The most important recent develop· 
mentis the measurement of serum ferritin which 
has provided a new dimension in assessing irol1 
status. With the iron measurements now avail
able, it is possible not only to identify iron 
deficiency readily but also to estimate the 
magnitude of the deficit and to monitor its 
correction with iron ther~;:j'. 

A wide spectrum of laboratory measurements 
of iroll :.latus will be discussed in this review, It 
should be noted at the outset that there is no 
single test or combination of tests that is optimal 
in all clinical se~tings. The optimal set of meth
ods is different for the infant, pregnant woman, 
and elderly patient. Similarly, the detection of 
mild iron deficiency in an otherwise healthy 
individual requires a different approach than the 
identification of iron deficiency in the hospital
ized patient with severe anemia or advanced 
malignancy. A degree of,flexibility is required in 
the diagnostic approach to iron deficiency. 

LABORATORY PARAMETERS OF IRON STATUS 
, ' 

Iron deficiency' usually evolves slowly and 
progresses through several stages before it devel
ops into frank anemia. The sensi,tivity of various 
iron measurements varies with the severity of 
iron lack and on this basis iron deficiency is 
commonly divided into three stages. The earliest 
stage is storage iron dt;pletion where iron 
reserves are lost but there is not yet a decrease in 
iron supply to the developing red cell. The second 
stage is iron deficient erythropoiesis in which 
erythroid iron supply is diminished but the circu-
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lating hemoglobin is not significantly decreased. 
The third and final stage is overt iron deficiency 
anemia. These three stages are referred to in the 
European literature as prelatent, latent. and 
manifest iron deficiency. The key laboratory 
measur~ments for each stage are listed in Table 
l. 

The only strictly quantitative methoq for 
measuring body iron is to phlebotomize the 
subject at weekly intervals until significant 
anemia develops. By determining the total 
amount of hemoglobin iron removed and the 
induced deficit in circulating hemoglobin iron, 
the iron stores originally present can be calcu
lated by subtraction. While this approach is very 
tedious and rarely used today, i't is still the 
standard by which other iron measurements are 
calibrated. 

Bone Marrow fron 

This technique is the time honored method for 
assessing storage iron. Since the reticuloendothe
lial (RE) cell is the immediate source of plasma 
iron destined for erythroid marrow and since the 
bone marrow is the most accessible site for 
examining the RE cell, histologic evaluation of 
marrow iron provides a direct measure of iron 
stores. 16 The value of the marrow examination is 
that the presence of marrow iron in a patient 
with significant anemia excludes iron deficiency 
with two possible exceptions. In patients with a 
recent massive hemorrhage, large particles of 
iron may occasionally persist during the rapid 
mobilization of iron reserves,"·6 The other excep
tion is in patients recently given parenteral iron 
which may b·. seen histologically for weeks or 
even months in the face of. continued iron defi
ciency." The evaluation of marrow iron is used 
extensively in hospitalized patients because a 
marrow examination is often performed as part 
of the hematologic evaluation aile! because ''':e 
results can be obtained in a matter of hours, 
faster than other iron measurements. 

There is recent evidence that the examination 
of marrow iron may not be as infallible as 
generally believed, especially. when lIsing aspi
rated marrow rather than a needle biopsy. Fong 
et al. observed a significant disparity in stainable 
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Table 1. loborlnory Mealurements of Iron Statue 

I. St()(:IQ8 Iron Depltttion 

1. RE marrow iron
 
-2. Serum ferritin
 

3.	 Sefum tran,fllfrin 

II. Iron Dllficiant Erythropoiesis 

- 1. Transfenin saturation 
- 2. Free llfYlhrOCyt8 protoporphyrin 
3. Red cell indices 
4.	 Sideroblast count 

III.	 Iron Deficiancy Anemia 
-1. Hemoglobin ()( hemetocnl 

2.	 The<apeulic trial· 

- Basi' for estimating body iron (Fig. 11. 

iron in 251 needle biopsy sections and simulta-' 
J5neously obtained aspirated smears. In most 

instances, stainable iron was more obvious in the 
~spirate 'than in the biopsy specimen. However, 
10 another study comparing stainable iron in 
aspirates and biopsy specimens from 1,000 
patients, the opposite disparity was noted.46 Iron 
was detected in the biopsy sample in more than 
one-third of the marrows considered to have 
absent iron on an aspirated' specimen. Thus, 
examination of marrow smears resulted in a 
significant overdiagnosis of iron deficiency. In 
the same study, a much better correlation with 
marr6w biopsies was obserVed when iron stores 
were considered present or increased on aspi
rated samples. The disparity between marrow 
aspirates and biopsies was probably the result of 
assessing marrow aspirates containing insuffi
cient marrow stroma. The absence of marrow 
iron on an aspirated specimen is not unequivocal 
evidence of absent stores. When evaluating 
marrow iron it is important to examine both 
unstained and stained aspirates, to obtain gener
ous amounts of stroma, and to confirm the find
ingson marrow biopsy when possible. 

Serum Ferritin 

Body iron in excess of that required for hemo
globin formation is stored in tissues as ferritin, a 
soluble protein designed specifically for this 
function. Using a sensitive immuiloradiometric 
assay, workers in Cardiff, were the first to 
demonstrate that tiny quantities of ferritin were 
invariably present in human sera and that the 
concentration of the protein varied with body 
iron stores.' This report has been followed by a 
flood of literature, almost all of which has 

confirmed the value ,of serum ferritin as a 
measure of iron status. 

There is ample evidence that in normal 
subjects, serum ferritin is directly proportional 
~o body iron stores. During infancy and child
hood. serum ferritin closely parallels the devel
opmental changes in iron status.62,6) Several 
studies have shown that the mean serum ferritin 
in adult men is approximately three times higher 
'than in menstruating women, a difference that is 
consistent with the known sex difference in iron 
status. In men, the serum ferritin level rises 
slowly throughout life beginning in the late 
teens, whereas in women this gradual increase 
does not begin until the time of meno
pause.20.J4.H.61 SeveraI 'workers have demon
strated a high correlation between serum ferritin 
and the number or frequency of blood dona
tionslJ.14.SK and others have demonstrated a 
strong inverse correlation between serum ferritin 
and iron absorption in normal subjects.I7.19.17.JI.69 
In a recent study by Bezwoda et al., serum 
ferritin, iron absorption, and chemical measure
ments of marrow non-heme iron were compared 
in 50 patients with a wide range of iron stores;20 
remarkably high correlations were observed 
between all three of these measurements. Stud
ies in which iron stores have been measured 
q~antitatively by phlebotomy'M2.69 hav~ pro
VIded the most convincing evidence of the close 
relationship between serum ferritin and iron 
stores. Weighted means from these studies indi
cated that within the, range of 20-300 J!g/l, 1 
Ilg/t se~um ferritin wa5 equivalent to 10 mg 
storage lron. 

The 'normal range' of serum ferritin has been' 
the subject of much controversy. Since serum 
ferritin reRects iron status, substantial differ
ences might be anticipa'ed depen~i~g on age, 
sex, socioeconomic status, or geographic area of 
the survey. Surprisingly, there has been excellent 
agreement in mean serum ferritin levels in 
ditTerent reports. In six out of eight surveys 
performed in groups of 90 or more adult males 
the median or geometric mean ferritin wa~ 
between 92 and 94 J.Lg/l, while in 4 of these series 
that reported 95% confidence limits, the lower 
cutoff point '''aried from 10-27 J.Lgjl.7Z In five out 
of eight surveys in normal adult women the .	 ' median or geometric mean ferritin varied from 
23-34 J.Lgjl and from 50-55 in t.he iemaining 



three series. As noted previously. age was an 
important variable. In one study of men and 
women aged 73 years. geometric means of 166 
and 161 JJ.g/1 were observed in 31 men and 22 
women, respectively.61 

One drawback of serum ferritin measure
m'ents is the 'compleit methodology. Many labo
ratory methods are available, including immuno
radiometric assays (IRMA) using labeled anti
body, radioimmunoassay! (RIA) using labeled 
antigen. and enzyme-linked immunoassays 
(EIA) which eliminate the need for radioiso
topes. Despite the wide range of techniques, 
interlaboratory comparisons have shown that 
differences between laboratorles are not substan
tially higher than batch-to-batch differences 
within the same laboratory. The increasing 
numbt.i 'If commercially available ferry tin assay 
kits has made the co~t of serum ferritin measure
ments comparable to ather' iron measurements 
such as transferritin saturation or free erythro
cyte protoporphyrin. 

An important advantage of the serum ferritin 
is its relative stability with repeated measure
ments in the same subject. When serum iran and 
serum ferritin measurements were performed 2 
wk apart, correlation coefficients of 0.31 and 
0.88 respectively were observed. '9 In a more 
recent study in normal subjects. the day-to-day 
variability in serum ferritin measurements in the 
same subject was 15% as compared to 28% for 
serum .irun and transferrin saturation, despite 
the fact that the variability between assays was 
higher for serum ferritin than for serum iron." 
Thus, most of the variability in serum ferritin 
measurements relates to the assay rather than to 
physiologic factors: Studies in normal subjects 
have failed to show a significant circadian 
rhythm"» although in one study, a variation of 
10% was recorded with troughs in the early 
morning and late afternoon.s, 

Tota/Iron-Binding Capacity (TIBe) 

The iron transport parameters (serum iron, 
TIBC, transferrin saturation) usually do not 
change until storage iron is completely 
exhausted. An exception is the TtBC which may 
.. • d I ted 6 70 begm to Increase as Iron stares are ep e .. 

In one study performed in 326 male and female 
subjects between 20 and 50 yr of age. a signifi-

JAMES D. COOK 

cant inverse correlation between serum ferritin 
and TIBe was observed despite the fact that iron 
deficient erythropoiesis was carefully excluded 
on the basis of normal hemoglobin, free erythro
cyte protoporphyrin, and transferrin satura
tion.19 WHle thr. TlBC may reflect storage iron 
depletion, i! j~ less sensitive to changes in iron 
stores than the serum ferritin. 

Transferrin Saturation (TS) 

When iron stores have been exhausted, the 
serum iron and TS decline. Of the various iron 
transport measurements, a TS below 16% is the 
best single criterion of impairment in iron supply 
to the developing red cell or iron deficient 
erythropoiesis.4

,40 Laboratory errors in measur
ing the serum iron and TS were common in the 
past because of iron contamination, but this 
factor has been largely eliminated by the usc of 
disposable equipment and automated laboratory 
techniques. The serum ferritin and free erythro
cyte protoporphyrin (FEP) will probably replace 
the serum iron and TIBC eventually, but since 
the latter are now an established part of the 
automated serum ch.emistry profile, this will 
likely occur very slowly. . 

The main clinical disadvantage of the TS is 
that it is highly labile. B:causc the 'plasma iron 
compartment is small in relation to the quantity 
of iron passing through it' each day, even small 
changes in RE cell output produce marked 
changes in TS. There is a pronounced diurnal 
variation in serum iron and TS which can result 
in marked diff~rences within the same individual 
over 24 hours. Even when measurements are 
performed at the same time each day, day
to-day variability is of the order of 30%-40%.'s 
The serum iron in women usually falls 2-3 days 
prior to the onset of menstruation and may not 
return to normal for several clays.n Moreover. a 
precipitous fall in serum iron can occur in a 
matter of hours following the onset'of infiamma
tion.29 

Another disadvantage of TS common to all 
measurements of iron deficient erythropoiesis is 
that abnormal values are not specific for iron 
deficiency. A decrC3se in TS occurs in a wide 
range of clinical disorders and, as a result, the 
measurement is more useful in assessing iron 
status in a normal population than in a hospital
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ized patient IIi a recent survey in over 1,400 
women bctween 38 and 60 yr of age, 80% of 
women with a TS below 16% had absent iron on 
bone marrow cxamination comparcd to 25% of 
all the womcn.~o In a hospital setting, the TS is 
useful for identifying iron deficiency only if it is. 
associated with an increase in TIBC. Iron defi
ciency cannot be excluded if the TIBC is normal 
or reduced and, unfortunately, this applies to the 
majority of hospitalized patients. However, a TS 
above 20%-25% is helpful in excluding iron 
deficiency; marked elevations are the rule in 
disorders such as thalassemia major or sidero
blastic anemia that are often confused with iron 
dcficiency because of hypochromia and microcy
tosis. 

Free Erythrocyte Protoporphyrin (FE?) 

A lack of iron supply to the developing red cell 
impairs heme synthesis and results in an accu
mulation of protoporphyrin IX in the red cdJ. 
The introduction during the past decade of 
simple and rapid techniques for measuring FEP 
has resulted in an important ncw laboratory 
parameter of iron ~cficient erythropoiesis. FEP 
levels are expressed either as pgjdl whole blood 
or pgjdl red blood cells (RBC). Normal FEP is 
35 ± 50 pgjdl RBC, levels greater than 100 
pgjdl indicating overt iron deficient erythropoie
sis. 

Several modifications in FEP measurements 
have been described in recent years. The 
FEP:hemoglobin ratio (#!g protoporphyrinjg 
hemoglobin) appears to be a useful clinical 
parameter60

•
67 and measurement of the protopor

phyrin:heme ratio has recently been described by 
Labbe et aJ. as a s~nsitive index of iron deficient 
erythropoiesis.47 The protopo.rphyrin:hemoglobin 
ratio incorporates a correction for heJr.oglobin as 
does the FEP:hemoglobin ratio but since the 
metabolic ratio of protoporphyrin to heme is 
determined, the assay does not require accurate 
measurement of the volume of the blood sampk 
The method requires only 250 JlI whole blood 
and the levels are stable at 4°C for at least 10 
days. The mean protoporphyrin:hemoglobin 
ratio is 16.0 ± 3 with an upper cutoff level of 32. 
Finally, instruments are now available that can 
measure FEP directly by the fluorescence on a 
blood film. u This approach requires no technical 

training, is exceedingly fast, and is apparently 
sufficiently accurate. Even with standard micro
methods ror FEP, a single determination 
requires only about 10 minutes and 20 pi blood. 

The FEP provides about the same information 
as the TS bllt is more stable since it increases 
only after several weeks of iron deficient erythro
poiesis and does not return to a normal level for 
weeks or even monthc :f:er iron therapy.·' The 
FEP may bl: particularly useful in recognizing 
iron deficiency in infants. In a reccnt study by 
Thomas et aI., TS, FE?, hemoglobin, and serum 
ferritin levels were measured in 20 norm-l 
infants and 20 infants with frank iron deficiency 
anemia. as determined by microcytosis and a 
hemoglobin below 10 gjdl.67 The two groups 
could be completeiy separated only with the 
FEP:hemoglobin ratio. Moreover, TS and serum 
ferritin became erratic following iron therapy 
and were affected occasionally by acute viral 
illness. On the other hand, the FEP:hemoglobin 
ratio declined steadily and showed none of the 
wide variations that occurred with T~ or serum 
ferritin. One problem with the FEP is that the 
levcl is increased in lead poisoning which is often 
an important differential diagnosis in children. 
A careful history, measurement of blood lead 
leve)~, and demonstration of a faIl in FEP to 
normal levels with iron therapy all serve to 
exclude lead exposure. 

Red eel/Indices 

In terms of sensitivity; red cell indices are 
intermediate between measurements of iron 
deficient erythropoiesis and .frank iron defi
ciencyanemia. Hypochromic and microcytic red 
cells will appcar in the circulation before a 
significant decrease in hemoglobin concentration 
has occurred but if the·change in red cell indices 
is pronounced, overt anemia is usually already 
present. Thus, while considered as a measure
ment of iron deficient erythropoiesis, red cell 
indices are most helpful in identifying iron defi
ciency in a patient with established anemia. 

There is still some debate about which is the 
best red cell index for identifying iron deficiency, 
especially since their sensitivity has changed 
dramatically with the introduction of electronic 
counting equipment. The mean corpuscular 
volume (MCV), which is highly variable when 



JAMES D. COOK 

measured manually, is now regarded by most 
workers as the most sensitive. particularly in 
infants and children.1

• Moreover, because it is 
measured directly. the MCV is less subject to 
sampling errors. Other workers, however, have 
found the mean corpuscular hemoglobin (MCH) 
more reliable for identifying iron deficiency 
(Hershko unpublished data,50). while all agree 
that the mean corpuscular hemoglobin concen
tration (MCHC) is of least clinical help. 

An additional advantage of the MCV is that it 
is relatively specific for iron deficiency if the 
change is pronounced. in adults. moderate 
decreases'to 70-80 R are often seen in patients 
with the anemia· of chronic di~ase or malig· 
nancy but values below 70 Aoccur only with iron 
deficiency anemia or thalassemia minor. In 
geographic areas where thalassemia is rarely 
seen, an MCV below 70 R is strong evidence of 
iron deficiency anemia. 

There is one final point about hypochromia 
and microcytosis' as signs of ·iron deficiency. 
Examination of peripheral blood is often said to 
be the simplest and most direct approach to 
diagno:iing iron deficiency anemia. In one study, 
however. when hematologists examined periph
eral smears from normal and iron deficient 
patients, iro'n deficiency was incorrectly diag
n~ in 6% of normal smears, and was not 
recognized in 51% of smears in patients with 
proven iron deficiency anemia.» Thus, while it is 
helpful to examine the peripheral blood smear. a 
firm diagnosis of iron deficiency requires addi
tionallaboratory measurements. 

Sideroblast Count . 

In the classic study of laboratory measure
ments of iron deficiency by Bainton and Finch. 
the sideroblast count determined from an iron 
stain of aspirated marrow was identified as a 
useful measure of iron 'deficient erythropoiesis.' 
Duplicate sideroblast counts on 300 normoblasts 
had a counting error of :t 10%. although consid
erable experience was required to achieve this 
degree of reproducibility. As originally de
scribed. the sideroblast count was the percent of 
nucleated red cells that contained at least one 
sideroblast granule. The sideroblast score. which 
was recently introduced. is the total number of 
granules in 100 nonnoblasts.1 Both of these 
measurements correlate closely with the TS but 

like other measurements of iron deficient 
erythropoiesis, they are not specific for iron 
deficiency; about one-half of patients with 
anemia of chronic disease will have values in the 
iron deficient range.' 

Because sideroblast counts are very time 
consuming and relatively inaccurate. the pre· 
ferred measure of iron supply to the developing 
red cell is still the TS. Nevertheless in patients 
who have had a bone marrow examination, a 
qualitative estimate of sideroblast granules is 
very useful in distinguishing iron deficient 
erythropoiesis from intracellular blocks in hemo
globin synthesis. 

Hemoglobin/Hematocrit 

The final stage of iron deficiency is associated 
with a significant d~rease in circulating hemo
globin. One problem in identifying this stage has 
been in deciding what constitutes an abnonnal 
hemoglobin. An exact definition of anemia is less 
important in hospitalized patients because the 
possibility of iron deficiency is only considered in 
those with significant anemia. It is in otherwise 
healthy individuals who would be included in 
prevalence studies of nutritional anemia that the 
criterion of anemia b..~omes an iss'ue. The WHO 
criteria for anemia have become widely accepted 
in recent years: adult males, below 13 g/dl; 
menstruating women. below 12 S/dl; pregnant 
women, below 11g1dl. 

The main limitation of hemoglobin as a 
measure of iron deficiency is the marked overlap 
in frequency distribution curves in anemic and 
normal individuals. Because of this. use of' any 
single criterion for anemia results in a large 
number of false negative and false positive 
results. The problem was first demonstrated by 
Garby et al. who ,defined anemia in the popula
tion by the response or lack of response to oral 
iron therapy,)' Using a single cutoff point. they 
found that 17% of truly anemic women were 
classified as normal while 35% of nonnal women 
were classified as anemic. Similar results were 
obtained by frequency distribution analysis of 
hemoglobin levels in pregnant women.1I One· 
quarter of both anemic and normal women were 
misc1assified when a single cutoff hemoglobin of 
11 g/dl was used and the number of normal 
women classified as anemic actually exceeded 
the number of truly anemic women. 
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The concept of broad distributions of hemo
globin levels in normal and iron deficient 
subjects has clinical relt=vance. A patient with a 
hemoglobin slightly below the cutoff level for 
anemia may actually be hematologically normal, 
while an individual with a hemoglobin level in 
the low normal "range may have a 2-3 gldl 
deficit in circulating "hemoglobin. The hemoglo
bin concentration does not always identify 
anemia with precision, especially in the region 
between normal and anemic populations. It is 
better to interpret hemoglobin levels in this 
range with a certain probability that the patient 
is either normal or anemic. 

Therapeutic Trial 

The serum ferritin is to the detection of stor
age iron depletion what the thl:rapeutic iron trial 
is to the detection" of irtmdeficiency anemia. 
They are the most sensitive measures of early 
and late iron deficiency respectively and they 
also provide precise quantitative information on 
the deficit in body iron. The most conclusive 
evidence of iron dchciency anemia is a signifi
cant rise in hemoglobin folkwing oral or paren
teral iron therapy."An increase of 1 gldl is often 
considered significant. but a 2 gm increase is 
much more reliable. Th:- therapeutic trial has 
been very helpful in detecting subclinical iron 
deficiency in prevalence studies and in deter
mining the relative importance of iron lack when 
the cause of anemia is multifactcrial. In a clini
cal setting, its value depends ~n the type of 
patient. If anemia is detected in the office or 
c1ini~ in a patient at high risk of developing iron 
deficiency, a practical inexpensive approach is to 
place the patient on oral iron and determine the 
hemoglobin response in 3~4 wk. The therapeutic 
trial is not helpful in hospitalized patients 
because of the time required to make a diagnosis 
but it can be advantageous in clinical investiga
tion. In a patient with several possible causes of 
anemia, such as rheumatoid arthritis or chronic 
renal fail ure, a" therapeutic iron trial provides 
concrete evidence of clinically significant iron 
deficiency anemia. 

THE CLINICAL SPECTRUM OF IRON DEFICIENCY 

Nutritional/ron Deficiency 

Nutritional is defined here as iron deficiency 
resulting from an imbalance between dietary 

"
 
iron supply and physiologic iron requirements. It 
is by far the commonest cause of anemia in 
infants, children, and premenopausal women. 
Recognition of this relatively mild iron defi
ciency as it occurs in susceptible segments of our 
population is particularly relevant to outpatient 
practice. 

Valuable information about the detection of 
iron deficiency has been obtained in recent nutri
tional anemia surveys by including specific 
measurements of iron status. In one study. 
measurements of TS, FE?, serUM ferritin, and 
hemoglobin were performed in over 1.500 
subjects living in the northwestern USA.20 Based 
on WHO criteria. the prevalence of anemia in 
the total sample was sj%. When only one of the 
three iron measurements was abnormal. the 
prevalence of anemia increased to unly 10.9% as 
compared to 28% when tWI) or more measure
ments were abnormal and to 63% when all three 
were abnormal. Thus. the recognition of iron 
deficiency anemia was greatly facilitated by 
including more specific measurements of iron 
status. 

Similar findings were recently reported in a 
study of South African children.26 The preva
lence of anemia in the total sample was 24.3%. 
When the serum ferritin was below 12 p.g/l 
prevalence increased to 38.8% compared to 
18.2% when the serum ferritin was above 12 
p.gjl. When both serum ferritin and TS werc 
abnormal, the prevalence of anemia increased to 
70.0% while only 10.2% of children with both 
measurements in the normal range were anemic. 
By using two specific "iron measurements in 
tandem. the ability to detect significant iron 
deficiency was greatly improved. 

~.11ere is recent evidence that the four key iron 
mf asurements (Table 1) can be used not only to 
-iefine the three stages of iron lack but also to 
provide a quantitative estimate of storage iron in 
a population.II The results of a survey in 426 
adult women are shown in Fig. I. In iron replet~ 

individuals. iron stores can be calculated by 
multiplying the serum ferritin by 10. At the 
other extreme, iron deficiency anemia, the defi
cit in body iron can be calculated from the 
hemoglobin level as follows. In a 70 kg woman, 1 
gldl hemoglobin is equivalent to about 150 mg 
iron. Assuming a normal hemoglobin in \mmen 
of 14 g/dl, a 300 mg iron deficit in circulating 
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hemoglobin has al'ready occurred when the 
hemoglobin has fallen below 12 g/dl; each addi
tional I-g decrease equals a deficit of ISO mg. 
Hemoglobin levels below 12 gldl can be 
converted directly to iron deficit. For example, at 
a hemoglobin level of 10 gldl, the deficit in 
circulating hemoglobin iron is about 600 mg. 
Note that the hemoglobin can be used for this 
calculation only when iron deficiency has been 
identified by abnormalities in at least two of the 
three specific iron measurements, TS FEP. and 
serum ferritin. 

In the results depicted in Fig. 1. two addi
tional points on the frequency distribution of 
iron stores were obtained from the TS and FEP. 
When only one of these was abnormal, iron 
stores were estimated at 0, while when both were 
abnormal. the predicted iron deficit was ISO mg. 
The fact that iron slores calculated in this 
manner followed a Gaussian distribution has 
provided' some ~vidence of its validity. In an 
otherwise healthY individual, these calculations 
provide not only an estimate of the severity of 
iron lack. but a means of monitoring longitudinal 
changes in body iron status. It must be empha
sized. however. that the calculation is only valid 
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in patients with no evidence of chronic disease or 
malignancy. 

Iron Deficiency Anemia 

The laboratory approach to identifying iron 
deficiency in a patient with significant anemia is 
different than when the hemoglobin is normal or 
only slightly reduced..Measurements of iron 
deficient erythropoiesis, including TS, FEP, and 
MeV, may be helpful in ruling out iron defi
ciency when they arc normal but will not distin
guish the anemia of chronic disease from true 
iron deficiency. If moderately severe anemia is 
detected in an outpatient at risk of developing 
iron deficiency, a therapeutic trial of iron is the 
most economical approach, especially if a rise of 
more than 2 gldl is observed. In a hospitalized 
patient, a firm riiJgnosis of iron deficiency 
requires a marrow exa•.!ination or a serum ferri~ 

tin determination. 
The major value of the s:rum ferritin' in an 

anemic patient is the fact that a level below 12 
pg/l is absolutely diagnostic of iron deficiency. 
In a total of 154 cases of uncomplicated iron 
deficiency reported in the literature. values 
above the cutoff level of 12 J,4S/I hqve occurred in 
only 2.6% of cases (Table 2). Conversely, values 
below 12 PS/I are rarely if ever seen in a patient 
with stainable marrow iron. 

Unforfunately. a serum ferritin value in the 
nonnal range does not exclude iron deficiency 
anemia because several disorders such as infec~ 

tion, .chronic 'disease, and liver disease elevate 
the serum ferritin independently. The choice 
between the marrow iron 'examination and the 
serum ferritin in a hospitalized patient depends 
upon the urgency of the diagnosis, whether a 
bone marrow is indicated for other reasons, and 
if infection or liver diseasc= is present which can 

Table 2. Serum Fenidn Lwe4a In Iron o.ficienc:y AJMmIa 

No. of MeMSenMn No.Abcw 
Au1tlcw v_ PotWIn Fsm:in 12"~mI 

AddillOl1 e,l aI.' 1972 15 5.3 1 
.klcobs flt aI.q 1972 21 5.0 0 
Simes et aI.u 1974 13 4.0 0 
Upschitz at aI. U 1974 32 4.0· 2 
Leyland et a1." 1975 28 6.1 I' 
Heitwich et aI.:lII 1977 45 5.0 0 

TOlal 154 '4 

FaIN posiliYe9 - 2.6% 14/154) 
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confuse the interpretation of the serum ferritin. 
In the absence of complicating disease, the latter 
is preferable because it is less expensive and less 
unpleasant for the patient. 

The serum ferritin is useful not only in iden
tifying iron deficiency, but al:;o in monitoring its 
repair. In an initial study on the effect of iron 
therapy On serum ferritin, Siimes et al. reported 
a disproportionately abrupt rise within the first 
few days of placing infants on oral iron thera
py.6l Thomas et al. later reported that ferritin 
values were highly variable in iron deficient 
infants placed on oral iron therapy.67 A more 
recent study in adults suggested that the serum 
ferritin remains a valid measure of body iron 
stores in the face of iron therapy.71 Despite an 
adequate hemoglobin response, no elevation in 
serum ferritin was observed within the first 3 wk 
of placing patients with iron deficiency anemia 
on 180 mg elemental iron daily. With twice this 
level of iron, most patients did show increases in 
serum ferritin in 2-3 days but the values 
returned to subnormal a few days after discon
tinuing it. Presumably, patients given more than 
300 mg elemental iron daily absorbed iron in 
eXgess of the needs of the developing red cell and 
some of this iron was diverted into stores tempo
rarily. This study indicated that conventional 
doses of. iron in patients with iron deficiency 
anemia do not elevate the serum ferritin until the 
hemoglobin has returned to normal. Serum ferri
tin measurements are therefore useful in moni
toring the recovery from iron deficiency anemia 
and in determining the endpoint of iron therapy 
with precision. 

Serum ferritin has also provided a valid 
measure of iron status following parenteral iron 
therapy, although some time should be allowed 
to elapse. Lappin el- al. measured serum ferritin 
in 36 pregnant women 1 wk and 4 'wk following 
injection of an average of 1,349 mg iron dextran 
by tolal do:;e infusion.49 The mean rise 1 wk 
following injection was disproportionately high, 
295 p.g/1. At 4 ',Ilk, however, the mc:an rise of 138 
p.g/I was very close to a value of 130 ug/I 
predicted from the known correlation between 
serum ferritin and iron stores. Thus, the serum 
ferritin is useful in identifying the need for 
additional parenteral iron in patients with high 
sustained iron losses, as occur:; with mainteo:nance 
hemodialysis. 

Secondary Iron Deficiency 

The commonest cause of anemia in a hospital
ized patient is the anemia of chronic disease 
(ACD). Disorders typically associated with 
ACD include rheumatoid arthritis, collagen 
vascular disease, tuberculosis, fungal infections, 
inflammatory bowel disease, lymphoma, and 
metastatic carcinoma. ACD is the main differ

.. cntial diagnosis of iron deficiency anemia not 
only because it is highly prevalent, but also 
because it produces iron deficient erythropoiesis 
by impairing iron release from the RE cell. In 
contrast to true iron deficiency, RE stores are 
normal or increased. 

Much has been published recently on the use 
o~ serum ferritin in distinguishing iron defi
clencv from ACD. Because the serum ferritin 
behaves as an acute phase reactant, the level is 
disproportionately elevated for each grade of 
marrow iron in patients with active infection or 
inflammation. [n 39 such patients reported by 
L~pschitz et aI., serum ferritin averaged 305 p.g/J 
WIth a range of 10-1650 p.g/1.51 Marrow iron in 
25 of these patients was compared to 27 hospit:J1 
controls who had no evidence of infection or 
inflammation. At each level of marrow iron, the 
serum ferritin was about three times higher in 
patients with infection than in controls (Fig. 2). 

lOOO 
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2 

Fig. 2. Rehllionship between sarum ferritin lind 
merrow hemosiderin in potients with inRemmation andlor 
Infection. The l;haded or.a dllpicts the normal reng.,'·· 
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Thus, the serum ferritin can reliably distinguish 
iron deficiency anemia from ACD. 

A diagnostic probl.:m arises when iron defi
ciency and ACD coexist in the same patient. One 
disorder in which this commonly occurs is rheu
matoid arthriris. In 13 such patients with absent 
marrow iron, serum ferritin averaged 38 J.Lg/I: 
diagnostic levels btlow 12 J.Lg/1 were observed in 
only three:' It was concluded that the serum 
ferritin was of diagnostic value only when the 
level was below 12 J.Lg/1 or greater than 200 J.LS/l. 
Subsequent studies, however, suggested that this 
diagnostic gr<:.y zone could be narrowed appre
ciably. In 21 anemic patients with rheumatoid 
arthritis who had reduced or absent marrow 
stores, the serum ferritin was invariably below 
100 J.Lg/1 whereas in 14 pati:=nts with normal 
marrow iron stores, the level was always above 
100 J.Lg/I.M Koerpcr et 31. administered iron 
therapy to 15 anemic patients with juvenile 
rheumatoid arthritis, II of whom showed signifi
cant hematologic response." The pretreatment 
levels of hemoglobin. FEP, and MCV in these 
patients were indistinguishable from tbose who 
showed no therapeutic response. In six of the 
responders, the pretreatment serum ferritin was 
below 25 J.lg/I. while in th.e:: remaining five 
patients. it ranged from ~200 J.lg/1. It was 
concluded that a serum ferritin below 25 J.lg/I 
predicted a response to oral iron but that ~ 

higher level did not preclude a response. 
Another disorder associated with inflamma

tion and a high incidence of iron deficiency is 
chronic inflammatory bowel disease. In 45 such 
patients, the serum ferritin ranged from 22-650 
pg/l in those with stainable marrow iron as 
compared to 7-55 J.lg/I in those with absent 
marrow iron.~ Based on a cutoff level of 18 J.lg/l, 
it was concluded that the serum ferritin had 
disappointingly low sensitivity although if values 
between 20 and 55 J.lg/l were considered uninter
pretable, no diagnostic errors would have 
occurred in identifying patients with marrow 
iron by serum ferritin. Bartels et al. later 
reported that the serum ferritin level was invari
ably below 50 J.lg/I in patients with chronic 
inflammatory bowel disease and absent marrow 
iron, and in two--thirds of these cases the level 
was below 12 J.lg/1.7 Surprisingly, a serum ferri
tin below 12 J.lg/l was observed in four patients 
with I + marrow iron, a finding that may be 
explained by pr~vious parenteral iron therapy. 
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Nelson et al. recently studied 73 patients with 
clinical disorders known to elevate serum ferri
tin. including liver disease, alcoholism, chronic 
inflammatory disease, and malignancy.H A 
serum ferritin below 30 J.l8/1 indicated absent 
marrow iron, while levels above I00 ~g/I 

excluded iron deficiency. Kerlin et al. conducted 
a prospective study in 250 patients with a hemo
globin below 10.6 gldl and an MCV below 86 
fl.~) In patients diagnosed as iron deficient by 
other criteria, the serum ferritin level was 
greater than 20 J.lg/I in 30% but in none was the 
value above 50 J.lg/l. Conversely, no patients in 
the iron replete group had a serum ferritin below 
50 J.!.g/1. 

There is still some doubt as to the level of 
serum ferritin that identifies iron deficiency in 
patknts with infection, inflammation, or malig
nancy. Most studies indicate that a value below 
50 ~g/l is consistent with iron deficiency and 
probably deserves a trial of oral iren therapy. On 
the other hand, most patients with a serum 
ferritin above 100 Wi!,/l are iron replete and are 
unlikely to re:.pond to iron thorapy. Diagnostic 
uncertainty remains with levels between 50-100 
J.lg/I. although mO$t of these patients will have 
stainable marrow iron. 

Chronic Renal Failure 

A complex clinical situation where iron defi
ciency is commonly seen is i~ patients on chronic 
hemodialysis. In contrast to significant iron over
load in the predialysis era, th~ typical picture is 
now the anemia of chronic renal failure and 
superimposed iron deficiency from blood loss 
associated \,' th maintenance dialysis. Several 
reports have: shown that thl: serum iron, TIBC, 
and TS are of little value in identifying iron 
deficiency in these patients,l.9·lD." Because of a 
reluctance to perform repeated bone marrow 
examinations to monitor iron status in these 
chronically ill patients, it has been common 
practice to administer parenteral iron regularly 
to avoid iron deficiency. There are now several 
reports of significant iron overload and asso
ciated tissue damage from excessive parenteral 
iron.u .17 In one of these studies, serum ferritin 
levels above \,000 ~g/l were observed in 64 of 
120 patients given 100 mg iron dextran intrave
nously at 2 wk intervals for several years, and 
retrospective post mortem study of 22 of these 
patients showed significant amounts of iron in 
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liver and spleen with occasional myocardial iron 
loading. 17 

Serial measurements of serum ferritin levels 
provide an acceptable alternative for monitoring 
iron balance in th:-c;e patients. Several workers 
have shown a high correlation between marrow 
iron and serum ferritin.),2J··1 [n one study, for 
example, average serum ferritin levels of 42, 
387, 1,200, and 3,224 pg/l were reported in 
patients with 0, 1+, 2+ and 3+ iron stores, 
respectively.41 As in patients with ACD, the 
serum ferritin levd below which iron deficiency 
can be diagnosed is clearly higher than 12 psi\. 
Bell et al. analyzed bone marrow stores and 
serum ferritin levels in 55 patients on mainte
nanc':" dialysis by discriminant function and 
concluded that s<;rum ferritin levels below 82 
pg/l indicated reduced or absent marrow iron. 'o 
The majority of studies, however, have suggested 
a lower level of 50-60 Jlg/I.9,2) Lynn et al. gave 1 
g parenteral iron to 31 patients Oi1 maintenance 
hemodialysis and observed that iron produced no 
hematologic improvement when the pretreat
ment serum ferritin was above 55pg/l.~· Thus, a 
serum ferritin below SO-55 pg/l is highly 
suggestive if not diagnostic of iron deficiency in 
patients with chronic renal failure. . 

In summary, the optimal approach to moni
toring iron balance in these patients is to perform 
serum ferritin measurements at 4-6 wk intervals 
from the outset of maintenance hemodialysis. 
When the level falls below 100 p.g/l, the patient 
should be placed on 60-100 mg elemental iron 
daily, and the dose can be gradually increased to 
maintain aserum ferritin level between 50-100 
pg/l. Some patients might eventually require 
parenteral iron but this should not be continued 
once the serum ferritin level rises above 200 

Jlg/l. 

Thalassemia Minor 

This disorder is the only hematologic abnor
mality other than iron deficiency that is asso
ciated with a marked decrease in the MCV to 
below 70 fl. Its detection is clinically important 
because vigorous and prolonged iron therapy can 
lead to iron overload and tissue damage in these 
patients. Several formulae have been proposed 
for distinguishing the microcytosis of iron defi
ciency from that of p-thalassemia trait.~ One 
such discriminate function is MCV-RBC-5xHb
K where K is a constant used to calibrate the 

Coulter counter. lI When this formula was 
recently applied to 193 adult subjects with iron 
deficiency and 240 subjects with thalassemia 
minor, 92.7% of patients with iron deficiency 
anemia were correctly diagnosed as compared to 
95% of patients with thalassemia minor.J2 

However, patients with ·complicating disorders 
including pregnancy were excluded from this 
study and the formula was only applied to adult 
patients when microcytosis was thought to be 
due to either iron deficiency or thalassemia 
minor. Other workers have reported that in 
anemic patients with microcyto:sis, the red cell 
count alone was as helpfu,l as more complex 
formulae. None of the data calculated from 
electronic red cell counting, however, was suffi
ciently accurate to distinguish iron deficiency 
from thalassemia minor without additionallabo
ratory measurements. 

Hershko et al. reported that the combination 
of serum ferritin and electro,nic red eell counts 
could yield a very satisfactory discrimination 
between iron deficiency, thalassemia minor, and 
normal patients.J9 The study included 50 anemic 
patients with thalassemia trait, 39 patient~ with 
iron deficiency anemia, and 87 normal subjects. 
All patients with iron deficiency anemia had a 
serum ferritin below 16 pg/l as compared to 
none of the normal controls and only 2% of the 
thalassemic patients. On the other hand, all but 
three of the 50 thalassemic subjects had an 
MCV below 80 as compared to none of the 
controls. Using serum fe~ritin and' MeV, 
patients with iron deficiency and P-thalassemia 
trait c~>uld be diagnosed with an accuracy of over 
95%. Nevertheless, ~ven with these screening 
methods, the positive diagnosis of p-thalassemia 
trait still r~qu,ires demonstration of an elevated 
hemoglobin A~ level since these patients can 
develop iron deficiency and a low 'serum ferritin 
with the same frequency as normal individu
als.2I

•
41 

~UMMARY 

While the prevalence of iron deficiency has 
remained relatively constant, there has been 
continuing refinement in its laboratory recogni
tion, especially with the recent introduction of 
serum ferritin and FE? measurements, It is 
helpful to classify iron deficiency into three 
stages. Storage iron depletion is identified by 



17 IRON DEFICIENCY 

29. Elin RJ. WuIIfSM. Finch CA: Elfect of induced fever 
on serum iron and ferritin concentrations in man. Dlood 
49:147-153,1977 

30. Ellis D: Serum ferritin compared with other indices of 
iron stalus in children and tecnagcrs undergoing mainte
nance hemoJi:llysis. Clin Chern 25:741-744.1979 

3 J. England JM, Fr:lser PM: Dilfere:nliation of iron defi
ciency from thalassemia trait by routine: blo<Xl count. Lancet 
i:449-452,1973 

32. England JM, Fraser P: Discrimin:ltion between iron· 
deficicncy and heterozygo~s-thalassemia syndromes in 
differenlial diagnosis of microcytosis. Lancet i:145-14g. 
1979 

33. Fairbanks VF: Is the peripheral blood film reliable for 
the diagnosis of iron deficiency anemia? Am J Clin Palhol 
55:447-451, 1971 

34. Finch CA. Cook JD, Labbe RF, et al: Elfect of blood 
donation on iron slOrc:s as evaluated by serum ferritin, Blood 
50:441-447,197.7 

35. Fong TP, Okafor LA. Thomas W Jr, et al: Stainable 
iron in aspirated and needle·biop~y srecimens of marrow: a 
source of error. Am J Hematul 2:47-51. 1977 

Jr,. Carby L, IrneH L. Werner I; Iron deficiency in women 
uf fertile age in a Swedish community. 111. Estimation of 
prevalence based on rc~ponse to Iron supplemenlation. Acta 
MedScand 185:113-117, 1969 

37. Gokal R. Millard PR, W~thernll DJ, et al: Iron 
metabolism in haemodialysis patients. Quar J Med 191 :369
391. 1979 

38. Heinrich HC. Ilru8gemann J. Gabbe EE. et al: Corre
lation between diagnostic "Fe 2+ ·absorption and serum 
ferritin concentration in man. Z Naturforsch 32:1023-1025, 
1977 

39. He~hko C. Konijn AM, Loria A: Serum ferritin and 
mcan corpuscular volume measurement in the diagnosis of 

, beta-thalassemia minor and iron deficitncy. Acta Haematol 
62:236-239, 1979 

40. Hillman RS. Hendersol1 PA: Control of marrow 
production by relative iron supply. J Clin Invc:st48:454-460. 
1969 

41. Hussein S. Prieto J. O'Shea M. et al: Serum ferritin 
assay and iron status in chronic renal failure and haemodi· 
alysi~. Sr Mcd J 1:546-548. 1975 

4':. Jacobs A. Miller F. Worwood M. et al: Ferritin in the 
serum of normal subjects and patien~ with iron deficiency 
and iron overload. Br Mcd J 4:206-208, 1972 

43. Kerlin P, Reiner R, Davies M. et 011: Iron deficienc>, 
. anaemia-a prospective study. Aust NZ J Mcd 9:402-407. 

1979 

44. Klee GG. Fairbanks VF. Pierre RV, et al: Routine 
erythrocyte measurements in diagnosis of iron·deficiency 
anemia and thalassemia minor. Am J Clin Pathol 66:870
877,1976 

45. Koerper MA. Stempel DA. Dallman PR: Anemia in 
patients with juvenile rheumatoid arthritis. J Pediatr 
92:930-933. 1978 

46. Krause JR, Elrubaker D, Kaplan S: Comparison of 
slainable iron in aspirated and needle·point biopsy specimens 
of bone marrow. Am J Clin Pathoi 72:68-70, 1979 

47. Labbe RF. Finch CA. Smith NJ. et al: Erythrocyte 

protoporphyrin/heme ratio in the assessment of iron status, 
Clin Chem 25:87-92.1979 

48. Langer EE. Haining RO, Labbe RF, et :II: Erythro
cyte protoporphyrin. Blood 40:1' 2-128, 1972 

49. Lappin TRJ. Whiteley LA. Murnaghan GA: Reliabil· 
ity of serum ferritin determinations after total dose infusion 
of iron dextran in pregnancy, Ann Clin Biochem 16:12~126, 

1979 
50. Lennartsson J. Bcngtsson C, Hallberg L. et al: Serum 

iron and transferrin saturation in women with special refer. 
ence to women with low transferrin saturation. Scand J 
Haematol 23:182-196. 1979 

51. Leyland MJ. Ganguli PC, IlIower D. et al: Immunora. 
diometric assay for ferrilin in human serum. Scand J 
Haematol 14:385-392. 1975 

52. Lipschitz DA. Cook JD, Finch CA: A clinical evalua
tion of serum ferritin as an index of iron stores. N Engl J 
Med 290:1213-1216,1974 

53. Loria A. Hershko C. Konijn AM: Serum ferritin in an 
elderly population. J Gerontol 34:521-524. 1979 

54. Lynn KL, Mitchell TR, Shepperd 1: ~erum ferritin 
concentration in patients receiving maintenance: hemodialy
sis. Clin Nephrol 14:124-127, 1980 

55. Nelson R, Chawla M. Connolly P. et al: Ferritin as an 
index of bone marrow iron stores. South Med J 71: I 482
1484.1978 

56. Olsson KS. Weinfeld A: Availability of iron dextran 
for haemoglobin synthesis. Acta Med Scand 192:543-549. 
1972 

57. Parker PA. fzard MW. Maher JF: Therapy of iron 
deficiency anemia in patients on maintenance dialysis. 
Nephron 23:' 81-186. 1979 

51l. Pedersen NS. Morling N: Iron stores in blood donors 
evaluated by serum ferritin. Scand J Haematol 20:70-76. 
1978 

59. Pilon VA. Howanitz PJ. Howanitz JH. et al: Day
to-day variation in serum ferritin concentration in healthy 
subjects. Clin Chern 27:78-:82, 1981 

60. PiomelJi S. Brickman A. Carlo~ E: Rapid diagnosis of 
iron deficiency by measurement of free erythrcx:yte porphy
rins and hemoglobin. Pediatrics 57:136-141, 1976 

61. Qvist I, Norden A, Olofsson T: Serum ferritin in the 
elderly. Scand J Clin Lab Invest 40:609-613. 1980 

62. Saarinen UM. Siimes MA: Serum ferritin in assess. 
ment of iron nutrition in healthy infants. Acta Paediatr 
Scand 67:745-751. 1978 

63. Siimes MA, Adc!iego JE Jr, Dallman PR: Ferritin in 
serum: diagnosis of iron deficiency and iron overload in 
infants and children. Blood 43:581-590. 1974 

64. Smith RJ, Davis P, Thomson AB. et al: Serum ferritin 
levels in anemia of rheumatoid arthritis. J RheumatoI4:389
392,1977 

65. Statl:lnd BE, Winkel P: Relationship of iaY'lo-day 
vari:llion of serum iron concentrations [0 iron·binding opac· 
ity in heallhy young women. Am J Clin Pat hoi 67:84-90. 
1977 

66. Stevens AR, Coleman DH. Finch CA: Iron metab
olism: clinical evaluation of iron stores. Ann Intern Med 
3'8: 199-205, 1953 

67. Thomas WJ. Koemg HM, Lightsey AL Jr. et al: Free 
erythrocyte porphyrin: hemoglobin ratios. serum ferritin. and 



18 

transrerrin 5.1tuntion levels during trc:llment of irif3nts with
 
iron-deficiency anemia. Blood 49;455-462. 1977
 

68. Thomson ABR. Brmt R. Ali MAM. et al: Iron
 
deficiency in innamm3tory bowel disease. DiagnD.1tic effie
 
c:lcy of serum ferritin. Am J Dig Dis 23:705-709. 1978
 

69. Waller~ GO. Miller FM. WorwooJ M: Senlm ferritin
 
concentration and iron stores in !lOnna) subjecLS. J Clin P3t~
 

26:770-772. 1973
 

JAMES O. COOK 

70. Weinfeld A: Stol"3gc iron in man. Acta Mc:d Send 
SuppI427:1-15S.1964 

71. Whcby MS: Effect of iron ther.lpy on serum ferritin 
levels in iron-delicicncy anemia. Blood 56:138-140.1980 

72. Worwood M: Serum ferritin. CRC Cnt Rev Clin Lab
 
Sci 10: 171-204, 1979
 

73. Zilya JF. raLSton VJ: Variations in serum·iron In
 

healthy women. Lancet i:459-462, 1966
 



AJCN #7412 R
 

INHIBITION OF FOOD IRON ABSORPTION BY COFFEEl-3 

Timothy A. Morek, Ph.D. I
 

Sean R. Lynch, M.D.
 

James D. Cook, M.D.
 

Running Title: Coffee and Iron Absorption 

Key Words: coffee, iron absorption 

IDivision of Hematology, Department of Medicine, University 

of Kansas Medical Center, Kansas City, Kansas. 

2This work was supported by Contract DSAN-C-0045 from the U.S. 

Agency for International Development. 

3Reprint requests: James D. Cook, M.D., Director of Hem'atology, 

University of Kansas Medical Center, Kansas City, Kansas 

66103. 

4present address: Veterans Administration Medical Center, 

Humpton, Virginia 23667. 



-1-


Dual isotope studies were performed in iron replete human 

subjects to evaluate the effect of coffee on nonheme iron 

absorption. A cup of coffee reduL3d iron absorption from a 

hamburger meal by 39% as compared to a 64% decrease with tea, 

which is known to be a potent inhibitor of iron absorption. ~lhen 

a cup of drip coffee or instant coffee was ingested with a meal 

composed of semi-purified ingredients, absorption was reduced 

from 5.88% to 1.64 and 0.97% respectively and when the strength 

of the instant coffee was doubled, percentage iron absorption 

fell to 0.53%. No decrease in iron absorption occurred when 

coffee was drunk one hour before a meal, but the same degree of 

inhibition as with simultaneous ingestion was seen when coffee 

was taken one hour later. In tests containing no food items, 

iron absorption from NaFeEDTA was diminished to the same extent 

as that from ferric chloride when each was added to a cup of 

coffee. These studies demonstrate that coffee inhibits iron 

absorption in a concentration-dependent fashion. 
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Tea has a potent inhibi tory effect on the absorption of nonheme 

iron (1-3). For example, Disler et ale (1) demonstrated that 

~ron absorption from a meal was reduced by as much as 87% when 

tea was included. Coffee is another beverage that is often 

consumed wi th meals. Its effect on iron absorption has not been 

studied in detail al though Derman et al. (4) observed a 37% 

reduction when coffee was added to a meal containing maize. 

Because coffee is commonly consumed in countries where iron 

deficiency anemia is prevalent, a significant inhibitory effect 

on dietary iron absorption has nutri tional relevance. We report 

here the inhibitory effect of coffee on nonheme iron absorption 

in human subjects. 

METHODS 

Subjects. Thirty-seven volunteer subjects (thirty-six men and 

one postmenopausal woman) ranging in age from 18 to 50 years 

participated in four separate iron absorption cootudies. All were 

in good he'" 1 th and denied any history of gastrointestinal 

disorders that might affect iron absorption. The mean of serum 

ferritin measurements on days 1, 14, and 20 of the study show 

iron status to be uniformly normal (5) ~ written informed consent 

was obtained from each volunteer before the study and all 

experimental procedures were approved by the Human Subjects 

Committee at the University of Kansas Medical Center. 



-3-


Absorption Measurements. Each study included four test meals 

which were labeled alternately with either 55Fe or 59Fe and given 

to the subjects between 7 and 9 Alvl following a lO-hr fast. Only 

water was allowed for the subsequent 3 hr. Meals A and B were 

administered on consecutive days and meals C and D were likewise 

given two weeks later. Nonheme iron absorption was measured by 

incorporated red cell radioactivity in blood samples drawn two 

weeks after each pair of meals. Radioiron measurements were made 

on duplicate 10 ml blood samples (5). sufficient counts were 

obtained on each sample to reduce the net counting error for each 

isotope to less than + 2% in sUbjects absorbing more than 1% of 

the test dose. Absorption was calculated on the basis of blood 

volume, and erythrocyte incorporation was assumed to be 80% of 

absorbed iron (5). 

Test Meals. Four studies were conducted in which two types of 

meals were served wi th different beverages (Table 1). In studies 

I and 3, the test meal was a beef patty (113 g uncooked weight), 

a bun, and a 200 ml drink of water, tea, or coffee. In study 2, 

a mixture of semipurif ied ingredients was used for all four test 

meals; each 340 ml serving contained dried egg albumen (Monark 

Egg Corp., Kansas City MO), corn syrup solids (Dri-Sweet 36, 

Hubinger Co., Keokuk IA), corn oil, and FeC13·6H20 which pro

vided 14.7 g protein, 68 g carbohydrate, 35 g fat, and 4.1 mg 



iron. Coffee or water (200 ml) was served \'lith each meal in study 

2. The test dose in study 4 consisted only of 200 m1 of either 

water or instant coffee to which 3 mg iron as either FeC13·6H20 

or NaFeEDTA was added. 

The tea for study 1 was prepared by adding boiling water to dry 

tea (Orange Pekoe and Pekoe cut Black Tea, Lipton Inc., Englewood 

Cliffs NJi 1. 75 g/200 ml serving) and steeping for four minutes. 

Drip coffee (studies 1 and 2) was made in an automatic drip 

coffee maker (Proctor-Silex) using 70 g Folger's drip grind 

coffee (Folger Coffee Co., Cincinnati OH) and 1,625 m1 cold tap 

water. Instant coffee (studies 2, 3, and 4), was prepared by 

adding 200 ml boiling water to 1.5 g freeze-dried coffee (Tast...... 

er's Choice, Nestle Company, White Plains NY) unless otherwise 

stated. 

The extrinsic tag method was used throughout (6,7). The radio

iron was mixed with O. 1 mg carrier iron as FeC13· 6H 20 in 1 ml 0. 01 

N HCl. The radioiron label was sprinkled over the beef patty in 

meals containing a hamburger and was added directly to the 

semipurified liquid meal in study 2. In study 4, the radioiron 

tag was added directly to the beverage which contained 3 mg iron 

as either NaFeEDTA or FeCl3·tiH20. A preliminary investigation 

demonstrated that there was complete exchange between NaFeEDTA 
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Statistics. Because the distribution of iron absorption data 

expressed as percen tage of administered dose is posi tively 

skewed, individual values were converted to logarithms for 

statistical analysis and the results reconverted to the anti 

logarithm to recover the original units (8). All mean values for 

iron absorpt ion and meal ra tios are reported as geometric means. 

The paired !-test was used to compare iron ab~orption from any 

two meals within the same study. 

RESULTS 

Study 1 was performed to compare the effect of tea and coffee on 

iron absorption from a hamburger meal. When wa ter was given wi th 

this meal, 3.71% of the nonheme iron was absorbed (meal A, Table 

2). with tea as the beverage (meal B) absorptioD fell to 1.32%, 

representing a highly significant 64% inhibition .(p< 0.001). 

When a cup of drip coffee was taken wi th the hamburger (meal C) , 

a 39% decrease in iron absorption: to a mean of 2.25%, occurred 

(p< 0.05). A direct statistical comparison indicated that coffee 

was· significantly less inhibitory than tea (B/C = 0.59, 

p< 0.001). Meal 0 consisted of a reference dose of ferrous 

ascorbate containing 3 mg iron as FeS04 and 18.9 mg ascorbic 

acid. Mean absorption in these iron replete subjects averaged 

15.73%. 
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Stud~ was designed to compare the effect of drip and instant 

coffee and to determine whether the inhibitory effect of coffee 

is dose related. In general, coffee had a greater inhibitory 

effect on iron absorption from the semipurified meal (Table 3). 

Absorption from meal B containing drip coffee averaged 1.64% as 

compared to 5.88% from the control meal (A), a reduction of 72%. 

A somewhat greater decrease of 83% was observed when a cup of 

instant coffee was ingested with the meal (C). Doubling the 

concentration of the instant coffee caused a further 45% de

crease in iron absorption which was also statistically sig

nificant (Ole = 0.55, p<O.Ol). 

Study 3 examined the effect of varying the time when coffee was 

ingested in relation to the hamburger meal (Table 4). When the 

coffee and hamburger were taken simultaneously (meal C), iron 

absorption fell from a control mean of 8.12 to 4.58% (p<0.05). 

Coffee taken one hour prior to the hamburger (meal B) led to a 

small decrease in mean absorption that was not statistically 

signif icant. On the other hand, wi th coffee taken one hour after 

the hamburger (meal D), the degree of inhibition was similar to 

that observed when the beverage and meal were consumed simul

taneously. 
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Study 4. In this final study, the effect of coffee on iron 

absorption from NaFeEDTA was compared wi th that from FeCl3 in the 

absence of food (Table 5). Al though percentage absorption· from 

NaFeEDTA in water was slightly lower (3.83%) than from FeC13 

(5.04%), the difference was not statistically significant. When 

the same forms of iron were given with coffee, 70% decreases in 

absorption were observed (CiA = 0.30, D/B = 0.31, p< 0.001). 

Thus, percentage absorption from FeC13 relative to NaFeEDTA was 

constant regardless of the beverage (AlB = 0.76, C/D ~ 0.73). 

DISCUSSION 

The studies reported here demonstrate that coffee, like tea, 

markedly reduces iron absorption. These results are in keeping 

with some previous observations by Layrisse et al. who studied 

the availability of ferrous sulfate-fortified sugar added to 

several beverages (9). Al though a direct comparison between the 

effect of coffee and other drinks was confounded by the use of 

different groups of subjects, the bioavailability of the iron 

was considerably lower when added to coffee than when added to 

soft drinks or orange juice. Absorption from iron-fortified 

sugar was reduced by 44% in a meal containing a vegetable, meat, 

and coffee and by 75% when the sugar was used in coffee alone. 

Coffee with milk was twice as inhibitory as black coffee. 
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Tea is thought to influence iron absorption at a luminal level 

by the formation of insoluble iron tannates. Our study suggests 

that coffee may also exert its effect in the lumen since the 

reduction in absorption was most marked \\7hen the coffee was taken 

with the meal or an hour later. A significant fraction of the 

meal would still be in the stomach after one hour since the half 

time of gastric emptying for this hamburger meal is approxi

mately 180 min (Skikne, Lynch, Cook, unpublished observations). 

Recent in vi tro experiments suggest that coffee may inhibit iron 

absorption by a chemical mechanism different from that of tea. 

Kojima et al. (10) compared the effect of different beverages on 

the amount and chemical form of soluble iron in pinto bean 

suspensions after incubations at pH 2 and 6. Whereas tea reduced 

the proportion of soluble iron to only 12% of the quantity in 

bean supensions without additions; drip and instant coffee had 

no significant effect on iron solubility. Nevertheless, all 

soluble iron in both beverages was oxidized to the ferric state. 

Our studies suggest that this form of iron has limited avail 

ability for absorption in humans. 

'l'hese findings may have important implications for iron nutri 

tion because coffee is a favored beverage in many parts of the 

world. However, the effect on iron balance is difficult to gauge 
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since the methods of preparation and patterns of consumption, 

both of which influence absorption, differ considerably within 

and between populations. The inhibitory effect of coffee may 

also be relevant to the choice of the vehicle and iron salt for 

fortification programs. Sugar, which is commonly used in coffe,: 

has been proposed as a vehicle for iron fortification (11). It 

has also heen suggested that NaFeEDTA is the most suitable iron 

compound for fortifying sugar because of its greater chemical 

stability (11-15). A recent study demonstrating that maize meal 

porridge and bran reduce iron absorption from ferrous sulfate 

but have Ii ttle effect on NaFeEDTA (15) supports the contention. 

On the other hand, tea is equally inhibitory to ferrous sulfate 

and NaFeEDTA and our findings suggest that this also is true of 

coffee consumed alone; 70% inhibition was observed for both 

ferrous sulfate and NaFeEDTA. Nevertheless, Layrisse et ale 

found that when a bulky breakfast meal (120 g black bean gruel, 

4 tortillas, and a bread roll) was ingested with a cup of coffee, 

absorption from NaFeEDTA was significantly better than from 

ferrous sulfa~e (l~). It would appear that the use of NaFeEDTA 

to fortify sugar used in beverages would be advantageous only if 

the beverages are taken with meals. 
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Table 1. Comoosition of Test Meals 1 
~ 

Neal Beverage Added to Meals
 
Studv Type A B C D
.. 

1 STD ~'later Tea Coffee2 REF. 
2 SP Water Coffee2 Coffee 3 Coffee 3 

3 STD ~later Coffee 3 Coffee 3 Coffee 3 

4 None t~ater Water Coffee 3 Coffee 3 

1 Abbreviations: REF, reference dose without food; STD, standard meal; 
SP, semipurified meal. 

2 Drip coffee 

3 Freeze-dried instant coffee 



Table 2. Effect of tea and coffee on iron absorption from a standard meal. 

IRON ABSORPTION 
Packed 
Cell Serum Water Tea Coffee REF* Absorption Ratios 

SUbject Age Volume Ferritin (A) ( B) (C) (D) B/A CiA B/C 
( %) (ug/l) ( % of dose) 

1 29 48 65 0.96 0.48 1.08 10.85 C.SO 1.12 0.44 

2 26 44 68 1.76 0.56 0.86 11.63 0.31 0.48 0.65 

3 25 45 67 1.78 1.47 4.30 4.33 0.82 2.41 0.34 

4 26 46 97 2.53 1.68 2.02 19.06 0.66 0.79 0.83 

5 30 44 156 2.71 1.82 2.47 10.96 0.67 0.91 0.73 

6 22 46 102 4.16 2.18 2.22 14.37 0.52 0.53 0.98 

7 26 43 47 5.55 0.87 2.05 19.55 0.15 0.36 0.42 

8 23 43 34 5.81 0.30 0.51 23.21 0.05 0.08 0.58 

9 28 43 58 6.91 1.70 4.91 20.55 0.24 0.71 0.34 

10 22 45 34 8.75 3.43 4.21 26.02 0.39 0.48 0.81 

11 19 44 27 11.21 5.32 7.93 36.81 0.47 0.70 0.67 

Meant 25 45 60 3.71 1.32 2.25 15.73 O. 3~ 0.61* 0.59+ 

-1 SE 2.94 1.01 1.75 13.22 0.28 0.47 0.53 

+1 SE 4.68 1.71 2.88 18.71 0.45 0.78 0.65 

*REF ~ Reference dose 

tGeometric means except Age and Packed Cell Volume. 

+p < 0.001; :Fp < 0.05 



TaL:t-t: 3. Effect of type and s·trength of·coftde on iron absorption from a semipu_rifieu.· .•leal. 

IRON ABSORPTION 
Packed Coffee 
Cell Serum water Drip FD*(1.5g) FD(3.0g) Absorption Ratio 

Subject Age Volume Ferritin (A) (B) (C) (D) B/A CiA D/A DIC 
( %) (ug/l) ( % of dose) 

1 44 55 55 1.35 1.06 0.36 0.23 0.78 0.26 0.17 0.63 

2 30 49 76 3.22 2.45 2.57 1. 65 0.76 0.79 0.51 0.64 

3 24 39 114 4.48 1.88 0.43 0.33 0.41 0.09 0.07 0.76 

4 23 43 114 5.11 1.10 0.27 0.23 0.21 0.05 0.04 0.85 

5 35 55 132 6.22 0.86 0.40 0.17 0.13 0.06 0.02 0.42 

6 50 37 56 9.03 3.37 2.45 2.21 0.37 0.27 0.24 0.90 

7 28 45 l;6 9.51 0.83 2.62 1.43 0.08 0.27 0.15 0.54 

8 27 45 86 10.00 1.91 1.11 0.28 0.19 0.11 0.02 0.25 

9 31 43 181 15.98 3.56 2.56 0.90 0.22 0.16 0.05 0.33 

Meant 31 44 87 5.88 1.64 0.97 0.53 0.28+ 0.17+ 0.09+ 0.55* 

-1 SE 4.60 1.36 0.70 0.38 0.22 0.12 0.07 0.48 

+1 SE 7.52 1.98 1.36 0.75 0.36 0.22 0.13 0.64 

*FO cr Freeze-dried instant. 

tGeometric meaLS except Age and Packed Cell Volume. 

+p <. 0.001; *p <'0.01 



Table 4. Effect of time of consumption of coffee on iron absorption from a standard meal 

Subject Age 

Packed 
Cell 

Volume 
( %) 

Serum 
Ferritin 

(ug/l ) 

water 
(A) 

IRON ABSORPTION 
Coffee Added 

Before With After 
(B) (C) (D) 
(% of dose) 

D/A 
Absorption Ratios 

CiA D/A D/e 

1 24 46 28 1.86 3.00 1.73 2.72 1.61 0.93 1.46 1.57 

2 19 49 51 3.98 3.18 4.37 3.90 0.79 1.09 0.97 0.89 

3 25 44 95 5.48 2.20 3.33 2.53 0.40 0.60 0.46 0.75 

4 25 46 48 9.81 8.67 2.00 2.02 0.88 0.20 0.20 1.01 

5 19 48 30 10.61 8.78 2.76 2.76 0.82 0.26 0.26 1.00 

6 18 50 22 19.95 17.70 10.16 13.93 0.88 0.50 0.69 1.37 

7 28 44 22 27.72 14.06 30.13 19.56 0.50 1.08 0.70 0.64 

MeanT 23 47 37 8.12 6.30 4.5·8 4.55 0.78 o. sEt 0.5or 0.99 

-1 SE 5.70 4.62 3.12 3.23 0.66 0.44 0.43 0.88 

.: 1 SE 11.57 8.60 6.72 6.41 0.92 0.73 0.73 1.12 

tGeometric means except Age and Packed Cell Volume. 

+0 ~ 0.05 



Table 5. Effect of coffee and water on absorption of iron from NaFeEDTA and FeC1 3 , 

IRON ABSORPTION 
Packed Water Coffee 
Cell Serum NaFeEDTA FeCl3 NaFeEOTA FeCl3 Absorption Ratios 

Subject Age Volume Ferritin (A) (B) (C) (0 ) A/B C/O CiA O/B 
( %) (ug/l ) (% of dose) 

1 23 47 395 J..42 1.60 0.40 0.17 0.89 2.35 0.28 0.11 

2 32 46 141 ;;.55 4.15 0.72 0.92 0.61 0.78 0.28 0.22 

3 31 44 179 ~!. 61 7.38 0.63 0.95 0.35 0.66 0.24 0.13 

4 19 45 60 3.30 1.73 1.08 1.02 1.91 1.06 0.33 0.59 

5 30 47 55 3.57 1.98 0.83 0.90 1.BO 0.92 0.23 0.45 

6 18 45 31 4.10 5.97 0.72 4.50 0.69 0.16 0.18 0.75 

7 28 46 122 4.13 3.23 1.75 1.50 1.28 1.17 0.42 0.47 

8 :.~ f: 45 102 4.78 9.82 1.01 1.66 0.49 0.61 0.21 0.17 

9 ~~ 5 44 6:· !J. 68 11.53 4.95 5.48 0.49 0.90 0.87 0.48 

10 27 49 27 13.60 29.30 3.71 11.02 0.46 0.34 0.27 0.38 

Meant 26 46 86 3.83 5.04 1.14 1.57 0.76 0.73 0.30+ 0.31+ 

-1 SE 3.18 3.74 0.88 1.08 0.63 0.58 0.26 0.25 

+1 SE 4.62 6.79 1.47 2.28 0.92 0.92 0.34 0.39 

tGeometric means except Age and Packed Cell Volume. 

+p~O.OOl 
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ABSTRACT 

The accuracy and reproducibility of using stored capillary blood 

for measurements of circulating ferritin were evalunted by com

parison with simultaneous measurements on venous blood. In an 

initial study, the between and within-sample variability of cap

illary determinations was about three times higher than with venous 

measurements, but the difference was reduced considerably by using 

capilla:=y serum rather than plasma. With both serum and plasma, the 

mean ferri tin in capillary specimens was 3-5% higher than in venous 

blood. These minor drawbacks with capillary measurements are 

outweighed by the benefit of improved compliance in prevalence 

surveys when finger-stick sampling can be used in place of veni

puncture. 
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INTRODUCTION 

~vhen assessing the iron status of a population, it is preferable to 

perform a battery of laboratory measurements such as hemoglobin, 

hematocrit, red cell indices, transferrin saturation, free eryth

rocyte protoporphyrin, and serum ferritin (1-3). A major drawback 

of this approach, however, is a much lower compliance in prevalence 

studies when several milliliters of venous blood are required. This 

is especially true in the pedi.atric age group. One could circumvent 

this drawback by performing only those measurements which require 

a small sample of capillary blood. A useful pair of such mea

surements would be hemoglobin to detect iron deficiency anemia, and 

serum ferritin to measure iron stores. The validity of using 

capillary blood for hemoglobin measurements has been assessed in 

several published studies. In the present report the accuracy and 

reproducibility of ferritin measurements in capillary blood were 

evaluated by comparison with simultaneous venous determinations. 

To simulate conditions in a typical population study, both cap

illary and venous specimens were stored at -20c for up to 2 weeks 

prior to assay. 
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NE'l'HODS 

Two studies, A and B, were performed in 20 and 21 normal adult 

subjects respectively. The studies differed only in the technique 

use," ~I")r processing and storing capillary specimens. Two venous and 

two capillary samples were obtained from the right and left arm of 

each sUbject. For venous specimens, 3 ml blood was drawn without 

venostasis from each forearm into a dry syringe and immediately 

transferred to a glass tube measuring 100 x 16 mm (Becton-Dickinson, 

Rutherford NJ). After allowing the blood to clot for 2 hr at room 

temperature, serum obtained by centrifugation at 900 x .9: for 20 min 

was transferred to a clean glass tube and stored at -200C. 

capillary specimens were obtained from the middle finger of each 

hand using disposable blood lancets (Microlance, Becton-Dickinson, 

Rutherford NJ). After wiping away the first drop, free-flowing 

blood was obtained' without finger compression. In study A, cap

illary plasma was obtained by collecting the sample into two 

heparinized microhematocrit tubes measuring 75 x I rom (Fisher 

Scientific, pittsburg PAl. The tubes were sealed with Critoseal 

(Lancer, St. Louis MO), centrifuged for 5 min, and broken just above 

the buffy coat. The plasma was transferred to 400 ul Eppendorf 

tubes (Brinkman Instruments, New York) and stored at -20oC. 
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In study B, capillary serum was obtained by collec~ing the sample 

in plain capillal."Y glass tubes measuring 100 x 1.6 mm, (Kimble 

Products, Vineland NJ). The tubes were sealed with Critoseal, 

allowed to stand at room temperature for 1 hr, and centrifuged for 

5 min. The serum was transferred to round-bottom vials (7 x 40 mm; 

Milian Instruments, Swi tzerland) of the type commonly used in WHO

sponsored studies of nutritional anemia. 

Serum Ferritin. Measurements were performed in triplicate on 10 t'.l 

plasma or serum samples by the 2-site immunoradiometric assay de

scribed by Miles et al. (4), except that Sepharose 4B rather than 

aminocellulose was used for purification of antiferritin anti 

bodies (5). All quantitative transfers in the assays were performed 

with an electronic pipettor (Micromedic, Philadelphia PA). 

Statistical Analysis. Serum ferritin levels have been shown in 

prior studies to be log normally distributed (4). Variability 

estimates were therefore performed after log transformation. 

Within-sample variability was calculated from triplicates while 

between-sample variability was based on differences in values 

between the right and left arm (Appendix). The results are 

expressed as standard deviation (SD) of loge (ferritin). 
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RESULTS 

Variability. In study A, the SO for venous determination was 

similar within samples (0.053) and between samples (0.046) (Table 

1). The SD for capillary measurements was sharply higher, 0.166 

with separate finger punctures and 0.195 with assays on the same 

sample. The higher variability with capillary determinations is 

apparently not related entirely to the skin puncture per se because 

the SD within samples was just as high as that between samples. 

Since previous studies have shown no difference in variability 

between serum and plasma ferritin ~ith larger volume~ of venous 

blood (4), the higher variability of capillary measurements may 

relate to storage of small sample volumes. 

To examine the effect of sample size on variabil i ty, multiple 

ferritin determinations were peliormed on a single pool of serum and 

plasma using the same volumes (100-200 ul) and equipment as used for 

capillary determinations in study A. When the samples were pro

cessed without interim storage, the variability for serum and 

plasma was similar. However, when the smaller sample volumes were 

stored at -20oC prior to ferritin determinations, the SD for 18 

replicate determinations was much higher with plasma (0.359) than 

with serum (0.135). We suspect that minute fibrin clots in thawed 

plasma resulted in intermittent obstruction of the micropipettor 

when removing samples from the Eppendorf tubes. 
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In s~udy B serum rather than plasma was used for capillary deter

minations. In this study a siightly larger non-hepa.rinized capil 

lary tube was used to obtain the sample, and the frozen sample was 

stored in a larger round-bottom tube. The variability with venous 

measurements was very similar to that observed in study A (Table 1). 

The within-sample so of ca~illary determinations was significantly 

reduced from 0.195 to 0.091 (p < 0.01), an,d was only slightly higher 

than tb::: SO .of 0.072 obtained with venous determinations. The 

between-sample SD for capillary measurements (0.110) was also sig

nificantly reduced (p <0.01) although it remained appreciably 

higher than the value of 0.040 observed with venous measurements. 

Accuracy. In both studies, ferritin values were significantly 

higher with capillary specimens tha~ with venous. The relative 

difference averaged 5.2% in study A (115.9 vs. 122.2)1g/l, t = 2.01, 

P = 0.03) and 7.2% in study B (61.8 vs. 66.6 J1g/1, t = 3.75, 

P <0.001) . Because regression analysi"s showed no significant 

difference between studies A and B for either the siope or inter

cept, the data from the two studies were pooled (Fig •. 1). It is 

apparent that the disparity between capillary and venous mea

surements is essentially constant within the range of 0-200 ug/l. 
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To determine whether the higher ferritin observed with capillary 

measurements was related to differences in sample volume, several 

milliliters of serum were obtained from 10 normal subjects and 

placed in three types of containers (Table 2). lvhen 1 ml was stored 

in a larger vial, the mean ferr~tin was l63.9Fg/l as compared to 

significantly higher means of 169.3 and 168.4 ,.ug/l when 0.1-0.2 m1 

was stored in smaller vials. These r~present relatively small 

differences of 3.3 and 2.7% respectively. It was concluded that the 

disparity was due to evaporation during freezing and thawing of 

small volumes. 

DISCUSSION 

The major difficulty in employing capillary samples for measure

ments of ferritin in this study was related not to the protein 

measurement per se but to the storage of minute volumes. High 

within-sample variability with capillary specimens was reduced 

appreciably by using serum rather than plasma. It should be noted 

that even this problem would not usually arise in a hospital setting 

but only when the sample must be frozen because of anticipated delay 

between collection of the sample and performance of the assay, a 

common practice in prevalence studies. Although between-sample 

variabil i ty wi th capillary serum was more than twice that of venous 

measurements, the modest gain in precision would not on its own 

justify venous sampling in a population study. 
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Since blood cells and most tissues contain a higher concentration 

of ferri tin than is present in serum (6), we anticipated that 

admixture of capillary blood with cytosol released from tissue 

might result in substantially higher ferritin levels in specimens 

obtained by skin puncture. This possibility was also suggesced, by 

Segall et al. who observed a significantly higher ferritin with 

capillary than with venous samples in newborn infants (7). Although 

we also observed that ferritin measurements in capillary serum and 

plasma were 5-7% higher than in venous samples, at least half of the 

difference was explained by evaporation while freezing and thawing 

100-200 ul sample volumes. In prevalence studies it would be 

advisable to measure this evaporation loss under local field 

conditions with particular attention to the technique used for 

sample processing 'and storage. 



APPENDIX 

The wi thin-sample and bet,."een-sample variances in study A were 

calculated as follows: 

(20) 2 3 

Within-sample	 variance = 2: ~ 1: (Xijk - Xij)2 

i=l j=l k=l 

(20) (2) (3) 

20 2 
Between-sample variance = (XiI - Xi2') 2 ~ I: 

i=I j=l 

(20) ( 2) 

i = 1, ••• ,20 subjects 

j = 1,2 samples 

k = 1,2,3 replicates 

Xijk = ferritin measurement on kth 
replicate in jth sample of 
ith subject. 
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LEGEND 

Figure 1. Relationship between capillary and venous measure

ments of circulating ferritin. The interrupted line is the line 

of identity. The correlation coefficient is 0.9904 (p{O.Ol). 

The slope and y intercept are 1.027 and 3.1 respectively. 



Table I Comparison of ferritin measurements in venous and 
capillary blood. 

study A (capillary plasma) 

Venous Capillary 

Mean ferritin 

Standard devi

Within 

()lg/l ) 

ation loge (ferritin) 

115.9 

o .053 

122.2 

0.195 

Between o .046 0.166 

study B (capillary serum) 

Mean ferritin (pg/l) 61.8 66.6 

Standard deviation loge (ferritin) 

Within 0.072 0.091 

Between o .040 0.110 



Table 2 Eff~ct of storage container volume on serum ferritin 
val ues (pg/l) 

Large Small Volume 
Sample Volume* Study A Study B Difference 

(a) (b) (c) a-b a-c 

1 25.0 27.0 23.4 -2.0 1.6 

2 36.2 44.9 40.1 -8.9 -3.9 

3 9.0 9.1 9.7 -0.1 -0.7 

4 342.6 343.4 349.5 -0.8 -6.9 

5 283.4 288.1 287.9 -4.7 -4.5 

6 183.1 203.4 192.1 -20.3 -9.0 

7 10.9 15.4 10.6 -4.5 0.3 

8 363.9 360.6 370.0 3.3 -6.1 

9 333.8 349.2 348.0 -15.4 -14.2 

10 51.2 51.2 52.5 -0.3 -1.3 

. MEAN 163.9 169.3 168.4 -5.4 -4.5 

*via1 capacity, 2 ml 
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Abstract 

Studies of iron nutri ture in the elderly are limi ted and very few 

include observa tions on individuals over the age of 75. The two 

Health and Nutrition E~amination Surveys carried out by the 

united States Department of Health, Education and Welfare dem

onstrate that the mean iron intake of Americans is adequate until 

the age of 75. However with changes in the major food sources 

there is a decrease in ir.on derived from meat and a concomitant 

rise in the proportion supplied by breakfast cereals. Alter

ations in dietary iron bioavailability that may result from this 

have not been studied. Physiological data suggest that the 

elderly do not represent a target population for iron deficiency 

since iron requirements are no greater than those of adult men 

and lower than those of children and menstruating women. Fur

thermore, there is little direct evidence of a high prevalence 

of iron deficiency in the elderly, but the laboratory mea

surements that have proved useful in defining iron status in 

younger people have not been standardized for or extensively 

utilized in older people. Anemia is still the most important 

kno ...n consequence of significant iron deficiency. However, the 

application of hemoglobin or hematocrit standards used in 

younger people to the elderly as well as the assumption that 

anemia can be ~quated with iron deficiency invalidates the 

conclusions c: m~ny surveys. Hemoglobin and hematocrit mea

surements are not suitable screening tests for iron deficiency 

in the elderly and there is an urgent need for a clearer 

understanding of the phys iolog ical and nu tri tional factors 

responsible for lower hemoglobin values in older people, par
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The continued prevalence of iron deficiency in developing coun

tr ies as well as in some segments of the industr iali~ed societies 

of the Western world has made it the subject of extensive 

research, particularly during the last quarter of a century.l 

The attention of investigatols has been focused on children and 

menstruating women in whom nutritional anemia is most commonly 

recognized. While a few comprehensive surveys provide infor

mation about lron intake in Americans up to the age of 75, very 

little data is available for people beyond this age. Several 

investigators have attempted to define iron status in older 

people, but conclusions have usually been based on hemoglobin or 

hematocrit values with at the most one other parameter of iron 

nutrition. Interpretation of such data is uncertain because of 

the potential etiological complexity of anemia in elderly popu

lations. Despite these restrictions, the information available 

is relatively consistent allowing us to dr aw some gener al 

conclusions. 

The special characteristics of iron balance in man limit the 

usefulness of animal models for determining the effect of age on 

iron status. There are species differences in the ability to 

extract iron from food and to absorb the various chemical forms 

of iron in the diet 2 . Furthermore, iron excretion, and therefore 

the iron requirement of most laboratory animals is different 

from that of man 3 . Even the study of population groups outside 
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the united States is of limited value because of significant 

variations in dietary patterns. Some information from such 

investigations may be useful, ego comparisons between the iron 

status of elderly people and children or menstruating women in 

areas where iron deficiency is common, may help define the 

physiological requirements of the elderly. 

For the reasons outlined above, we have based our evaluation of 

information relating to iron status in the elderly on mea

surements of dietary iron intake and iron stores in elderly 

Americans. Observations from other countries have been used 

only when relevant to the impact of aging on physiological 

aspects of iron nutrition. We have selected 65 years and above 

to def ine the elderly population al though this has not been used 

as a restrictive criterion since valuable data from some studies 

in younger SUbjects would otherwise have been excluded. 

Intake 

The most complete recent information on iron intake among people 

living in the united States is derived from the two u.S. 

oepartmen t of Heal th, Education and Welfare Heal th and Nutri tion 

Examination Surveys (HANES 1, 1971-1974 4 and HANES 2, 1976

1980 5 ). The data from these more comprehensive surveys ('Iab1es 

1 and 2) is in agreement with information from a number of other 

studies from 'different parts of the country6-12. Patterns of 
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dletary intake recorded in HANES 1 and 2 are similar although 

there is a consistent increase in iron consumption for both males 

and females of all age groups in HANES 2. The HANES 2 survey 

indicates that mean dietary iron intake for older Americans 

(both men and women) meets the 1980 recommended dietary al

lowance (RnA) of 10 mg13 and it is particularly noteworthy that 

the average female maintains an iron intake in excess of 10 mg 

from childhood to age 74, even though her average caloric intake 

peaks at 1857 kcal at age 9-11 years and then steadily declines 

by 43% to a caloric intake of only 1295 kcal at age 65-74 years. 

This is achievea by a steadily increasing iron nutrient denciity 

from less than 6 mg iron/lOOO kcal to nearly 8 mg iron/1000 kcal 

for the older American women. 

While the average intake of all older Americans sampled in HANES 

2 meets the 1980 RDA for iron, it is apparent from Table 3 that 

average intakes of certain subgroups of women in this and earlier 

surveys fails to do so, the lowest value being found in low 

income Black women over 59 years of age in the Ten State 

Nutrition Survey. In all cases, lower mean iron intakes were 

associated with lower mean caloric intakes so that the nutrient 

aensity for iron was consistently equal to or higher than that 

compu ted from the 1980 RnA for iron and calories for the 

respective age groups. Therefore when the average iron intake 

fell below the RDA, it appeared to be associated with a reduced 
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caloric intake. In such a setting, the latter would be likely 

to be the more significant nutritional deficiency since iron 

depletion would occur at a very slow rate. 

The wide range of individual iron consumption in the HANES 2 

study is at least in part a reflection of day-to-day variab';lity 

in iron intake since each value represents a single day's food. 

A United States Department of Agriculture Food Consumption 

Survey carried out in 48 states between April 1977 and March 1978 

was based on the average intake over 3 days14. From 95 to 97% 

of men and 86 to 90% of women over the age of 50 consumed 7(}% or 

more of the RDA for iron. 

These data sU9gest that average overall iron intake is sat

isfactory. However, the availability of dietary iron for ab

sorption is as important a factor as overall total iron content 

in determining nutritional adequacy15. The two most important 

promoters of iron absorption yet identified are ascorbic acid 

which increasAs the availability of dietary nonheme iron and 

meat which provides readily available heme iron as well JS 

improving the absorption of any nonheme iron present in the 

meal 16 . In a recent study from Finland, iron deficient members 

of an elderly population were found to eat less meat and consume 

more milk products than the others17 . While it is not possible 

to draw any definite conclusions about iron availability in the 
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diets of the elderly in the United States, it is important to 

note that whereas men and women aged 35-44 der ive 26.4 and 21.3% 

of their iron from meat, this is the source of only 18.7 and 14.3% 

in elderly men and women respectively (Fig. 1)5. A concomitant 

rise in the proportion of dietary iron supplied by breakfast 

cereals occurs; from 5.6% to 15.9% in men and 7.3% to 14.8% in 

women. Over the same period mean daily heme iron consumption 

falls from 2.5 mg to 1.8 mg in men and from 1.6 mg to 1.2 mg in 

\vomen. Mean ascorbic acid intake is unchanged. Thus iron 

bioavailability may be altered but this has not been studied. 

Some groups of the elderly may be at a special disadvantage in 

terms of both quantity and bioavailability of food iron. They 

include some nursing home patients18 and those who take only a 

few hot meals, have a physical disability or live alone19 ,20. 

Food dislikes have also been suggested to be closely related to 

iron deficiency in post-menopausal women2~. 

In summary, the available information indicates that average 

total iron intake is adequate in elderly Americans. However the 

bioavailabil i ty of food iron is undefined. Some segments of the 

population may not receive sufficient iron, but this is most 

likely to be associated with a reduced caloric intake. Its 

significance is therefore questionable. 
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Dietary Reguirements 

Iron status is determined by the balance achieved between 

absorption and the sum of excretion, the requirements of growth 

and development and menstrual losses or the demands of pregnancy 

and lactation in women22 • Since excretion is relatively fixed 

and extremely limited, iron balance is achieved largely through 

the regulation of absorption. There is ample evidence that the 

intestinal mucosa modifies absorption as an inverse function of 

body iron stores so that any change in absorption must be 

interpreted in the context of iron balance. 

Decreased iron absorption has been reported in old age 23- 25 . 

Unfortunately, the earlier studies were not well controlled for 

iron status, and the presence of underlying gastrointestinal 

diseases. The most comprehensive, that of Jacobs and Owen 25 , 

demonstrated a progressive fall in percentage absorption of 

nonheme iron from a mixed meal, but no difference in heme iron 

absorption. The study included women in whom frank iron de

ficiency was excluded only by the measurement of serum iron and 

transferrin saturation. Characterization of iron status was 

thus incomplete. Although decreasing nonheme iron absorption 

was attributed to hypochlorhydria, it is possible that the trend 

reflected gradually increasing iron stores. In a later study 

that was carefully controlled for iron status, Marx26 found no 
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effect of age on the rate of iron absorption from ferrous 

ammonium sulfate taken in the fasting state. However, since 

hydrochioric acid is relatively unimportant for the adequate ab

sorption of soluble ferrous salts27 , these observations do not 

refute the suggestion of Jacobs and Owen that hypochlorhydria 

may lead to impaired nonheme food iron absorption in older 

people. 

In the elderly the body's need for iron is determined primarily 

by the rate of excr~tion since growth and menstrual losses no 

loonger occur. It is difficult to Measure total body iron 

excretion which involves losses from the bowel, through the skin 

and in the urine. Earlier studies were based on chemical balance 

techniques but formidable technical difficulties make the re

sults s~spect22. Valid results have been obtained using radio

isotopic methods al though the method is limi ted by the necessi ty 

of obtaining uniform labelling of body iron before the rate of 

decrease in radioiron can be used to calculate excretion. 

Complete mixing takes at least a year28 ,29. This factor limits 

the value of whole body counters because 59Fe must be used, and 

it has a relatively short half-life (45 days). Measurements have 

usually been commenced soon after injection and the resul ts have 

shown considerable variation30- 32 . The most reliable radio

isotopic studies have been based on the measurement of the change 

in specific activity in an easily accessible major iron com
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partment--the blood stream. Using 55Pe which has a half-life of 

2.94 years it has been possible to make observations over a 

prolonged period. In the studies of Green et al. 29 , initial 

blood samples were drawn at 90 days and thereafter at four- to 

eight-month intervals for a period varying between 17 and 54 

months. The mean daily iron excretion rates for three groups of 

men obtained in this study were 0.95 mg (+ 0.30) for Seattle 

Whites, 0.90 (! 0.31) for Venezuelan Mestizos and 1.02 (± 0.22) 

for Durban Indians. Using the same technique, Pinch28 found 

values of 0.61 (± 0.08) mg in men aged 57-84 years and 0.64 (± 

0.05) mg in nonmenstruating women between the ages of 59 and 77. 

The value for menstruating women aged 32-44 was 1.22 (to.ll) mg. 

While no direct comparisons have been made in a single study, 

these data taken together suggest that iron loss in older men and 

women is no greater than in younger men. If anything, a small 

decrease may occur. 

Iron requirements of the elderly could be increased if aging was 

associated with che enlargement of a major physiological com

partment or a change in the distribution of iron that led to the 

necessi ty for a bigger storage pool to supply the needs of 

metabolically active compartments. Sixty per cent of body iron 

is in the hemoglobin of circulating red cells. Heiiiogiobin 

concen tra tion remains unchanged in heal thy elderly men and women 

until the age of about 70. Thereafter there is a significant 
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fall in men. The effect of age on hemoglobin values is discussed 

ln detail later. Furthermore, the ratio between blood volume and 

body weight 33 - 35 has been shown in different studies either to 

remain unchanged or to decrease slightly. However, one study 

does suggest that age may affect the distribution of absorbed 

iron. Marx26 found that a mean value of 91.2% of absorbed iron 

was located in circulating red cells 14 days after admin

istration in younger controls whereas in the elderly the average 

was only 66%. The mean in controls of 91.2% is somewhat higher 

than that observed by other workers 36 except where the popu

lation studied included a high proportion of young women 3 ? Some 

of the discrepancy between the elderly and control groups in 

Harx' s study may therefore reflect differing iron status. A more 

direct study of pl.asma iron kinetics would be required to 

interpret the difference he found and to dil3tinguisi.l oetween the 

effects of al terations in iron balance, erythropoiesis and blood 

volume. 

The physiological studies discussed above suggest that iron 

requirements decrease with age particu~arly in women. Invest

igations of the effect of age on storage iron provide corobor

ative evidence for this conclusion. Three types of measurement 

may be used to determine the size of body iron stores. The most 

direct is the assay of the nonheme iron concentration in various 
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organs. ~he liver contains abouc one third of the body iron 

store, and a number of surveys have been based on liver iron 

concen tra tions a t necropsy in victims of acu te trauma or illness 

that are unlikely to affect iron metabolism22 . Similar in 

formation can be obtained in the clinical setting by the micro

scopic evaluation of bone marrow iron stores since there is a 

semiquanti tative relationship between stainable bone marrow 

hemosiderin and storage iron38 . The most recent addition to our 

diagnostic armamen tarium is the serum ferri tin assay. In heal th 

and uncomplicated ir0n deficiency serum ferritin concentrations 

are directly correlated with the size of the storage iron com

partment39- 4l . The iron store of a 70 kg adult can be calculated 

as follows: 42 

Storage iron (g) = Serum ferritin concentration (ug/l) x 10. 

While the amount of storage iron in infants and children is also 

correlated wi th serum ferri tin concentration, the actual quant

ity present is considerably less and proportional to body size. 

Loh and Chang 43 measured hepatic nonheme iron concentrations in 

Malaysians and Singaporeans at various ages. Af;er the neonatal 

period, liver iron concentrations remained low until puberty in 

the males. Fo110'.... ing this there was a progressive rise until the 

age of 16-25. The level then remained essentially unchanged 

until the age of 79. Among women, the low levels persisted until 
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after the menopause. Then there was a gradual increase until 

levels similar to those in the men were reached in the 60-79 year 

old age group. Age was associated with an increase in liver 

weight. Thus when expressed as total liver iron content, the 

highest levels were encountered in subjects of both sexes aged 

between 60 and 79. A similar trend is seen in other populations 

(Fig. 2). 

The effect of age on iron stores has been examined by hist

ological evaluation of stainable bone marrow iron and serum 

ferritin assay in clinical studies. Both parameters have been 

shown to increase with age 44- 50 , the most complete data being 

obtained from serum ferritin levels (Fig. 3). Improvement in 

serum ferritin levels occurs even in populations where iron 

deficiency is prevalent. MacPhail et al studied a group of South 

African Indian women among whom iron deficiency is a common 

problem51 • Serum ferritin concentrations rose two-fold after 

the age of 45 and were associated with an increase in mean 

hemoglobin level and transferrin saturation and a concomitant 

fall in iron 'absorption. 

'1'hL' L'L' I" l)l"l' iron ~ t.l Lu:..i mC.lsuremen ts tend to con firm the phys i

010qi~~i data and suggest that the body's iron requirements are 

ll)\~~~;l in olel .:ige. Bone marrow iron stores and serum ferritin 

c:oncc.:ntration~; increase with age. In societies WhO~ic.: di~~Ltlry 

iron intake is suboptimal, older people are less often iron 

deficient than children and younger women. 



-13-


Evidence for Iron Deficiency 

Considerable refinement of the clinical laboratory methods for 

recognizing iron deficiency has occurred in recent years 42 . As 

outlined above, depletion of iron stores without loss of iron 

from the functional compartment may be recognized by a decrease 

in bone marrow iron, or a drop in the serum ferritin con

centration. A fall in transferrin saturation, a rise in red cell 

free erythrocyte protoporphyrin (FEP) and a decrease in the mean 

red cell volu. ~ are evidence of more severe iron deficiency and 

reflect an iron supply tha~ is insufficient to meet the needs of 

the erythroid marrow for hemoglobin formation. However, since 

~hese measuremen ts are indices of the balance between iron 

supply and bone marrow demand, they are not specific for iron 

deficiency. Abnormalities also occur when iron transport or 

hemoglobin synthesis is interrupted. Nevertheless when used in 

combination with other indicators of iron deficiency, they are 

useful for evaluating iron status in nutritional surveys. Once 

iron deficiency is sufficiently severe a fall in the hemoglobin 

or hematocric occurs. 

Employing the serum ferri tin, transferrin saturation and FEP, it 

is possible to identify individuals with depleted iron stores 

and those with iron deficient erythropoiesis, i.e., those in 

whom the iron supply to the erythroid marrow is inadequate. 

tvhile a single measurement is usually adequate in the patient 
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with anemia, inconsistencies are seen in individuals with mild 

iron deficiency wi thout anemia when one measurement is made. In 

a study of 1500 subjects living in the Northwestern united 

state:, the measurement of the three were combined with hemo

globin estimation 46 . The overall prevalence of anemia in this 

survey was 8.3 %. When one of the three iron status measurements 

was abnormal, the prevalence increased to 10.9%, as compared 

with 28% when at least two were abnormal and 63% when all three 

were abnormal. Similar findings have been reported in South 

African children 52 using transferrin saturation and serum fer

ritin, comparable values being 24.3% for the whole population 

and 70% \'1hen both serum ferri tin and transferrin saturation were 

abnormal. In genera l, measuremen ts of iron sta tus indicate that 

the prevalence of iron deficiency is approximately twice that of 

iron deficiency anemia. This simply indicates that the cut-off 

point used to define anemia is relatively insensitive for the 

detection of iron def iciency, since many of the individuals wi th 

mild iron deficiency will have hemoglobin values in the normal 

range. 

The improved diagnostic specificity that combinations of these 

assays provide has not been exploited in the elderly. Fur

thermore, while the significance of per cent transferrin satur

ation, serum fe~ritin and FEP have been documented in children 

and younger adul ts, their interpretation in the aged has not been 
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evaluated carefully. There are some reasons for believing that 

the results obtained may be less specific. Two studies suggest 

that the serum iron concentration decreases slightly with 

age54 ,55 al though the use of transferrin saturation as the 

critical measurement would appear to eliminate this objection.
I 

Loria ~t ale 56 have shown recently that some subjects with anemia 

and increased ferritin levels respond to iron, implying that the 

correlation between serum ferritin and iron stores seen in 

younger people may be al tered in the old age. One reason for this 

could be the co-existence of inflammation which increases fer

ritin values and therefore changes the level of ferritin diag

nostic of iron deficiency. The need for more careful standard

ization of normal values for older people is evident. 

In most nutritional surveys, the prevalence of iron deficiency 

has been measured by determining the percentage of observations 

that fall outside the normal range for one or more of these 

parameters. Unfortunately as we have indicated the specificity 

and sensitivity of each varies widely in different settings. An 

alternative model that uses a combination of measurements to 

e~timate the distribution of iron stores in a popuiation has 

recently been described by Cook and Finch53 . The approach may 

prove particularly valuable in the elderly. Where studies can 

be conducted over a long period of time, definitive information 

may also be obtained by measuring the response to iron therapy. 
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One of the most direct ways of evaluating iron status has been 

the measurement of liver iron concentration. Results available 

demonstrate that liver iron concentrations in the elderly are 

comparable with those of young men, and about two-fold greater 

than those of menstruating women (Fig. 2)57-62. While this 

method provides accurate data on storage iron concentration, two 

problems do exist. 'rhe first is the difficulty of ensuring that 

the group sampled is representative of the whole population, 

even if material is obtained only from cases of accidental death. 

The second is the shift of iron that might occur from red cells 

to tissue stores in conditions such as infective and neoplastic 

disorders. Despite these restrictions, several thousand mea

surements carried out by investigators do provide useful infor

mation about the variation in iron stores in different count

r ies. Unfortunately, relatively few measurements have been made 

in the' elderly living in the United states. 

Health Implications of Iron Deficiency 

Because of the important role of iron in oxygen transport by the 

blood, in energy generation by mitochondria and in many other 

critical enzymatic activities within the body, one might expect 

that iron deficie~cy would lead to widespread physiological ef

fects. Indeed, structural and functional abnormal i ties of 

mitochondria have been demonstrated in experimental models in 
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animals in addi tion to the obvious consequences for oxygen 

transport in the blood63 . However, while there have been 

speculations concerning various tissue effects of iron defi

ciency in man, the one clear-cut abnormality is that of anemia. 

There seems to be little question that the maximum work per

formance and productiv i ty in humans is decreased in the presence 

of moderate to severe anemia64 ,65. Thus, the monitoring of 

hemoglobin concentration is the most practical way of assessing 

the morbidity associated with iron deficiency at the present 

time. unfortunately in the past many researchers have assumed 

that the measurement of the hemoglobin concentration is also the 

bes t method for detecting nu t:a: i tional iron def iciency and deter

mining its prevalence. 

The results of investigations prior to 1976 are summarized by 

Bowering and Sanchez 66 . Where the lower limit of normal for 

hemoglobin in men and women was set at 11 or 12 g/lOO ml an 

average incidence of anemia for both sexes of between 4 and. 4.4% 

was reported for subjects not receiving medical care and 10-41% 

for those seeking medical treatment. It is important to note the 

marked difference between studies involving hospital patients 

and those carried out in apparently healthy people. In many 

instances blood loss associated with a variety of diseases was 

estabJ.ished as the primary cause of anemia in the patient 
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population. The significance of etiological factors other than 

iron deficiency particularly in hospital patients was empha

sized by the report of Cooper et al. 57 They found that 490 of 

1500 hospital patients surveyed were anemic. Infection, renal 

disease and neoplasms ranked as the most frequent causes. The 

extrapolation of this type of information, which is often quoted 

as evidence of a high prevalence rate for iron deficiency in the 

elderly, to older Americans in general is unwarranted. 

Limitations to the use of the hemoglobin concentration or 

hematocrit as a screening procedure for detecting iron defi

ciency exist even in apparently healthy individuals. There is 

a marked overlap in the frequency distribution curves of anemic 

and normal people 68,69. Any single discriminant value may lead 

to a large number of false negative and false positive results. 

Using a single cutoff point in pregnant women Garby et al. 68 

showed that 17% of women classified as normal responded to iron 

while 35% of those considered anemic failed to do so. The use 

of the hemoglobin concentration in the elderly is further 

complicated by changes that appear to be associated with aging. 

Shapleigh et al. 70 reviewed the early studies of the effect of 

age on hematological values concluding that hemoglobin levels 

fell slightly in the elderly and that the sex difference was 

diminished. More recent surveys carried out on either random 
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samples of natural populations or on elderly people screened to 

exclude disorders likely to affect the hemoglobin level support 

this conclusion71-85. The resul ts of several studies that 

include measurements in older people are summarized in Fig. 4. 

The difference in hemoglobin concentration seen in younger men 

and women tends ':.0 diminish t"i th age because of a decrease in the 

average value for men, the fall starting in the late 60 I s. There 

appears to be little change in mean values for women below the 

age of 85. The reason for the decrease in men has not been 

established and the role of undiagnosed disease is uncertain. 

Since women drawn from the same population groups appear to be 

unaffected, dietary factors seem unlikely. The withdrawal of 

the androgen effect may be important. The association of lower 

whi te cell counts wi th lower hematocri t values has been regarded 

as evidence for a decreasing hemopoietic reserve in both 

sexes86 . 

The interpretation of surveys based on hemoglobin values in 

elderly Blacks is further complicated by the observation that 

Blacks have lower mean hemoglobin values than Whites even when 

matched for economic status making dietary factors less likely 

to be responsible. The difference which ranges between 0.3 and 

I g cannot be explained by the inclusion of sUbjects with 

inherited abnormalities of hemoglobin and persists in the eld

erly5,87-94. 
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The difficulties encountered in using hemoglobin concentration 

to detect iron deficiency in the elderly is illustrated by the 

Ten-state Nutritional Survey, 1968-70 95 The criteria set for 

def icient and low hemoglobin levels were less than 12 and 12-13.9 

and less than 10 and 10-11.9 for all adult men and women 

irrespective of age or ethnic origin. Low and deficient hemo

globin values were most common in Black men; 51.1 and 14.2% of 

Black males with a poverty income ratio of less than 1 who came 

from low income ratio states had low or deficient hemoglobin 

levels respectively. Values for women in the same group were 

27.5 and 5.1%. It is not clear that the individuals identified 

as anemic were really physiologically abnormal. However evan if 

this was so it seems unlikely that iron deficiency would be 

responsible for a prevalence rate that was so much higher in men 

than in women, a conclusion that is supported by the low level 

of correlation between both serum iron and percentage trans

ferrin saturation and hemoglobin concentration. The Ten-State 

Nutri tion Survey cri teria were used for a study of the incidence 

of anemia in residents of Missouri 96 and revealed that 30% of 

White males over the age of 59 were classified as anemic, 

although only a small percentage had hemoglobin levels below 

12g/dl. It would again seem unlikely that iron deficiency was 

an important factor since most individuals had a dietary intake 

considered adequate for iron. 



-21-


Using the same hematological criteria, the first HANES survey 

recorded a high prevalence of low hemoglobin values in Blacks 

over the age of 60 years (29.6% in the low income group and 22.8% 

in the income group above poverty level)97. Comparable values 

for Whites were less than 10%. However, less than 5% of Blacks 

had low serum iron concentrations or percentage transfe-rrin 

saturation levels and in general the percentage of abnormal 

values was higher in Whites. 

Studies from other parts of the United States have yielded 

varying result:s depending to some extent on age distribution and 

racial composition of populations sampled as well ·as differing 

cri teria for anemia. Nevertheless iron deficiency appears 

uncommon. Fourteen percent of men and 3% of women in rural utah 

(mean age 69) had low hemoglobin levels and none were in the 

deficient range (men < 12 g/dl, women < 10 g/dl) 98. Only a small· 

proportion had low serum iron levels. A survey among an elderly 

predominantly Black population in an urban poverty area of Dade 

County, Florida demonstrated a 14% incidence of anemia (hemo

globin < 12 g/dl) 99. However, no subject had a serum iron level 

below 50 ug/dl or a transferrin saturation of less than 15% 

leading to the conclusion there was no evidence of iron de

ficiency in these elderly people. An assessment of the nutri 

tional status of 100 elderly men and women living in Corvallis, 

oregon 9 shO\oled that while 20% of men had hemoglobin values below 
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14 g/dl, only 1% of wonen had levels below l2/dl. Serum iron 

values were low in 4% of m'~n and none of the women and transferrin 

saturations in 1% of the women but no men, again suggesting that 

iron deficiency was rare. Finally, Gershoff et al. lOO examined 

the effect of both food iron fortification and oral ferrous 

sulphat~ in anemic elderly residents of the Boston area. After 

the fortification trial, both control (no fortification) and 

fortif icat,ion groups showed a 0.4 g/dl rise in hemoglobin. Three 

months administration of ferrous sulphate to those whose hemo

globin levels remained below 13 g/dl was without effect. 

Taken together these observations identify two major problems in 

the evaluation of iron nutrition, in, elderly Americans; the fact 

that anemia has been equated wi th iron deficiency in many studies 

and the lack of a clear understanding of other factors affecting 

hemoglobin concentration in the aged. Therefore it is our belief' 

that any study of older Americans in which anemia is used as the 

initial screening procedure for iron nutrition~ other param

eters of iron status being evaluated only in anemic individual~ 

has in troduced so grea t a degree of inaccuracy that it should be 

disregarded. The assumption that anemia is a satisfactory 

criterion for identifying iron deficiency in the elderly and 

that most anemic individuals are iron deficient is invalid and 

must be discarded. 
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Health Implications for Iron Exce3S 

The ease with which iron intake can be increased markedly by the 

ingestion of pharmaceutical preparations makes a brief con

sideration of the possible hazards of excessive iron consumption 

necessary. Individuals who have a normal regulatory mechanism 

for absorption appear to be able to maintain iron stores in the 

physiological range despite high dietary iron or even iron 

supplementation. Failure of this homeostatic mechanism occurs 

in idiopathic (hereditary) hemochromatosis, certain iron load

ing anemias such as thalassemia and sideroblastic anemia and oc

casionally following portacaval anastomosis or in association 

with porphyria cutanea tarda22 . Tissue iron deposition in these 

di sorders is assoc ia ted wi th s ignif icant morbidi ty and in

creased mortality that may be aggravated by a rise in dietary 

iron intake. They are relatively rare conditions and usually 

present before the age of 65 although the protective effect of 

menstrual blood loss may delay the onset of symptoms in some 

women with idiopathic hemochromatosis. However it has been 

demonstrated recently that idiopathic hemochromatosis is an 

autosomal recessive disorder genetically linked to the HLA locus 

and that the gene may be present in up to 2-10% of the population 

in some areas of the world including parts of the United 

States lOl . ~~ale heterozygotes accumulate 4-5 g of iron by the 

age of 40 years. Although most of them appear to stabilize at 

this level, it is not clear whether a high iron in take might lead 



-24

to a progressive increase in body iron. These observations may 

have particular relevance to the elderly since studies carried 

out in the united States l2 and Sweden l02 suggest that some 

elderly people take large quantities of supplemental iron. 

Important Issues Reguiring Further Investigation 

It is possible to draw some conclusions about iron nutrition in 

the elderly only because the small amount of information avail 

able is relatively consistent. The ~onclusions are necessarily 

tentative and based mainly on investigations involving people 

aged 65-75. There have been very few studies of any aspect of 

iron nutrition in individuals over the age of 75. The major 

conclusions may be su~~arized as follows: 

1.	 While iron deficiency does not appear to be a general con

sequence of aging, its prevalence particularly in some dis

advantaged population groups living in the United States is 

unknown. 

~~\':~'t\ \nf\""\\'t~\;'\t \i.'t\ :\\)C'~\t o\"erall iron intake has been gathered, 

but food iron bioavailability and the adequacy of food iron 

absorption in the elderly remains to be defined. Both factors 

may be particularly relevant to populations in whom economic 

circumstances dictate restricted food choices. 
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3.	 The character i za tion of the normal ranges for the more 

specific indicators of iron status including serum ferritin, 

transferrin saturation and free erythrocyte protoporphyrin 

is incomplete in the elderly. Their appl ica tion to the 

determination of iron status will be essential in obtaining 

reliable information from epidemiological surveys. Hemo

globin measurements should not be considered a means of 

detecting iron deficiency but rather of evaluating its se

verity once established. 

4.	 The most definitive evidence for dietary iron deficiency in 

population studies is the evaluation of the response to oral 

iron supplements. This approach has only been used in a few 

limited studies. 

5.	 Our understanding of the physiology of human iron metabolism 

has been advanced by a wide variety of experimental tech

niques. However, the effect of aging on these processes is 

unknown. 

6.	 It has recently been demonstrated that iron deficiency may 

impair energy generation in mitochondria and other important 

enzymatic processes. These studies should be extended to 

include older members of the population. 
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7.	 Perhaps the most urgent question from a practical point of 

view is the better definition of the effect of aging on 

hemoglobin concentration. A clearer understanding at the 

"anemia" of aging, the factors involved in its genesis as well 

as a more precise definition of physiological normality are 

essential to the selection of suitable hemoglobin standards 

for the elderly. 
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TABLE 1 

Comparison of mean energy and iron intakes for males reported in 
HAI~ES 14 and 2. 5 

HANES 1 HANES 2 
1971 - 1974 1976 - 1980 

Age Energy Iron Age Energy Iron 

mg/lOOO mg/lOOO 
yr kcal mg kca1 yr kcal mg kcal 

6-11rnos. 1001 12.8 12.8 

, 
J. 1316 7.5 5.7 

2-3 1563 8.2 5.3 1-2 1311 8.7 6.6 

4-5 1826 9.4 5.2 3-5 1628 10.5 6.5 

6-7 2061 11.2 5.4 6-8 1981 12.5 6.3 

8-9 2173 11.3 5.2 

10-11 2261 12.7 5.6 9-11 2183 14.4 6.6 

12-14 2519 13.6 5.4 12-14 2430 15.9 6.5 

15-17 2981 16.3 5.5 15-17 2817 17.4 6.2 

18-19 2949 16.4 5.6 

20-24 2888 16.5 5.7 18-24 3040 17.8 5.8 

25-34 2739 16.7 6.1 25-34 2734 17.3 6.3 

35-44 2554 15.9 6.2 35-44 2424 16.1 6.6 

45-54 2301 14.5 6.4 45-54 2361 16.2 6.9 

55-64 2076 13.7 6.6 55-64 2071 14.8 7.1 

.') 64 1805 12.1 6.7 65-74 1828 14.1 7.7 



TABLE 2 

Comparison of mean ~nergy and iron intakes for females reported 
in HANES 1 4 and 2.~ 

HANES 1 HANES 2 
1971 - 1974 1976 - 1980 

Age Energy Iron Age Energy Iron 

mg/l000 mg/l000 
yr kcal mg kcal yr kcal mg kcal 

6-11mos. 991 12.9 13.0 

1 1207 7.2 6.0 

2- 3 1412 7.2 5.1 1-2 1262 8.5 6.7 

4-5 1628 8.4 5.2 3-5 1508 9.5 6.3 

6-7 1829 9.6 5.2 6-8 1807 10.8 6.0 

8-9 1864 9.8 5.2 

10-11 2023 10.3 5.1 9-11 1857 11.4 6.2 

12-14 1932 10.4 5.4 12-14 1813 10.8 5.9 

15-17 1756 9.5 5.4 15-17 1731 9.9 5.7 

18-19 1739 10.0 5.8 

20-24 1691 10.0 5.9 18-24 1687 10.6 6.3 

25-34 1638 10.3 6.3 25-34 1643 10.9 6.6 

33-44 1558 10.4 6.7 35-44 1579 11.2 7.1 

45-54 1533 10.6 6.9 45-54 1439 10.4 7.3 

55-64 1382 9.8 7.1 55-64 1.401 10.7 7.6 

> 64 1307 9.2 7.0 65-74 1295 10.2 7.9 



TABLE 3
 

Comparison of iron intakes in different ethnic and income groups.
 

Reference Group 

HANES 14 All Income Hale 

All Income Female 

HANES 25 All Income Male 

All Income Female 

Low Income Male 

Low Income Female 

Ten State6 All Hale 

All Female 

Low Income 
White Hale 

Low Income 
Black Male 

Low Income 
Sp.Amer.Male 

Low Income 
White Female 

Low Income 
Black Female 

Low Income 
Sp.Amer.Female 

USDAlO Male 

Male 

Female 

Female 

Recommended Male 
Diet:ary AJ.
l.owance13 Hale 

Female 

Female 

Age 
yr 

> 64 

> 64 

65-74 

65-74 

65-74 

65-74 

> 59 

> 59 

> 59 

> 59 

> 59 

> 59 

> 59 

> 59 

65-74 

> 74 

65-74 

> 74 

65-74 

> 74 

65-74 

> 74 

Iron 
mg mg/lOOO 

12.1 6.7 

9.2 7.0 

kcal 

14.1 

10.2 

10.4 

9.6 

7.7 

7.9 

7.1 

7.8 

13.1 

9.6 

12.1 

6.7 

6.8 

6.3 

10.6 7.1 

13.7 7.6 

9.5 6.6 

7.8 6.7 

11.1 6.8 

14.5 

13.4 

10.6 

10.1 

7.6 

7.6 

7.5 

7.6 

10.0 

10.0 

10.0 

10.0 

4.2 

4.9 

5.6 

6.3 " 
I ~)

IJ\.J 



Legends to Figures 

Fig. 1. Proportion of daily intake drived from the major food 
sources for iron--meat, breakfast cereals, other grain products 
and vegetables. Data from HANES 2, 1976-80. 5 

Fig. 2. The relationship between age and liver iron con
centra~ion. Measurements from the United States indicated by 
open blocks. The age range for the elderly population was 61
93 yrs for males and 46-93 yrs for females. Data from references 
57-62. 

Fig. 3. The effect of age on serum ferritin concentration. 
study a was carried out in the united States46 , b in Canada47 , 
c in the United Kingdom48 , and d in Italy.50 

Fig. 4. Effect of age on hemoglobin concentration. Mean values 
from surveys of unselected elderly and elderly screened for 
hematological disorders 73 ,74,77-85. Males: closed circles, 
Females: open circles. 
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Iron deficiency is the commonest nutritional disorder in man and 

the commonest cause of anemia l . It is encountered most fre

quently in developing countr ies. The exact prevalence is 

difficult to define for several reasons. In many surveys, the 

finding of anemia has been equated with iron deficiency, yet 

other factors such as chronic infection, hemoglobinopathy, and 

folic acid deficiency may be primary causes of or associated 

factors in anemia. Moreover the hemoglobin concentration or 

hematocrit value, which are the most frequently employed mea

sure.s of iron status in prevalence studies, are relatively 

insensitive because of the variation of values in normal sub

jects. Garby et al 2 using a response to 3 months iron therapy 

as evidence of anemia demonstrated that when a single hemocrit 

value was used as the cutoff point 17% of truly anemic women were 

wrongly classified as normal while 21% of normal women were 

misclassified as anemic. Therefore interpretation of some 

studies is limited by inadequate characterization of iron sta

tus- Other investigators have used specific methods to deter

mine iron status (e.g. measurement of liver iron concentration 

in individuals dying sUddenly) , but have made only small numbers 

of observations that may not be representative of the whole 

population. 3 
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In this review we have not attempted to deal with iron deficiency 

in a comprehensive way but rather to emphasize some aspects where 

our understanding has been advanced by recent observations. 

IRON BALANCE 

The metabolic requirements of human beings for iron are met by 

a positive balance during the years of growth and a rate of 

absorption that is physiologically matched with a relatively 

fixed rate of loss in the adult. Full term infants have about 

80 mg iron/kg body weight or an average of 250 mg at birth and 

require about 100 mg or 0.3 mg/day during the first year to 

maintain a hemoglobin level of about 11 g/dl. Premature infants 

have only about 160 mg iron at birth and must absorb about 1.0 

mg/day to prevent the onset of anemia. 3 

From the age of 2 years until adolescence, the daily iron 

requirement increases by 0.5 to 0.8 mg because of growth, a 

higher hemoglobin level, and a rise in iron losses from 0.2 to 

0.5 mg/day. In addi tion to increased body mass dur ing the 

adolescent growth spurt, further increases in hemoglobin con

centration of 2 gm/dl ifl the ma-le_..and 1 ...g.m,ld.1--i-ft--the-....f.e.ma.J..4) 

combined with obligatory losses result in a total daily iron 

requirement of 1.6 mg for males. After the growth spurt, this 
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drops to 1.2 mg/day until the level of iron stores increases to 

the adult level of about 1,000 mg. 3 Normal men lose 0.1 mg in 

urine, 0.2-0.3 mg from skin, and 0.6 in feces each day.4 Only 

about 0.14 mg of the fecal loss comes from bile or epithelial 

cells; the remainder reflects hemoglobin iron in approximately 

0.5 ml blood normally lost by healthy individuals. Therefore 

total daily losses for adult men are 0.9-1.0 mg. 

Nonmenstruating women lose 0.7-0.8 mg iron per day by the same 

routes. Menstrual iron loss remains fairly constant in the 

individual, but there is a marked variation among apparently 

healthy women. The median amount is about 30 ml (equivalent to 

an additional daily iron requirement of 0.45 mg).3 However, it 

should be noted that over 10% of women lose more than 80 m1 5 

significantly increasing their iron needs. Different methods of 

birth control can drastically affect menstrual blood loss and 

therefore iron requirements. Combined variety oral contra

ceptives tend to reduce menstrual flow6 , while intrauter ine 

devices lead to increased bleeding. 7 

Al though pregnancy eliminates menstrual 10s5, about 1200 mg iron 

are needed during this period to supply the requirements of the 

fetus, blood loss ~ssociated wi th del ivery, expansion of the red 

cell mass, and can t inued obI iga tory excretion from the gu t, sk in 

and ur ine. Dur ing the three tr imesters of pregnancy, daily iron 
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requirements are 0.8, 4, and 6 mg respectively. The net loss 

from a pregnancy is approximately 750 mg since about 450 mg is 

used for the increase in red cell mass that returns to normal 

after delivery. 

ETIC'LOGICAL FACTORS IN IRON DEFICIENCY 

Iron balance is dependent on adaptations of iron absorption 

since the rate of excretion is controlled by factors unrelated 

to iron balance. It is evident from the preceeding discussion 

that requirements of different people may vary widely. Even 

moderate limitations to the rate of assimilation may cause iron 

deficiency in some of them. 

Many factors may influence iron absorption. Only three appear 

to be important under most physiological circumstances. They 

are the amoun t of iron ingested, its bioavailabil i ty and the iron 

status of the individual. Significant increases in the rate of 

erythropoiesis promote iron absorption in conditions associated 

with ineffective erythropoiesis. 3 However, within the normal 

range the rate of erythropoiesis doe~ no~ seem to playa major 

role since iron absorption is normal in patients with renal 

failure and erythroid hypoplasia. 8- 10 

Absorption is controlled primarily by the mucosal cells of the 

ptoximal small intestine; the fraction of available iron ab

sorbed is inversely proportional to the size of body iron 
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stores. ll On the average, an American man has an iron store of 

1 gm and absorbs 6% of the 15-20 mg iron in his daily diet. On 

the other hand, an American woman, consuming a smaller quantity 

of the same diet (12 mg iron), absorbs 15% of the iron and 

maintains an iron store of 300 mg 3 • The maximum rate at which 

iron can be absorbed from a typical "high availability" Western 

meal by an iron deficient individual is considered to be 3-4 

mg/day.12-l5 In many parts of the world, the maximal rate is 

probably much lower due to the poor bioavailability of dietary 

iron in cereal-based meals. 

Iron deficiency occurs when the dietary intake of bioavailable 

iron is inadequate, when absorption is impaired, or when bleed

ing occurs and causes iron losses that exceed the capac! ty of the 

gastrointestinal tract to extract iron from the diet. 

Intake of Bioavailable Iron 

Dietary iron intake greatly exceeds the body's requirements. 

Therefore, nutritional deficiency most often results from poo~ 

availability ratner than insufficient quantity. The use of 

radioisotopes has made it possible to demon~trate that different 

sources of food iron show marked variation in their bioavail

ability.16 Furthermore, when eaten together in a single meal, 

different foods interact with one another and iron availability 

becomes a character istic of overall meal composi tion rather than 

a property specific to the food item. As a result all the iron 



-6

in a meal can be considered to enter one of two common pools in 

the 1 umen of the upper small bowel. 1 7 , 18 The smaller of the two, 

the heme pool, contains hemoglobin and myoglobin from meat and 

is almost always readily absorbed. All other dietary iron, col

lectively termed nonheme iron, forms the larger pool. It is 

absorbed less well. The bioavailability of the nonheme pool is 

markedly affected by other dietary components. l In a study using 

Swedish soldi,~rs19, 30% of the heme iron was absorbed as compared 

to only 5% of the nonheme iron. Therefore, 1 mg heme iron 

consti tuted only 6% of the total iron content of these meals, yet 

contributed 30% of the absorbed iron. 

The uptake of heme as the intact metalloporphyrin by the mucosal 

cell provides one reascn for its higher bioavailabil i ty. 20 Iron 

is separated from the porphyrin ring intracellularly. In 

contrast, nonheme iron is released from the parent compound 

before entering the mucosal cell and is then susceptible to 

interaction with other dietary constituents in the lumen of the 

gut. They may either increase or diminish its rate of ab

sorption; bioavailability being determined by the balance be

tween enhancers and inhibitors. All components of the non heme 

iron pool are affected proportionately. 

Only a small fraction of the many factors that may influence iron 

absorption have been studied (Table 1). While several sub

stances are known to inhiblt non heme iron absorption, only two 
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nutritionally significant enhancers have been identified--as

corbic ac id and animal tissue. 21 The increase in iron absorption 

wi th ascorbic acid is directly proportional to the amount 

present in the meal regardless of whether it is in a purified 

form or a component of food. 22 Besides contributing highly 

available heme iron, animal tissue in the diet produces a 2- to 

4-fold rise in the absorption of nonheme iron. This property is 

found in a variety of animal products, exceptions being eggs, 

milk and cheese. 23 

In the last few years investigations have focused on dietary 

components that reduce the amount of absorbable iron in a meal. 

The most potent known inhibitor is tea, which decreases ab

sorption by a factor of 4 when one cup is taken with a meal. 24 

Inhibition appears to result from the formation of insoluble 

iron-tannate complexes. polyphenolic compounds similar to 

those in tea are present in coffee and may account for its 

marked, but somewhat less potent inhibi tion. 25 Moreove.t', recent 

investigations carried out by Torrance et al. 26 suggest that the 

inhibi tory effects of many vegetables and cereal foods may be due 

to the presence of tannins. 

A variety of other foods reduce nonheme iron absorption. They 

include the whites 27 or yolks 28 of hen's eggs. The dominant 

inhibitory compound is considered to be vitellin, the major 
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phosphoprotein complex in egg yolk. Wheat bran consistently de

presses iron absorption. 29 ,30 In the past, it has been assumed 

that phytate plays a key role in this effect. The recent 

observation that enzymatic hydrolysis of phytate in whole bran 

does not diminish the inhibitory effect suggests that other 

factors are responsible. 30 The fiber in bran and other vegetable 

food is moder a tely inhibi tory to iron absorption3l al though 

studies using purified fiber sources have yielded variable 

results. 32 

Recent studies carried out by Cook et al. 33 have stimulated a 

number of investigators to further examine the potential effects 

of soy products on iron absorption. These processed food 

constituents are important because of their widespread use as 

meat extenders and as protein sources in food supplements. While 

some earlier studies had suggested that soybeans were a good 

source of available iron, Cook et ale demonstrated marked 

inhibi tion of nonheme iron absorption from semipur ified meals in 

which soy flour or isolated soy protein were the major protein 

sources. It is unl ikely tha t the considerably smaller pro

portions of soy products found in American meals will have as 

marked an influence. Nevertheless, their observations indi

cate that soy products are unl ikely to provide as much available 

iron as meat does. Substitution of soy protein for meat may 

therefore have long-term effects on iron balance unless measures 

(]re taken to improve available iron content. Finally, it should 
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be noted that inorganic calcium and phosphate salts as well as 

ethylene diamine tetra-acetic acid which is present in the 

American diet may reduce'nonheme iron availability.3 

In summary, the bioavailabil i ty of dietary nonheme iron is 

modified by many food components and is an important determinant. 
of iron status. With the two most potent enhancers of ab

sorption, ascorbic and and animal tissue, unavailable to much of 

the world's population for economic reasons, poor iron bio

availability is the primary cause of nutritional anemia. 

Malabsorption 

Malabsorption of iron is rare in Western countr ies but may 

contribute to the high prevalence of iron deficiency anemia in 

the Indian subcontinent and Haiti where histological abnor

malities of the intestinal mucosa are frequently present. 3 It 

only occurs in gastrointestinal disorders that affect the upper 

small bowel. The observations of Bpzwoda et al. 34 suggest that 

the importance of moderate malabsorption may have received 

insufficient attention. They compared absorption from heme and 

nonheme food iron and ferrous sUlphate in three groups of iron 

deficient volunteers, patients with idiopathic hemochromatosis 

who had undergone extensive phlebotomy, Indian women with iron 

def ic iency \o/ho were otherwise apparently heal thy, and whi te 

hospital patients with iron deficiency (Fig. 1). The three 

groups had comparable degrees of iron deficiency. Heme iron was 
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equally well absorbed by all groups, but nonheme iron was less 

well assimilated by both the white patients and the Indian women. 

However, the most striking finding was very poor absorption of 

nonheme iron from the meal by the Indian women. Malabsorption 

of this degree could be a major factor in the genesis of anemia 

in these people who eat very little if any meat. 

Gastric surgery is the commonest cause of impaired iron ab

sorption in Western countries. Malabsorption which affects 

both heme and nonheme food iron is probably a consequence of the 

loss of acid secretion as well as the reservoir function of the 

stomach. In some operations, the diversion of gastric contents 

away from the area of maximal iron absorption in the duodenum is 

an additional factor. 3 The more recent surgical procedures that 

consist of vagotomy combined with drainage of the stomach lead 

to a lesser degree of impairment of absorption. 35 Bleeding is 

an important contributing factor in most patients. 

The relationship between chronic gastritis and iron deficiency 

has not been defined clearly. The frequency of the association 

varies in different countries suggesting tbat etiological fact

ors distinct from those pr imar ily responsible. for iron de

ficiency may be present. Iron deficiency may well be a conse

quence of reduced iron absorption with intermittent bleeding 

from the atrophic mucosa and possibly increased free iron loss 

from the gastric membrane being contribLtory factors in most 
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patients 3. However, improvement with iron therapy in some 

patients suggests the possibility of an etiological role for 

iron lack. 

Finally, the absorption of iron may be inhibited by drugs or 

other substances taken with the food. Pica, the eating of 

nonfood material, may lead to iron deficiency if the material 

eaten binds iron, e.g. some clays have been reported to adsorb 

iron making it unavailable. 37 Antacids have a similar effect. 38 

Tetracycline forms a strong complex with iron yet iron balance 

has not been impaired in patients on long-term tetracycline 

therapy for acne. 39 Recently cimetidine has been shown to cause 

modest inhibi tion of nonheme iron absorption presumably by 

reducing gastric acid secretion. 40 

Blood Loss 

Increased menstrual loss which has already been discussed under 

the heading of II Iron Balance ll 
, and gastrointestinal bleeding are 

the commonest reasons for increased iron requirements 1eflding to 

negative iron balance. On a worldwide basis, hoc~worm in

festation is the most important cause of bleeding from the gut~ 

Hookworm loads showing over 5, 000 ova/gm feces are almost always 

associated with anemia. 41 Other parasitic infections such as 

schistosomiasis42 and Trichuris trichuria43 may play a"ro1e al

though available evidence is less definitive. 
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Infective causes of gastrointestinal blood loss are rare in 

industrialized countries. Nevertheless, iron deficiency in men 

and postmenopausal women is usually a consequence of blood loss 

from the gastrointestinal tract. Common causes in adults 

include peptic ulceration, hiatal hernia, gastritis, drug in

gestion (alcohol, nonsteroidal anti-inflammatory drugs and an

ticoagulants), and neoplasms. 44 Occult~ blood loss from the 

bowel is also important in infancy.45 A thermo-labile factor in 

cow's milk may be responsible both for bleeding and for the 

associated protein-losing enteropathy.46 

Anemia owing to undetected bleeding from other sites is much less 

frequently encountered. Bleeding into the urinary tract is 

easily noticed and usually alerts the patient to the problem 

before iron deficiency occurs. Although iron stores are de

pleted in regular blood donors, anemia seldom results except 

among female donors from poorer commun1t1es.~7 

LABORATORY EVALUATION OF IRON DEFICIENCY 

The accurate evaluation of iron status depends upon laboratory 

investigationa since the~e are nO'specific clinical f~atures of 

iron lack. Different tests provide information about various 

parts of the iron cycle (Fig. 2)' dnd.nos·ingle investigation or 
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combinat.ion of tests is optimal for the diagnosis of iron 

deficiency in all situations. A clear understanding of the 

significance and limitations of each- diagnostic procedure is 

therefore essential to the selection,o.f appropr.iate ;,tests·..·for 

evaluating iron status in any patt.1culiar·, settina•. CurrentlY 

available laboratory tests provide information·,·abou,t: one or·:mor.e 

of the following aspects of iron metabolism': 1 J the- 's1ze 0:1:· bOdy 

iron stores; 2) the adequacy of the iron supply to the erythron; 

and 3) the size of the erythron itself. 

Evaluation of Iron Stores 

Serum Ferritin 

Iron is stored primarily in the reticuloendothelial cells of the 

spleen, liver, and bone marrow, and in the parenchymal cells of 

the liver, as ferritin. Sensitive immunoradiometric assays ha,ve 

demonstrated that minute quantities of this protein are present 

in the plasma48 , 49 and that the serum,ferr itin con("!~ntration.:is, 

directly proportional to the size' of·the:body!ron storeill ThUs. 

the serum ferritin concentration parallels thedevelopment~~ 

changes in iron status dur ing infancy: and' childhood.50 ,51. Ill' men 

there is a progressive rise 1n the concen'tration after. the 

teenage years while in women it remains at a relativelY constant 

level until the menopause and then. undergoes a, gradual 'in

creaseS2 • Direct evidence relating serum terrltin concen-:

tration to the size of body iron stores ·,has been obtained by 

comparisons with chemical measurements of nonheme iron con
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centration in the bone marrow~l and studies in which the body 

iron store was measured by phlebotomy53-55. The phlebotomy 

studies have demonstrated that the relationship is quantitative 

in health and uncomplicated iron depletion. Within the range 20

300 ug/l, the size of iron stores in an adult can be calculated 

as follows: 

Iron store (mg) = serum ferritin (ugll) x 10 

Cook et a1. 49 found mean serum ferritin concentrations of 94 and 

34 ug/l in 174 normal men and 152 normal women between the ages 

of 20 and 50 years in whom anemia and iron deficient erythro

poiesis had been excluded on the basis of a hemoglobin con

centration greater than 13 and 12 gm/dl in men and women 

respectively, a protoporphyrin concentration below 95 ug/dl red 

blood cells and a transferrin saturation greater than 20%. Very 

~imilar mean values have been obtained in most subsequent 

surveys with large sample sizes. 

A serum ferritin value of 1ess":·than·12 ug/1 is virtual1y.-a1ways 

indicative of absent marrow iron stores. Fur the"rmore , in 

uncomplicated iron deficiency values are rarely greater than· 12. 

ug/l. 56 Therefore the serum ferritin .assay is relatively 

sensitive and specific in ·uncomp1icated.. tron defici"ency. It can 

be performed on a small blood" sample and measurements in the same 

individual at different times of the day or on different days 

vary very little. While most assays are still performed by 

immunoradiometric techni~s, methods for enzyme-linked immuno
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assays that eliminate the need for radioisotopes have recently 

become available. 

Unfortunately, the usefulness of .the· ·serum ferritin is limited 

in many clinical si tuations where iron d'eficien~y coexists with 

infection, other inflammatory disorders,neoplasms;liver di

sease, or chronic renal disease. Under .these circumstances, the 

usual relationship between iron stores and serum ferritin-is 

disturbed. Ferritin levels tend to be higher and more variable,. 

Nevertheless direct comparisons between serum ferritin con

centrations and bone marrow iron. stores have demonstrated that 

iron status remains an important determinant of serum ferritin 

in patients wi th 'inflammatory disorders or chronic renal failure 

(Fig. 3). While the data for Fig. 3 summarize the observations 

of different investigators57- 61 thereby raising some questions 

about the comparabili ty of the assessment of marrow iron stores, 

it appears that the greatest discrepancies.. in serum ferritin. 

concentration are encountered when stor_s.-are decreased. This 

type of analysis demonstrates that,the··ser..unr ferritin is lesa 

specific in inflammatory disorders and'chronic renal disease$ 

but may still prove a useful guide to the· need for furthel 

evaluation of iron status in such patients. A value of less than· 

50 ug/l is suggestive evidence of iron deficiency while a·value 

above 100 ug/l makes iron deficiency unlikelyS6. The usefulness 
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of the serum ferritin assay in patients with liver disease and 

neoplasms is less certain; Pr ieto et al. 62 found no relationship 

between serum ferritin and liver iron content in patients with 

liver disease unless a correction was .~ade using the serum 

aspartate transaminase level. 

Bone Marrow Iron Stores and Sideroblast Iron 

The most reliable method for assessing body iron' "stores, in 

patients with complex anemias, i& the';~;pemiquantitative- bisto

logical estimation of the hemosiderin·con.tent of. bone marrow.3

All of the iron normally present in reticuloendothelial stores 

is available for hemoglobin synthesis. In the presencp of 

anemia, the ~indin9 of hemosiderin in the bone·marrow excludes 

iron defic5.ency as the factor limiting hemoglobin synthesis with 

two exceptions. Soon after a severe hemorrhage, iron mobili

zation from large particles may be too slow to'meet the erythroid 

marrow's demands, leading to the persistence of stainable iron 

despite an inadequate iron supply to the red cell precu~sors.63 

A fraction of parenterally-administered therapeutic iron dex

tran may be found in macrophages for some months after admin

istration despite continued iron deficiency.64 

Evaluations are usually made on either aspirate or bi'opsy' 

samples. Disparities have been noted"'between the two .. 'techn·~cs 

carried out simultaneously, iron'being more obvious in either 

the aspirate 65 or the biopsy.66 At least part of this dis
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crepancy may be explained on technical grounds such as the exam

ination of marrow smears containing an insufficient number of 

particles or the use of acid to decalcify bone biopsies resulting 

in the leaching of iron from the specimen. Ideally both types 

of preparation should be studied. 

The second important component of th~,:bone marrow examina.tion is 

the sideroblast count. Both the number of sideroblasts67 and the 

total number of iron granules in ~OO normoblasts68 are measures 

of the adequacy of the iron supply to developing red plood cell's. 

A sideroblast count of less than 10% (normal 35%) i·s ind'icative 

of an inadequate supply and' iron deficient erythropoiesis. It 

is found in iron deficiency as well as in patients with the 

anemia of chronic disease where iron supply is restricted 

despite plentiful storage iron. 

Iron Supply 

Serum Iron and Iron Binding Capacity 

Once iron stores are sufficiently dep~eted, the rate of delivery 

of iron to the bone marrow is limited and the plasma iron 

concentration falls. A serum iron below 4'0 ug/dl probably 

indicates that insufficient iron is available for the needs of 

the erythron, but the'· most re1.iable cri.ter-ion .for.,the.qnset of 
iron deficient erythropoiesis is a,percentage saturation of 

tr ansferr in with iron of les5:t:han,·1,:)%·~7'i'69' Un'l ike the serum". . . .." 

iron and percentage saturation 6ftransferrin, the 'total iron 
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binding capacity (TIBC) is affected before the iron supply 

falls. The TIBC rises as storage iron decreases. 70 ,7l 

Measurements of serum iron and TIBC .have long been ··s~andard 

procedures in the eva1ua~ion of iron d.eficiency.Laboratory 

errors in serum iron assays due to iron contamination, although 

common in the past, have largely·b~en eriminated by the use o~ 

disposable equipment and .automated me"1;hods, yet the .reliability 

of transferrin saturation·as an"-index:o£: iron deficiency isst£i'l 

limited by its lab1lity. There i~ a"~atked diurnal fluctuation 

and even when specimens .re col1ected~~t the same time of day~ 

var iabil i ty in the same person.. on different days may be as much 

as 30-40%.72 Furthermore, reduced transferrin saturation is not 

specific for iron defici~ncy and reflects only a discrepancy 

between supply and demand. When supply is interrupted despite 

adequate iron stores, transferrin saturation fall~~ Thi~ may 

occur rapidly after the onset of inflC'",mation"/3. In such 

disorders the TIBC is usually reduceda~~well. Therefore a low 

transferrin saturation associated ~ith and increased TIBC re

m=ainc: ;I t1~~ful indicator of the presence .0£ ~ron def,ictency. 

Free Erythrocyte Protoporohyrin 

Rapid simple technics for~easuring free erythroc~te protd 

porphyrin (FEP) have become available recently and sufficient 

accuracy can be achieved by measurement of fluorescence on a 
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blood film wi thout preliminary processing. 74 protoporphyrin .&oJe 

accumulates in developing red cells when heme synthesis is 

impaired and a rise in the FEP level is a sensitive indicato~ of 

an inadequate iron supply.75 Although FEP provides the same 

informatior as percentage transferrin ~aturation, it is a more 

stable measurement because the content of each red cell remains 

unal tered throughout its 1 ifespan.,75., 76 While plasma irr.,n may 

fall wi thin a few hours of infec'tfon'or within a few days aft:er 

bleeding, increases in protoporphyrin can only be detected a 

week after the iron supply becomes deficien~.75 During treat

ment for iron deficiency FEP:Hemog.lobin.ratios decline stead~ly 

but remain elevated until hemoglobiri'~'evelsreturn'·to:·normal.· 76 

Measurements of FEP do not distinguish between, the anemia of iron 

deficiency und that due to chroni.c inflammatory disorders.' It 

may also be increased in other~conditions that interfere with 

heme synthesis e.g., lead poisoning, chronic inflammatory dis

ease, erythropoietic protoporphyria, acute myelogenous leu

kemia. 

Iron Deficiency Anemia 

Red Cell Indices 

Iron deficiency anemia is characteristically hypochromic and 

microcytic. As the ,iron'·supply.::.is il).:~e.Fr.upted, normal red .cells 

are replaced by a deficient populatio'ri·. Consequently, these 

cells are present before. anemia is manifest, but:. it is "di£"ficult 
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to recognize them with certainty and mild iron deficiency may not 

be diagnosed on morphological grounds in 50% of patients. 77 Once 

a sufficient proportion of the circulating cells. have been 

produced under iron deficient conditions" ,the r.ed cell·lndices 

become abnormal. The deg,ree of change depertds both on the 

duration of iron deficient erythropoiesis and on 'the d'i.$crepancy 

between iron supply and marrow demands. 3 Values closl~ to normal 

may be encountered if the marrow is relatively hypoplastic. The 

advent of electronic counting equipment has revolutionized the 

reliability and sensitivity of the red cell indices. Mean 

corpuscular volume and mean corpuscular hemoglobin are the most 

reliable measures of iron deficiency. 

Hemoglobin and Hematocrit 

The final stage of gradually developing iron deficiency is 

anemia. As we have already mentioned, mild anemia .. may be 

difficult to recognize because of the' significant overlap be

tween normal values and those of patients who will respond to 

iron therapy.2 Nevertheless, WHO c,r,~teria for anemia have 

be.come widely accepted: adult men <13 g/dl, menst:ruatlng women 

<12 g/dl, pregnant women <11 g/dl. The use of percentile curves 

instead of single values is more satisfactory in children whose 

levels undergo developmental changes~78 

The best approach to diagnosing iron deficiency anemia depends 

upon the setting in which it is being studied. The accuracy of 
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prevalence studies may be improved if measurements of trans

ferrin saturation, free erythrocyte .. protoporphyrin, serum·fer

ritin, and hemoglobin concentration are combined.52,79~80 TWo 

of the most important conditions that"needto be distinguished 

from iron deficiency are anemia associated with inflammatory 

disorders and neoplasms ("anemia ofchroni'i:: disease"l, and 
r\~'rJ 

thalassemia minor. Since the serum ferritin is raised in both 
" conditions, it is the most reliable test for differentiating 

them from pure iron deficiency. Hersko et al. 81 have reported 

that the combination of serum ferr i tin estimation and electronic 

red cell counts satisfactorily discriminates between normality, 

iron deficiency, and thalassemia. Iron deficiency may be a 

component of many complicated anemias among hospital patients. 

Evaluation of bone marrow iron stores is then essential fqr an 

accurate diagnosis. For clinic or office patients in whom iron 

deficiency is considered likely, a therapeutic trial of oral 

iron is often the least expensive and most definitive approach. 

EFFECTS OF IRON DEFICIENCY 

Related to Anemia 

The cl inical impact of iron deficiency. is clearest once thex:e has 

been a significant fall in .the· hemoglobin concentration. Mild 

anemia may have 1 i ttle ~!ffec·t because var ious compensatory 

adjustments including in(:reased cardiac output and reduced 

hemoglobin oxygen affini toY due to increased red cell 2,3

diphosphoglycerate, improve oxygen delivery.82 Severe anemia 
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limi ts work capaci ty. 83-86 This is in part due to the fact that 

the increment in cardiac output and respiratory minute volume 

per unit increase in oxygen consumption is elevated in iron de

ficiency anemia84 ,87,88 while the 'm~ximum cardiac output and 

respiratory minute volume remain flxed. 83 ,88,89 The precise 

hemoglobin level at which exercise capacity is restricted be

cause of anemia is not clear. In:some studies a di.rect cor~ 

relation has been found between exercise capacity and hemoglobin 

concentration (Fig. 4) .85,90 On the other hand, Davies et al. 88 

could not detect a decrease in aerobic work capacity until the 

hemoglobin concentration fell below 12 g/dl. 

The very real nature of the disabilities caused by severe iron 

deficiency is most evident in developing countr ies where a 

significant reduction in the productivity of laborers9l , 92, and 

an increased maternal and perinatal mortality3'have been're

ported. 

Unrelated to Anemia 

While the consequences of si91'l'i:f-icanf;r,:::It·r:onA.:det1c~encyanelll:J:a 

havf..: been recognizeel for some time'.' recent: ~'nvest'1gations'hav.e 

revealed a var iety of' disa5i'l, i t1.es,,·~na:t:,,·r,esu.1t:, rrom.;;t:.lissuet1z;.qQ. 

lack and are independent of".the':c;1egree'Qt ,anemUI. Concentrati'ons" 

of a number of metabolically, a.c.th·e':ot'issue l.roncompounqs::':ar,e' 

consistently reduced in the iron deficient state. These i'nclude 

myoglobin; enzymes wi th heme as the prosthetic group such as the 
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cytochromes, catalase and peroxidase;, and the metalloflavo

protein enzymes such as NADH, succinic, xanthine, aldehy~&, and 

alpha-glycerophosphate. dehydrogenases. 93 In addition, iron 

depletion may inhibit processes where iron is preseht· as an 

essential cofactor, e.g. aconitase, tyrosine, and trytophan hy

droxylases. 

Many clinical abnormalities have been attributed directly to 

iron deficiency with or without anemia. They include symptoms 

such as fatigue and malaise, and various morphological ab

normalities of epithelial structures. 'Although careful study 

has failed to demonstrate an association between nonspecific 

symptoms and iron deficiency in the absence of anemia, per

versions of taste in the form of pica or a craving fo, ice do 

appear to be occasional manifestations of. iron lack. Its exact 

relationship with mucosal and epitheli·al disorder~ such as 

angular stomatitis, glossitis, webbing of the esophagus~ atro

phic gastr i tis, and koilonychia is uncertain. The frequency of. 

such findings seems to be decreasing' and . there is a marked 

geographic variation in prevalence suggesting' that· other fact

ors may play an important role. 

Abnormalities of Gastrointestinal Function 

As discussed unde r the section on malabsorption of iron, gastr io 

mucosal atrophy may be responsive .J iron therapy in some 

patients. In addition, flattening of the duodenal villi with 
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cellular infiltration and malabsorption have been described in 

iron deficient infants. 94 ,95 Lactose intolerance associated 

wi th reduced disaccharidase levels may be present. 96 Fur

thermore, impaired' assimilation of iron itself in iron de

ficient infants has been reported97 , 98 wi th reversion to normal 

following iron therapy94, 95. Others3 have not been able to 

confirm these observations, and it is noteworthy that impaired 

iron absorption has not been observed in older children99 orin 

adul ts .100 There may be rare instances .in which iron deficiency 

impairs iron absorption, but increased absorption is far more 

characteristic. It is associated with this excessive uptake of 

other metals such as lead and cadmium.lOl-l03 Poisoning may 

result. ~urthermore, the synthesis' of mucosal enzYme~ respon

sible for the metabolism of drugs and various toxins is crit

ically dependent on the absorption from the intestinal lumen. l04 

Skeletal Muscle· Dysfunction 

Iron deficiency reduces work capacity. In the past it has been 

assumed that this is due entirely to the limiting effect of 

anemia on oxygen del i very. However Finch et al. lOS have 

demonstrated recently that iron deficient rats show a marked 

reduction in running ability compared to control animals even 

when the hemoglobin concentrations of both groups have been 

adjusted to the same level. In their studies the disability 
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could be corrected in 4 days by iron therapy providing clear 

evidence of impaired exercise tolerance attributable directly 

to tissue deficiency. A subsequent study led them to the 

conclusion that a reduction in the mitochondrial enzyme alpha

glycerophosphate dehydrogenase causes accumulation of lactic 

acid and that this impairs work capacity 106 Koziol et al. 107 

and McLane et al. IOa confirmed the decrease in mitochondrial 

iron-containing enzymes in skeletal muscle and the concomitant 

decline in muscle respiratory capacity. However, the latter 

investigators dispute the primary importance of alpha-glycero

phosphate dehydrogenase depletion. Whatever the underlying 

biochemical mechanism abnormalities appear to be limited to 

skeletal muscle. Myocardial f~nction is not impaired. 109 

Behavioral and Neurological Abnormalities 

Iron deficiency may affect behavior and learning in experimental 

animals llO and man .111 Iron ceficient children have lower 

scores in tests of learning performance and attentiveness when 

compared with their iron replete peers~112 progressive deter

ioration in school achievement tests has. been. observed in. iron 

deficient adoleBcent boysl13. Moreover, treatment of iron 

deficiency in infancy produces a sigriificant incr~a~e inscore~ 

obtained using the Bayley scales o~infant development. 114 
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The physiological basis for these abnormalities has not been 

elucidated but appears to be independent of the degree of anemia 

since improvements following iron therapy have been noted before 

any change in hemoglobin has o.ccurred. Iron is normally present 

in the brain in relatively large amounts being concentrated in 

the basal ganglia. Its concentration is not directly related to 

boJy iron stores but brain iron depletion can be induced in 

experimental animals raised under iron deficient conditions. 

Al terations in a number of putative neurotransmitters have been 

described. Youdim and Green llS showed that after the admin

istration of the monoamine oxidase inhibitor tranylcypromine 

followed by L-tryptophan iron deficient ~ats were much less 

responsive than controls. Symes et al. 116 found reduced brain 

monoamine oxidase. However this has not been confirmed by other 

investigators. lIS ,117 Mackler et al. ll7 have demonstrated that 

iron deficient rats have reduced concentrations of another key 

enzyme involved in serotonin degradation in the brain-aldehyde 

oxidase. Nonheme iron is' a catalytically neces~ary component of 

this enzyme and reduced enzyme activity was associated with 

elevated concentrations of serotonin and total S-hydroxyindole 

compounds. All of these abnormalities returned to normal one 
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week after therapy with parenteral iron. Whatever the under

lying biochemical basis may ultimately prove to be, it seems 

likely that there is a-link between alterations in neuro

transmitters and the behavioral abnormalities reported in 

children with iron deficiency. 

Catecholamine Excretion and Temperature Regulation 

Urinary catecholamine and adrenal tyrosine hydroxylase levels 

are increased in iron deficiency .118,119· Dillman et al. 120 have 

shown that excessive urinary catecholamine excretion results 

from an increased production rate that is not indepelldent on the 

presence of anemia. Moreover the difference in catecholamine 

response between iron deficient and control animals is related 

to ambient temperature being far greater at 40 C than at 300 C. 

Their studies suggest that it represents a compensatory mechan

ism for an impaired.ability to maintain body temperature, the 

primary abnormality being decreased conversion of thyroxin to 

triiodothyrine. 121 

Resistance to Infection 

The relationship between iron defi~~ency and host resistance to 

infection is the subject of a recent extensive review. 122 It 

will therefore be dealt with only briefly. Impairment of the 

body's defense mechanisms including abnormal i ties of lympho

cyte function and delayed hypersensitivity have been de

scribed. 123 ,124 The clinical consequences of these findings 
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are undefined. With few exceptions, epidemiological studies 

have yielded contradictory resultsl22 although iron deficie~cy 

does appear to have a role in the pathogenesis of chronic;muco

cutaneous candidiasis. 125 

On the other hand, it has been sugges·ted·that i'ron'deficienc'y:may 

have a protective effect and that therapy particularly with 

parenteri:ll iron may increase the risk for and morbidity of 

infections. Excess iron clearly facilitates the growth of a 

number of microorganisms in biological fluids in vitro and the 

inhibitory effects of the iron binding proteins transferrin and 

lactoferrin have been well established. However, it is note

worthy that in one study the growth of E. coli in a series of 

human sera with percentage transferrin s"aturations ranging from 

less than 15% to 100% did not differ. 126 Extrapolation of in 

vitro observations to clinical situations is uncertain. Pearson 

and Robinsonl22 point out that ·some.of-the apparent associations 

between infection and iron loading states do not· stand up' to 

careful scrutiny, e.g. it has been suggested that.overwhelming 

sepsis and salmonellosis resul ts from hyper.ferremia ·in patients 

with sickle cell anemia yet these infections are most common in 

the first year of life before significant iron accumulationihas 

occurred. Patients with thalassemia major do not have increased 

infections despite progressive iron overload unless splenectomy 
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has been performed. It is also difficult to define the possible 

role of iron therapy. Barry and Reeve127 reported an increase 

in the frequency and mortality of.gram negative septicemia when 

a policy of giving prophylatic iron dextran injections to 

Polynesian infants was instituted. The incidence decreased when 

the practice was discontinued. Masawe et al. l28 and Murray et 

al. l29·described an increased frequency of infections including 

the reactivation of pre-existing malaria, brucellosis, and 

tuberculosis in iron deficient patients given oral ferrous 

sulphate or parenteral iron dextran. However, similar results 

have not been reported from other parts of the world where iron 

dextran has been used. l22 

CONCLUSION 

Our knowledge of the pathogenesis of iron deficiency and of the 

potentially far-reaching effects on metabolic processes has 

advanced considerably in recent years. We also have sophis

ticated technics for detecting its presence and severity. In 

contrast there have been fewer changes in Ol&r approach to 

prevention ':ind treatment; nevertheless this aspect of iron 

deficiency anemia merits a few comments. 
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Iron deficiency anemia is never a complete diagnosis. It is 

merely a symptom of disturbed iron balance. Al though iron 

therapy may produce a gratifying immediate response, a satis

factory long term solution to the problem depends on a clear 

definition of the reason for reduced absorption or increased 

loss and specific treatment of the underlying di~order where 

necessary. 

In many parts of the world more available iron must be provided. 

The wide variations in requirements during pregnancy and child

hood make prophylactic supplementation or targeted fortifica

tion the most practical solution in many circumstances. How

ever, its impact 1S dependent on adequate health services and 

patient complianc'" The effectiveness, potential danger and 

most suitable methods of implementation of fortification for the 

whole population remain areas of controversy. The general 

improvement in iron nutrition in Sweden cannot be attributed 

solely to iron fortification. 130 The widespread use of oral 

contraceptives leading to a reduction in both the average 

menstrual loss and its range in different women and increased 

intake of iron tablets are important factors. 131 Iron forti 

fication should be most valuable in countries where deficiency 

is evident in all segments of the population. However, in

sufficient attention to bioavailability, the use of inappro
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priate iron compounds and difficulties in identifying suitable 

vehicles, have been major obstacles to the success of such 

programs. 3 Finally, the possible danger of iron overload as a 

result of fortification particularly in men in countries where 

their diet already contains sufficient iron further complicates 

the problem of designing optimal fortification policies. 131 

Similar concerns have been expressed about the potential dele

terious effects for patients with iron loading disorders such as 

idiopathic hemochromatosis and thalassemia. 
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Table I: Food Components that Affect Dietary Iron Bioavailability 

Enhancers 

Ascorbic Acid
 
Animal Tissue (Meat and Fish)
 

Inhibitors 

Tea
 
Coffee
 
Eggs (Yolk and White)
 
Wheat Bran
 
Soy Products
 
Calcium/Fnosphate Salts
 
EDTA*
 

Possible Inhibitors 

Fiber
 
Food Phytates
 

*The effect of EDTA depends on the quantity. present and the bio
availabil i ty of iron in the meal. It may improve absorption from 
some low availability meals. 



LEGENDS TO FIGURES 

Fig. 1 Absorption of heme and nonheme iron from a meal con
taining bread and meat in patients wi th idiopathic 
hemochromatosis who had been phlebotomized extensively, 
iron deficient Indian housewives, and iron d~:icient 
white hospital patients. (Data from Bezwoda et al. 34 ) 

Fig. 2 The sequence of changes in laboratory tests used to 
evaluate iron stores caused by the gradual evolution of 
iron deficiency. (Modified from Bothwell et al. 3) 

Fig. 3 Relationship between serum ferritin concentration and 
bone marrow i~on stores in patients with inflammatory 
disorders, rhel1matoid arthritis and chronic renal fail
ure undergoing chronic hemodialysis. (Data from refer
ences 57-61.) 

Fig. 4 The Harvard Step Test Score in Guatemalan agricultural 
laborers at different hemoglobin levels. (Vertical 
bars represent mean + SE, adapted from vi ter i and 
Torun. 8S) -
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