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INTRODUCTION

TRETNESISTIEXIT

iron deficlency is probably the most common form of
nutritional deficiency,in both developing and developed
countries { WHO 1975 ; McFee 1979 ). It is reported to
be the most common cause of mnemim,both in general medi-
cal practice [ Fry 1961 ) and in the practice of clinical
hematology ( Prager 1972 ) and 1s even alleged to be the
most common orgenic discrder seen in clinical medicine

{ FPeirbenks et al,1971 ).

Despite these asaertlons,there are relatively few adeg-
uate studies of the prevalence of iron deficiency 1n various

poepulationa.

The most commonly employed screening procedure hag been
a simple blood hemoglobin determination. A3 measured by this
test,anemia has been defined by the World Hemlth Orgenizeticn
as g value below 14 g/dl in men;12 g/dl in nonpregnant females
and 11 g/dl in pregnant wemen ( WHO 1968 }. Such a screen-
ing method cannct by definition detect latent iron deficiency
{ Foreman 1981 ; Taylor 1981 ). Furthermore,inaccuracies
are introduced by anemias due to caumes other then iron

deficiency { Cook et al,1971 }.

Screening by determination of plasma iron and iron bi-

nding capacity cbviates some of these inaccuracies,but the
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procedure is more cumbersome and comsequently has been

performed lesa frequently { Wintrobe 1977 ).

Still less suited for the study of large groups is
the determination of the reticulcendotheliml iron atores

by bone marrow aspiration ( Scott et al 1367 ).

Probsbly the mosti importent source cf error in popula-
tion surveys is the aelection of semples., Most reported
sexries are heavily weighted with representatives of low
economic groupse,ma bias which may incresse tﬁe apparent

prevalence { Wintrobe et al 1877 }.
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Hematological Changes During Pregnancy

R Y L N T L I S T L RN S S S EREXNERAIESS SO SEIEREX

Pregnancy produces major hematologlical changes aiming
et satlsfying the increagsed circulation needed to sustain
the fetoplacental unit as well as certain maternal organs,
including the growing breast mass whose function increasea
during pregonancy. A% the same time,they provide a asafety
valve in the face of blood lost at the time of delivary,
thereby rendering the pregnent woman much more able to
withstand slgnificant hemorrhage than a nonpregnant
individual { Levia 1982;Moghiasi 1881 ).

Quantitative Changes:

The firat of these pregnancy induced changes ia the
marked increase in vlcod volume;it 1s augmented by an average
of 48 to 50 (ranging from 20 to 100) per cent by the 36%th
week of gestation over the nonpregnant state { Willoughby
1977 ;Messer 1974 ). Most of this increase occurs during the
second trimester;during the last several weeks of pregnancy
this volume elther increases slightly or remalns stable;it
dova not decrease. Most of the increase in blood volume

reflects plasma volume expanaion { Pitkin 1977;Willoughby 1977 ).

Secondly,the bone marrow becomes hyperplastic with
accelerated erythropoiesis,which results in increaslng the
number of circulating red blood cells. Thus,the red cell volums
1a aleo eugmented but by only 20 to 33 per cent,and this
is aigradual rise up to term ( Moghissi 1981 ).
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The stimulus for the increase in plasma volume may be
nlacental lactogen which cesuses increased aldosterone secretion
{ Kitay 1969 }. On the other hand,the stimulus for bone marrow
grythroid hyperplasia in pregnasncy is not fully understood,
vut control is through erythropoietin { Zivny et al 1982 ).
I'nere are several possible stimuli to¢ erythropoietin production
n pregnancy,including the placenta acting ss an arteriovenous
fistula,increased renin and decreased blood flow to the kidneys

in later pregnancy { Lange and Dynesius 1973;Willoughby 1979 ).

The red cell survival does not change during pregnancy
{ Pritcherd and Adems 1960 ),snd the red cell mass declines
immediately at delivary =8 a result of blood losgs,and this is
followed by s temporary erythreid hypoplasis until nonpregnant
nlood volume is reached around three weeks after delivary

{ Teylor & Lind 1981 ).

Since there ls an expansion of plaama volume grester
*hen that of the red cell volume,the red cell count,hematocrit
end nemoglobin concentration decline during pregnancy; the
lowest hemoglebin is observed et round 34 weeks of gestation,

after which there is a rise of about 0.5 g/dl at term { Pitkin

1977;Willoughby 1979 ).

Owing to the wide renge of variation of the increase
of blood volume during pregnancy,lt is not eaasy to arrive at
a precise hemoglobin level at that time thet can be called

"anemia" { bMesser 1974;Lind et al 197%;Taylor 1980;Foreman 1981 )
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The lowest normal hemoglobin level in adult nonpregnant
women 1s 12 g/dl ( WHO 1972,1979 ) and it may be deduced
from the figures of plasma and red cell volume expansion in
iron sufficient subjects thet the lowest hemoglodbin in normalv
~regnancy should be 10.6 g/dl { McFee 1973;Messer 1974 }. This
tnecretical figure is in cloge agreement to the lowest hemo-
globin { 10.4 g/dl ) observed in the iron sufficient group
2f Deleeuw et al (1966) end the agreed figure of 11 g/dl
. WHC 1972,X979 ).

Clinical experience,however,shows that many spparently
nealthy women are able to proceed through pregnancy with
hemoglobin lower than 11 g/dl without complications ( McFee
L573,1979 ).

Pritchard(1965) showed in an ewvaluation of & large
nunber of patients who were medically normal and whose bone
marrows were positive for iron,that anemia may result from
nlasma volume expansion. 4 per cent of those in midpregnancy
end 1 per cent in late pregnancy had hemoglobin levels less
then 10 g/dl. Similerly,Lawrence(l1962) obaerved thet some supp-
iemented patients who were otherwise normal ran lower hemoglo-
vin levels than others. Red cell volumes were the same in
poth groups but plasma volumes were merkedly incressed in
patients with the low bhemoglobin levels. He has called this
"{ron sufficient hydremia" and he believed that the lowest
remoglobin concentration due to this hydremia may be about

1C g/fdl.
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Liley{(1970} studied 114 pregnant patients with hemoglobins
ranging frem 8.6 to 14.2 g/dl,ell of whom hed normal bone marr-
aw smears,normal lron studies,normal folate levels snd no ret-
iculocytosis. He compared plaesme and red cell volumes with the
nemoglobin levels and observed that 80 per cent of women in his
ciinic with hemoglobins 10-11 g/dl end 50 per cent with hemo-
globins 9-10 g/dl were not anemicj;he therefore put his conclusion
that "in pregnant women with & reasoneble diet and modest
rematinic supplements,a low hemoglobin level more often indicsates

2 nigh plasma volume than anemia™.

Therefore,there is a difference of oplnion sz to how many
ow hematocrits and hemoglobins ere due to hemodilution.

Pritchard’'s figures are far lower than those of Liley.

In summery,differences between plasma end red cell volumes
car. result in some physiologic diminution of the hemetological
tevels during pregnancy. While the lower limits of normsl in
vhe nonpregnant stiate have been placed at 12 g/dl hemoglobin
and 36 per cent hematocrit,these levels drop during pregnancy
to 11 g/dl hemoglobin and 33 per cent hematocrit ( A.M.A.Council
1968 WHO 1975 }. In some cases of extremely large plesmae
volume expansion these levels may drop even lower. An absclute
jefinition of enemia during pregnancy,utilising the hematccrit
or hemoglobin is thus impossible. For practical purposes
many authers define anemis in pregnancy as 10 g/dl hemoglobin

[ 40 per cent hematocrit ) or less ( Hellman 1971 },others use llfr
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hemoglobin (33 per cent hemstocrit),{Hsllberg 196%;McFee
1973). Thus,a hemoglobin of less than 11 g/dl or a hemetoc-
rit less then 33 per cent should be considered initislly as
due to & specific pethological cause for which adequate eval~

mtion is mandatory {(WHO 1979%; Baker&Delfaeyer 19793},

yualitetive Changes:

Trhe respiratory nervous centers are get froﬁ early preg-
nancy Yo maintein g low arterial PCOE,which lepds te decrenms-
2t plasma bicarbonate { Robertson&Cheyne 1972 };the result-
art maternel alkalesis enables the fetus to off-loed carbon
dioxide,but it would elso incresse maternal hemoglobin oxygen
af finity;this i3 counteracted by raised 2,l-diphosphoglycerate
{CPG) in the maternal red cells,soc enhasncing oxygen release
to the fetus and maternal tissues {Roth and Brehe 1971).
Crxygen transfer is further helped by the fetal hemoglobin
naving a high affinity for cxygen end a low affinity for

P53 (Willoughby 19773},

The decrenge in serum colloid camotlec pressure is accomp-
anied by m dilution of the red cell contents { Willoughby
1977 J,end hence increased red cell csmotic fragility.
Rovertson and Cheyne (1972) reported a mean of 50 per cent
remolyeis in 4.58 g/l seline compared to 4.38 g/l in the
nonpregnent ,with a slight decresse in fregility nesr term,

possibly due to a higher proportion of young red cells.
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Another qualitative alteration in the red cells dur-
ing pregnancy is a tendency to sphering which is accomp-
anied by an increase of the mean cell volume in the latter
half of pregnancy,coinciding with the rising of ocamotic
fragility. The mean cell hemoglobin does not alter sig-

nificently in normal pregnancy { Bolton & Maricon 1982 ).

The activity of wvarious red cell enzymes appear o
be unchanged except for a tendency to a greater getivity

with & younger red cell population ( Willoughby 1977 ).
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Iron Metebolism

In The Nonpregnant State

B R TS oS TSSO S IS NI T

rtmount And Distribution:

The total body iron content of the normal adult varies
from 3 t¢o 5 g,depending on the sex and weight of the individ-
ual. It is greater in meles than in femeles and it increases
roughly in proportlcon to bedy welght. The iron is distributed
in several physiologicelly and chemically distinet forms,as
seen in table {(1),{ Gruchy 1970 ;McFee 197%;Williams 1981 ).

Hemoglobin Iromn:

This constitutes approximately 60 to 70 per cent of the
total body iron,and as a result any mejor blood loss will sig-
nificantly lower the total ircon content. The iron derived from
the breakdown of hemoglobin released by the destruction of
2ffete red cells is conserved by the body and is recycled for
nemoglobin aynthesis { Goodman & Giiman 1970;McFee 1979 ).

Storege Iron:

The stored iron forms a little less then one third of the
total body irom and sc it 1s sufficlent to replace one third to
one half of the circulating hemoglobin. Storage iron is less in
the female and is slowly accumulated during childhcod and ado-
lescence due to the slight excess of absorption over excretion.
It oeccurs in two forms-ferritin and hemosiderin,which are norm-
ally present in equal amounts. In the normel subject about one
~hird of the storage iron is in the bone marrow,ebout one third

in the liver and the last third in the spleen,muscle and other

tissues { Gruchy lB%awMcHeerk979n Bhams University
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Table { 1 )
Distritution 0f Body Iron In Adults

{ Gruchy 13870 )

Hemoglobin —=mec——e—csmmwem e —m e oo s — e 1.5-3 g

Storage{available)tissue iron
(ferritin and hemosiderin)}-------———--=--- 0.6-1.5 g

Essential{nonavailable)tissue ircn
{myoglobin and cellulsr respiretory enzymes)0.3 g

Plasma(transportliron ---=---—=-~----cem—c-—omaen—— 3-4 mg

Total{varies with sex and size)=-——-=m=————ec—w-- 3-5 g
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