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            Abstract

            
               
Background: In routine hematology blood samples, every now and then when reporting peripheral smears, we come across cases of microcytic
                  hypochromic anemia with increased platelet count more often in iron deficiency anemia. We have to differentiate is it the
                  cases are just reactive thrombocytosis or else we are neglecting any platelet disorders. Iron deficiency is the commonest
                  cause of secondary thrombocytosis. 
               

               Aims and Objectives: To know the prevalence of reactive thrombocytosis in microcytic hypochromic anemia cases. To analyze the range of hemoglobin
                  levels and MCV values in which reactive thrombocytosis is more consistent. 
               

               Materials and Methods: The study includes 500 blood samples of patients of all the age groups and both the gender with microcytic hypochromic anemia.
                  The samples were scrutinized for the corresponding thrombocytosis by using a hematology analyzer and confirmed by peripheral
                  smear examination. Serum iron studies were done in confirmed samples of microcytic hypochromic anemia with valid thrombocytosis.
               

               Results: Out of 500 cases of microcytic hypochromic anemia analysed 115 cases had associated thrombocytosis. out of which 17(14.78%)
                  cases were males and 98 (85.22%) cases of females showed thrombocytosis. The majority of cases showed mild thrombocytosis
                  which is frequently seen in cases with MCV 60-70 fl and moderate degree of anemia with hemoglobin level 7-9.9g/dl.
               

               Conclusion: The utmost prevalent cause of reactive thrombocytosis in microcytic hypochromic anemia is iron deficiency. It is rational
                  to distinguish between reactive and clonal thrombocytosis. However, the distinction cannot be always made with certainty,
                  and the diagnosis often depends on watching the platelet count over a while. By identifying the etiology of increased platelet
                  count and type of anemia treatment will be ease.
               

               
                   
                  
               

            
         

         
            Keywords

            Platelet, Anemia, Hemoglobin, Thrombocytosis.

         

         
            © 2020 Published by Innovative Publication. This is an open access article under the CC BY-NC license (https://creativecommons.org/licenses/by-nc/4.0/)
            
         

         

      

      
         
               Introduction

            The platelet count > 4,50,000/µl in the peripheral blood sample is referred to as thrombocytosis, by the rampant usage of
               electronic cell counters diagnosis of thrombocytosis is made easily and more often observed as an unexpected finding.1, 2

            In the peripheral blood, numerous disease conditions can lead to increased platelet count. The causes may be primary in elderly
               patients due to myeloproliferative disorders or secondary to infection or inflammation.3

            Reactive thrombocytosis has to be differentiated from primary or clonal platelet disorders which are neglected many times
               which is of practical clinical importance and a diagnostic challenge. However, the distinction is not always made with certainty,
               and the diagnosis often depends on observing the platelet count over a period of time following the treatment.4

            The commonest non- infectious cause of secondary thrombocytosis is iron deficiency anaemia. Thrombocytosis is either due to
               a reactive process (Secondary) or because of clonal disorders (primary thrombocytosis). It is critical concern to distinguish,
               because thrombo-haemorrhagic complications are frequent in clonal rather than reactive thrombocytosis.5, 6

         

         
               Aims and objectives of the study

            
                  
                  	
                     It is a prospective study of 500 cases of microcytic hypochromic anemia.

                  

                  	
                     How often microcytic hypochromic anemia cases present with thrombocytosis and in what range of hemoglobin level and MCV values
                        it is affecting more consistently.
                     

                  

                  	
                     Which age group and sex are affected more commonly.

                  

               

            

         

         
               Methods

            
                  Selection of samples

               All blood samples of patients of all the age groups were included in the study from January 2019 to December 2019 in a tertiary
                  care center.
               

               All EDTA blood samples were run in electronic cell counter for recording the Haemoglobin levels, MCV, and platelet counts
                  along with platelet indices (PDW, Plateletcrit, and MPV) Patients who have low hemoglobin levels and MCV less than 80fl were
                  screened for microcytic hypochromic anemia on peripheral smears stained by Leishman stain to confirm RBC morphology.
               

               Random 500 blood samples with microcytic hypochromic anemia were selected and analyzed for the corresponding thrombocytosis.
                  Platelet counts were confirmed by peripheral smear examination.
               

               Confirmed cases of microcytic hypochromic anemia associated with thrombocytosis were sent for iron profile.

            

            
                  Inclusion criteria

               Blood samples of all age groups received in the hematology laboratory who are diagnosed with microcytic hypochromic anemia
                  were included in the study
               

            

            
                  Exclusion criteria

               Blood samples of all age groups presenting with anemia and thrombocytosis for various reasons other than the microcytic hypochromic
                  anemia were excluded.
               

               In our study, the normal values of hemoglobin are considered according to the age and sex of the individual cases concerning
                  WHO criteria for anemia.
               

               World Health Organization classification graded as hemoglobin level 11-12.9 g/dL as mild anemia in males and 11-11.9 g/dL
                  in females.7

               Hemoglobin level 8-10.9 g/dL as moderate anemia and <8 g/dL as Severe anemia both in males and females

               Dame and Sutor8have categorized thrombocytosis into mild (5 to 7 lakhs/cumm) moderate (>7 to 9 lakhs/cumm) and severe (9lakhs/cumm) and extreme
                  (> 10lakhs/cumm) and the same criteria is used in this study
               

            

         

         
               Results

            In the present study of 500 patients of Microcytic hypochromic anemia, 23% (n =115) of the total cases showed thrombocytosis
               (Figure  1)
            

            
                  
                  Figure 1

                  Total number of Microcytic hypochromic anemia with thrombocytosis
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/30438302-a79a-4da7-bf06-e4cfa371382dimage1.png]

            

            
                  
                  Table 1

                  Showing age wise distribution of male and female patients with microcytic hypochromic anaemia.
                  

               

               
                     
                        
                           	
                              
                           
                            Age (in years)

                           
                        
                        	
                              
                           
                            1-10

                           
                        
                        	
                              
                           
                            11-20

                           
                        
                        	
                              
                           
                            21-30

                           
                        
                        	
                              
                           
                            31-40

                           
                        
                        	
                              
                           
                            41-50

                           
                        
                        	
                              
                           
                            51-60

                           
                        
                        	
                              
                           
                            61-70

                           
                        
                        	
                              
                           
                            > 70

                           
                        
                        	
                              
                           
                            Total

                           
                        
                     

                     
                           	
                              
                           
                            Number of cases

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            32

                           
                        
                        	
                              
                           
                            125

                           
                        
                        	
                              
                           
                            112

                           
                        
                        	
                              
                           
                            119

                           
                        
                        	
                              
                           
                            43

                           
                        
                        	
                              
                           
                            30

                           
                        
                        	
                              
                           
                            29

                           
                        
                        	
                              
                           
                            500(100%)

                           
                        
                     

                     
                           	
                              
                           
                            Total number of Males

                           
                        
                        	
                              
                           
                            08

                           
                        
                        	
                              
                           
                            07

                           
                        
                        	
                              
                           
                            13

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            23

                           
                        
                        	
                              
                           
                            18

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            22

                           
                        
                        	
                              
                           
                            113(22.6%)

                           
                        
                     

                     
                           	
                              
                           
                            Total number of Females

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            25

                           
                        
                        	
                              
                           
                            112

                           
                        
                        	
                              
                           
                            101

                           
                        
                        	
                              
                           
                            96

                           
                        
                        	
                              
                           
                            25

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            07

                           
                        
                        	
                              
                           
                            387(77.4%)

                           
                        
                     

                  
               

            

            Table  1 In the present study out of 500 cases of microcytic hypochromic anemia, 22.6 % (n = 113) were male patients and 77.4 % (n
               = 387) were female patients. In males microcytic hypochromic anemia is more prevalent in age group between 41 to 60 and then
               cases are more in the age group more than 70 years.
            

            In females microcytic hypochromic anemia is more prevalent in the age group between 21 to 50 years, which is common in the
               reproductive age group.
            

            
                  
                  Table 2

                  Distribution of male and female patients with microcytic hypochromic anemia associated with thrombocytosis
                  

               

               
                     
                        
                           	
                              
                           
                           Total number of male patients with microcytic hypochromic anemia

                           
                        
                        	
                              
                           
                            Total number of males with microcytic hypochromic anemia and thrombocytosis

                           
                        
                     

                     
                           	
                              
                           
                            113 (100 %)

                           
                        
                        	
                              
                           
                            17 (15.04 %)

                           
                        
                     

                     
                           	
                              
                           
                           Total number of females with microcytic hypochromic anemia

                           
                        
                        	
                              
                           
                            Total number of females with microcytic hypochromic anemia and thrombocytosis

                           
                        
                     

                     
                           	
                              
                           
                            387 (100 %)

                           
                        
                        	
                              
                           
                            98 (25.3 %)

                           
                        
                     

                  
               

            

            Table  2 Out of 113 total male patients, 17 (15.04%) of them showed thrombocytosis associated with microcytic hypochromic anemia.
            

            Out of 387 female patients, 98 (25.3%) of them showed thrombocytosis which is almost 10% more when compared to males (15.04%)
               with thrombocytosis associated with microcytic hypochromic anemia.
            

            
                  
                  Table 3

                  Showing age wise distribution of male and female patients with microcytic hypochromic anaemia associated with thrombocytosis.
                  

               

               
                     
                        
                           	
                              
                           
                            Age (in years)

                           
                        
                        	
                              
                           
                            1-10

                           
                        
                        	
                              
                           
                            11-20

                           
                        
                        	
                              
                           
                            21-30

                           
                        
                        	
                              
                           
                            31-40

                           
                        
                        	
                              
                           
                            41-50

                           
                        
                        	
                              
                           
                            51-60

                           
                        
                        	
                              
                           
                            61-70

                           
                        
                        	
                              
                           
                            >70

                           
                        
                        	
                              
                           
                           
                              Total
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                            Total number of patients presented with thrombocytosis

                           
                        
                        	
                              
                           
                            03

                           
                        
                        	
                              
                           
                            10

                           
                        
                        	
                              
                           
                            23

                           
                        
                        	
                              
                           
                            29

                           
                        
                        	
                              
                           
                            31

                           
                        
                        	
                              
                           
                            08

                           
                        
                        	
                              
                           
                            06

                           
                        
                        	
                              
                           
                            05

                           
                        
                        	
                              
                           
                           115 (100 %)

                           
                        
                     

                     
                           	
                              
                           
                            No of male patients presented with thrombocytosis

                           
                        
                        	
                              
                           
                            03

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            01

                           
                        
                        	
                              
                           
                            01

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            04

                           
                        
                        	
                              
                           
                            17 (14.78 %)

                           
                        
                     

                     
                           	
                              
                           
                            No of female patients presented with thrombocytosis

                           
                        
                        	
                              
                           
                            02

                           
                        
                        	
                              
                           
                            08

                           
                        
                        	
                              
                           
                            20

                           
                        
                        	
                              
                           
                            28

                           
                        
                        	
                              
                           
                            29

                           
                        
                        	
                              
                           
                            06

                           
                        
                        	
                              
                           
                            04

                           
                        
                        	
                              
                           
                            01

                           
                        
                        	
                              
                           
                            98 (85.22 %)

                           
                        
                     

                  
               

            

            Table  3 In male patients microcytic hypochromic anemia with thrombocytosis is more common in the age group above 70 years (23.52%)
               and then in less than 10 years. (17.64%)
            

            In female patients Microcytic hypochromic anemia with thrombocytosis is more frequent in the age group between 41 to 50 years
               (29.59%) and then in 31-40 years. (28.57%)
            

            
                  
                  Table 4

                  Distribution of severity of thrombocytosis in males and females in relation to severity of anaemia.
                  

               

               
                     
                        
                           	
                              
                           
                            Males

                           
                        
                     

                     
                           	
                              
                           
                            Severity of anemia (gm/dl)

                           
                        
                        	
                              
                           
                            No of male patients presented with mild thrombocytosis

                           
                        
                        	
                              
                           
                            No of male patients presented with moderate thrombocytosis

                           
                        
                        	
                              
                           
                            No of male patients presented with severe thrombocytosis

                           
                        
                     

                     
                           	
                              
                           
                            Mild (Hb 11-12.9)

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            Moderate (Hb 8-10.9)

                           
                        
                        	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            0

                           
                        
                     

                     
                           	
                              
                           
                            Severe (Hb < 8)

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            0

                           
                        
                     

                     
                           	
                              
                           
                            Total (n = 17)

                           
                        
                        	
                              
                           
                            12 (70.58 %)

                           
                        
                        	
                              
                           
                            4 (23.52 %)

                           
                        
                        	
                              
                           
                            1 (5.88 %)

                           
                        
                     

                     
                           	
                              
                           
                            Females

                           
                        
                     

                     
                           	
                              
                           
                            Severity of anemia (gm/dl)

                           
                        
                        	
                              
                           
                            No of Female patients presented with mild thrombocytosis

                           
                        
                        	
                              
                           
                            No of Female patients presented with moderate thrombocytosis

                           
                        
                        	
                              
                           
                            No of Female patients presented with severe thrombocytosis

                           
                        
                     

                     
                           	
                              
                           
                            Mild (Hb 11-11.9)

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0

                           
                        
                     

                     
                           	
                              
                           
                            Moderate (Hb 8-10.9)

                           
                        
                        	
                              
                           
                            64

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            2

                           
                        
                     

                     
                           	
                              
                           
                            Severe (Hb < 8)

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            0

                           
                        
                     

                     
                           	
                              
                           
                            Total (n = 98)

                           
                        
                        	
                              
                           
                            85 (86.7 %)

                           
                        
                        	
                              
                           
                            11 (11.22 %)

                           
                        
                        	
                              
                           
                            2 (2.04 %)

                           
                        
                     

                  
               

            

            Table  4 In our study of male patients showed mild thrombocytosis (70.58%) in majority of the cases and commonly associated with moderate
               anemia (47.05 %) and only 5.88% showed severe thrombocytosis with one patient with platelet count more than 10 Lakhs/cumm.
            

            In this study majority of the female patients showed mild thrombocytosis (86.74%) and commonly associated with moderate anemia
               (74.48%) and only (2.04%) showed severe thrombocytosis with both the cases with platelet count more than 9 Lakhs/cumm
            

            
                  
                  Table 5

                  Showing severity of thrombocytosis in males and females in relation to MCV.
                  

               

               
                     
                        
                           	
                              
                           
                            Male

                           
                        
                     

                     
                           	
                              
                           
                            MCV (fl)

                           
                        
                        	
                              
                           
                            No of male patients presented with mild thrombocytosis

                           
                        
                        	
                              
                           
                            No of male patients presented with moderate thrombocytosis

                           
                        
                        	
                              
                           
                            No of male patients presented with severe thrombocytosis

                           
                        
                     

                     
                           	
                              
                           
                            70.1-79.9

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            60.1-70

                           
                        
                        	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            <60

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            0

                           
                        
                     

                     
                           	
                              
                           
                            Total (n=17)

                           
                        
                        	
                              
                           
                            10 (58.8 %)

                           
                        
                        	
                              
                           
                            5 (29.41 %)

                           
                        
                        	
                              
                           
                            2 (11.76 %)

                           
                        
                     

                     
                           	
                              
                           
                            Female

                           
                        
                     

                     
                           	
                              
                           
                            MCV (fl)

                           
                        
                        	
                              
                           
                            No of Female patients presented with mild thrombocytosis

                           
                        
                        	
                              
                           
                            No of Female patients presented with moderate thrombocytosis

                           
                        
                        	
                              
                           
                            No of Female patients presented with severe thrombocytosis

                           
                        
                     

                     
                           	
                              
                           
                            70.1-79.9

                           
                        
                        	
                              
                           
                            12

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            60.1-70

                           
                        
                        	
                              
                           
                            57

                           
                        
                        	
                              
                           
                            8

                           
                        
                        	
                              
                           
                            2

                           
                        
                     

                     
                           	
                              
                           
                            <60

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            Total (n = 98)

                           
                        
                        	
                              
                           
                            83 (84.69 %)

                           
                        
                        	
                              
                           
                            11 (11.22 %)

                           
                        
                        	
                              
                           
                            4 (4.08 %)

                           
                        
                     

                  
               

            

            Table  5 In male patients most cases of microcytic hypochromic anemia with thrombocytosis presented within the range of 60.1 to 70fl
               MCV (52.94 %) and majority of the cases showed mild thrombocytosis (58.8%). In female patients most cases of microcytic hypochromic anemia with thrombocytosis presented within the range of 60.1 to 70fl
               MCV (68.36%) and majority of the cases showed mild thrombocytosis (84.69%).
            

            Platelet indices analysed like MPV (Mean platelet volume), PDW (Platelet Distribution width), and PCT (Plateletcrit) were
               well within the normal range and no significant variations noted in all the cases of thrombocytosis associated with microcytic
               hypochromic anemias in the present study.
            

            Most of the cases of microcytic hypochromic anemia with thrombocytosis (115) were sent for Iron studies and the majority of
               them were confirmed as iron deficiency anemia, which again proved that iron deficiency anemia is the most prevalent cause
               of reactive thrombocytosis
            

         

         
               Discussion

            There are various disease states that can bring about the elevated levels of platelets. The causes may be primary in elderly
               patients due to myeloproliferative disorders or secondary to infectious or inflammatory disorders.
            

            Reactive thrombocytosis needs to be differentiated from primary or clonal platelet disorders, which are neglected many a times.
               8

            It is extremely challenging to understand the reactive and clonal thrombocytosis process based upon clinical findings and
               laboratory test results even though there are underlying pathophysiological differences and clinical implications. The various
               physiological and pathological processes which contributes to the elevated platelet count has become clinically significant
               in routine practice. However, the distinction cannot be made with certainty, and the interpretation often depends on observing
               the platelet count variations periodically following the treatment. 9

            Iron deficiency anemia is the most common cause among the non-infectious causes of secondary thrombocytosis. This approach
               nevertheless is not without dangers, because thrombohemorrhagic complications are more common in clonal rather than reactive
               thrombocytosis. 10

            Study done by Ramu. R et al 11 about iron deficiency anemia with thrombocytosis and erythropoietin levels also showed that majority of the cases in their
               study had moderate degree of anemia and presented frequently with mild thrombocytosis which is similar to our study. They
               also depicted that novel data advocate the symbiotic effect of both erythropoietin and thrombopoietin on the bipotential progenitor
               cells of the erythroid/megakaryocyte precursors. Despite, this decline to clarify that not all the patients with elevated
               levels of erythropoietin, and iron-deficiency anemia cases present with thrombocytosis. Hence, there may be boundless added
               mechanisms that aid in the evolution of thrombocytosis in few cases of iron deficiency anemia.
            

            Tania O et al 12 described that bone marrow examination cannot prove the causes of chronic myeloproliferative disorders, especially essential
               thrombocythemia. In iron deficiency anemia with associated thrombocytosis after an increase in hemoglobin level closer to
               normal values with packed red cell transfusion, platelet counts become normal with lowering erythropoietin levels. The probable
               mechanism in iron-deficiency anemia associated thrombocytosis is still a matter of deliberation of the concept of thrombopoietin
               and erythropoietin amino acid structural homology of might justify the cause of thrombocytosis in children associated with
               iron-deficiency anemia.
            

            Mehri T et al 13 reported that in normal individuals, MPV is inversely related to Platelet count. The reference values of MPV may differ with
               the platelet count. In majority of the cases of myeloproliferative disorders, MPV is usually increased. Platelet counts are
               unusually increased in primary myeloproliferative disorders than secondary thrombocytosis cases. PDW in both primary and secondary
               thrombocytosis also varies accordingly. In our present study all the cases of thrombocytosis, the platelet indices were within
               normal limits.
            

            Sandoval.C14 and Nathiya S et al15 defined that amidst of all the anemia types, anemia with iron deficiency most often presents with thrombocytosis and is more
               persistent in children below 2 years of age, because of the greater prevalence of iron deficiency in this age group. In this
               study more the severity of anemia was directly proportional to severity of thrombocytosis. The mean MPV and PDW were found
               to be higher in primary thrombocytosis when compared to secondary thrombocytosis. In the present study most cases were in
               the reproductive age group in females.
            

            Jonathan S et al16 and Akan et.al determined in his study that cytokines IL-6, IL-11, and TPO were not increased in patients associated with
               iron deficiency anemia associated with thrombocytosis, in correlation with iron deficiency anemia with normal platelet counts.
               This shows that the cytokine levels do not have any significant portrayal in iron deficiency associated thrombocytosis.17

            Secondary thrombocytosis is usually favorable and platelet becomes normal with prompt treatment of the underlying cause without
               any thrombotic complications.18

         

         
               Conclusions

            In our routine reporting of peripheral smear examination, we come across many cases of increased platelet count in microcytic
               hypochromic anemia more often in iron deficiency anemia. It is of practical clinical importance to be readily able to distinguish
               between reactive and clonal thrombocytosis.
            

            However, the distinction cannot be always made with certainty, and the diagnosis often depends on watching the platelet count
               over a while. By knowing the cause of increased platelet count and type of anemia treatment will be ease
            

            To conclude, as there are only fewer articles published regarding the prevalence of thrombocytosis in microcytic hypochromic
               anemias involving all the age groups
            

            This study was embarked upon, hemoglobin levels, MCV, and platelet count in all the age groups and both the genders. From
               the current study, we conclude that mild thrombocytosis is frequently seen in microcytic hypochromic anemia cases in females
               in the age group 21-50 years in which the majority of them proved to be iron deficiency anemia.
            

            Ruling out the secondary causes of thrombocytosis should be the priority, then primary clonal disorders, whenever there is
               a suspicion. We have to differentiate that the cases are just reactive thrombocytosis or else we are neglecting any platelet
               disorders.
            

            Among the non-infectious causes of secondary thrombocytosis, iron deficiency is a common one, since it is the single most
               common nutritional deficiency worldwide which can be treated efficiently next to Vitamin B12 and folic acid deficiency
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