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 The fi eld of “benign” or “nonmalignant” hematology encompasses a wide 
and diverse range of inherited and acquired disorders, including abnormali-
ties in the number or function of white cells, red cells, and platelets, as well 
as coagulation disorders that can result in bleeding or clotting. Signifi cant 
advances in technology development now allow rapid diagnosis using sophis-
ticated clinical tests, while a parallel development in treatments has occurred 
that can alter the course and outcome of many of the nonmalignant hemato-
logic disorders. Therapies that target the precise pathophysiologic mecha-
nism at the level of the cell, protein, or nuclear material have developed at a 
rapid pace in the last decade. Assimilating and applying these new diagnostic 
and therapeutic modalities to daily patient care can be challenging. 

 Our book provides a concise case-based approach to the diagnosis and man-
agement of the many disorders faced by hematologists in academic and commu-
nity-based practice. Readers will become familiar with both the basics and 
nuances in care in a case-based format written by experts in the fi eld. Physicians 
in training, and physicians in any discipline wishing to increase their knowledge 
in this subspecialty area, will fi nd the question and answer format practical and 
informative, with direct relevance to daily practice. Readers will fi nd that 
 Nonmalignant Hematology: Expert Clinical Perspective  has clear takeaway 
points that are invaluable for physicians in any specialty faced with patients with 
hematologic disorders. It is hoped that professionals reading this book will fi nd 
the content of value in their own interactions with their patients.

      Zion ,  IL ,  USA      Syed     A.     Abutalib  ,   MD    
   Boston ,  MA ,  USA      Jean     M.     Connors  ,   MD    
   Pittsburgh ,  PA ,  USA      Margaret     V.     Ragni  ,   MD, MPH       
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      Evaluation of Anemia in Children 
and Adults                      

     Peter     W.     Marks     

          Case 1. Evaluation of Anemia 

 An 88-year-old man is referred for further evalu-
ation of anemia. He has generally been in good 
health, and his active medical issues only include 
mild hypertension, which has been well con-
trolled on a diuretic. Review of systems was 
unremarkable for fatigue, dyspnea, melena, or 
bright red blood per rectum. He was noted at the 
time of routine physical examination to have 
heme negative stool and on complete blood count 
was found to have a hemoglobin level of 13.0 g/
dL, MCV 88 fL, RDW 14.0 %. 

  Question 1.      The fi nding of a hemoglobin of 
13.0 g/dL in an 88-year-old man is: 

    A.    Potentially within the age appropriate normal 
range   

   B.    Clearly abnormal and warrants extensive fur-
ther diagnostic evaluation, including 
endoscopy   

   C.    Clearly abnormal and warrants further labo-
ratory diagnostic studies   

   D.    Clearly abnormal, but does not warrant further 
diagnostic evaluation because of patient age    

   Hemoglobin values change dramatically in 
the 2 months following birth, dropping from 
18.5 ± 4 g/dL (mean ± 2 S.D.) the day after birth 
to 11.5 ± 2.5 g/dL at 2 months of age (Christensen 
et al.  2009 ). The MCV during that time also 
decreases from a 108 ± 10 to 96 ± 19 fL. The val-
ues in male and female infants are similar. 
Subsequently, over the course of childhood and 
adolescence, the values gradually rise toward 
adult levels, diverging in the two sexes due to the 
effect of androgens in males. In adults 
18–49 years old, the normal hemoglobin is 
14.0 ± 2 g/dL in females and 15.5 ± 2 g/dL in 
males. The hemoglobin values provided here 
and in Table  1  below are approximate, and the 
normal ranges vary depending upon the individ-
ual laboratory. Similar hemoglobin values are 
found in adults up to about age 70. However, 
over the next two decades of life, the normal 
range for females drops by about 0.2 g/dL, 
whereas for males it drops by more than 1 g/dL 
due to the drop off in androgen production 
(Nilsson-Ehle et al.  2000 ).

   The key take away point here is that an indi-
vidual’s age is relevant for making a diagnosis of 
anemia, as defi ned by a hemoglobin value below 
the normal range (usually two standard devia-
tions below the mean). In particular, anemia 
should not be attributed to aging in women over 
70 years of age, whereas a hemoglobin value 
modestly below the adult normal range may be 
observed in men over age 70. 

        P.  W.   Marks ,  MD, PhD     
  Center for Biologics Evaluation and Research , 
 U.S. Food and Drug Administration , 
  10903 New Hampshire Avenue, WO71-7232 ,  Silver 
Spring ,  MD   20993 ,  USA   
 e-mail: peter.marks@fda.hhs.gov  

mailto:peter.marks@fda.hhs.gov


4

  Question 2.      A reticulocyte count for the 
88-year-old man with the hemoglobin of 
13.0 g/dL and hematocrit of 40 % is obtained 
and is found to be 1.7 %. The reticulocyte 
index is: 

    A.    0.8 %   
   B.    1.3 %   
   C.    1.5 %   
   D.    1.7 %    

   The reticulocyte count provides a relatively 
inexpensive way of narrowing the differential 
diagnosis of anemia that is present in an individ-
ual (Piva et al.  2015 ). It is appropriately elevated 
in response to blood loss or in various causes of 
hemolytic anemia and is low in various causes of 
hypoproliferative anemia or maturation abnor-
malities (Table  2 ). It can also be used to help 
monitor the response of either category of anemia 
to therapy. Understanding how to interpret the 
reticulocyte count that is reported by the labora-
tory is important.

   Under normal circumstances, the approxi-
mately 1 % of red blood cells newly released 
each day from the bone marrow contain residual 
RNA that is degraded over the course of 24 h, 
and they are also slightly larger than the cohort 
of more mature cells. These features defi ne the 
reticulocyte. When severe hemolytic anemia is 
present, a younger cohort of erythrocytes is 
released into the circulation, and these “shift” 
reticulocytes may persist for 2–3 days. On con-
ventional Wright stained smears, reticulocytes 
appear as slightly larger bluish-red cells that 
have decreased central pallor. They can be enu-
merated manually by supravital staining with 
new methylene blue or by automated methods 

when stained with  ethidium bromide. The reticu-
locyte count obtained by manual methods is 
reported as a percentage of total red cells; for 
automated methods, an absolute count can be 
obtained, although it is often converted into per-
centage. Whenever reported as a percentage 
when anemia is present, the reticulocyte count 
must be corrected for the degree of anemia using 
the formula:

 

Corrected reticulocytecount reticulocyte

count patient s h

=

( )% *
,

eematocrit
normal hematocrit

/é

ëê
ù

ûú   
The normal hematocrit used should be appropri-
ate for the patient’s age and gender. An additional 
correction is sometimes made when severe hemo-
lysis is present to correct for shift reticulocytes. 
Application of such correction factors for matu-
ration produces the reticulocyte index. Although 
more complex formulas exist, if hemolysis is 
present and the hematocrit is about half normal, 
the corrected reticulocyte count should be halved. 
For example, a female patient with sickle cell 

   Table 1    Change in hemoglobin levels through life   

 Age  Females (g/dL)  Males (g/dL) 

 1 day  18.5 ± 4.0  18.5 ± 4.0 

 2 months  11.5 ± 2.5  11.5 ± 2.5 

 1 year  12.0 ± 1.0  12.0 ± 1.0 

 10 years  13.5 ± 2.0  13.5 ± 2.0 

 18–49 years  14.0 ± 2.0  15.5 ± 2.0 

 70 years  14.0 ± 2.2  15.2 ± 2.4 

 90 years  13.8 ± 2.0  14.1 ± 2.0 

   Table 2    Categorization of anemia based upon reticulo-
cyte count   

 Reticulocyte index <1.5 % 
or reticulocyte count 
<75,000/μL 

 Reticulocyte index ≥2 % or 
reticulocyte count >100,000/
μL 

  Hypoproliferative 
anemias  

 Appropriate response to 
blood loss 

 Anemia of infl ammation 
(chronic disease) 

 Anemia of renal disease   Hemolytic anemias  

 Congenital syndromes  Hemoglobinopathies 

 Effects of drugs or 
toxins 

 Immune hemolytic anemias 

 Endocrine anemias  Infectious causes of 
hemolysis 

 Iron defi ciency  Membrane abnormalities 
(including liver disease) 

 Myelophthisis  Metabolic abnormalities 

  Maturation 
abnormalities  

 Mechanical hemolysis 

 Folate defi ciency 

 Vitamin B12 defi ciency 

 Sideroblastic anemia 

  Note that reticulocyte counts in the range of 1.5–2 % or 
75,000–100,000/μL are on the borderline and must be 
interpreted carefully in the clinical context  
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anemia may have a hematocrit of 20 % and a 
reticulocyte count of 8 %. Following correction 
and adjustment for maturation, the reticulocyte 
index is 2 %, which is still an appropriate 
response. The need for correction for hematocrit 
is avoided when the absolute reticulocyte count is 
used in calculating the reticulocyte index. 

 Modern instruments for performing the com-
plete blood count are also capable of providing a 
wealth of information regarding the hemoglobin 
content and size of the red cell (Thom  1990 ). In 
addition to the hemoglobin level and hematocrit, 
parameters commonly measured or calculated by 
most instruments include the mean corpuscular 
volume (MCV), mean corpuscular hemoglobin 
(MCH), mean corpuscular hemoglobin concen-
tration (MCHC), and the red cell distribution 
width (RDW). Of these values, the MCV is most 
informative for the evaluation of anemia, fol-
lowed by the RDW. Although the other red cell 
parameters (MCH, MCHC) may be of utility in 
certain special circumstances, they are not par-
ticularly helpful in identifying the cause of most 
types of anemia. 

 In contrast, MCV values facilitate the rapid 
categorization of anemia and are particularly 
helpful at the extremes: values less than 70 fL are 
generally indicative of moderate to severe iron 
defi ciency or a thalassemia syndrome, and values 
greater than 110 fL are generally associated with 
folate or vitamin B12 defi ciency, drug effects, or 

myelodysplastic syndromes. Table  3  illustrates 
the utility of the MCV in categorizing different 
causes of anemia. Whether the RDW adds to this 
categorization is debated by some clinicians. 
However, an elevated RDW does help differenti-
ate certain conditions such as ß-thalassemia 
minor (RDW normal) from iron defi ciency (RDW 
elevated) and aplastic anemia (RDW normal) 
from immune hemolytic anemia (RDW elevated). 
Further insight can be obtained by combining use 
of the reticulocyte count, MCV, and RDW to nar-
row the range of diagnostic possibilities.

    Question 3.      One schistocyte per high-power 
fi eld seen on this 88-year-old man’s smear 
indicates: 

    A.    Myelophthisis is likely to be present.   
   B.    Vitamin B 12  defi ciency may be present.   
   C.    Atypical hemolytic uremic syndrome may be 

present.   
   D.    A potentially normal fi nding.    

   The peripheral blood smear is an invaluable tool 
in the evaluation of anemia (Bain  2005 ). 
Information on red blood cell morphology can be 
obtained in the context of the number and morphol-
ogy of other cell lineages. Morphology may reveal 
such fi ndings as parasites (e.g., babesia or malaria) 
or may provide insight into organ  function 
(Table  4 ). Despite the availability of many more 

RDW Low MCV (<80 fL) Normal MCV (80–100 fL) High MCV (>100 fL)
Normal Anemia of inflammation

(Chronic disease)
Thalassemia trait
Hemoglobin E trait

Acute blood loss
Anemia of inflammation

(Chronic disease) 
Anemia of renal disease

Aplastic anemia
Drugs/Toxins
Alcohol 
Antivirals   
Chemotherapy

Hydroxyurea
Methotrexate

Elevated Iron deficiency
Sickle cell ß-thalassemia

Response to blood loss
(Reticulocytosis)

Early nutritional anemias
(iron, folate, vitamin B12)

Sickle cell disease
Chronic liver disease
Myelodysplasia

Folate deficiency
Vitamin B12deficiency
Immune hemolytic anemia
Chronic liver disease
Myelodys plasia

   Table 3    Categorization of anemia by MCV, RDW, and reticulocyte count       
  Elevated reticulocyte count is denoted by red font, and low reticulocyte count is denoted by blue font  
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sophisticated laboratory tests, the differential diag-
nosis can often be narrowed signifi cantly by 
thoughtful review of a well-prepared and properly 
stained peripheral blood smear, and in some cases, 
specifi c diagnosis can be accomplished. Although 
there are many ways to approach the review of the 
peripheral blood smear, use of a systematic 
approach may be helpful:

     1.    Determine if the smear is properly prepared 
and stained and choose an area for examina-
tion. Under medium to high power using the 
40× or 100× objective, granules should nor-
mally be visible in neutrophils and platelets, 
and an area in which the individual red 
blood cells are separated by about 0.5–1 cell 
diameter should be used for further 
examination.   

   2.    Examine the other cell lines present before 
moving on to the erythrocytes. Do the neutro-
phils have normal morphology, or are they 
hyperlobulated indicating a megaloblastic 
process, or are toxic granulations present 
 suggesting an infectious one? Are platelets 
present in relatively normal number (roughly 

5 per high-power fi eld), or are they reduced in 
number?   

   3.    Focus on the red blood cells examining size 
(normal erythrocyte diameter is about the size 
of a lymphocyte nucleus), distribution of size, 
and the area of central pallor (normally about 
one-third the cell diameter). Are the cells nor-
mochromic or hypochromic?   

   4.    Search for abnormal morphologic fi ndings 
(e.g., schistocytes, spherocytes, echinocytes, 
acanthocytes, dacrocytes) and for red cell 
inclusions (e.g., Howell-Jolley bodies, ring 
forms indicative of babesia or malaria). Note 
that one or two schistocytes may be found 
per high-power fi eld on normal peripheral 
blood smears. In addition, although degma-
cytes (bite cells), indicative of hemolysis 
due to oxidative stress in individuals with 
 glucose- 6- phosphate dehydrogenase defi -
ciency (G-6-PD defi ciency) and seen in 
Heinz body hemolytic anemia, are seen on 
conventional Wright stained blood smears, 
Heinz bodies themselves require supravital 
staining with new methylene blue for 
visualization.    

   Table 4    Interpretation of selected morphologic fi ndings of diagnostic importance in red blood cells   

 Morphologic fi nding  Description of red blood cell  Differential diagnosis 

 Schistocytes  Fragmented forms including 
helmet cells and more bizarre 
shapes 

 Microangiopathic hemolytic anemia 
 Mechanical hemolysis 

 Spherocytes  Absent central pallor  Immune hemolytic anemia 
 Hereditary spherocytosis 

 Echinocytes (burr cells)  Undulated red cell membrane  Uremia 

 Acanthocytes (spur cells)  Spiculated red cell membrane  Liver disease 
 Abetalipoproteinemia 

 Dacrocytes (teardrop cells)  Tear drop-shaped cells  Myelophthisis 
 Myelofi brosis 
 Severe megaloblastic anemia 

 Degmacytes (bite cells)  One or two small “bites” 
missing from cell surface 

 G-6-PD defi ciency 
 Heinz body hemolytic anemia 

 Howell-Jolly bodies  Single small (1–2 μm) round 
purplish inclusions in some red 
blood cells representing nuclear 
remnants 

 Splenic hypofunction or postsplenectomy 

 Pappenheimer bodies  Small (1–2 μm) purplish-gray 
inclusions of variable size 
representing precipitated 
granules of ferritin, ribosomes, 
and in some cases mitochondria 

 Hemolytic anemias such as sickle cell 
disease and thalassemia 
 Sideroblastic anemia 
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      Case 2. Evaluation of Nutritional 
and Other Causes of Anemia 

 A 27-year-old woman with no signifi cant past 
medical history presents to her primary care 
 physician for a routine visit. She occasionally 
takes ibuprofen for headaches but takes no other 
medications. On review, she notes mild fatigue 
but attributes this to long hours at work. She has 
never been pregnant, and notes regular, but heavy 
menses. Physical examination is essentially unre-
markable. A complete blood count reveals a 
hemoglobin level of 10.5 g/dL with an MCV of 
78 fL and RDW of 18 %. 

  Question 4.      What is the best testing strategy 
in this individual for the diagnosis of iron 
defi ciency? 

    A.    Serum iron, serum transferrin   
   B.    Serum iron, serum total iron binding capacity   
   C.    Serum ferritin   
   D.    Serum soluble transferrin receptor    

   When any signifi cant degree of anemia is 
present, the diagnosis of iron defi ciency is usu-
ally straightforward (DeLoughery  2014 ). Red 
cell indices demonstrating a low MCV and ele-
vated RDW especially in the context of a low 
reticulocyte count strongly suggest the diagnosis, 
which is further supported by the fi nding of 
hypochromia on review of the peripheral blood 
smear. In such a setting, the serum ferritin value 
is confi rmatory, and there is usually little utility 
in obtaining serum iron and transferrin levels, as 
they do not provide additional clinically relevant 
information. Although serum iron is typically 
low and serum transferrin or total iron binding 
capacity is typically high in iron defi ciency, dif-
ferences in day-to-day oral iron intake can lead to 
the fi nding of serum iron levels in the normal 
range, and infl ammatory conditions can lower the 
serum transferrin and total iron binding capacity. 
For reference, note that serum transferrin repre-
sents about 95 % of the total iron binding 
capacity. 

 The diagnosis of iron defi ciency is somewhat 
more complicated when anemia is absent or only 

very mild because there is no perfect laboratory 
test for the assessment of body iron stores. 
However, in the absence of systemic disease such 
as infection, infl ammation, or malignancy, a low 
serum ferritin level does correlate in a relatively 
reliable manner with the presence of iron defi -
ciency. However, since ferritin is stored in the 
liver and is an acute phase reactant, both hepatic 
injury and the infl ammatory response can lead to 
elevated serum ferritin levels even when iron 
defi ciency is present. For example, iron defi -
ciency may be present in individuals with rheu-
matoid arthritis even with serum ferritin levels of 
up to approximately 100 μg/L. In this setting, 
soluble transferrin receptor has been investigated 
as a marker of iron defi ciency. Although some-
what promising, its utility for this purpose has yet 
to be fully established (Braga et al.  2014 ), espe-
cially since in most cases when anemia is pres-
ent, the diagnosis can be established by 
integrating the information from red blood cell 
indices, the reticulocyte count, and review of the 
peripheral blood smear. 

  Question 5.      Some oval-shaped larger red 
blood cells (ovalocytes) and several neutro-
phils with fi ve lobes are seen on review of the 
27-year-old woman’s blood smear raising the 
possibility of a mixed picture anemia. What 
are the most appropriate tests to obtain in the 
evaluation for megaloblastic anemia? 

    A.    Serum folate, vitamin B 12  level   
   B.    Red cell folate, vitamin B 12  level   
   C.    Plasma homocysteine level, vitamin B 12  level   
   D.    Plasma homocysteine level and methylmalo-

nic acid level    

   In the past, there has been some controversy 
as to whether serum folate or red blood cell folate 
levels were more accurate in the diagnosis of 
folate defi ciency. Serum folate levels refl ect 
recent dietary intake, whereas red blood cell 
folate levels are thought to be more refl ective of 
tissue folate stores over the course of several 
months, given the life span of the red blood cell. 
Though on theoretical grounds use of red blood 
cell folate might seem more accurate in the 
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 diagnosis of folate defi ciency, this more  expensive 
test does not seem to correlate with true  defi ciency 
any better than serum folate (Farrell et al.  2013 ). 

 If a borderline value of serum folate is 
observed or if there is still question as to whether 
or not true folate defi ciency is present after a 
serum folate level is measured, a homocysteine 
level can be obtained. In the absence of renal fail-
ure and certain other conditions that lead to ele-
vated homocysteine levels, a markedly elevated 
(about twice normal) plasma homocysteine level 
is generally indicative of folate defi ciency. 

 As opposed to folate defi ciency, which has 
become less common since the supplementation of 
fl our with folate in developed countries, vitamin 
B 12  defi ciency may actually be increasing some-
what in incidence due to a variety of factors. Factors 
that have recently lead to an increased incidence of 
vitamin B 12  defi ciency include increased use of cer-
tain medications such as proton pump inhibitors 
and metformin, more widespread use of gastric 
bypass procedures, and an aging population that is 
subject to food- cobalamin malabsorption. 

 When vitamin B 12  defi ciency is suspected 
due to hematologic or neurologic fi ndings, 
obtaining a serum vitamin B 12  (cobalamin) level 
fi rst is appropriate. Serum vitamin B 12  levels 
less than 200 ng/L are almost always indicative 
of  defi ciency. Values above 350 ng/L are 

 generally not associated with true defi ciency. 
When values fall between 200 and 350 ng/L and 
anemia, macrocytosis, or neurologic symptoms 
are present, it is reasonable to obtain a methyl-
malonic acid level (Hunt et al.  2014 ). In the 
absence of renal failure and certain other condi-
tions, the methylmalonic acid level measured by 
methods such as gas chromatography is a more 
accurate marker of defi ciency than the vitamin 
B 12  level itself, which is measured using a bioas-
say. Figure  1  illustrates a reasonable approach 
to diagnosis.

   Usually, the cause of anemia is suggested by 
review of the complete blood count and 
thoughtful review of the peripheral blood 
smear and is often confi rmed by additional 
testing that can be performed on peripheral 
blood. Additional or more invasive testing, 
such as the uncomfortable and expensive pro-
cedure of bone marrow aspirate and biopsy, 
can therefore often be avoided. For example, 
when normocytic anemia with normal mor-
phology is found in the setting of type 2 diabe-
tes mellitus and a mildly elevated serum 
creatinine, a serum erythropoietin level can be 
obtained. This will often demonstrate that a 
low or inappropriately normal erythropoietin 
level is responsible for the anemia present 
(Bosman et al.  2001 ). 

Macrocytosis, anemia, or neurologic symptoms

Serum vitamin B12 level

<200 ng/L 200 to 350 ng/L >350 ng/L

Deficiency likely Deficiency unlikely

Obtain methylmalonic acid (MMA) level
(consider obtaining homocysteine (HC) level for correlation)

MMA normal MMA elev ated MMA normal MMA elevated
HC normal HC normal HC elevated HC elevated

Excludes vitamin B12 Uninterpretable Folate deficiency Vitamin B12

deficiency or other cause possible deficiency likely

  Fig. 1    Diagnostic approach to vitamin B 12  defi ciency       
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 Ultimately, the decision regarding when to 
proceed to perform a bone marrow examination 
in the evaluation of anemia relies heavily on clin-
ical judgment based upon the individual setting 
and totality of the evidence available for evalua-
tion. Aside from obvious situations, such as when 
other cell lineages are affected or when abnormal 
leukocytes are present in the blood, certain fea-
tures associated with anemia should provoke 
consideration of performing this diagnostic pro-
cedure sooner rather than later. 

 In the setting of a normal MCV, the fi nding of 
dacrocytes (teardrop cells) on review of the 
peripheral blood smear should provoke earlier 
consideration of the utility of a bone marrow 
examination. The reason for this is that this eval-
uation will effectively provide an explanation in a 
number of these cases given that the underlying 
process responsible for the morphologic abnor-
mality resides there. These processes include 
marrow replacement with hematologic malignan-
cies (e.g., lymphoma, myeloma), metastatic dis-
ease (e.g., breast cancer, small cell lung cancer), 
infectious processes, or fi brosis (myelofi brosis).  

    Case 3. Common Diagnostic Entities 
in Children and Adults 

 A previously well 1-year-old male is found on 
screening to have a hemoglobin value of 9 g/dL 
on a screening test performed at a routine visit to 
the pediatrician. His mother notes nothing out of 
the ordinary in his behavior. He is in the 90th per-
centile for weight and is taking cereal along with 
pureed fruits and vegetables in his diet while he 
continues to breast feed. 

  Question 6.      The most likely diagnosis in this 
child is: 

    A.    Diamond-Blackfan syndrome   
   B.    Transient erythroblastopenia of childhood   
   C.    Congenital dyserythropoietic anemia   
   D.    Iron defi ciency anemia    

   Iron defi ciency is the most common cause of 
anemia found in pediatric primary care (Powers 

et al.  2015 ). Less commonly, anemia may be a 
prominent associated feature of other hereditary 
or acquired conditions, such as Diamond-
Blackfan syndrome or sickle cell disease. 
Diagnostic considerations include, among others, 
transient erythroblastopenia of childhood, a con-
dition of unknown etiology which resolves spon-
taneously without intervention (van den Akker 
et al.  2014 ). 

 In children, iron defi ciency anemia presents 
with microcytosis and an increased RDW. A con-
founding factor may be the concomitant presence 
of lead poisoning. Lead poisoning in the absence 
of iron defi ciency is not commonly associated 
with microcytic anemia. However, it may be 
associated with the occurrence of punctate baso-
philic stippling, which is not a fi nding in iron 
defi ciency. Of particular note, iron defi ciency 
increases the risk for lead poisoning because this 
condition is associated with increased absorption 
of lead (Eden and Sandoval  2012 ). Although zinc 
protoporphyrin levels are increased in iron defi -
ciency, they are markedly increased (greater than 
150 μg/dL) when lead poisoning is also present, 
and this may be helpful in identifying the latter 
(Hershko et al.  1985 ). 

 In adults, as in children, iron defi ciency is by 
far the most common cause of anemia (Killip 
et al.  2007 ). Roughly 5 % of women of reproduc-
tive age in developed countries have iron defi -
ciency anemia due to menstrual blood loss and 
inadequate dietary intake. Iron defi ciency anemia 
is also a common cause of anemia in men and 
postmenopausal women primarily due to gastro-
intestinal blood loss. Therefore, with rare excep-
tion, the diagnosis of iron defi ciency anemia in 
men and older women should provoke specialty 
referral to identify the source of blood loss. 
Another cause of anemia commonly observed in 
adult primary care is the normocytic anemia 
associated with mild renal insuffi ciency in the 
setting of type 2 diabetes mellitus. 

 In older adults, the incidence of different types 
of anemia shifts somewhat (Joosten  2004 ). Aside 
from the physiologic decline in hemoglobin con-
centration that is expected in men over the age of 
70, anemia associated with renal insuffi ciency 
and vitamin B 12  defi ciency is more prevalent in 
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this age group, as well as, less commonly, folate 
defi ciency. In addition, more worrisome causes 
of anemia, such as myelodysplastic syndromes 
and multiple myeloma, require consideration. 

 Anemia is particularly an issue in the inpatient 
setting. About 10 % of hospitalized patients are 
found to be anemic (Rachoin et al.  2013 ). Acute 
blood loss anemia, the anemia of renal disease, 
and the anemia of infl ammation (also known as 
the anemia of chronic disease) are among the 
most common types of anemia observed in hospi-
talized adults. All three of these conditions gen-
erally present as normocytic anemia, although 
the anemia of infl ammation may present with a 
modest microcytosis. Chronic blood loss anemia 
is also not infrequently observed, usually due to 
intermittent or ongoing gastrointestinal blood 
loss. Distinguishing between these various causes 
can be somewhat challenging in the acute care 
setting because of potential overlap in the diag-
nostic laboratory values of these entities, which 
may present with a low reticulocyte count. 

 Blood loss with surgical procedures and phle-
botomy may lead to anemia in a signifi cant pro-
portion of hospitalized patients. In the immediate 
aftermath of blood loss or in the setting of other 
comorbid conditions, the reticulocyte count may 
not yet be increased. Though the anemia due to 
erythropoietin defi ciency associated with severe 
chronic kidney disease or kidney failure is well 
recognized, anemia due to this same mechanism 
may also occur in the setting of mild to moderate 
chronic kidney disease. This is particularly the 
case in individuals with diabetes mellitus. 
Diabetic nephropathy manifesting with modestly 
increased creatinine values just above the normal 
range may be associated with erythropoietin defi -
ciency and moderate to severe anemia (Singh 
et al.  2009 ). In this particular setting, it is impor-
tant to remember that an erythropoietin value in 

the normal range is actually abnormal. Even a 
modest decrement in hemoglobin should be asso-
ciated with an erythropoietin level above the nor-
mal range (Erslev  1991 ). 

 The anemia of infl ammation is associated with 
various infectious diseases, rheumatologic condi-
tions, and malignancies and therefore is particu-
larly common among hospitalized medical patients. 
In addition, patients are not infrequently hospital-
ized for further evaluation or management of upper 
or lower gastrointestinal bleeding associated with 
intermittent or chronic blood loss. Laboratory fea-
tures that can help distinguish these common 
causes of anemia are noted in Table  5 .

       Case 4. Undiagnosed Congenital 
Causes of Anemia in Adulthood 

 A 36-year-old woman is referred to the clinic for 
further evaluation of mild anemia. She has no 
signifi cant past medical history and takes no 
medications. Her family is of northern European 
decent, and she does note that her mother and sis-
ter have also been told at times that they are ane-
mic. Physical examination is notable for a 
palpable spleen tip, but the remainder of the 
examination is normal. The complete blood count 
reveals a hemoglobin of 11.8 g/dL, MCV 90 fL, 
RDW 15 %. A reticulocyte count is 2.4 %. Review 
of the peripheral blood smear does not reveal 
abnormal morphology to be present. 

  Question 7.      The most likely hereditary cause 
of anemia in this woman is: 

    A.    Alpha-thalassemia trait   
   B.    Glucose-6-phosphate dehydrogenase defi ciency   
   C.    Homozygous hemoglobin E   
   D.    Hereditary spherocytosis    

   Table 5    Selected laboratory values helpful in distinguishing types of anemia in hospitalized adults   

 Condition  MCV  Ferritin  Transferrin saturation  Erythropoietin level 

 Acute blood loss  Normal  Normal  Normal  Normal to ↑ 

 Renal disease  Normal  Normal  Normal  Normal to ↓ 

 Infl ammation  Normal to ↓  Normal to ↑  Normal to ↓  Normal to ↑ 

 Chronic blood loss  ↓  ↓  ↓  ↑ 
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   Individuals with certain congenital causes of 
anemia, such as sickle cell anemia and ß-thalas-
semia major, generally present early in life and 
are diagnosed as infants or young children. On 
the other hand, there are several hereditary condi-
tions that may go unnoticed until well into adult-
hood or even throughout life. Individuals may be 
asymptomatic, and the fi nding of a hemoglobin 
value below the normal range on a routine com-
plete blood count is the only fi nding that pro-
vokes further diagnostic evaluation. Consideration 
of these hereditary conditions in the differential 
diagnosis of an adult with mild to moderate ane-
mia can help direct the evaluation and avoid 
unnecessary diagnostic testing. 

 Such undiagnosed types of anemia may be 
divided into asymptomatic conditions that have 
been continually manifest since childhood, some 
of which tend to become more apparent with age 
and conditions that may only manifest transiently 
(Table  6 ). The α-thalassemia types involving 
deletion of two of the four α-globin genes may be 
associated with mild anemia with hemoglobin 
values about 0.5–1 g/dL below the lower limit of 
normal and a marked microcytosis with MCV 
values of 65–75 fL (DeLoughery  2014 ). 
Appropriate identifi cation of the etiology of the 
microcytosis in these individuals is important in 
order to avoid inappropriate empiric iron supple-
mentation. Because of the wide range of expres-
sion that may be associated with ß-globin 
mutations, certain individuals with sickle cell ß + -
thalassemia may be entirely asymptomatic or 

may have such mild manifestations of sickle cell 
disease, such that they go undiagnosed until they 
are adults. Hemoglobin E is prevalent in Southeast 
Asia, and homozygotes have microcytic red 
blood cells accompanied by minimal anemia 
(Rees et al.  1998 ). Individuals with mutations in 
glucose-6-phosphate dehydrogenase may have 
intermittent hemolysis that is provoked by oxi-
dant stress associated with viral infections, phar-
maceuticals, and even certain foods (Cappellini 
and Fiorelli  2008 ). Mild cases of hereditary sphe-
rocytosis, which is most common in individuals 
of northern European decent, may go unnoticed 
until adulthood. Associated fi ndings in adults 
with mild cases of hereditary spherocytosis may 
include mild scleral icterus associated with mod-
estly increased bilirubin levels, and the diagnosis 
may also be associated with symptoms or radio-
graphic fi ndings of gallstones. Adults may even 
have previously undergone cholecystectomy. 
Although osmotic fragility was previously the 
primary screening test available for hereditary 
spherocytosis, the eosin-5′-maleimide-binding 
test, which is performed using fl ow cytometry, is 
more sensitive and is increasingly used for this 
purpose (King and Zanella  2013 ). Some other 
conditions that are sometimes encountered are 
also listed in Table  6 .

    Answers 

    Question 1. A  
  Question 2. C  
  Question 3. D  
  Question 4. C  
  Question 5. A  
  Question 6. D  
  Question 7. D         
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         Introduction 

 Iron is an essential element and is required for the 
synthesis of hemoglobin as well as multiple other 
proteins in all body cells. Iron in excess of needs 
is stored in reticuloendothelial cells in the liver, 
spleen, and bone marrow and in hepatocytes. 

 Under normal conditions, body iron stores 
remain relatively constant. In humans, there is 
no mechanism for active iron excretion, so the 
regulation of iron balance depends on the control 
of intestinal iron absorption. Most dietary iron 
absorption takes place through duodenal entero-
cytes. Ferrous iron (Fe 2+ ) crosses the enterocyte 

brush border via divalent metal-ion transporter 1 
(DMT 1). It is subsequently exported across the 
basolateral membrane through the transporter 
ferroportin. The iron oxidase hephaestin 
increases the effi ciency of this process and con-
verts ferrous iron to the ferric (Fe 3+ ) form. 
Plasma ferric iron is transported bound to trans-
ferrin and delivered to erythroid precursors in 
the bone marrow and to other cells throughout 
the body. The delivery of enterocyte iron to the 
systemic circulation is controlled by hepcidin, a 
liver-derived peptide that binds ferroportin caus-
ing it to be internalized and degraded. When iron 
stores are depleted, hepcidin expression is 
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decreased. This in turn increases the ferroportin 
concentration on the basolateral membrane and 
thereby dietary iron absorption. 

 Hepcidin also controls systemic iron exchange, 
as ferroportin is expressed on the surface of mac-
rophages and hepatocytes. Iron removed from 
senescent erythrocytes within the reticuloendo-
thelial system is released via ferroportin to the 
plasma and recycled to developing erythrocytes 
in the bone marrow and to other tissues. The 
decreased hepcidin level in iron defi ciency allows 
increased ferroportin expression and rapid release 
of iron to the plasma. 

 Iron defi ciency is the most common nutri-
tional disorder worldwide (World Health 
Organization  2000  [WHO/NHD/00.7]). In devel-
oped countries, iron defi ciency is most often the 
result of blood loss, although some cases result 
from iron malabsorption.  

    Case 1: Clinical Presentation, 
Diagnosis, and Treatment 
of Microcytic Anemia 

 A 47-year-old man complains of weakness and 
occasional dizziness beginning several days pre-
viously. Physical examination shows pallor and 
pale conjunctivae.

  Hematology laboratory report:  

 Hemoglobin (Hb) 
= 6.3 g/dL 

 MCV = 70 fL 

 Hct = 0.21  MCH = 21 pg 

 RBC = 
3.0 × 10 12 /L 

 MCHC = 30 g/dL 

 Reticulocytes = 
4.0 % 

 RDW = 19.7 % 

 WBC = 7.0 × 10 9 /L (normal: 4.5–10.0 × 10 9 /L) 

 Platelets = 400 × 10 9 /L (normal: 140–440 × 10 9 /L) 

  Peripheral blood smear:  

 RBC  Marked microcytosis and 
hypochromia with moderate 
variation in size (anisocytosis) 
and shape (poikilocytosis). No 
basophilic stippling. No increase 
in polychromatophilia 

 WBC  Normal number and morphology 

 Platelets  Normal 

    Question 1.      What is the condition most likely 
to be associated with these fi ndings? 

    A.    Beta-thalassemia minor   
   B.    Iron defi ciency anemia   
   C.    Anemia of infl ammation   
   D.    Refractory anemia with ringed sideroblasts 

(RARS)    

    Expert Perspective     The recent onset of symp-
toms suggests a relatively acute process such as 
blood loss resulting in iron defi ciency. Beta- 
thalassemia minor and RARS are more chronic. 
Beta-thalassemia minor and the anemia of infl am-
mation (anemia of chronic disease) are associated 
with less severe anemia. Iron defi ciency anemia 
(IDA) is suggested by the combination of a low 
mean cell volume (MCV) and an elevated red cell 
distribution width (RDW), the latter being the earli-
est indicator in the CBC of the onset of IDA. Some 
automated cell counters measure mean reticulocyte 
cellular hemoglobin content (CHr), which can indi-
cate early iron defi ciency, before the development 
of anemia (Ullrich et al.  2005 ). Changes in the 
complete blood count (CBC) in patients with iron 
defi ciency anemia are contrasted with those seen in 
the anemia of infl ammation in Table  1 . In beta- 
thalassemia minor, the RDW is normal despite a 
low MCV. Similarly, in the anemia of infl amma-
tion, the RDW is typically normal, and the MCV is 
normal or slightly decreased (Gangat and 
Wolanskyj  2013 ). RARS is a myelodysplastic syn-
drome associated with a normal to increased MCV.

     Question 2.      Which of the following would not 
be an appropriate test or combination of tests 
to confi rm a diagnosis of iron defi ciency? 

    A.    Serum ferritin   
   B.    Serum ferritin, serum iron, and total iron- 

binding capacity (TIBC)   
   C.    Serum ferritin, serum iron, TIBC, and serum 

hepcidin   
   D.    Serum ferritin, serum iron, TIBC, and serum 

transferrin receptors    

    Expert Perspective     A low serum ferritin alone is 
diagnostic of iron defi ciency. Iron studies, i.e., 
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