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Abstract:                                                              

Introduction: Automated hematology analyzers have established themselves in routine laboratory practice.This study aimed at 

exploring the utility of automated RBC parameters in evaluating and classifying anemia. The diagnostic accuracy test study on 

patients presenting with primary complaints of anemia in tertiary health care center. 

Materials & Methods : Patients presenting with primary complaints of anemia in tertiary health care center were included in the 

study .. Clinical and  laboratory evaluation of 115 such patients with complete blood count (CBC) on 18 parameter, 3 part 

differential automated hematology analyzer, peripheral blood smear, reticulocyte count, iron studies and bone marrow aspiration.  

Observations and results , conclusion : When restricting 73cases which could be assigned to 5 well defined etiological groups 

of anemia, diagnostic accuracy of MCV, MCHC, MCH and RDW in adhering to classical norms of parameters was 77.1%, 

61.7%, 82.8% and 58.5% respectively. The same for conventional morphological, Bessman and new classification invented in 

present study (based on MCV & MCH) was 65.2%, 54.9% and 80.9% respectively. The difference between values of MCV, 

MCH and MCHC in iron deficiency and megaloblastic anemia and the same between values of MCV, MCH and RDW in iron 

deficiency and anemia of chronic diseases was statistically significant.   
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 Introduction 

Given the multitude of clinical presentations and 

pathogenesis mechanisms, evaluation of anemia is 

ever challenging. The study of RBC parameters is the 

effective way of quantitative assessment of RBC. 

Along with peripheral blood examination (PBS) it 

allows broad differential diagnostic impression that 

provides directions for further specific investigations 

[1]. RBC indices provide important guidelines for 

diagnosis, classification and monitoring the treatment 

of anemia[2]..   

The advent of automated hematology cell counter has 

improved accuracy and precision, has reduced 

subjective errors and provided time, space and 

manpower economy and safety in handling of blood 

specimen. Besides offering opportunity of 

comprehensive data management, automation has 

also yielded new set of data with clinical relevance 

like RDW (Red cell distribution width) [3].  

Automated hematology analyzers are already an  

integral part of routine purpose diagnostic laboratory 

set up.  

In this view, we found it worthwhile to evaluate 

utility of automated RBC parameters in evaluation 

and diagnosis of anemia. 

Materials and methods 

Present study on prospectively registered patients 

was done in Department of Pathology, in 

collaboration with clinical departments. The study 

was carried out during the period of October 2007 to 

July 2009. After seeking  approval from institutional 

ethics committee and obtaining informed consent, 
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115 patients with primary complaints of anemia, who 

were referred for bone marrow examination to 

hematology laboratory  were enrolled in the study. 

The patients of anemia associated with other 

hematological disorders like myeloproliferative or 

lymphoproliferative disorder were excluded from the 

study.  

 The careful clinical evaluation was done with special 

reference to finding out severity, etiology and effects 

of anemia. Reference diagnosis of anemia was based 

on critical evaluation of clinical presentation and 

pertinent hematological investigations except for 

automated red cell parameters 

The patients were subjected to following 

hematological investigations. 

1.  Peripheral blood smear 2. Complete blood count 

(CBC) on automated hematology analyzer (Sysmex 

K 4500 ) 3. Reticulocyte count 4. Iron studies (Serum 

Iron, TIBC (Ramsay’s dipyridyl method)) 5. Bone 

marrow aspiration 6. Pertinent investigations for 

hemolytic anemia 7. Derived investigations namely, 

Corrected Reticulocyte Count, Reticulocyte 

Production Index (RPI) and  Transferrin saturation 

(calculated by appropriate formulae). 

The data collected was analyzed with χ
2 test and 

Pearson product-moment correlation  to study utility 

of automated RBC parameters  in evaluating and 

classifying anemia and to compare them with each 

other and to find out their correlation among 

themselves and other hematological investigations .        

Observations and results: 

Except for 4 cases which were in pediatric age groups 

all others patients were adults .The age range in study 

group of anemia was 5 to 80 years with 51.3% 

patients being in the age group of 21-40 years. The 

Male: Female ratio was 1:1.25. 

 In adults there was a female preponderance in all 

groups of anemia except for a group of multifactor  

anemia which was more common in males. This was 

attributable to association of alcoholism and HIV 

infection in males.  

On etiologically classifying anemia the distribution 

of cases in different groups was as follows. There 

were total 76 cases of nutritional anemia(66.08%) 

with iron deficiency in 40 cases ,megaloblastic 

anemia in 20 cases and mixed deficiency anemia in 

16 cases .The anemia of chronic disease was noted in 

9 cases (7.82% )and aplastic anemia  and  hemolytic 

anemia in 2 cases each (1.73%). In 26 cases anemia 

had multiple factors (22.60%). This group  included 

cases of   nutritional anemia with alcoholic liver 

disease and chronic liver diseases (12 cases), with 

HIV infection (9 cases), with pregnancy (1 case) and  

other combinations of various types of anemia (4 

cases) .In the whole study group, 10,11 and 12 cases 

of anemia were respectively associated with 

pregnancy or parturition, alcoholic liver disease and 

HIV infection. 

Severe degree anemia predominated (86.98%) 

followed by moderate degree anemia (8.69%) and 

mild anemia (4.33%).There was significant 

association between severity of anemia and different 

etiological groups.   

 The patients could be distributed with morphological 

& Bessman’s classification  schemes as shown in 

following tables. 

Table 1 & Table 2      

It was possible to ascribe 73 cases of anemia to five 

well defined etiological groups. The diagnostic 

accuracy of MCV in classifying these groups by 

adhering to their classical norms was 77.1%,  that of 

MCHC was 61.7%, that for MCH was 82.8% and 

that for RDW was 58.5% 
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Diagnostic accuracy of various classifications 

schemes to adhere to classical norms of morphology, 

in these 73 cases was as follows. It, for conventional 

morphological classification, based on MCV and 

MCHC was 65.2% and that for Bessman’s 

classification based on MCV and RDW was 54.9%. 

The new classification invented by us in present 

study which was based on MCV and MCH has 

offered diagnostic accuracy of 80.9%. We have also 

attempted classification based on MCV and MCHC 

or MCH and RDW. This showed diagnostic accuracy 

of 50.68%.                       

When the whole study group was considered, 

diagnostic utility of these  classification schemes for 

assumed classical norms for various etiological 

groups was as shown in Table 3 and Table 4.   

Table 3 & Table 4                                                                                          

We compared RBC parameters in well defined and 

sizeable groups of anemia namely iron deficiency, 

megaloblastic and chronic disorder anemia. It was 

found that the difference between values of MCV, 

MCH and MCHC between iron deficiency anemia 

and megaloblastic anemia was statistically highly 

significant but that for RDW was not statistically 

significant. There was statistically significant 

difference between values of MCV, MCH and RDW 

between iron deficiency anemia and anemia of 

chronic diseases. But this was not observed for 

MCHC.  

The findings in leukocyte and platelet count, noted in 

cases of anemia were as described under. The most 

frequent  abnormality  was thrombocytopenia 

(53.4%) followed by leucopoenia in 50 cases 

(43.4%),  The lymphocytosis was seen in 21 cases 

(18.26%), polymorphonuclear  leucocytosis in 18 

cases (15.65%) and  leucocytosis in 13 cases. 

 In megaloblastic anemia, the findings of 

thrombocytopenia was seen in 15cases (75%), that of 

leucopenia in 11cases (55%) and that of 

lymphocytosis in 6 cases ( 30%).  

Thrombocytosis  was noted in 4 cases ( 10%) and  

leucocytosis in 2cases ( 5%) in iron deficiency 

anemia . 

RBC morphology on peripheral blood smear revealed 

following findings. 85% (n=34) of iron deficiency 

anemias revealed microcytic hypochromic blood 

picture. 55% (n=11) of megaloblastic anaemias 

showed macrocytic normochromic morphology, 

55.5% cases  (n=5) of  anemia of chronic disorder 

were normocytic normochromic, 94% mixed 

deficiency anemia showed dimorphic RBC 

morphology.  

When we compared MCHC and MCH with 

subjective observation of chromia on PBS, it matched 

in 76.5%  (n=88) and  73.9% (n=85) cases 

respectively, the association  between hypochromia 

and  MCH (χ2=31.61) being more significant than 

that with MCHC (χ2=19.34). The RDW matched 

with anisocytosis on PBS in 64.3% cases (n=71) and 

with reticulocyte count in 45.2% (n=52) cases. 

However association of RDW with anisocytosis on 

PBS and Reticulocyte count & Reticulocute 

Production Index was not statistically significant (χ2 

=3.12, 2.76 ,70.91).  

Reticulocyte studies revealed findings as follows. 

Increased reticulocyte count was seen in 46.95% 

(n=54) cases of anemia but Reticulocyte Production 

Index (RPI) ≥ 2 was present only in 5.21% cases. 

There was a statistically significant association 

between Reticulocyte count as well as RPI and 

different etiological groups (χ2 =19.41, P<0.05 and χ2 

=19.22, P<0.01 respectively).   
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Bone marrow examination showed hypercellular 

marrow in 77.4% (n=73) cases. Erythroid hyperplasia 

was a feature in 90.3% (n=84) cases. 

Dyserythropoiesis  was seen in 61.1% (n=20 ) cases 

of megaloblastic anemia. Iron stores were increased 

in 80% cases of megaloblastic anemia. 

Iron studies showed reduced serum iron, increased 

total iron binding capacity (TIBC) and  transferrin 

saturation ≤16 in 33 out of 40 cases of iron deficiency 

anemia(82.5 %); normal serum iron, normal serum 

TIBC and transferrin saturation ≥16 in 18 out of 20 

cases of megaloblastic anemia (90%) and normal 

serum iron and TIBC and transferrin saturation ≥16 

in 8 out of 9 cases of anemia of chronic disorder 

(88.88). There was statistically significant association 

between these iron parameters and different 

etiological groups (χ2 =38.58, P<0.0001, χ
2 =29.04, 

P<0.01 and χ2 =41.09, P<0.0001 respectively).   

Relationship between MCH & MCHC; MCV & 

MCH and MCV & MCHC was highly significant (P< 

0.0001 ) with χ
2 = 38.95, 111.77ands 20.67 

respectively. Correlation of various hematological 

parameters with each other was as described below.  

Hb, RBC count and hematocrit showed excellent 

correlation with each other in whole group and all 

groups of anemia (p<0.0001), MCV being the most 

meaningful RBC index, its correlation with  other 

important  hematology parameter is depicted in 

Table 5. 

Table 5 

RDW SD being important single cell parameter its 

correlation with other parameter was studied. Its 

summarization is depicted in Table 6 

Table 6 

RDW SD showed maximum appropriate correlation 

with MCV and MCH in all groups except for mixed 

deficiency anemia. It showed negative correlation 

with WBC count in nutritional anemia.   

Discussion  

Automated   hematology analyzers are widely used 

and permit analysis of large number of single cell 

measurements. Some of these determine volume of 

each RBC, thereby yielding RDW which provides 

quantitative assessment of anisocytosis. This is 

supposed to overcome the subjective variability and 

labor intensity in diagnostic assessment of changes in 

RBC size distribution done on PBS[4]. 

 Bessman et al have suggested improved 

classification of anemia based on MCV and RDW 

which is fairly popular among clinicians [4, 5].. We 

were impressed by frequency with which this aspect 

was emphasized in literature and were tempted to 

look for its utility in evaluation of anemia. We were 

not overtly impressed by this parameter. Its 

diagnostic accuracy in etiologically classifying 

anemia (58.6%) and its correlation with other 

important RBC parameters was not very spectacular. 

When compared with MCV and MCH, significant 

correlation of RDW with other hematological 

parameters in various groups was found less 

frequently (18 times against 41 times for MCV & 33 

times for MCH). It did not show statistically 

significant association with anisocytosis on 

peripheral blood smear or reticulocyte count or 

reticulocyte production index. The diagnostic 

accuracy of Bessman classification based on this 

parameter also was lowest when we considered 5 

classical etiological groups. An attempt to club 

conventional cytometric (morphological) 

classification with Bessmans classification to note its 

diagnostic accuracy in adhering to classical norms in 

these well defined classes, yielded value of 50.68%. 
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Closer look at the Table 4 shows that RDW showed 

most consistent correlation with MCV. It was 

positive in most groups of anemia and had 

appropriately negative correlation with this parameter 

except in multifactorl anemia, where it was positive. 

Based on these findings, and the fact that it did not 

show significant relationship with reticulocyte count 

or reticulocyte production index, it seems that raised 

RDW is a function of anisocytosis with presence of 

macrocytes rather than a raised reticulocyte count in 

our study.  

On evaluating utility of RBC parameters, the highest 

diagnostic accuracy in correctly classifying anemia 

into etiological groups was offered by MCH followed 

by MCV, MCHC and RDW. When correlation of 

MCV which is the most logical and meaningful 

parameter in classifying anemia was studied with 

other parameters, it was highest and excellent with 

MCH in whole and all groups of anemia. 

Literature mentions that MCH and MCHC have lost 

their clinical utility and their use should be restricted 

to quality control and detecting malfunction of the 

instrument [6, 7] .   

We were particularly impressed by a classification 

based on MCV and MCH which is our own 

invention. Extensive search of literature did not 

provide any mention of such consideration. In true 

sense it cannot be considered as cytometric or 

morphological classification. Closer look at Table 1 

shows that conventional morphological classification 

assigned 25.2% cases to ill defined categories while 

with our new classification it was reduced to 6%. 

When we compared both types of these 

classifications in classical etiological groups of 

anemia, our new classification based on MCV and 

MCH offered diagnostic accuracy of 80.9% which 

was far superior to conventional morphological 

classification (65.22%) and Bessman’s classification 

(54.79%).  Incidentally the association between 

hypochromia on peripheral blood smear and  MCH  

was more significant than that with MCHC . 

Incidentally in automated hematology analyzers 

MCH being computed from Hb and RBC count is 

more reliable than MCHC which is computed from 

RBC count and  haematocrit detected from RBC 

cumulative pulse.  MCH is also more useful than 

MCHC in diagnosing iron deficiency anemia as 

exemplified in highest sensitivity of this class when 

classified with MCV and MCH (Table 3).   

Beta thalassemia trait is an important differential 

diagnosis for microcytic (iron deficiency ) anemia.  

While iron deficiency anemia shows raised RDW 

along with low MCV, (microcytic  heterogenous 

anemia) thalassemia  trait  shows low MCV and  

normal RDW (microcytic homogenous anemia).  

Much is being said about this with large number of 

studies done to find out this aspect [8, 9].  Some 

authors have considered RDW to be ineffective, 

unreliable or of limited value for differentiating iron 

deficiency anemia from beta thalassemia trait [10, 11, 12] 

Unfortunately there were only 2 cases of hemolytic 

anemia in our study population making it difficult for 

us to share or contrast these  findings. However it 

was not very uncommon to find microcytic 

homogenous anemia in iron deficiency anemia group 

in present study (30%). With clinical & 

hematological setting these cases were appropriately 

designated as iron deficiency anemia. 

Another major constraint of present study was 

unavailability of assays for vitamin B12 & folic acid 

.The diagnosis of megaloblastic anemia was based on 

PBS and bone marrow aspiration findings .There 

were very few cases of aplastic anemia and hemolytic 

anemia. 
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Need of comprehensive evaluation of investigations 

in investigating anemia has been emphasized in 

literature. It is rather important to understand the 

underlying pathophysiology of the disorder affecting 

red cell production and destruction [13]. This can be 

effectively done with critical and careful evaluation 

of clinical findings and pertinent investigations as 

was done in present study. 

Conclusion: 

In developing country like India element of 

nutritional deficiency is an invariable accompaniment 

of most of the cases of anemia. This makes 

evaluation of anemia very challenging. The utmost 

comprehensive approach is rewarding. Present study 

underlined the importance and need of evaluating 

automated hematological parameters in the light of 

clinical findings in study of anemia. 

Table 1 : Morphological classification of anemia based on MCV + MCHC and MCV + MCH in different 

etiological groups. 

Morphological class with 

MCV + MCHC and  

MCV+MCH 

Etiological group Total 
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Microcytic Hypochromic 33   2 11 6 - - 12 64 

38 2 12 6 - 1 15 74 

Macrocytic Normochromic - 11 2 -- - - 3 16 

 15 3 1 1 - 6 26 

Normocytic Normochromic - 1 - 1 1 - 3 06 

1 1 - 1 1 1 3 08 

Normocytic Hypochromic 2 2 - 1 - 1 1 07 

1 2 - 1 - - 1 05 

Macrocytic hypochromic - 4 1 1 1 - 3 10 

  - - - - - 0 

Microcytic normochromic 5 - 2 - - 1 4 12 

-  1 - - - 1 02 

Total 40 20 16 9 2 2 26 115 
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Table 2 : Bessman’s classification of anemia in different etiological groups 
[3]

. 

 

Bessman classification 

(Based on MCV and RDW) 

Etiological group Total 
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Microcytic homogenous 12 1 4 5 - - 5 27 

Microcytic heterogenous 24 1 8 1 - 1 9 44 

Normocytic homogenous  - - - 1 1 - - 2 

Normocytic heterogenous 2 3 - 1 - 1 4 11 

Macrocytic homogenous - 4 - - - - 1 5 

Macrocytic heterogenous - 11 3 1 1 - 5 21 

Both MCV and RDW 

decreased 

2 - 1 - - - 2 5 

Total 40 20 16 9 2 2 26 115 
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Table 3:  Diagnostic Utility of morphological classification and classification based on MCV & MCHC/ MCH 

in adhering to classical norms of etiological groups 

 

Morphological class with 

MCV + MCHC and  

MCV+MCH 

With etiological group of 

anemia 
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Sample 

size (n) 

 Microcytic Hypochromic 

for iron deficiency 

82.5 56.3 51.5 85.1 65.76 111 

95 50.6 51.3 94.8 66.3 113 

Macrocytic Normochromic 

for megaloblasic  

55 88 68.7 80.4 77.4 062 

75 79.2 57.6 89.3 78.1 073 

Normocytic Normochromic 

for mixed deficiency,chronic 

disorder, aplastic, hemolytic 

& multifactoraial 

13.5 95 83.3 37.25 42.1 057 

15.38 96.6 75 63.7 66.64 99 

Average utility 50.29 79.76 67.83 67.58 61.75  

61.93 75.46 61.3 82.6 70.34  
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Table 4:  Diagnostic Utility of Bessman’s classification for adhering to classical norms of etiological groups 

 

Bessmans class 

with etiological 
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Sample 

size tested 

(n) 

Microcytic 

heterogenous for 

iron deficiency 

anemia 

60 72.2 54.5 76.47 67.85 112 

Normocytic 

homogenous for 

anemia of chronic 

disorder  

11.11 50 50 11.11 18.18 11 

Normocytic 

heterogenous for 

mixed deficiency 

0 88.68 0 84.31 76.1 113 

Macrocytic 

homogenous for 

aplastic anemia 

0 89.58 0 95.5 86 50 

Macrocytic 

heterogenous for 

megaloblastic 

anemia 

55 81.1 52.38 82.69 73.97 73 

Average utility 25.22 76.31 31.37 70.01 64.42  
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Table 5: Correlation of MCV with other important hematology parameter in different classes of anemia. 

 

Parameter 

with degree of 

significance 

                                Study group with class of anemia 
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MCH +++ (.93) +++(.81) +++(.88) +++(.88) +++(.95) +++(.97) 

MCHC ++(.44) NS(-.05) ++(.62) +(.33) +(.36) ++(.56) 

RDW +   (.26) -ve(-.24) ++(.47) NS(.12) ++(.50) +++(.8) 

Hb NS (.17) +(.31) NS(.07) NS(.10) NS(.16) ++(.43) 

RBC count - -ve (-.47) NS(-.12) -ve(-.37) - -ve(-.45) - -ve(-.45) NS(-.15) 

HCT NS (.07) +(.37) NS(-.10) NS(.01) NS(.05) +(.34) 

WBC count -ve (-.24) NS(-.01) - ve(-.34) - ve(-.40) -ve(-.33) +(.36) 

PLT count - ve(-.28) NS(00) NS(.06)  - -ve(-.48)  -ve(-.36) NS(.15) 

Retic count NS(.02) -ve(-.29) NS(-.07) -ve(-.38) +(.29) -ve(-.30) 

Sr.iron + (.26 ) NS(.13) - -ve(-.51) - -ve(-.49) +(.31) --ve(-.50) 

 

+++  Highly significant positive correlation 

++     moderately significant positive correlation 

+       mildly significant positive correlation 

-ve     mildly significant negative correlation 

- -ve    moderately significant negative correlation 

NS       not significant 
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Table 6: Summarization of  significant correlation of RDW SD with other important hematology  parameter 

in different classes of anemia. 

 

Study group 

with class of 

anemia 

Parameter with degree of significance 

Γ 

 Hb HCT RBC MCV MCHC MCH WBC RPI Retic S.iron 

Whole NS NS -0.25* 0.26* NS 0.29* -0.24* NS NS NS 

Iron 

deficiency. 

-0.25 -0.3 -0.25* -0.24* NS -0.25* -0.33* NS NS NS 

Megaloblastic -0.31* -0.4* -0.48** 0.47** 0.52** 0.59** -0.38* -0.27* NS NS 

Mixed NS NS NS NS NS NS -0.52** -0.40* -0.28* NS 

Chronic 

diseases 

0.35* 0.3 NS 0.8*** 0.43** 0.78*** 0.42** NS NS -0.68** 

Multifactorial 0.27* NS NS 0.5** NS 0.43** NS 0.52** 0.45** 0.3* 

 

NS - Not significant 

* - mildly significant correlation   

** - :moderately significant  correlation 

*** -  highly significant correlation 

- negative correlation 
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