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Polycythemia?     Anemia?

• Primary polycythemia from polycythemia vera (PV)

• Secondary polycythemia
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Hb

• World Health Organization (WHO) criteria for anemia in men and 
women are hemoglobin <13 and <12 g/dL, respectively
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Causes of lower values

• Intense physical activity

• Pregnancy

• hemoglobin remains ≥11 g/dL in the first trimester,

• ≥10.5 g/dL in the second trimester,

• and ≥10.5 g/dL in the third trimester
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Causes of higher values
(may occasionally mask underlying anemia)

• Smoking

• levels of carbon monoxide             reduces oxygen delivery. 

increase in hemoglobin, HCT, and RBC count

• Hemoconcentration

• Individuals with dehydration or hypovolemia related to vomiting or 
diarrhea will have a relative increase in hemoglobin and HCT due to 
hemoconcentration. 

• High altitude
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Case:

Male, wt: 70 kg, Hb: 17, HCT: 50%, 

Intake:1000cc

Diagnosis & treatment? 
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Diagnosis & treatment? 



MCV/MCH/MCHC

• Mean corpuscular volume (MCV) is the average volume (size) of 
the RBCs

• MCH(30±3): Mean corpuscular hemoglobin (MCH) is the average 
hemoglobin content in a RBC

• MCHC (33±2%) Mean corpuscular hemoglobin concentration 
(MCHC) is the average hemoglobin concentration per RBC
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RDW: 11.5-14.5 12



• the degree of anisocytosis on the peripheral blood smear

• A high RDW implies a large variation in RBC sizes (IDA) 

• and a low RDW implies a more homogeneous population of RBCs 
(Thalasemia)

• high RDW can be seen in a number of anemias, 

• including iron deficiency, vitamin B12 or folate deficiency, 
myelodysplastic syndrome (MDS), and hemoglobinopathies, as well 
as in patients with anemia who have received transfusions
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Very low MCV

• Iron deficiency and thalassemia are the most likely causes of a very 
low MCV (<80 fL). 

• Case:

• Hb:7       MCV: 65         MCH: 21             

• RDW: 12%  ?

• DRW: 28% ? 
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Case:

Female, Hb: 11.5, MCV: 75, MCH: 25

Diagnosis & treatment? 



IDA or Thalasemia

• Mentzer index is useful in predicting the likelihood of thalassemia 
trait versus iron deficiency. 

• If the ratio of MCV / RBC is less than 13, thalassemia is more likely 
than iron deficiency
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IDA or Thalasemia? 17



CAUSES AND RISK FACTORS FOR IRON 
DEFICIENCY

• Overt bleeding is obvious and not difficult for the clinician to 
recognize, often by history alone:

• Traumatic hemorrhage                  ●Hemoptysis

●Heavy menstrual bleeding              ●Pregnancy and delivery

●Hematuria
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• Typical iron loss during pregnancy has been estimated at 
approximately 1000 mg for pregnancy, delivery, and nursing. 
Menstrual blood losses account for approximately 1 mg of iron loss 
per day
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IDA in pregnancy

• should have prompt testing for iron deficiency because it is the most 
common cause of nonphysiologic anemia in pregnancy. 

• Microcytosis may be present, but microcytosis is a late finding of 
iron deficiency and may also be caused by thalassemia. 

• Thus, the absence of microcytosis does not eliminate the possibility 
of iron deficiency and the presence of microcytosis does not confirm 
it
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• For most women, iron deficiency can be assessed with a

• ferritin level 

• (TSAT) or other testing. 

ferritin level <30 ng/mL (<30 mcg/L) or a TSAT <20 percent is 
sufficient for diagnosis of iron deficiency, 

and a ferritin level ≥30 ng/mL is sufficient to exclude iron deficiency if 
there are no comorbidities
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Prevention of iron deficiency

• supplemental oral iron to all pregnant women to compensate for 
the increased iron demands during pregnancy and delivery

• CDC: recommends that all pregnant women begin a 30 mg/day iron 
supplement at the first prenatal visit 

• approximately to the amount of iron in most iron-containing prenatal 
vitamins

• women who are intolerant of the iron in prenatal vitamins, 

it may be possible to take prenatal vitamins without iron and to 
supplement with oral iron supplements on an every-other-day basis 
(typical dose, 60 mg once every other day

22



23



• h

24



Copyrights apply



Prevention of iron deficiency

• Prenatal vitamins with iron are used to prevent iron deficiency that 
may occur due to the increased iron demands of pregnancy
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Treatment of iron deficiency

• First trimester – In the first trimester, we use oral iron (typical 
dose, one tablet containing 60 mg of elemental iron every other 
day or on Monday, Wednesday, and Friday

• Second and third trimesters – For certain women, intravenous 
iron may be appropriate or preferred
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cannot absorb oral iron

those who do not have the 
expected increase in hemoglobin 

level with oral ir

those with severe iron 
deficiency anemia (eg, 

hemoglobin level of 8 to 
10 g/dL

those started on iron in the third 
trimester (after week 30, when 

there may be insufficient time to 
replete iron stores with oral iron
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Diet

• Dietary heme iron (iron from meat rather than plant sources) is 
better absorbed than non-heme iron, but both sources are important
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Nutritional Considerations 31

a balanced vegetarian diet that includes legumes, fortified or whole grains, 

dried fruit, nuts, seeds, and green vegetables easily provides adequate iron

Dairy products and eggs are very poor sources of iron and decrease 
iron absorption

• Caseins from milk and calcium inhibit iron absorption

• Iron status measured as serum ferritin is inversely associated with greater 
consumption of dairy products in toddlers

• consume dairy products (milk, cheese and other foods made from milk) 
as a between meal snacK

• Eggs (especially yolks) also appear to inhibit iron absorption (phosvitin)



Nutritional Considerations 32

Fruits and vegetables aid the absorption of nonheme iron. 

Fruits and vegetables contain vitamin C and organic acids (e.g., citric acid) increasing 
absorption of nonheme iron when consumed in the same meal

Vitamin C degrades with cooking, so consumption of uncooked (or lightly cooked) fruits 
and vegetables with high vitamin C content

Vitamin A and carotenoids also appear to enhance iron absorption by overcoming the 
inhibiting effect of polyphenols and phytates (found in whole grains) on iron absorption.

Adding vitamin A to an iron supplement regimen has also been shown to result in greater 
anemia reduction than iron alone produces



Nutritional Considerations 33

Tea, coffee, and cocoa should not be consumed with meals if poor iron status 
is suspected. 

Polyphenols and tannins in these beverages inhibit the absorption of nonheme iron. 
Black tea appears to be the most potent in this regard

separate tea and coffee drinking from meal times; consumption 1–2 hours later will 
not inhibit iron absorption



Celiac disease/atrophic gastritis/H. pylori

• Anemia in male or menopause female?? 
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STAGES OF IRON DEFICIENCY

• k
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IDA

• SI (Serum iron)?

• Ferritin?              Protoporphyrin?

• TIBC?

• TS? Hepcidin?                                 Ferritin>200

•

• Ferritin is acute phase protein                  Ferritin< 15   

15< Ferritin<100
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Case: ckd

Ferritin: 120?????
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CLINICAL MANIFESTATIONS

• Typical symptoms include

• Fatigue

●Pica (pagophagia, ice craving)

●Restless legs syndrome

●Headache

●Exercise intolerance

●Exertional dyspnea

●Weakness
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Findings on examination

• The physical examination in individuals with iron deficiency (with or 
without anemia) may be normal or it may reveal one or more of the 
following findings

• Pallor

●Dry or rough skin

●Atrophic glossitis with loss of tongue papillae, which may be 
accompanied by tongue pain or dry mouth
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• Cheilosis (also called angular cheilitis)

• Koilonychia (spoon nails)

• Alopecia (rare) in especially severe cases
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Whom to treat

• all patients with iron deficiency anemia and most patients with iron 
deficiency without anemia should be treated. 

• The cause of iron deficiency also must be identified and addressed, 
especially in adults with new onset iron deficiency. 

• A healthy diet provides sufficient iron for physiologic needs but 
cannot correct iron deficiency
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Oral versus IV iron

• generally treat patients who have uncomplicated iron deficiency 
anemia with oral iron due to the ease of administration

• We often use IV iron when treating pregnant women and individuals 
with inflamematory bowel disease, gastric surgery, or chronic kidney 
disease
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Adverse effects of oral iron

• Gastrointestinal side effects are extremely common with oral iron 
administration. 

• Strategies to reduce these effects :

Increasing the interval to every other day if not done already.

Making dietary modifications (taking iron with food or milk), although 
this may reduce absorption

Switching to a formulation with a lower amount of elemental iron
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• Once a tolerated dose is found, the patient can sometimes increase 
the dose slowly as tolerated

• As noted above, for many populations, another option is switching 
to IV iron. 

• Use of IV iron eliminates all of the gastrointestinal side effects of 
iron, which are due to direct effects of iron on the intestinal mucosa. 

• If the patient switches to IV iron, oral iron should be discontinued
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RESPONSE TO IRON SUPPLEMENTATION

• The patient will note an improved feeling of well-being within the 
first few days of treatment

• If restless legs syndrome accompanies documented iron deficiency, 
the overwhelming majority will experience complete or near 
complete relief within 72 hours of the infusion, often on the first 
night thereafteroll.

• The hemoglobin concentration will rise slowly, usually beginning 
after approximately one to two weeks of treatment, and will rise 
approximately 2 g/dL over the ensuing three weeks. 

• The hemoglobin deficit should be halved by approximately one 
month, and the hemoglobin level should return to normal by six to 
eight weeks.
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DIFFERENTIAL DIAGNOSIS 56

IDA or Thalassemia

IDA Thalassemia

RBC NL

MCV

RDW NL OR  

Ferritin NL OR 

MI

DF=MCV-RBC-(5 × Hb)-3.4

-: Thalassemia
+: IDA



• Thalassemia+ ID???
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IDA Vs ACD

• patients with ACD/AI may have microcytic or normocytic anemia 
with a low serum iron and low transferrin (or TIBC)

• The best test: ferritin

60



61

Female, 40years old, RA

Which one is correct?

Hb: 11.5

MCV: 85

Mcv: 77

Mcv: 105
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Macrocytosis (high MCV) 64



Macrocytosis (high MCV)

• MCV &   RDW                    MEGALO 

• MCV & NL RDW                   MACRO
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• Vitamin B12 and folate deficiencies are often considered together, 
although folate deficiency has become less common in individuals 
who are living in developed countries and consuming a normal diet
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Vitamin B12 deficiency

• ••

• •
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Decreased intake (eg, reduced intake of animal products, strict 

vegan diet, breastfeeding by a vitamin B12-deficient mother).

Decreased absorption (eg, gastrectomy, bariatric surgery, Crohn 

disease, celiac disease, pancreatic insufficiency, bacterial 

overgrowth, gastric atrophy associated with aging).

Other autoimmune conditions, such as thyroid disease or vitiligo, in 

individuals with pernicious anemia.

Medications and drugs that interfere with absorption or stability 

(eg, metformin, histamine receptor antagonists, proton pump 

inhibitors, nitrous oxide)

https://www.uptodate.com/contents/cyanocobalamin-vitamin-b12-drug-information?search=macrocytic+anemia&topicRef=7155&source=see_link
https://www.uptodate.com/contents/metformin-drug-information?search=macrocytic+anemia&topicRef=7155&source=see_link
https://www.uptodate.com/contents/nitrous-oxide-drug-information?search=macrocytic+anemia&topicRef=7155&source=see_link


Folate deficiency

Increased requirements due to pregnancy, hemolytic anemia.

Decreased intake, especially in individuals with excessive alcohol 
use and corresponding reductions in dietary intake of folate-rich 
foods such as fresh vegetables and fortified grains.

Residence in a place where routine folate supplementation of foods 
does not occur.

Decreased absorption in the setting of gastric bypass surgery.

Loss during hemodialysis (along with other water-soluble vitamins) 

Medications and drugs that interfere with metabolism 
(eg, methotrexate, sulfasalazine)
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https://www.uptodate.com/contents/methotrexate-drug-information?search=macrocytic+anemia&topicRef=7155&source=see_link
https://www.uptodate.com/contents/sulfasalazine-drug-information?search=macrocytic+anemia&topicRef=7155&source=see_link


Overview of evaluation

• In countries in which dietary deficiency is less of a concern, vitamin 
B12 and/or folate deficiency may be suspected in a patient with one 
or more of the following

• Unexplained anemia, macrocytosis (mean corpuscular volume 
[MCV] >100 fL), pancytopenia, or hypersegmented neutrophils

• Unexplained neurologic or psychiatric symptoms.

• Strict vegan diet or conditions that may interfere with absorption.

• Certain autoimmune disorders such as thyroiditis or vitiligo, or those 
taking chronic metformin therapy.

• Gastrointestinal symptoms such as sore tongue, anorexia, or 
diarrhea
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https://www.uptodate.com/contents/cyanocobalamin-vitamin-b12-drug-information?search=anemia&topicRef=7155&source=see_link
https://www.uptodate.com/contents/cyanocobalamin-vitamin-b12-drug-information?search=anemia&topicRef=7155&source=see_link
https://www.uptodate.com/contents/metformin-drug-information?search=macrocytic+anemia&topicRef=7155&source=see_link


• For an individual with suspected vitamin B12 or folate deficiency, 
the history should include questions about previously diagnosed 
associated conditions, particularly celiac disease or inflammatory 
bowel disease; bariatric, gastric, or intestinal surgery; reduced 
dietary intake (eg, vegan or vegetarian diet, lack of fresh 
vegetables); alcohol use (as an independent cause of macrocytic 
anemia and as a possible predictor of reduced dietary intake); and 
any symptoms, including subtle neurologic or psychiatric symptoms, 
such as those described above
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https://www.uptodate.com/contents/cyanocobalamin-vitamin-b12-drug-information?search=macrocytic+anemia&topicRef=7155&source=see_link


• The MCV does not help distinguish vitamin B12 deficiency from 
folate deficiency.

• Further, if a patient has concomitant microcytosis due to iron 
deficiency or thalassemia, the macrocytosis may be masked on a 
CBC because the MCV reflects the average volume of all RBCs. 

• However, in this instance (combined macrocytosis and 
microcytosis), the red cell distribution width (RDW) may be 
increased
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https://www.uptodate.com/contents/cyanocobalamin-vitamin-b12-drug-information?search=macrocytic+anemia&topicRef=7155&source=see_link


Serum vitamin B12 and folate levels

• For individuals with typical findings on the CBC and a low 
reticulocyte count, the only initial testing needed is a serum vitamin 
B12 and folate level

• We often omit the folate level if the individual is consuming a normal 
diet containing folate-supplemented grains and has normal 
gastrointestinal anatomy and function, as folate deficiency in these 
individuals is rare

• We test both vitamin B12 and folate levels in individuals with 
gastrointestinal conditions, excess alcohol use, or dietary patterns 
known to cause both deficiencies
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• Periodic monitoring of vitamin B12 levels may be appropriate in 
individuals with intestinal disorders that might affect absorption of 
vitamin B12, including celiac disease, inflammatory bowel disease, 
small intestinal bacterial overgrowth, ileal resection, radiation 
enteritis, and chronic metformin therapy
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https://www.uptodate.com/contents/cyanocobalamin-vitamin-b12-drug-information?search=macrocytic+anemia&topicRef=7155&source=see_link
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Additional testing for selected individuals

• Metabolite testing (MMA and homocysteine)

• The normal ranges for MMA and homocysteine are laboratory-
dependent; laboratory-specific and assay-specific cutoffs should be 
used. Examples of typical normal ranges are: MMA 70 to 270 
nmol/L; homocysteine 5 to 15 micromol/L. Interpretation is as 
follows:
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76

MMA and homocysteine normal – No 

deficiency of vitamin B12 or folate

MMA and homocysteine elevated –

Deficiency of vitamin B12 (does not 

eliminate the possibility of folate 

deficiency).

MMA normal, homocysteine elevated – No 

deficiency of vitamin B12. Consistent with 

deficiency of folate.

https://www.uptodate.com/contents/cyanocobalamin-vitamin-b12-drug-information?search=macrocytic+anemia&topicRef=7155&source=see_link
https://www.uptodate.com/contents/cyanocobalamin-vitamin-b12-drug-information?search=macrocytic+anemia&topicRef=7155&source=see_link
https://www.uptodate.com/contents/cyanocobalamin-vitamin-b12-drug-information?search=macrocytic+anemia&topicRef=7155&source=see_link
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Treatment of vitamin B12 deficiency

• Parenteral – The typical dose for children is 50 to 100 mcg 
parenterally once per week until the deficiency is corrected and then 
once per month (cyanocobalamin) or once every other month 
(hydroxocobalamin); oral doses in children are not well established. 

• The typical dose for adults is 1000 mcg parenterally once per week 
until the deficiency is corrected and then once per month 
(cyanocobalamin) or once every other month (hydroxocobalamin).
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https://www.uptodate.com/contents/hydroxocobalamin-vitamin-b12a-supplement-and-cyanide-antidote-drug-information?search=macrocytic+anemia&topicRef=7154&source=see_link


• Oral – In adults with normal absorption, oral dosing is equally 
effective at a dose of 1000 mcg orally once per day. 

• For individuals with impaired absorption of vitamin B12, therapy with 
very high oral doses of oral vitamin B12 (eg, 1000 to 2000 mcg 
daily) will be effective as long as the dose is high enough to provide 
absorption via a mechanism that does not require intrinsic factor or 
a functioning terminal ileum (ie, passive diffusion/mass action)
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Treatment of folate deficiency

• Folate deficiency is typically treated with oral folic acid (1 to 5mg 
daily)

• This dose is usually sufficient even if malabsorption is present, 
because it is considerably in excess of the 200 mcg (0.2 mg) 
recommended dietary allowance mg daily)

• For those with a reversible cause of deficiency, therapy is generally 
given for one to four months or until there is laboratory evidence of 
hematologic recovery
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• Intravenous folic acid may be appropriate in certain settings, such 
as individuals who are unable to take an oral medication (eg, due to 
vomiting  or those who have severe or symptomatic anemia due to 
folate deficiency and hence have a more urgent need for rapid 
correction

83

https://www.uptodate.com/contents/folic-acid-drug-information?search=macrocytic+anemia&topicRef=7154&source=see_link


84

It is important to be aware that administration of folic acid can partially 

reverse some of the hematologic abnormalities associated with vitamin 

B12 deficiency; however, the neurologic manifestations of vitamin B12 

deficiency are not treated by folic acid. 

Thus, administration of folic acid to an individual with vitamin B12 deficiency 

can potentially mask untreated vitamin B12 deficiency or even worsen the 

neurologic complications

https://www.uptodate.com/contents/folic-acid-drug-information?search=macrocytic+anemia&topicRef=7154&source=see_link
https://www.uptodate.com/contents/cyanocobalamin-vitamin-b12-drug-information?search=macrocytic+anemia&topicRef=7154&source=see_link


• Laboratory markers improve in the following time scales

Hemolysis markers – Day 1 to 2

Reticulocytosis – Day 3 to 4

Anemia – Week 1 to 2 (initial improvement) and week 4 to 8 
(normalization)

Hypersegmented neutrophils – Day 10 to 14

Leukopenia and/or thrombocytopenia – Week 2 to 4
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• Folic acid, folinic acid, and 5-MTHF are all effective in treating 
folate deficiency

• Folinic acid is typically used to prevent toxicities 
of methotrexate and to potentiate cytotoxicity of fluorouracil (FU) in 
chemotherapy regimens for colon cancer. 
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• An MCV value >115 fL is more specific to vitamin B12 or folate 
deficiency than other conditions in the differential diagnosis such as 
hypothyroidism or myelodysplastic syndrome. 
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Normocytic (normal MCV)

• A normal MCV (80 to 100 fL) is the most common finding in anemic 
men and postmenopausal women. 

• Normocytic anemias can be more challenging to evaluate than 
anemias with an MCV that is obviously low or high. Causes are 
more numerous and may be multifactorial, an underlying condition 
may not be apparent, and other findings may be nonspecific
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• Often normocytic anemia is associated with a slightly elevated 
RDW, and the reticulocyte count is not substantially increased (and 
may be decreased). 

• An increased RDW may indicate a population of microcytic or 
macrocytic RBCs that is too small to shift the MCV out of the normal 
range, or combined microcytic and macrocytic processes, such as 
iron deficiency plus vitamin B12 or folate deficiency
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Causes

• Nutrient deficiency

• Multiple causes: deficiency of vitamin B12 and iron in an individual 
with celiac disease or autoimmune gastritis

• ACD/AI

• CKD

• HF

• Early blood loss: Blood loss that has not yet caused iron deficiency
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Case1

• Male, RBC: 5.8

• WBC: 11.5

• PLT: 500

• HB: 18

• HCT: 55%

• Diagnosis & treatment?
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case2

• Female, 

• Hb: 17

• Hct: 47%

• MCV: 85

• MCH: 28

• Wbc: 7.1

• Plt: 150

93



Case3

• Male

• RBC: 5.7

• Hb: 12

• Mcv: 68.2

• MCH: 20.9
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Case4

• Male with neurophathy

• DH: omeprazole

• Hb: 14

• MCV: 110
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Case5

• Female

• HB: 13

• HCT: 40%

• Ferritin: 14

• TIBC: 390
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THE   END


