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INTRODUCTION
I ron  defic iency  i s  the  most  common 
micronutrient deficiency and one of the most 
important public health problems. It affects 
approximately 25% of the world’s popula�on 
accoun�ng for 8.8% of the total global burden 

1,2of disease.  Iron deficiency is very common in 
preschool children and women of childbearing 
age. The prevalence of anaemia increases with 

3age  and can have a great impact on mental 
a n d  p h y s i c a l  d e v e l o p m e n t ,  h e a l t h 
maintenance, and the quality of life of affected 
children.

Anaemia decreases the capacity for work and 
4,5

increases health care costs.  Iron deficiency is 
also associated with restless legs syndrome 
(RLS), diminished quality of life, fa�gue, 
impaired cogni�ve func�on, and infer�lity. All 
of these symptoms may occur in the absence 
of anaemia and may be reversed with iron 

6
therapy.  Gastrointes�nal condi�ons, such as 
celiac disease and inflammatory bowel disease 
(IBD), as well as chronic kidney disease (CKD), 
cancer, and chronic heart failure (CHF) increase 

7-9
the risk for anaemia and iron deficiency,  and 
iron deficiency may influence clinical outcome. 
In CHF, iron deficiency is associated with an 
increased risk of mortality, regardless of the 

8,9
haemoglobin (Hb) level.  Iron deficiency is 
also associated with reac�ve thrombocytosis, 
p o t e n � a l l y  i n c r e a s i n g  t h e  r i s k  f o r 

10
thromboembolic events.

Iron is an important micronutrient, which is 
essen�al for various func�ons in human body. 
It is essen�al for cellular growth and 
differen�a�on, oxygen binding, transport and 
storage, enzyma�c reac�ons, immune 
func�on, cogni�ve func�on, mental and 
physical growth etc. So, deficiency of iron due 
to either physiological or pathological reason 
can affect mental and physical growth resul�ng 
in decreased learning capacity and work 
produc�vity. IDA is characterized by a defect in 
h a e m o g l o b i n  sy nt h e s i s ,  re s u l � n g  i n 

11
hypochromic and microcy�c red blood cells.  
Iron deficiency can either result due to less 

nutri�onal supply, increased demand or blood 
loss due to any reason.

Since anaemia is the most important indicator 
of iron deficiency, the terms ID and IDA are 
o�en used interchangeably. However, iron 
deficiency may develop in the absence of 
anaemia and the �ssues may be affected from 
this condi�on. Iron deficiency is manifested in 
different stages. If iron requirement is below 
intake, iron stores are reduced primarily. A�er 
the iron stores are reduced, haemoglobin 
levels may stay normal for a while which means 
that iron deficiency is observed in the absence 
of anaemia. At this �me, only plasma ferri�n 
level and plasma transferrin satura�on are 
reduced. 

Nega�ve iron balance which con�nues a�er 
iron stores are exhausted is manifested with 
decreased haemoglobin. Conclusively, 
reduced body iron stores has been defined as 
ID and worsening of this condi�on and 
development of anaemia is defined as IDA. 
Reduced erythrocyte count or a haemoglobin 
(Hb) value 5 percen�le below the normal 
haemoglobin value specified for that age in 
healthy individuals is defined as anaemia. 
When defining anaemia, the lower limit of the 
normal value for different age groups and 
genders should be determined. Iron deficiency 
anaemia is the most common cause of 
anaemia in the world and in our country. In the 
childhood, it is most frequently observed in 
infancy and in adolescents who have 
menstrua�on, but any child with increased 
growth rate and children whose requirements 
are not met adequately are under risk.

1



PATHOPHYSIOLOGY

Anaemia resul�ng from iron-restricted 
erythropoiesis occurs through several 
mechanisms. In pure iron deficiency, depleted 
iron stores are due to an imbalance between 
iron uptake and u�liza�on. Anaemia may not 
be present ini�ally because of iron recycling 
from erythrocyte turnover. However, iron 
deficiency alone is associated with fa�gue and 
RLS, so pa�ents may be symptoma�c without 

12-14anemia.  The persistence of a nega�ve 
balance leads to microcy�c and hypochromic 
anaemia. 

Adequate iron reple�on and management of 
the cause of iron deficiency lead to resolu�on 
Iron deficiency anaemia may be classified into 
3 stages: storage iron deficiency, iron deficie nt 
erythropoiesis, and iron deficiency anaemia. 
Ini�ally during blood loss, iron body stores are 
preferen�ally u�l ized for accelerated 
erythropoiesis. A�er deple�on of body iron 
stores, erythropoiesis and produc�on of other 
iron-containing proteins (such as myoglobin) 
become limited, leading to an overt iron 

deficiency anaemia. Anaemia is exacerbated as 
iron-deficient erythrocytes have a shortened 
survival due to their fragility, which accelerates 
re�culoendothelial cell sequestra�on and 
destruc�on. The observed erythrocyte 
morphologic changes with the underlying iron 
deficiency reflect the severely hampered 
haemoglobin synthesis and are characterized 
by hypochromasia and microcytosis. 

Furthermore, the haemoglobin-deficient 
erythroid precursors are thought to undergo 
addi�onal mitoses while a�emp�ng to achieve 
ideal cytoplasmic haemoglobin levels, thereby 
exaggera�ng the microcytosis .  Whi le 
normocy�c normochromic erythrocytes 
contain approximately 1/3 haemoglobin, red 
blood cell indices in iron deficiency anaemia 
demonstrate progressive decreases in mean 
corpuscular haemoglobin, mean corpuscular 
haemoglobin concentra�on, and mean 
corpuscular volume. Early iron deficiency 
states may not be suspected as the anaemia 
m a y  b e  i n i � a l l y  n o r m o c y � c  a n d 
normochromic. However, evalua�on of the 
erythrogram and re�culocyte count, along 



with novel parameters such as re�culocyte 
haemoglobin content, may provide an earlier 
indica�on of iron deficiency anaemia. Ini�ally, 
re�culocytosis is present due to increased 
produc�on and release of re�culocytes 
secondary to anaemia. However, as iron stores 
are depleted and the iron deficiency becomes 
more severe, the absolute re�culocyte count 
becomes inadequate for the degree of 
anaemia. Furthermore, due to the lack of 
heme and reduced haemoglobin synthesis, the 
red blood cells become more fragile which can 
result in mild hemolysis, worsening the 
anaemia.

Disease states with func�onal iron deficiency 
can occur when iron is not available for heme 
synthesis despite normal to increased body 
stores of iron. One example is anaemia of 
inflammatory disease, which can be mistaken 
for iron deficiency anaemia based on the 
hemogram. In this condi�on, serum iron levels 
are decreased secondary to iron sequestra�on 
in the liver, spleen, and bone marrow, which 

results in a func�onal iron deficiency, defec�ve 
heme synthesis, and the forma�on of some 
microcy�c and poss ibly  hypochromic 
erythrocytes despite adequate body iron 
stores. Chronic renal disease pa�ents develop 
a n a e m i a ,  w h i c h  i s  m o s t  c o m m o n l y 
normocy�c,  normochromic,  and non-
regenera�ve. This anaemia is mostly due to 
decreased renal erythropoie�n synthesis, but 
c h r o n i c  l o w - g r a d e  g a s t r o i n t e s � n a l 
haemorrhage with loss of iron and anaemia of 
inflammatory disease can also contribute.

Following treatment with recombinant human 
erythropoie�n, the iron reserves can become 
limited and thus impair erythropoie�n- 
induced erythropoiesis. The pathogenesis of 
this apparent func�onal iron deficiency is likely 
t o  b e  a  d i r e c t  c o n s e q u e n c e  o f  t h e 
portosystemic shunt as these features 
normalize following surgical interven�on. Rare 
gene�c defects in ferropor�n and hepcidin 
regula�on have been reported to cause iron 
refractory iron deficiency anaemia in humans. 

Coordinated homoeosta�c response to absolute and func�onal iron deficiency



Red arrows refer to physiological s�muli (eg, 
absolute iron deficiency or increased 
erythropoiesis) that suppress hepcidin 
expression. During absolute iron deficiency, 
decreased circula�ng transferrin satura�on 
and liver iron storage suppress hepcidin 
transcr ip�on via  reduced BMP-SMAD 
signalling (yellow pathway). 

As a consequence, duodenal and macrophage 
FPN proteins are stabilised, facilita�ng dietary 
iron absorp�on in duodenal enterocytes and 
release of iron from macrophages of the 
re�culoendothelial system, thereby increasing 
i r o n  c o n c e n t r a � o n s  i n  t h e  p l a s m a . 
Addi�onally, reduced iron concentra�on in 
duodenal enterocytes is sensed by the iron-
dependent prolyl  hydroxylase domain 
enzymes that increase stability of the 
transcrip�on factor HIF-2, which regulates 
transcrip�on of apical (CYBRD1 and DMT1) and 
basolateral (FPN) iron transport machinery.

During iron deficiency, in most cell types the 
IRP/IRE system stabilises mRNAs of proteins 
crucial for iron uptake (eg, TfR1 and DMT1) and 
suppresses the synthesis of proteins involved 
in the storage (ferri�n), u�lisa�on (cytoplasmic 
and mitochondrial iron-containing proteins), 
and export (FPN) of iron. In func�onal iron 
deficiency, inflamma�on increases hepa�c 
hepcidin expression via IL6-JAK2-STAT3 
signalling (green pathway), causing reduced 
FPN abundance and func�on on cells, 
depriving the plasma of iron. In response to 
iron deficiency anaemia, the kidney produces 
e r y t h r o p o i e � n ,  w h i c h  s � m u l a t e s 
e r y t h r o p o i e s i s .  T f R 2  c a n  m o d u l a t e 
erythroblast erythropoie�n sensi�vity. In 
absolute iron deficiency, erythroblasts and 
erythrocytes donate iron through FPN-
mediated iron export. 

Increased erythropoiesis (eg, during recovery 
f r o m  a n a e m i a )  c a u s e s  s e c r e � o n  o f 
erythroferrone, which suppresses hepa�c 
hepcidin expression via inhibi�on of BMP-
SMAD signalling (red pathway). LSEC=liver 
sinusoidal endothelial cell. P=phosphorylated. 
TSAT=transferrin satura�on.

CAUSES OF IRON DEFICIENCY

Diminished Uptake
Malabsorp�on
● Celiac disease
● Duodenal resec�on/gastric bypass surgery
● Inflammatory bowel disease (ileal-jejunal 

disease and/or anaemia of chronic disease)
● Helicobacter pylori gastri�s
● Autoimmune gastri�s
Dietary causes
● Malnutri�on
● High intake of phytates, polyphenols
Increased Demand
● Pregnancy, lacta�on
● Childhood
● Erythropoiesis-s�mula�ng agents (in chronic 

kidney disease, chemotherapy-induced 
anaemia)

Enhanced Loss
Gynaecologic causes
● Menorrhagia (myoma, endometriosis, 

bleeding disorders)
● Uterine cancer

Gastrointes�nal causes
► Malignancy
► Upper gastrointes�nal blood loss
► Gastric/duodenal ulcer
► Variceal bleeding
► Esophagi�s, erosive gastri�s
► Mallory-Weiss syndrome
► Angiodysplasia, vascular ectasia
► Dieulafoy lesions
► Rare: Meckel diver�cula, Cameron lesions 

Lower gastrointes�nal blood loss
► Diver�culosis/diver�culi�s
► Hemorrhoids, anal fissures, rectal ulcers
► Angiodysplasia
► Inflammatory bowel disease
►  Infec�ous coli�s

Other causes
●  Surgery, trauma, childbirth, blood dona�on
● Prolonged nonsteroidal an�-inflammatory 

drug use
●Pa ra s i � c  i n fe c � o n  ( e g ,  h o o k wo r m , 
tapeworm)



Rare Causes
●  Idiopathic pulmonary hemosiderosis
●  Hereditary hemorrhagic telangiectasia
●  Coagula�on disorders, platelet dysfunc�on
● Congenital iron deficiency (iron-refractory 

iron deficiency anaemia)

Impaired iron release into the circula�on from 
enterocytes, macrophages, or hepatocytes is 
referred as func�onal iron deficiency. 
Erythropoiesis is iron restricted; anaemia 
develops despite adequate iron stores, and 

erythrocytes may appear normocy�c or 
15microcy�c.   This is the basis of anaemia of 

chronic disease (ACD), in which inflamma�on 
leads to the overexpression of hepcidin, 
blocking the absorp�on of iron by enterocytes 
and its release from macrophages and 

15,16
hepatocytes.  Thus, oral iron is ineffec�ve, 
and intravenous iron is preferred. In certain 
pa�ents (eg, those with IBD), the combina�on 
of iron deficiency and inflamma�on may result 
in significant anaemia, which must be 
considered during management and therapy.

Worldwide, anaemia affects up to one-half of 
17  children younger than five years.  Anaemia is

defined as a haemoglobin level that is two 
standard devia�ons below the mean for 

18,19
age.  A�er children reach 12 years of age, the 
haemoglobin norm can be further divided into 

19genderspecific ranges.  Anaemia can be 
categorized as microcy�c, normocy�c, or 
macrocy�c. Microcy�c iron deficiency 
anaemia is a common cause of childhood 
anaemia, whereas macrocy�c anaemia is rare 
in children.



Causes of Anaemia in Children

Type of anaemia

Age

Neonates

Infants and toddlers

Older children and
adolescents

Vitamin B12 or folate deficiency
Hypothyroidsm

Three gene dele�on
a-thalassemia

Iron deficiency anaemia

Concurrent infec�on

Thalassemia

Iron deficiency anaemia

Anaemia of chronic disease

Thalassemia

Acute blood loss

Iron deficiency anaemia*

Anaemia of chronic disease

Acquired hemoly�c anaemia

Sickle cell disease

Bone marrow disorders (leukemia, myelofibrosis)

Concurrent infec�on
Acute blood loss
Iron deficiency anaemia*
Sickle cell disease
Red blood cell enzyme defects (glucose-
6-phosphate dehydrogenase deficiency,
pyruvate kinase deficnency)
Red blood cell membrane defects (spherocytosis,
elliptocytosis)
Acquired hemoly�c anaemia
Autoimmune hemoly�c anaemia
Hypersplenism
Transient erythroblastopenia of childhood
Bone marrow disorders (leukemia, myelofibrosis)

Congenital aplasia

Vitamin B12 or folate deficiency
Hypothyroidism
Hypertension
Congenital aplasia

Acute blood loss
Isoimmuniza�on (an�body-mediated hemolysis)
Congenital hemoly�c anaemias (spherocytosis,
glucose-6-phosphate dehydrogenase deficiency)
Congenital infec�ons (including parvovirus B19)

Microcy�c Macrocy�cNormocy�c

Algorithm for evalua�on of Low haemoglobin levels in children



NEED TO IDENTIFY CAUSES OF IRON DEFICIENCY

Once iron deficiency anaemia has been 
diagnosed, the cause of the iron deficiency 
should be iden�fied because the underlying 
c o n d i � o n  m a y  r e q u i r e  i m m e d i a t e 
management. Iron therapy without further 
diagnos�c evalua�on may be ini�ated in 
endurance athletes, frequent blood donors, 
and pregnant women, groups that are 
predisposed to iron deficiency anemia. If 
anemia is severe, a gastrointes�nal cause of 
iron deficiency may be considered.

Adequate iron supplementa�on during 
pregnancy prevents complica�ons associated 
with severe anemia (eg, fetal and/or maternal 
mortality, prematurity, and spontaneous 

20abor�on).  When oral iron exacerbates 
pregnancy-related nausea and vomi�ng, 
intravenous iron is a safe and effec�ve 

21
alterna�ve.  If there is no adequate response 
to therapy, further gastrointes�nal evalua�on 
may be considered a�er delivery.

Per�nent points in the pa�ent history include 
diet (eg, vegetarian), nonsteroidal an�-
inflammatory drug use, family history of 
hematologic disorders (thalassemia and 
bleeding disorders), and recent poten�al 
causes of blood loss (eg, childbirth and 
surgery), as well as a history of gastrointes�nal 
disease.

Gastrointes�nal condi�ons are, collec�vely, 
the primary cause of iron deficiency anemia in 
men and postmenopausal women and are 
second only to menstrual blood loss in 

22-26
premenopausal women.  Menorrhagia 
affects approximately 30% of women of 

27reproduc�ve age.  Inquiry about the number 
of pads or tampons used per menstrual cycle 
(>21), frequency of change (more o�en than 
every 3 hours), passage of large clots, or the 
simultaneous use of pads and tampons helps 

28
to iden�fy affected pa�ents.  An obstetrician 
/gynecologist should be consulted for the 
management of menorrhagia, as well as a 

hematologist if a coagula�on disorder is 
suspected. Unless the pa�ent fulfills any of the 
criteria for concurrent high-risk condi�ons (age 
5 0  ye a rs  o r  o l d e r,  fa m i l y  h i s to r y  o f 
gastrointes�nal malignancy, gastrointes�nal 
symptoms, or Hb level <10.0 g/dL; Figure), 
management can be restricted to iron 
replacement. 

Oral iron is effec�ve, but more severe bleeding 
may require a switch to intravenous products 
to achieve a posi�ve iron balance. If iron 
d efi c i e n c y  a n a e m i a  p e rs i s t s  d e s p i te 
intravenous iron therapy and the adequate 
m a n a g e m e n t  o f  b l o o d  l o s s ,  f u r t h e r 
gastrointes�nal inves�ga�on should be 
co n s i d e re d  b e ca u s e  ga st ro i nte s� n a l 

29,30condi�ons can coexist with menorrhagia.

Pa�ents in whom iron deficiency anaemia is 
diagnosed who are more than 50 years old, 
who have a family history of gastrointes�nal 
cancer, or who are at increased risk for 
gastrointes�nal malignancy should undergo an 
e va l u a � o n  t h a t  i n c l u d e s  e s o p h a g o -
g a s t r o d u o d e n o s c o p y  ( E G D )  a n d 

31-33colonoscopy.  Men whose Hb level is below 
13.0 g/dL should likewise be inves�gated 
because gastrointes�nal pathology is likely, 
a n d  m a l e  s ex  i n c re a s e s  t h e  r i s k  fo r 

34
gastrointes�nal malignancy.

Similarly, an Hb level below 10.0 g/dL in 
w o m e n  i n c r e a s e s  t h e  l i ke l i h o o d  o f 
gastrointes�nal pathology and should be 

35inves�gated.  The risk of a more severe 
underlying pathology, such as cancer, increases 

32,33
as the Hb level falls.  Pa�ents who report 
accompanying gastrointes�nal symptoms 
should undergo more extensive evalua�on. If 
these criteria are not fulfilled but menstrual 
blood loss cannot account for iron deficiency 
anaemia (eg, a�er hysterectomy or a�er 
menopause), a gastrointes�nal inves�ga�on 
should also be considered. The ini�al 
evalua�on should include noninvasive 



screening for celiac disease, Helicobacter 
pylori infec�on, and autoimmune atrophic 
gastri�s. These condi�ons are common causes 
of refractory iron deficiency anemia because 
the pa�ents do not respond well to oral iron 
replacement, and the diagnosis may ini�ally be 

3 6 - 4 1missed.  A posi�ve screening result 
facilitates targeted EGD, with the acquisi�on of 
appropriate biopsy specimens to confirm the 
diagnosis and reduce the likelihood that 
disease has been overlooked.

This is par�cularly true for pa�ents who have 
early autoimmune gastri�s without vitamin 
B12 deficiency. Fecal occult blood tes�ng 
(FOBT) may be useful in iden�fying pa�ents 
with iron deficiency anemia who may have 
gastrointes�nal lesions. Although a posi�ve 
FOBT result  in combina�on with iron 
deficiency anaemia warrants invasive 

42,43
gastrointes�nal evalua�on,  a nega�ve test 
result does not exclude gastrointes�nal 
b l e e d i n g  a n d  s h o u l d  n o t  p r e c l u d e 
EGD/colonoscopy in pa�ents who have 
fulfilled prior criteria for evalua�on.

Furthermore, even if only 1 of 3 FOBT results is 
posi�ve, endoscopic examina�on is s�ll 
r e c o m m e n d e d .  I f  n o  c r i t e r i a  f o r 
gastrointes�nal inves�ga�on are fulfilled, 
pa�ents should be re-evaluated a�er 4 to 8 
weeks of treatment. A switch to intravenous 
iron and further gastrointes�nal inves�ga�on 
should be considered if there is no adequate 
response to ini�al therapy.

DIAGNOSIS

A comprehensive laboratory evalua�on is 
required for defini�ve diagnosis and treatment 
for any anaemia, although the anamnesis 
(history of pa�ent) and physical examina�on of 
the pa�ent may indicate the presence of 
anaemia and propose its cause. As appropriate 
to this aim, the various tests for the diagnosis 
o f  a n a e m i a  a r e  d o n e  w i t h  r o u � n e 
hematological  tests  such as CBC and 
re�culocyte counts as well as studies of iron 

status that serve as a leaping point to the 
diagnosis. When the diagnosis of specific 
anaemic condi�ons is confirmed, a large 
number of other specific tests are used. The 
laboratory inves�ga�on of anaemia involves 
the quan�ta�ve and semiquan�ta�ve 
measurements of RBCs and supplementary 
tes�ng of blood and body fluids. The 
laboratory results obtained from these 
parameters are important arguments in the 
diagnosis, treatment, and monitoring of the 
anaemias.

The World Health Organiza�on defines anemia 
as a level of Hb below 13.0 g/dL in male adults, 
below 12.0 g/dL in female adults who are not 
p r e g n a n t ,  a n d  b e l o w  1 1 . 0  g / d L  i n 

44
pregnant women.  Hb levels may vary across 

45age and race,  so care must be taken, 
par�cularly in the interpreta�on of borderline 
values. Furthermore, smokers and inhabitants 
of higher al�tudes may have higher baseline 

46,47Hb levels,  and par�cipa�on in endurance 
48

sports may alter Hb levels.

The mean corpuscular  Hb and mean 
corpuscular volume dis�nguish macrocy�c 
anaemia from iron deficiency anaemia, which 
is hypochromic and typically microcy�c. 
Deficiencies of mul�ple nutrients (eg, 
malabsorp�on) or the use of thiopurine 
medica�ons (eg, azathioprine in IBD) can lead 
to a combina�on of iron deficiency anemia and 
macrocytosis, with resultant normocy�c 
anaemia. In this situa�on, a wide red cell 
distribu�on width aids iden�fica�on of the 

49
iron deficiency component.  The platelet and 
l e u ko c y t e  c o u n t s  h e l p  t o  r u l e  o u t 
pancytopenia. 

Thalassemia tra its  a lso present  with 
microcy�c, hypochromic anaemia and should 
be considered in popula�ons in which these 
traits are highly prevalent. Further parameters 
to diagnose iron deficiency are the transferrin 
satura�on (TfS), which reflects the iron 
available for erythropoiesis, and the serum 

50,51level of ferri�n, an iron storage protein.  A 
TfS below 20% and a ferri�n level lower than 30 



ng/mL are indica�ve of iron deficiency. 
However, ferri�n is an acute phase protein that 
increases during inflamma�on. Inflammatory 
parameters such as C-reac�ve protein help 
iden�fy these situa�ons. 

Different cutoff values are used in the presence 
of inflammatory comorbidi�es - such as IBD 

50,51
(<100 ng/mL),  CKD (<500 ng/mL plus TfS 

Laboratory tests used in anemia diagnosis

52<30%),  and CHF (<100 ng/mL or <100-299 
53

ng/mL plus TfS <20%) -to diagnose iron 
deficiency. If the diagnosis remains unclear, the 
soluble transferrin receptor (sTfR) and sTfR/log 
ferri�n index (<1) can be used to dis�nguish 
between iron deficiency anemia and ACD 
because the sTfR is elevated only in iron 

54-56deficiency anemia.

CHALLENGES IN DIAGNOSIS

IDA is a common manifesta�on among the 
elderly popula�on. It  has o�en been 
associated to gastrointes�nal bleeding caused 
by esophagi�s, gastri�s, pep�c ulcer, cancer, 

57-60
and intes�nal polyps.  Although a bone 
marrow examina�on is the gold standard test 
to assess iron stores, it is an invasive method 

61,62
with no prac�cal applicability.  

A recent systema�c review showed that all 
guidelines recommend the measurement of 

63
serum ferri�n to diagnose IDA.  Serum ferri�n 
is considered a first-line diagnos�c tool not 
only due to its availability, but also because its 

plasma�c levels accurately reflect overall iron 
storage, with 1 ng of ferri�n per mL indica�ng 

64approximately 10 mg of total iron stores.  
Serum ferri�n under 10-15 ng/mL has 99% of 
specificity in the diagnosis of IDA, normal or 
elevated ferri�n levels do not exclude IDA, 
since ferri�n is an acute phase protein and may 
increase during inflamma�on, cancer, and with 

63-65
aging.  

Hence, some studies provide data suppor�ng 
the use of higher ferri�n thresholds for 

66,67diagnosis, such as 30 or 100 ng/mL.  Elderly 
people o�en have many morbidi�es some of 

Laboratory tests in
anaemia diagnosis

Complete Blood Count
(CBC)

Red Blood Count
● Hemoglobin
● Hematocrit
Red blood cell indices
● Mean cell volume (MCV)
● Mean cell hemoglobin (MCH)
● Mean cell hemoglobin
    concentra�on (MCHC)
● Red cell distribu�on width
(RDW)
White blood cell count
● Cell differencial
● Nuclear segmenta�on of
    neutrophils
Platelet count
Cell morphology
● Cell size
● Hemoglobin content
● Anisocytosis
● Poikilocytosis
● Polychromasia

Re�culocyte count Iron supply studies Marrow examina�on

% Re�culocyte count

Absolute re�culocyte count

Produc�on index

Re�culocyte hemoglobin content

Serum iron

Total iron-binding capacity

Serum ferri�n, marrow iron stain

Aspirate
● E/G ra�o*
● Cell morphology
● Iron stain
Biopsy
● Cellularity
● Morphology

*E/G ra�o, ra�o of erythroid to granulocy�c precursors.



which can poten�ally lead to anaemia,making 
the diagnosis of IDA par�cularly challenging in 

68this popula�on.  Moreover, in individuals with 
chronic diseases, anaemia of inflamma�on (AI) 
can be associated with an absolute iron 
deficiency, especially in cases where there is 

69bleeding.

It is recommended to expand the repertoire of 
biochemical markers to differen�ate between 
AI and AI with iron deficiency (AI + IDA). These 
markers include red cell variables (such as 
hypochromic red cells and re�culocyte-specific 
indices of volume and hemoglobin content), 
transferrin satura�on, soluble transferrin 

68-72receptor (sTfR), and hepcidin.  Among the 
red cell variables, hypochromic red cells are 
used to iden�fy absolute iron deficiency in 
pa�ents with chronic renal failure, whereas 
re�culocyte-specific indices are used to assess 
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the iron status of these cells.  

However, the difficul�es in the diagnosis of AI + 
6 9IDA using these parameters remain.  

Transferrin satura�on is cheap and available in 
most laboratories, and is quite sugges�ve of 
IDA when below 16%. However, inflammatory 
illnesses affect transferrin satura�on and 
conclusions may be misleading if used as the 
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sole marker.  sTfR is an indicator of iron status 
and is elevated in IDA. It can be useful in the 
diagnosis of AI + IDA although it is rela�vely 

73 
expensive and not widely available. The TfR 
index, a ra�o between sTfR and log of ferri�n, is 
considered a good indicator of IDA in pa�ents 
with chronic diseases, but it depends on the 

73
viability of the sTfR measurement.

Hepcidin, a 25 amino-acid pep�de discovered 
at the beginning of this century, is a regulator 
of iron metabolism. This molecule induces the 
degrada�on of ferropor�n, a membrane 

74,75protein responsible for iron transport.  Low 
levels of hepcidin are seen in IDA anemia, while 
the opposite is true in AI. However, this test is 

74, 75
most o�en used in research ins�tut ions.

The diagnosis of IDA is not always simple. 
S e r u m  f e r r i � n  a l o n e  i s  n o  l o n g e r 
recommended as the only diagnos�c test to 

assess IDA in the elderly. Furthermore, the 
other laboratorial exams parameters & 
challenges are described below.

a) Complete blood count

Prior to the development of  modern 
hematology blood analyzers, blood counts 
included hemoglobin (Hb) concentra�on, 
white blood cell (WBC) count, and manual 
platelet count. The other parameters like 
mean corpuscular volume (MCV) had to be 
mathema�cally calculated by using the 
measured parameters such as Hb, RBC count, 
and hematocrit (Hct). Modern analyzers 
provide CBC indices by using various physical 
and chemical methods such as electronic 
impedance, laser light sca�ering, light 
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absorp�on, and staining proper�es.

How wil l  CBC parameters such as Hb 
concentra�on, Hct, RBC count, MCV, MCHC, 
WBC count, platelet count, and other 
parameters related to formed elements of 
blood measured by modern blood analyzers 
help the diagnosis or management of the 
pa�ent. CBC iden�fies several different 
parameters and can provide a great deal of 
informa�on. Hematologic and biochemical 
varia�ons of red blood cells determine 
whether the pa�ent is anaemic or not. If 
anaemia is present, MCV is likely to provide 
clues about the cause of anaemia. While an 
infect ion can lead to increased WBC, 
lymphocytosis can be seen in viral infec�ons 
(but not always so).

Abnormal size or number of platelets may be 
either due to the direct effect of any underlying 
blood disease or may simply be the reflec�on 
of the presence of some other underlying 
pathologies. Because of all these, CBC 
parameters obtained as a result of clinical 
evalua�on should be reassessed more 
carefully and curiously. Therefore, the 
fundamental parameters of CBC such as Hb 
concentra�on,  RBC,  Hct ,  MCV,  mean 
corpuscular hemoglobin (MCH), MCHC, and 
red blood cell distribu�on width (RDW) which 



plays an important role in the diagnosis, 
treatment, and monitoring of the anaemic 
pa�ent will be explained below.

b) Hemoglobin concentra�on

Determina�on of Hb is a part of CBC. 
Hemoglobin is intensely colored, and this 
property has been used in methods for 
es�ma�ng its concentra�on in the blood. 
Erythrocytes contain a mixture of hemoglobin, 
oxyhemoglob in ,  carboxyhemoglob in , 
methemoglobin, and minor amounts of other 
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forms of haemoglobin.

Monitoring the response to treatment of 
anaemia and to evaluate polycythemia, Hb 
concentra�on is used to screen for diseases 
associated with anaemia and to determine the 
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severity of anaemia.  Finding an increased Hb 
concentra�on requires a systema�c clinical 
approach for differen�al diagnosis and further 
inves�ga�on.  The condi�ons such as 
polycythemia vera, conges�ve heart failure, 
chronic obstruc�ve pulmonary disease, etc., 
can cause Hb levels to rise.

Decreased Hb levels are found in anemia. Hb 
must be evaluated along with the RBC and Hct. 
In iron deficiency, hemoglobinopathies, 
p e r n i c i o u s  a n a e m i a ,  l i v e r  d i s e a s e , 
hypothyroidism, hemorrhage (chronic or 
acute), hemoly�c anaemia (caused by 
transfusions, reac�ons to chemical or drugs, 
infec�ous and physical agents), and various 
systemic diseases (e.g., Hodgkin’s disease, 
leukemia, etc.), decrease in Hb levels can be 
observed.

Va r i a � o n s  i n  H b  l e v e l s  o c c u r  a � e r 
hemorrhages, transfusions, and burns (Hb and 
Hct are both high during and immediately a�er 
hemorrhage). Hb and Hct supply valuable 
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informa�on in an emergency situa�on.  
Excessive fluid intake, pregnancy, and drugs, 
etc., which cause increase in plasma volume 
and decrease the Hb values, are interfering 
factors. Drugs such as methyldopa and 
extreme physical exercise can give rise to 
increased Hb levels. In addi�on, people living 

i n  h i g h  a l � t u d e s  h ave  i n c re a s e d  H b 
79concentra�on, Hct, and RBC count. 

c) Red blood cell count

The quan�fica�on of the percentage of 
microcy�c and hypochromic RBCs has proved 
its clinical usefulness in the differen�al 

80diagnosis of microcy�c anaemia.  RBC count 
has been recognized as the most efficient 
single classical measurement in the differen�al 
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diagnosis of microcy�c anaemia.  Iron-
deficient erythropoiesis is characterized by the 
produc�on of RBC with a decrease in Hb 
content, so a high percentage of hypochromic 
cells are present. In β-thalassemia cases, 
increased RBC count is a characteris�c as a 
result of chronic increase in erythropoiesis. 
Therefore, MCV and MCH are lower in beta 

82thalassemia than in iron deficiency anemia.

d) Hematocrit

The word hematocrit, also called packed cell 
volume (PCV), means “to separate blood,” 
which underscores the mechanism of the test, 
because the plasma and blood cells are 
separated by centrifuga�on.

Decreased Hct values are an indicator of 
anemia, in which there is a reduc�on in the 
Hct. An Hct ≤30% means that the pa�ent is 
severely anemic. Decreased values also occur 
in leukemias, lymphomas, Hodgkin’s disease, 
adrenal insufficiency, chronic diseases, acute 
and chronic blood loss, and hemoly�c 
reac�ons (transfusions, chemical, drug 
reac�ons, etc.).

Increased Hct values are observed in 
erythrocytosis, polycythemia vera, and shock 
(when hemoconcentra�on rise). Interfering 
factors such as pregnancy, age, sex, and 
dehydra�on have different effects in Hct. 
People living in high al�tudes have increased 
Hct values and RBC count. Hct decreases in the 
physiologic hydremia of pregnancy. Hct varies 
with age and gender. Hct levels are lower in 
men and women older than 60 years of age. 
Severe dehydra�on from any cause falsely 
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increases the Hct value.

e) Red blood cell indices

The s ize  and hemoglobin  content  of 
erythrocytes (red blood cell indices), based on 
popula�on averages, have tradi�onally been 
used to assist in the differen�al diagnosis of 
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anemia.  Some red blood cell parameters (for 
instance, RBC count, Hb concentra�on, MCV, 
RDW) are directly measured, while the others 
(e.g., Hct, MCV, MCHC) are derived from these 
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p r i m a r y  m e a s u r e m e n t s .  T h e s e 
measurements are provided by any of the 
common automated instruments. Instruments 
vary somewhat in their technologies. The most 
c o m m o n l y  u s e d  m e t h o d  i s  e i t h e r  a 
combina�on of a highly focused light source, 
an electric field, and a laser - based flow 
cytometry or a radiofrequency wave to 
discriminate between cells. 

Automated instruments are not only fast but 
extremely accurate. The coefficient of 
var ia�on (measurement error)  of  an 
automated counter is usually less than 2%, and 
each of the major measurements, including 
the hemoglobin level, red blood cell count, and 
m e a n  c o r p u s c u l a r  v o l u m e ,  c a n  b e 
standardized independently with commercial 
red blood cell and hemoglobin standards.

● Mean corpuscular volume (MCV)

MCV has been used to guide the diagnosis of 
anaemia in pa�ents, for example, tes�ng 
pa�ents with microcy�c anaemia for iron 
deficiency or thalassemia and those with 
macrocy�c anaemia for deficiency of folate or 
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vitamin B12. The reference value of MCV ± 2 
SD is 90 ± 9 fL and generally coincides with the 
peak of the Gaussian distribu�on of RBC size. 
Although MCV is both accurate and highly 
reproducible, errors may be introduced by RBC 
agglu�na�on, distor�ons in cell shape, the 
presence of very high numbers of WBCs, and 
sudden osmo�c swelling. MCV results are the 
basis of the classifica�on system used to 
evaluate an anaemia.

● Mean corpuscular hemoglobin (MCH)

MCH, the amount of hemoglobin per red blood 
cell, increases or decreases in parallel with 
MCV and generally provides similar diagnos�c 
informa�on. Because this parameter is 
a ff e c t e d  b y  b o t h  h y p o c h r o m i a  a n d 
microcytosis, it is least sensi�ve as MCV in 

87detec�ng iron deficiency states.

The reference value of MCH is 32 ± 2 pg. This is 
an excellent measure of the amount of 
hemoglobin in individual red blood cell. 
Pa�ents with iron deficiency or thalassemia 
who are unable to synthesize normal amounts 
of hemoglobin show significant reduc�ons in 

88the MCH.  An increase of MCH is associated 
with macrocy�c anemia; a decrease of MCH is 
associated with microcy�c anemia.

Hyperlipidemia is one of the interfering factors 
of MCH because it falsely increases MCH 

3values. WBC counts >50,000/mm  also falsely 
provide increased level for MCV as well as for 
Hb. In addi�on, high heparin concentra�ons 
also falsely elevate MCH value.

●  M e a n  c o r p u s c u l a r  h e m o g l o b i n 
concentra�on (MCHC)

MCHC is not used frequently for diagnos�c 
purpose, but is primarily useful for quality 
control purposes, such as detec�ng sample 
turbidity. Because MCHCs are average 
quan��es in the blood with mixed-cell 
popula�ons, it is difficult for these red blood 
cell indices to detect abnormali�es in the 
blood. The reference value of MCHC is 33 ± 3 
g/dL. The principal purpose of MCHC is to 
detect pa�ents with hereditary spherocytosis 
who has very small, dense spherocytes in the 
circula�on. These spherocytes represent cells 
that have lost considerable intracellular fluid 
because of a membrane defect. In situa�ons 
such as sideroblas�c anaemia, recently 
transfused pa�ents, pa�ents with severe 
pernicious anaemia with red blood cell 
fragmenta�on, and in condi�ons where both 
folate and iron deficiency are present, both 
large and small red blood cells are observed, 



which compromise the value of MCV. When 
present in significant numbers, they will cause 
MCHC to increase to levels in excess of 36 

86g/dL.  Decreased MCHC indicates that packed 
RBCs (a unit volume) contain less Hb than 
normal.

MCHC is decreased in hypochromic anemia 
(MCHC < 30 g/dL) observed in iron deficiency, 
microcy�c anemias, chronic blood loss 
anaemia, and some thalassemias. Increased 
MCHC levels (RBCs cannot accommodate 
more than 37 g/dL Hb) occur in spherocytosis, 
in newborns and infants. Because of falsely 
eleva�ng MCHC, lipemia, cold agglu�nins or 
rouleaux, and high heparin concentra�ons 
may be among the interfering factors. MCHC 
cannot be greater than 37 g/dL because the 
RBC cannot accommodate more than 37 g/dL 
Hb.

● Red blood cell distribu�on width (RDW)

RDW is an es�mate of the variance in the 
volume within the popula�on of red blood 
cells. RDW, provided by automated counters, is 
an index of the distribu�on of RBC volumes. 
RDW is derived from pulse height analysis and 
can be expressed as an SD (fL) or as a 
coefficient of varia�on (%) of the red cell 

volume. Automated counters use two 
methods to calculate RDW. The first is referred 
to as RDW-CV. RDW-CV is the ra�o of the width 
of the red blood cell distribu�on curve at 1 SD 
divided by MCV (normal RDW-CV = 13 ± 1%). 
Since it is a ra�o, changes in either the width of 
the curve or MCV will influence the result. In 
microcytosis, any changes in the RDW-CV 
simply reduce the denominator of the ra�o. 
Conversely, in macrocytosis the change in the 
width of the curve will minimize the change in 
RDW-CV. A second method of measuring the 
RDW is RDW-SD and is independent of MCV. 
RDW-SD is measured by calcula�ng the width 
at the 20% height level of the red blood cell size 
distribut ion histogram (normal RDW-SD = 42 ± 
5 fL).

Red blood cell distribu�on width. Automated 
counters provide measurements of the width 
of the red blood cell distribu�on curve. RDW-
CV is calculated from the width of the 
histogram at 1 SD from the mean divided by 
MCV.

Both measurements of RDW are essen�ally 
mathema�cal statement of anisocytosis. 
Increases in the RDW suggest the presence of a 
mixed popula�on of cells. Double popula�ons, 
whether microcy�c cells mixed with normal 



cells or macrocy�c cells mixed with normal 
cells, will widen the curve and increase the 
RDW. The RDW-SD is more sensi�ve to the 
appearance  of  minor  popula�ons  of 
macrocytes or microcytes since it is measured 
lower on the red blood cel l  volume-
distribu�on curve.

The RDW can be used to  d is�nguish 
thalassemia (normal  RDW) from iron 
deficiency anaemia (high RDW). Also, it can be 
used to dis�nguish chronic disease anaemia 
(normal RDW) from early iron deficiency 
anaemia (elevated RDW). RDW increases in 
iron deficiency anaemia, vitamin B12 or folate 
deficiency (pernicious anemia), abnormal Hb 
(S, S-C, or H), S-β thalassemia, immune 
hemoly�c anaemia, marked re�culocytosis, 
and posthemorrhagic anaemia.

The RDW may be an alternate marker for 
systemic inflamma�on and/or oxida�ve stress; 
however, the predic�ve value of RDW is 
independent of other inflammatory markers. 
This suggests that this biomarker also follows 
o t h e r  n o n e m p i r i c a l  p r o c e s s e s .  T h e 
determina�on of the physiological and 
biological mechanisms that associate RDW to 
adverse clinical results is important in using 
these prognos�c biomarkers to therapeu�c 
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decisions.

● Stained peripheral blood smear

Peripheral  blood smears can provide 
important addi�onal informa�on about RBC 
morphology in anaemia and are easily 
prepared manually using glass slides. The 
hematology laboratory usually examines a 
peripheral blood smear if the pa�ent’s indices 
are abnormal (unless there has been no major 
change from previous CBCs). If an underlying 
blood disorder is suspected, a film should be 
requested. Automated instruments ensure 
accurate RBC counts and indices and WBC 
counts and differen�als in both healthy and 

90diseased individuals.

In clinical cases, the varia�on such as staining, 
color, shape, and inclusion bodies in the blood

smear of RBCs is not only an indica�on of RBC 
abnormali�es but also a diagnosis of diseases.

● Re�culocyte count

Re�culocyte count is an essen�al component 
of CBC and has a substan�al role in ini�ally 
classifying any anaemia. Re�culocytes are 
newly formed red blood cells with residual 
strands of nuclear material called “re�culin” 
that remain following extrusion of the nucleus 
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from bone marrow normoblasts.  The 
re�culocyte is a young red blood cell 
containing residual ribosomal RNA that can be 
stained with a supravital dye such as acridine 
orange or new methylene blue.

The re�culocyte count can be used in 
differen�a�on of  the pa�ents with a 
func�onally normal marrow response to 
anemia/hypoxia and those with a failed 
marrow response. Whenever the re�culocyte 
produc�on index (RPI) increases to levels 
greater than three �mes normal in response to 
an anaemia (hematocrit <30%), it can be 
assumed that the pa�ent has normal renal 
func�on with an appropriate erythropoie�n 
response and a normal erythroid marrow with 
an adequate supply of key nutrients (iron, folic 
acid, and vitamin B12)

Re�culocytosis, increased RBC produc�on, 
occurs when the bone marrow is replaced, is 
lost, or has prematurely destroyed cells. 
Iden�fying re�culocytosis is important for the 
recogni�on of other clinic condi�ons such as 
hidden chronic hemorrhage or unrecognized 
hemolysis (e.g., thalassemia, sickle cell 
anaemia). Re�culocyte levels increase in 
hemoly�c anaemia, immune hemoly�c 
anaemia, primary RBC membrane problems, 
hemoglobinopathy, RBC enzyme deficits, and 
malaria.

Increased re�culocyte count a�er hemorrhage 
(3–4 days) or a�er treatment of anaemias can 
be used as an index for an effec�ve treatment. 
In iron deficiency anaemia, re�culocytes may 
increase to more than 20% a�er sufficient 
doses of iron. A propor�onal increase in 



re�culocytes can also be seen when pernicious 
anemia is treated by transfusion or vitamin B12 
therapy. If there is not enough erythrocyte 
produc�on in  the  bone marrow,  the 
re�culocyte count decreases in untreated iron 
deficiency anaemia and aplas�c anaemia, 
untreated pernicious anaemia, anaemia of 
chronic disease, radia�on therapy, endocrine 
problems, tumor in the marrow (bone marrow 
failure), myelodysplas�c syndromes, and 
alcoholism.

Interfering factors: 

Re�culocytes are normally increased in infants 
and during pregnancy. Recently transfused 
pa�ents have a lower count because of the 
dilu�on effect. The presence of Howell-Jolly 
bodies falsely elevates re�culocyte count 
when automated methods are used. Some 
other laboratory tests are useful to define the 
physiologic defects responsible for anaemia. 
I n d i r e c t  s e r u m  b i l i r u b i n  a n d  l a c � c 
dehydrogenase (LDH) levels increase in 
pa�ents with increased hemolysis and in 
ineffec�ve erythropoiesis. Indirect bilirubin 
levels correlate with RBC turnover rate. Serum 
LDH is exceedingly responsive to increased 
rates of RBC destruc�on (because of the excess 
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levels of LDH 1 in RBCs).

Re�culocyte hemoglobin content (CHr or Ret-
He) measurement demonstrates Hb synthesis 
in marrow precursors. Ret-He also reflects the 
early stages of iron deficiency. Ret-He is 
defined as an auxiliary parameter in the 
differen�al diagnosis of anaemias.

f) Marrow examina�on

Bone marrow examina�on has a special place 
in the cause of anaemia since it is the organ of 
blood produc�on. The marrow examina�on is 
of greatest value in pa�ents who fail to show 
an appropriate increase in the re�culocyte 
produc�on index in response to anaemia. A 
sample of the marrow can easily be obtained 
by needle aspirate or biopsy to evaluate overall 
ce l lu lar i ty,  the  ra�o of  erythro id  to 
granulocy�c precursors (E/G ra�o), and 

cellular morphology. In these pa�ents defects 
in erythroid precursor prolifera�on or 
matura�on play a major role.

Examina�on of any marrow aspirate should 
include a careful assessment for evidence of a 
red blood cell matura�on abnormality, 
especially changes in cell size, nuclear 
morphology, and hemoglobin produc�on. A 
number of anaemias are characterized by 
dis�nct abnormali�es in the matura�on 
sequence and the morphology at each stage of 
matura�on. The assessment of the bone 
marrow is the gold standard in iron deficiency. 
T h e  p r e s e n c e  o f  t h e  m i n e r a l  i n 
re�culoendothelial cells is the key to the 

91diagnosis.

g) Tests of iron

Iron supply tests (serum iron level, transferrin 
iron-binding capacity, and serum ferri�n level) 
play an important role in the ini�al differen�al 
diagnosis of an anaemia. They are essen�al 
components to the marrow iron stain 
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whenever a marrow aspirate is performed.  
Serum iron levels. This is serum iron (SI) 
measurement which reflects an amount of iron 
bound to transferrin. The reference range of SI 
level is 50–150 μg/dL for an individual. The 
prolifera�ve capacity of the erythroid marrow 
and its ability to synthesize hemoglobin are 
assessed by serum iron level.

Total iron-binding capacity (TIBC). The amount 
of iron which is bound to transferrin is called 
TIBC. Actually, it is equivalent to measuring the 
level of transferrin. The reference value of TIBC 
is 300–360 μg/dL. TIBC increases in excess of 
360 μg/dL in pa�ents with severe iron 
deficiency. Serum ferri�n level. Ferri�n is a 
spherical protein and is used clinically to 
evaluate total body storage iron (body iron 
stores). A normal adult male has a serum 
ferri�n level of between 50 and 150 μg/L, 
reflec�ng iron stores of 600–1000 mg. Serum 
ferri�n levels decrease when the iron stores 
are depleted. Levels below 10–15 μg/L indicate 
iron deficiency due to exhaus�on of iron store.
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CHALLENGES IN MANAGEMENT

Major reasons for inadequate response to oral 
94

iron therapy.

► Inadequate iron intake:

●  Pa�ent not taking oral iron therapy

● Pa�ent taking an iron supplement or 
mul�vitamin tablet with insufficient iron 
content

► Inadequate iron absorp�on:

● Concomitant consump�on of inhibitors of 
iron absorp�on (eg, tea, calcium, antacids, 
tetracycline, within 2 hours of iron 
inges�on)

● Coexis�ng inflamma�on with func�onal iron 
deficiency

● Intes�nal mucosal disorders (eg, coeliac 
disease, inflammatory bowel disease)

● Impaired gastric acid secre�on (including use 
of proton pump inhibitors)

● Gastric/intes�nal bypass procedures

● Helicobacter pylori colonisa�on

● Controlled-release iron formula�ons may 
contribute (ie, poten�al for limited iron 
absorp�on in some pa�ents)

► Ongoing iron losses or need in excess of 
dose absorbed:

●  O c c u l t ,  u n d ia g n o s ed  o r  rec u r rent 

gastrointes�nal blood loss (eg, pep�c ulcer, 
malignancy, angiodysplasia, small bowel 
lesion, parasites)

● Other source of recurrent blood loss (eg, 
menorrhagia due to uterine pathology or an 
inherited bleeding disorder such as von 
Willebrand disorder)

● Mul�ple sources of recurrent blood loss (eg, 
hereditary haemorrhagic telangiectasia)

● Ongoing urinary iron losses (eg, significant 
valve haemolysis)

● Renal failure responding to erythropoie�n-
s�mula�ng agents

► Coexis�ng condi�on interfering with bone 
marrow response:

● Superimposed infec�on, inflamma�on, 
malignancy or renal failure

● Concomitant B12 or folate deficiency

● Coexis�ng primary bone marrow disease or 
suppression

► Incorrect diagnosis or more than one cause 
of anaemia:

● Anaemia of chronic disease or renal failure

● Haemoglobinopathy

● Other causes of anaemia (eg, haemolysis, 
myelodysplas�c syndromes, congenital 
anaemia, endocrine disorders)
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A�er a�ending to any discovered underlying 
cause, the aim of treatment should be to 
restore Hb concentra�ons and red cell indices 
to normal, and replenish iron stores. If this 
cannot be achieved, considera�on should be 
given to further evalua�on.

Iron therapy

Treatment of an underlying cause should 
prevent further iron loss, but all pa�ents 
should have iron supplementa�on both to 
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correct anaemia and replenish body stores.  
This is achieved most simply with ferric 
ammonium citrate, ferrous ascorbate etc. Oral 
iron should be con�nued for 3 months a�er 
the iron deficiency has been corrected so that 
stores are replenished.

For those intolerant or not responding to oral 
iron, Intravenous iron sucrose is reasonably 
well tolerated (35% of pa�ents have mild side 
effects including abdominal pain, nausea, 
headache and diarrhoea), with a low incidence 

96,97
of serious adverse reac�ons (0.03–0.04%).  
Blood transfusions should be reserved for 
pa�ents with symptoma�c anaemia despite 

iron therapy or at risk of cardiovascular 
instability because of their degree of anaemia 
(C), par�cularly if they are due to have 
endoscopic inves�ga�ons before a response 

98from iron treatment is expected.  Transfusions 
should aim to restore Hb to a safe level, but not 
necessarily normal values. Iron treatment 
should follow transfusion to replenish stores.

Follow-up

Once normal, the Hb concentra�on and red cell 
indices should be monitored at intervals. We 
suggest 3 monthly for 1 year, then a�er a 
further year, and again if symptoms of anaemia 
develop a�er that. Further oral iron should be 
given if the Hb or red cell indices fall below 
normal (ferri�n concentra�ons can be 
reserved for cases where there is doubt). 
Further inves�ga�on is only necessary if the Hb 
and red cell indices cannot be maintained in 
this way. It is reassuring that iron deficiency 
does not recur in most pa�ents in whom a 
cause is not found a�er upper GI endoscopy, 
tes�ng for coeliac disease, and large-bowel 

99,100
inves�ga�on.
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An abbreviated flow chart of the inves�ga�on of iron deficiency anaemia.

OGD, oesophagogastroduodenoscopy; tTG Ab, �ssue transglutaminase an�body.
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Inves�ga�on of premenopausal women

IDA occurs in 5-12% of otherwise healthy pre-
101, 102

menopausal women  and is usually due to 
menstrual loss, increased demands in 
pregnancy and breast feeding, or dietary 

103
deficiency.  The yield of GI inves�ga�on in 
these ‘pa�ents’ has been inves�gated in 

104,105several studies.  Malignant tumours have 
been found in 0–6.5% of pa�ents, but the two 
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studies  with highest detec�on rates have 
been cri�cised as non-representa�ve. It 
therefore seems l ikely that,  although 
m a l i g n a n t  t u m o u r s  m a y  o c c u r  i n 
asymptoma�c premenopausal women, they 
are extremely uncommon. Coeliac disease is 
present in up to 4% of premenopausal women 
in these studies. All premenopausal women 
with IDA should be screened for coeliac 
disease. Age is the strongest predictor of 
pathology in pa�ents with IDA, and thus GI 
i n v e s � g a � o n  a s  o u t l i n e d  a b o v e  i s 

r e c o m m e n d e d  f o r  a s y m p t o m a � c 
premenopausal women with IDA aged 50 
years or older.

O G D  s h o u l d  b e  c o n s i d e r e d  fo r  a n y 
premenopausal women with IDA and upper GI 
symptoms according to the Department of 
Health referral guidelines for suspected upper 

1 0 6GI  cancer.  Co lonic  inves�ga�on in 
premenopausal women aged <50 years should 
be reserved for those with colonic symptoms, 
a strong family history (two affected first-
degree rela�ves or just one first-degree 
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rela�ve affected before the age of 50 years ), 
or persistent IDA a�er iron supplementa�on 
and correc�on of poten�al causes of losses 
(eg, menorrhagia, blood dona�on and poor 
diet).

Although it is convenient to use the term 
premenopausal, it is menstrua�on that 
influences the inves�ga�ve pathway. Thus 
those premenopausal women who have IDA 
but no menstrua�on (eg, a�er hysterectomy) 
should be fully inves�gated. Pa�ents with 
significant comorbidity, the appropriateness of 
inves�ga�ng pa�ents with frailty and/or 
severe comorbidity needs to be considered on 
a case-by-case basis. Factors to be taken into 
account include the severity and recurrent 
nature of the anaemia, the risk of bowel 
prepara�on before lower GI inves�ga�on, and 
the poten�al fitness of the pa�ent to 
withstand treatment in the event that a 
colorectal cause was iden�fied. The least 
invasive test should be used where deemed 
appropriate. 

There are no data in the literature about the 
detec�on rate of cancer in pa�ents with IDA 
being inves�gated with unprepared CT or 
minimally prepared CT compared with 
standard CT colography or colonoscopy. 
Provisional data from the na�onal bowel 
cancer screening programme show a pick up 
rate of 6.9% for minimal or unprepared CT (101 
pa�ents) compared with 11% for colonoscopy 
(>33 000 pa�ents). Thus, although unprepared 
CT may miss occasional cancers, we con�nue 
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to recommend this for very frail pa�ents in 
whom bowel prepara�on may be risky. An 
older pa�ent with weight loss may benefit 
from an ini�al CT scan of the abdomen, pelvis 
and thorax, and, if malignancy is found, 
endoscopy may not be necessary.

Pa�ents awai�ng surgery

Prompt and effec�ve iron replacement is 
n e e d e d  b e fo re  u rg e n t  s u rg e r y,  a n d 
intravenous iron is a likely cost-effec�ve 
solu�on that may obviate the need for blood 
transfusion.

Young men

Although the incidence of important GI 
pathology in young men is low, there are no 
data on the yield of inves�ga�on in those with 
IDA. In the absence of such data, we 
recommend that young men should be 
inves�gated in the same manner as older men. 
Where there is an obvious cause of blood loss 
(eg, blood dona�on), it is reasonable to avoid 
inves�ga�ons unless anaemia recurs despite 
correc�on of the cause of blood loss.

Pregnant women

Mild IDA is common in pregnancy, and iron 
replacement should be encouraged as soon as 
the diagnosis is made. A careful history and 
examina�on should be made, specifically 
seeking a family history of gastrointes�nal 
neoplasia or coeliac disease. Coeliac serology 
should be carried out. If it is posi�ve, 
endoscopy and duodenal biopsy can be 
performed, as there is no evidence this is 
unsafe in pregnancy. If there is concern about 
lower GI pathology, further inves�ga�on 
should be considered, although in some 
pa�ents this may be delayed un�l a�er 
delivery.

Performing unsedated flexible sigmoidoscopy 
108

in pregnancy is considered quite safe.  
However, there are insufficient data on the 
safety  of  performing colonoscopy in 
pregnancy, and, because of its poten�al to 
cause serious adverse events, it should be 
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reserved for very strong indica�ons.  MR 
colography is believed to be safe for mother 
and fetus and should be preferred to 
radiological imaging. The Na�onal Radiological 
Protec�on Board considers it prudent to avoid 
MRI in the first trimester.

Post-gastrectomy

IDA is very common in pa�ents with par�al or 
109total gastrectomy,  probably because of poor 

chela�on and absorp�on of iron as a result of 
loss of ascorbic acid and hydrochloric acid, and 
loss of free iron in exfoliated cells. However, 
these pa�ents also have a two- to three-fold 
increased risk of gastric cancer a�er 20 years, 
and probably an increased risk of colon cancer. 
Inves�ga�on of IDA in post-gastrectomy 
pa�ents aged >50 years of age is therefore 
recommended. Bariatric surgery can lead to 
iron deficiency, but iron supplementa�on is 
usually recommended a�er surgery to prevent 
the problem.

Iron deficiency without anaemia

Iron deficiency without anaemia (confirmed by 
low serum ferri�n-hypoferri�naemia) is three 

110�mes as common as IDA,  but there is no 
consensus on whether these pa�ents should 
be inves�gated, and further research is 
needed. The largest study shows very low 
prevalence of GI malignancy in pa�ents with 
iron deficiency alone (0.9% of postmenopausal 
women and men, and 0% of premenopausal 

110women).  Higher rates have been reported 
111,112

only in more selected groups.  In the 
absence of firm evidence, we tenta�vely 
recommend coeliac serology in all these 
pa�ents but that other inves�ga�on be 
reserved for those with higher-risk profiles (eg, 
age >50 years) a�er discussion of the risks and 
poten�al benefits of upper and lower GI 
inves�ga�on. All others should be treated 
empirically with oral iron replacement for 3 
months and inves�gated if iron deficiency 
recurs within the next 12 months.
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SUMMARY & 
RECOMMENDATIONS

SUMMARY OF CURRENT WHO 
RECOMMENDATIONS FOR THE PREVENTION, 
CONTROL AND TREATMENT OF ANAEMIA IN 
WOMEN

●  I n t e r m i � e n t  i r o n  a n d  f o l i c  a c i d 
supplementa�on is advised in menstrua�ng 
women living in se�ngs where the prevalence 
of anaemia is 20% or higher.

● Daily oral iron and folic acid supplementa�on 
is recommended as part of antenatal care, to 
reduce the risk of low birth weight, maternal 
anaemia and iron deficiency. In addi�on to iron 
and folic acid, supplements may be formulated 
to include other vitamins and minerals,  
Micronutrient Prepara�on to overcome other 
possible maternal micronutrient deficiencies.

● In areas where the prevalence of anaemia 
among pregnant women is lower than 20%, 
i n t e r m i � e n t  i r o n  a n d  f o l i c  a c i d 
supplementa�on in non-anaemic, pregnant 
women is advised, to prevent anaemia and to 
improve pregnancy outcomes.

●  I n  t h e  p o s t p a r t u m  p e r i o d ,  i r o n 
supp lementa�on,  e i ther  a lone  or  in 
combina�on with folic acid, for at least 3 
months, may reduce the risk of anaemia by 
improving the iron status of the mother.

● For�fica�on of wheat and maize flours with 
iron, folic acid and other micronutrients is 
advised in se�ngs where these foods are 
major staples.

● In malaria-endemic areas, the provision of 
iron and folic acid supplements should be 
made in conjunc�on with public health 
measures to prevent, diagnose and treat 
malaria.

● In emergencies, pregnant and lacta�ng 
women should be given the United Na�ons 
Children’s Fund (UNICEF)/WHO micronutrient 
supplement providing one RNI (recommended 
nutrient intake) of micronutrients daily 
(including 27 mg iron), whether or not they 

receive for�fied ra�ons. Iron and folic acid 
supplements, when already provided, should 
be con�nued.

● All pregnant women with ac�ve tuberculosis 
should receive mul�ple micronutrient 
supplements that contain iron and folic acid 
and other vitamins and minerals, according to 
the UNIMAP, to complement their maternal 
micronutrient needs.

● Mul�ple micronutrient supplements offer 
important benefits pregnant women in poor 
se�ngs, par�cularly for pregnant women with 
HIV to reach recommended levels.

● Exclusive breas�eeding of infants for up to 6 
months of age should be protected, promoted 
and supported. The beneficiaries include the 
i n f a n t  a n d  t h e  m o t h e r  ( i . e .  l o n g e r 
amenorrhoea, increased birth spacing), as well 
as the newborn (an important source of iron, 
which is very well absorbed in breast milk).

IMPORTANT INTERVENTIONS FOR 
PREVENTION AND CONTROL OF ANAEMIA

● A diet containing adequate amounts of 
bioavailable iron should underpin all efforts for 
preven�on and control of anaemia.

●  Malar ia  control :  chemoprophylaxis 
/intermi�ent preventa�ve treatment, insec�c 
idetreated nets and vector elimina�on.

● Deworming: periodic treatment with 
anthelminthic (deworming) medicines, 
without previous individual diagnosis, for all 
women of childbearing age (including 
pregnant women in the second and third 
trimesters and breas�eeding women) living in 
endemic areas. For non-pregnant women, 
treatment should be given once a year when 
the prevalence of soil-transmi�ed helminth 
infec�ons in the community is over 20%, and 
twice a year when the prevalence of soil-
transmi�ed helminth infec�ons in the 
community exceeds 50%.

● Late cord clamping (not earlier than 1 min 
a�er birth) is recommended for improved 
maternal and infant health and nutri�on 
outcomes, including increased iron stores in 
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term infants, reducing the need for blood 
transfusions for low blood pressure or 
anaemia in preterm neonates.

● Early interven�ons targe�ng adolescent girls 
for preven�on of iron deficiency anaemia are 
cri�cal,  especial ly in areas with high 
adolescent birth rates and early marriages.

● Basic hygiene reduces the risk of infec�on; 
therefore, water and sanita�on interven�ons 
can be integrated in order to reduce nutri�onal 
losses incurred by infec�on and also reducing 
inflamma�on.

● Educa�on must encompass the component 

of reproduc�ve health and family planning 
services for women and adolescent girls to 
encourage dialogue and promote adequate 
birth spacing.

● Educa�on will help promote gender equality 
and female empowerment.

● Where haemoglobinopathies and other 
inherited red cell disorders are likely to be 
prevalent, a baseline epidemiologic evalua�on 
of both haemoglobin and iron indices should 
be undertaken, to establish the rela�ve 
contribu�ons of iron deficiency and non-iron 
deficiency to the overall burden of anaemia.
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Feedback Form: July - September 2021
Iron deciency Anaemia: 

Challenges from Diagnosis to Management Across Community.

Dear Doctor,

Iron deficiency anaemia (IDA) con�nues to be a major public health problem in India. The issues of 
control of IDA in India are mul�ple. Inadequate dietary intake of iron, defec�ve iron absorp�on, 
increased iron requirements due to repeated pregnancies and lacta�on, poor iron reserves at birth, 
�ming of umbilical cord clamping, �ming and type of complementary food introduc�on, frequency of 
infec�ons in children, and excessive physiological blood loss during adolescence and pregnancy are 
some of the causes responsible for the high prevalence of anaemia in India. This review, therefore, is 
an a�empt to iden�fy and address the challenges from diagnosis to management across various age 
groups & pathological condi�ons across the community.

It is indeed a pleasure to present to you this QMR issue by Dr. Rabindra Kumar Jena, renowned 
consultant haematologist. In this issue, he is enlightening us on “Iron deficiency Anaemia: Challenges 
from diagnosis to management across community.”

I signoff by once again reminding you to con�nue sending your comments and sugges�ons regarding 
the QMR. Do write to me at rahul.badwaik@raptakos.com with your write-ups, notes or �tbits on 
various topics of interest that can make for informa�ve and interes�ng reading.

Dr. Rahul Badwaik

Vice President - Medical


