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ABSTRACT 

INTRODUCTION: 

Hypothyroidism is a condition caused due to decreased synthesis, metabolism or 

decreased action of thyroid hormone which can be due to various causes. 

Hypothyroidism is the most common of thyroid disorders in India, affecting one in 

ten adults. The prevalence of hypothyroidism is 11% in India, compared with U.K & 

U.S.A, which is only 2% and 4·6% respectively. Despite the known fact that anemia 

and thyroid dysfunction often occur simultaneously, the pathophysiology remains 

unclear. 

Only few studies have been conducted to assess the burden of anemia in hypothyroid 

patients  

So, we planned this study to see for the pattern of anemia in hypothyroid patients and 

to see if there is any association between thyroid levels and hemoglobin in patients 

with hypothyroidism with anemia in newly diagnosed cases that present to our 

hospital 

METHODOLOGY:  

It was an observational study. It was carried out in the Department of Medicine, SDM 

Medical College. All hypothyroid patients attending Outpatient and Inpatient facility 

of SDM Hospital were enrolled for the study. The patients already diagnosed as 

hypothyroid >18 years in age and those who give consent for participation in the 

study were included. 
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Total 100 patients of hypothyroidism were included in the study. A detailed history 

was taken from all participants. All were subjected to complete hemogram including 

blood indices and peripheral smear, thyroid function test and retic count were done. 

Anti TPO antibodies if required were obtained. Data was analyzed to assess the type 

of anemia in hypothyroid patients and to find out any correlation between thyroid  

levels and anemia 

RESULT: 

Majority of the patients of hypothyroidism belonged to 31 to 40 years. Females are 

more prone to develop hypothyroidism as compared to the opposite gender. 

Generalized weakness and non-specific symptoms were the most commonly reported 

symptoms, followed by oligomenorrhea, weight gain and breathlessness. 

TSH levels of our study population correlated well with hemoglobin levels and MCV 

values. However, no clinical symptom correlated with TSH levels. 

Our findings suggest that normocytic normochromic anemia was the most common 

followed by microcytic hypochromic anemia followed by dimorphic and macrocytic 

anemia 

We could establish significant correlation between TSH with HB levels. Anti -TPO 

antibodies  were  positive in hypothyroid patients 

CONCLUSION: 

Our findings suggest that Normocytic normochromic anemia was the most common 

type of anemia. Based on these results, we would recommend testing for thyroid 

hormone levels  in anemic patients and testing for anti -TPO antibodies in 

hypothyroid patients. 
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Further studies are required to understand the pathophysiology and mechanisms 

involved in hypothyroidism and anemia 

A multicentric randomized controlled study will help us in elucidating the role of 

TSH and anti -TPO antibodies in anemic patients with hypothyroidism and overall 

impact on the clinical outcome in these patients. 

Keywords: Hypothyroidism, Anemia 
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INTRODUCTION 

 

Thyroid disorders are common all over the world. 

 In India too, there is a significant burden of thyroid diseases. According to data from 

various studies on thyroid disease, in India about 42 million people have been 

estimated to be affected from thyroid related diseases.[1] 

 

 
Hypothyroidism is a condition caused due to reduced synthesis, metabolism or 

reduced action of thyroid hormone which is due to various causes. 

In India, the prevalence of hypothyroidism is 11%, compared with United kingdom 

and United States of America , which is only 2% and 4·6% respectively. 
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The prevalence of hypothyroidism was highest (13·1%) is noted in people of 46–54 

years of age, while much lesser (7·5%) in people aged 18–35years.[2] 

 

Thyroid synthesis can be affected by various mechanisms at various levels. It can be 

due to defect in transport, iodine metabolism, autoimmune, growth factors and 

receptor dysfunction or due to reduced or malfunction of binding proteins.  

Differences in iodine status affect the prevalence of hypothyroidism, which occurs in 

both populations –people with a relatively high iodine intake and in severely iodine-

deficient populations.  

Hypocellularity of the bone marrow gives rise to the thought that thyroid hormones 

has a role in hematopoiesis. Anemia develops in hypothyroidism as decreased thyroid 

hormone can adversely affect erythropoiesis.  Although frequently underestimated, it 

is a common clinical condition accompanying thyroid diseases. A wide variety of 

anemic disorders with the prevalence variable up to 20- 60% can be seen with 

hypothyroidism. [3] 

In a large population cohort study it was demonstrated that the prevalence of thyroid 

function disturbance was 5.0% and the percentage of anemia was 5.9% at a mean age 

of 59.4 years. [4] 

 

Another study by Kulkarni vk et al showed that the prevalence of anemia was 75% 

which was higher than that seen in the euthyroid controls. Hypothyroid patients were 

more symptomatic for anemia than the controls.[5] 
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A Study by Chanchal das et al showed the prevalence of anemia in subclinical and 

overt hypothyroid groups was 26.6 % and 73.2 %, respectively. [6] 

Thus, the frequency of anemia in subclinical hypothyroidism is higher than general 

population. Therefore, presence of hypothyroidism is a risk factor for anemia.[6] 

 

Despite the known fact that anemia and thyroid dysfunction often occur 

simultaneously, the pathophysiology remains unclear. However, different forms of 

anemia might emerge in the course of thyroid dysfunction. Amongst Normocytic, 

microcytic & macrocytic anemia, Normocytic anemia is the most common. [6] [7] 

 

So, we planned this study to see for prevalence of anemia in thyroid patients and to 

see if there is any association between TSH and anemia in patients with 

hypothyroidism in newly diagnosed cases that presents to our hospital 
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AIM AND OBJECTIVES OF THE STUDY: 
 
To understand the association of types of Anemia in primary hypothyroidism. 
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REVIEW OF LITERATURE 

 

THYROID 

Thyroid gland is an essential endocrine gland that helps in maintaining balance 

between the normal and diseased life. Its function is to regulate growth by various 

vital functions form of bone development, neurological development, temperature, 

weight, menstrual cycles and much more. 

ANATOMY & DEVELOPMENT: 

Thyroid Gland is a small i.e. 0.5cm thick, 2cm wide & 1-2 cm high; [9] 

bi-lobed structure connected to each other by isthmus and located anterior to the 

trachea between cricoid cartilage and suprasternal notch. It weighs approx. 12-20 

gram, is highly vascular & soft in consistency. [8] 

The gland is composed of closely packed spherical units called follicle and its inner 

core is filled with colloid that is a highly proteinaceous, clear fluid being the major 

constituent of total thyroid mass. 

The follicular cells vary in height with the degree of glandular stimulation, becoming 

columnar when active and cuboidal when inactive. From the apex of the follicular 

cell, numerous microvilli extend into the colloid. At or near this surface iodination, 

exocytosis and initial phase of hormone secretion occurs. The extensive Endoplasmic 

reticulum found in the cytoplasm of follicle that contains thyroglobulin. [9] 
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FIGURE 1 -ANATOMY OF THYROID GLAND 
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FIGURE 2: THYROID GLAND HISTOLOGY 

figure 2- shows thyroid follicles and thyroid cells with colloid in it  
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Thyroid gland primarily produces triiodothyronine(T3) &thyroxine (T4) when 

stimulated by pituitary TSH that gets the signals from hypothalamus by production of 

TRH. The thyroid gland develops from the floor of the primitive pharynx during the 

third week of gestation. The developing gland migrates along the thyroglossal duct to 

reach its final location in the neck. This feature accounts for the rare ectopic location 

of thyroid tissue at the base of the tongue (lingual thyroid) as well as the occurrence 

of thyroglossal duct cysts along this developmental tract. 

 Thyroid hormone synthesis normally begins at about 11 weeks’ gestation. Thyroid 

transcription factor (TTF)-1, TTF-2, and paired homeobox-8 (PAX-8) are expressed 

selectively, but not exclusively, in the thyroid gland. In combination, they dictate 

thyroid cell development and the induction of thyroid-specific genes such as 

thyroglobulin (Tg), thyroid peroxidase (TPO), the sodium iodide symporter (Na+/I–

,NIS), and the thyroid-stimulating hormone receptor (TSH-R).[8] 

The Phylogeny, embryogenesis and certain aspects of thyroid function are closely 

interlinked with gastrointestinal tract. Thyroid also contains parafollicular cells or “C” 

cells that bilaterally migrate from the neural crest and are the source of 

calcitonin. 

STRUCTURE OF THYROID HORMONE: 

The thyrotrope cells of the anterior pituitary secrete TSH. 

 TSH is a 31-kDa hormone composed of α and β subunits; the α subunit is common to 

the other glycoprotein hormones (luteinizing hormone, follicle stimulating hormone, 

human chorionic gonadotropin [hCG]), whereas the TSH β subunit is unique to TSH. 

[8] 
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FIGURE 3: THIS FIGURE SHOWS MOLECULAR REPRESENTATION OF THYROID 
HORMONES T3 AND T4 AND ITS CONVERSION 

THYROID HORMONE SYNTHESIS AND ITS REGULATION 

 

FIGURE 4: THYROID HORMONE SYNTHESIS IN THYROID FOLLICLE.  
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Thyroid hormone synthesis comprises of 7 important steps.  

1. Iodine trapping 

2. Synthesis of thyroglobulin 

3. Release of Tg (thyroglobulin) in lumen 

4. Storage as colloid (Tg, T4, T3) 

5. Reabsorption of modified Tg chain in follicular cells 

6. Formation of T3, T4 

7. Release of T3, T4 in blood 

 

IODINE METABOLISM AND TRANSPORT: 

 

The function of thyroid is to generate the quantity of thyroid hormone necessary to 

meet the demands of the peripheral tissues. Source of Iodine is mainly diet. Other 

includes medications, diagnostic agents, dietary supplements and food additives. 20% 

is absorbed by thyroid gland & rest is excreted in Urine. The requirement of Iodine is 

different in different countries according to its content in soil, water & dietary 

practice. Daily requirement in adult is approx. 150 microgram /day [9] 

 

According to the Consumers Affairs volume 2017, the general rule of iodizing salt in 

India which is not less than 30 parts per million on dry weight basis at manufacture 

level or not less than 15 ppm on retail, people get enough content through salt. 
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Iodide per say is rapidly absorbed from GIT (within 30 minutes) and little is lost in 

stool. In body, iodide is confined largely to extracellular fluid. It is also found in 

RBC, intraluminal fluid, reabsorbed to enter in ECF (Extra cellular fluid).  

Normal concentration of iodide in ECF is 10-15microgram/L, in peripheral pool is 

250 microgram and maximum in thyroid is approx. 8000 micrograms in form of MIT, 

DIT. Iodine uptake or trapping is done by the membrane protein thyroidal sodium-

iodine symporter (NIS) found in basement membrane of follicular cell by active 

process. NIS is also located in salivary gland, choroid plexus, gastric mucosa, 

cytotrophoblast, syncytiotrophoblast and lactating mammary glands so iodine 

concentration is more in breast milk to supply to the newborn for thyroid synthesis. 

Iodide is transferred to the colloid and its oxidation is done by thyroid peroxidase 

(TPO) to convert it into iodine.  

The result is daily synthesis of approximately 110 nmol/L (85 microgram) of T4, 

which is 65% of iodine by weight.[9] 

Follicular cells also produce thyroglobulin which is a chain of amino acids containing 

tyrosine which is formed through activation of gene, mRNA is activated and forms 

thyroglobulin which further gets glycosylated in Endoplasmic reticulum of cell & 

through golgi bodies it gets released by the apical membrane of follicular cell into 

lumen. 

Specific tyrosine residues of Tg homodimers are then iodinated at apical border of 

thyroid cell to form MIT and DIT with the help of DUOX1, DUOX 2 and TPO. 

Coupling of 2 molecules occur within thyroglobulin chain to form T4 and T3, which 

further is pinocytosed by phagolysosome in cell after which breakdown occurs by 

proteolytic enzyme of thyroglobulin chain and t3, t4, MIT & DIT is produced.[9] 
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Further T4 & T3 is to be removed out of thyroid cell across the basolateral membrane 

to enter the circulation. The remaining tyrosine residues are de-iodinated by thyroid 

deiodination enzyme and are reused by another thyroglobulin chain [32-33]  

 

Figure 5 - FORMATION OF T3 AND T4 VIA MONOIODOTYROSINE AND 

DIIODOTYROSINE. 

 

 

Normally in good iodine supplementation t4 is produced more than t3. Once secreted 

in the blood, it is transported in two forms. One is bound form, in which T3 and T4 

are bound to plasma proteins namely thyroid binding globulin, pre-albumin and 

albumin. T4 is predominantly bound to thyroid binding globulin whereas T3 is 

predominantly bound to albumin. The other form is free T3 and T4.  

These free forms are in equilibrium with bound form [10, 11]. Approximately 99.98% 

of T4 and 99.7% of T3 are protein bound. T4 is converted toT3 by the deiodinase 



13  

enzymes {12] In the periphery one third of T4 is converted to T3 by 5’ de-iodinase an 

45% to rT3 by5’ de-iodinase.  

They are further metabolized to Diiodothyronines. Only about 13% of T3 is produced 

from thyroid gland and remaining 87% is formed fromT4. 

FIGURE 6: GLOBAL MAP OF IODINE STATUS -2016 (INDIAN GLOBAL 

NETWORK REPORT-2016) 

 

 

 

TSH ACTION: 

TSH regulates thyroid gland function through the TSHR (Thyroid stimulating 

hormone receptor), a seven-transmembrane G protein–coupled receptor (GPCR).  

The TSH-R is coupled to the α subunit of stimulatory G protein (Gsα), which 

activates adenylyl cyclase, leading to increased production of cyclic adenosine 

monophosphate (AMP). TSH also stimulates phosphatidylinositol turnover by 

activating phospholipase C. The functional role of the TSH-R is exemplified by the 
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consequences of naturally occurring mutations. Recessive loss-of-function mutations 

cause thyroid hypoplasia and congenital hypothyroidism. 

 Dominant gain of-function mutations cause sporadic or familial hyperthyroidism that 

is characterized by goiter, thyroid cell hyperplasia, and autonomous function. Most of 

these activating mutations occur in the transmembrane domain of the receptor. They 

mimic the conformational changes induced by TSH binding or the interactions of 

thyroid-stimulating immunoglobulins (TSI)in Graves’ disease. Activating TSH-R 

mutations also occur as somatic events, leading to clonal selection and expansion of 

the affected thyroid follicular cell and autonomously functioning thyroid nodules. [9] 

 

Other Factors That Influence Hormone Synthesis and Release: Insulin- like 

growth factor I (IGF-I), epidermal growth factor, transforming growth factor β (TGF-

β),endothelins, and various cytokines. Iodine deficiency increases thyroid blood flow 

and upregulates the NIS, stimulating more efficient iodine uptake. 

 Excess iodide transiently inhibits thyroid iodide organification, a phenomenon known 

as the Wolff-Chaikoff effect. 

 

Daily TSH production is approx. 100-400mU with a calculated circulating half-life of 

approx. 50 minutes. Although TSH secretion is pulsatile the low pulse amplitudes and 

long TSH half-life result in modest circulating variances. Secretory pulses every 2-3 

hours are interspersed with periods of tonic, non-pulsatile TSH secretion. Circadian 

TSH secretion peaks between 11 p.m. and 5 a.m., mainly due to pulse amplitude, 

which does not appear to be sleep entrained. [10-13] 
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Primary Hypothyroidism is associated with enhanced TSH pulse amplitudes occurring 

throughout the day, and nocturnal TSH surges are abrogated in patients with critical 

illness. Secretion rates are enhanced up to 15-fold in hypothyroid patients.[9] 

THE HYPOTHALAMIC PITUITARY THYROID AXIS: 

 

 

FIGURE 7: HYPOTHALAMIC PITUITARY THYROID AXIS WITH 

FEEDBACK MECHANISM. 

The thyroid participates with the hypothalamus and pituitary in a classic feedback 

control loop. In addition there is an inverse relationship between the iodine level in 

the thyroid and the fractional rate of hormone formation. Such auto-regulatory 

mechanisms stabilize the rate of hormone synthesis despite fluctuations in the 

availability of iodine. Stability in hormone production is achieved in part because the 

large intraglandular store of hormone buffers the effect of acute increases or decreases 
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in hormone synthesis. Auto-regulatory mechanisms within the gland, in turn tend to 

maintain a constant thyroid hormone pool.  

Finally, the hypothalamic pituitary feedback mechanism senses variations in 

availability of free thyroid hormones, however small, and acts to correct them.  

There is a close relationship among the hypothalamus, anterior pituitary, thyroid 

gland, higher centers in the brain and function of the entire complex being modified in 

a typical negative feedback manner by the availability of the thyroid hormones. In 

addition, other hormones and neuropeptides also influence the axis like Somatotropin 

release inhibiting factor, Dopamine, Glucocorticoids, sex steroids, cytokines etc. [9] 

 

FUNCTIONS OR PHYSIOLOGICAL EFFECTS OF THYROID HORMONES IN 

BODY ARE: 

Metabolic rate and heat production- it increases metabolic activities and so the O2 

consumption. BMR is increased by 60-100%. Since increase metabolism results in 

increase heat production, thyroid hormone effect is calorigenic. 

Intermediary metabolism: modulates rates of many specific reactions involved in 

fuel metabolism. 

Sympathomimetic effect: thyroid hormone increases target cell responsiveness to 

catecholamine’s of adrenals and sympathetic nervous system. 

Thyroid hormones are permissive and so lead to increase production of specific 

catecholamine’s target cell receptors. 
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The cardiovascular system: it increases hearts responsiveness to circulating 

catecholamines. Increases heart rate and force of contraction, which leads to increase 

In cardiac output. In response to heat load it also leads to peripheral vasodilation to 

eliminate extra heat. 

 

Effect of growth is manifested mainly in growing children. Thyroid hormone 

stimulates GH (growth hormone) secretion and promotes GH effects. It has been seen 

that absence of thyroid hormone can lead to stunting of growth, which is reversible on 

supplementing thyroid hormone. It is different in a form that its excess does not lead 

to gigantism or acromegaly, which is seen in excess GH. 

Thyroid hormones are considered important in promoting growth and development of 

the brain during fetal and postnatal life. Therefore, thyroid hormone deficiency can 

lead to mental retardation if therapy is not administered days or weeks after birth. 

Thyroid hormones are also known to influence synthesis and degradation of 

carbohydrate, fat and proteins. 

Its effect on respiratory system is via its role in production of surfactant and thereby 

influencing lung development. 

 

Its role in skin and tooth is also seen. It is found to be necessary for tooth 

development and eruption. In skin, it is important for growth and maturation of 

epididymis and hair follicles. [10-12] 
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Thyroid hormone precursor TRH (Thyroid releasing hormone) is a potent Prolactin 

releasing factor. TRH has found to cause occasional hyper-prolactinemia with or 

without galactorrhea in hypothyroid patients[11] 

 

NORMAL LEVELS OF THYROID HORMONES: 

Normal level of Total T3= 0.79-1.58 ng/dl while of Total T4= 4.00-11.00 μg/dl 

Normal level of free T3 is 2.1-3.8 pg/ml while of Free T4= 0.82-2.00 ng/dl. 

Normal level of S. TSH= 0.39-5.0 μIU/ml. 

LABORATORY EVALUATION  

 

A decrease in secretion of the thyroid hormones is common to all varieties of 

hypothyroidism, except for disorders of thyroid hormone metabolism or action, such 

as consumptive hypothyroidism and resistance to thyroid hormone. 

 

In patients with primary thyroid disease, the cause of hypothyroidism in more than 

99% of the patients, there is a significant increase in basal serum TSH concentration. 

A strategy for evaluating the patient suspected of hypothyroidism involves a TSH 

determination. If the suspicion of hypothyroidism is strong, if a goiter is present, 

or if central hypothyroidism is part of the differential diagnosis, an fT4 assay should 

be included  If hypothyroidism is thought to be unlikely but must be excluded, only a 

TSH determination is required becauseprimary hypothyroidism is almost always the 

cause. If TSH is elevated, an fT4 assay can be added to the same determination, As 
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hypothyroidism progresses, the serum TSH increases further, the serum fT4 falls, and 

finally at the most severe stage, serum T3 concentrations may become subnormal 

 

The persistence of a normal serum T3 is, in part, due to preferential synthesis and 

secretion of T3 by residual functioning thyroid tissue under the influence of the 

increased plasma TSH. 

 In addition, the efficiency of conversion of T4 to T3 by D2 is increased as   the serum 

T4 level falls.[40] Consequently, the serum T3 concentration   may remain within the 

normal range.The principal differential diagnosis is between primary 

and central hypothyroidism [41] 

 

The serum TSH concentration is the critical laboratory determination that, in general, 

allows recognition of the cause of thedisease when the serum fT4 is reduced.  

An exception is the individual with a recent history of thyrotoxicosis (and suppressed 

TSH) in whom a low fT4 level may be associated with a reduced TSH level for 

several months after treatment of the thyrotoxicosis.  

 

In patients with primary hypothyroidism, the absence of TPO antibodies raises a 

possible diagnosis of transient hypothyroidism following an undiagnosed episode of 

painful subacute thyroiditis, also referred to as post-viral, de Quervain, 

granulomatous, or pseudotuberculous thyroiditis. The differentiation of 

hypothyroidism due to intrinsic thyroid failure from hypothyroidism due to 

diminished TSH secretion from hypothalamic or pituitary disease (central or 

secondary hypothyroidism) is the most critical 
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decision point in this pathway. A low thyroid hormone level with a normal or low 

TSH level should lead to an evaluation for the possibility of failure of other endocrine 

systems that require trophic pituitary 

hormones for normal function  

 

In some patients with central hypothyroidism, the basal serum TSH concentration 

(and the response to TRH) may even be somewhat elevated, but the TSH has   

reduced biologic potency even though it is immunologically reactive.[42] 

In patients with an elevated TSH level and a reduced fT4, the presence or absence of 

TPO antibodies should be ascertained .The presence of TPO antibodies generally 

points to autoimmune thyroid disease (Hashimoto disease) as the cause of the 

hypothyroidism. On the other hand, the absence of TPO antibodies requires a search 

for less common causes of hypothyroidism such as transient hypothyroidism, 

infiltrative thyroid disorders, and external  irradiation, although rarely patients with 

Hashimoto disease will not have detectable thyroglobulin or TPO antibodies. [43] 

HYPOTHYROIDISM: 

Reduced production of thyroid hormone is the central feature of clinical state termed 

Hypothyroidism. S.TSH >5 is considered as a limit to diagnose the patient as 

hypothyroid with decrease fT4 levels <0.82 and fT3 <2.1 in a variable manner. 

Permanent loss or destruction of the thyroid, through process such as autoimmune 

destruction or irradiation injury, is describes as primary hypothyroidism. 

Central or Secondary hypothyroidism caused by insufficient stimulation of a normal 

gland, is a result of hypothalamic or pituitary disease or defects in the TSH molecule. 
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Reduced action of thyroid hormone at tissue level in the face of normal or increased 

thyroid hormone production from thyroid gland can also be associated with clinical 

hypothyroidism. Consumptive hypothyroidism is the result of accelerated inactivation 

of thyroid hormone by the type 3 iodothyronine deiodinase (D3). Defects of activation 

of the pro-hormone T4 to active form T3 is also seen. 

 

Subclinical Hypothyroidism is defined as elevated serum TSH with normal free t4 

concentration. Estimates of incidence of hypothyroidism vary depending on 

population studied. 

 In U.S 0.3% of the population have overt hypothyroidism defined as elevated serum 

TSH and reduced free t4 and 4.3% have subclinical or mild hypothyroidism.[9] 

 

 

Among adult people in India, the prevalence of hypothyroidism has been recently 

studied. In this population-based study done in Cochin on 971 adult subjects, the 

prevalence of hypothyroidism was 3.9%. [17] The prevalence of subclinical 

hypothyroidism was also high in this study, the value being 9.4%. In women, the 

prevalence was higher, at 11.4%, when compared with men, in whom the prevalence 

was 6.2%. The prevalence of subclinical hypothyroidism increased with age.  

About53% of subjects with subclinical hypothyroidism were positive for anti-TPO 

antibodies. This was a population-based study, which used cluster sampling 

strategy[17] .In this study, Urinary Iodine Status was studied in 954 subjects from the 
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same population sampled, and the median value was 211μg/l; this suggested that this 

population was iodine sufficient[16] 

 

Causes of Hypothyroidism: [31] 

1) Primary Hypothyroidism: 

a. Acquired 

i. Hashimotos thyroiditis 

ii. Iodine deficiency (endemic goiter) 

iii. Drugs blocking synthesis or release of T4 (Lithium, ethionamide, 

sulfonamides, iodide) 

iv. Goitrogens in foodstuffs or as endemic substances or pollutants 

v. Cytokines (interferon gamma, interlukin-2) 

vi. Thyroid infiltration (amyloidosis, hemochromatosis, sarcoidosis, Riedels struma, 

cystinosis, scleroderma) 

vii. Post ablative thyroiditis due to 131I surgery or therapeutic radiation for non- 

thyroidal malignancy. 

Congenital 

i. Iodide transport or utilization defect (NIS or pendrin mutation) 

ii. Iodotyrosinedehalogenase deficiency 



23  

iii. Organification disorders (TPO deficiency or dysfunction) 

iv. Defects in thyroglobulin synthesis or processing 

v. Thyroid agenesis or dysplasia 

vi. TSH receptor defects 

vii. Thyroidal Gs receptor abnormalities (pseudohypoparathyroidism type Ia) 

viii. Idiopathic TSH unresponsiveness 

2) Transient (Post-thyroiditis) Hypothyroidism: Following subacute, painless or 

postpartum thyroiditis 

3) Consumptive Hypothyroidism: Rapid destruction of thyroid hormone due to D3 

expression in large hemangiomas or hemangioendotheliomas 

4) Defects of Thyroxine to triiodothyronine conversion: Selenocystiene insertion 

sequence- binding protein 2 defect 

5) Drug induced thyroid destruction: tyrosine kinase inhibitor (sunitinib) 

6) Central Hypothyroidism: 

a. Acquired 

i. Pituitary origin (secondary) 

ii. Hypothalamic disorders (tertiary) 

iii. Bexarotene (retinoid X receptor agonist) 

iv. Dopamine and/or severe illness 
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b. Congenital 

i. TSH deficiency or structural abnormality 

ii. TSH receptor defect 

7) Resistance to Thyroid hormones: 

a. Generalised 

b. Pituitary Dominant 

 

Thyroid dysfunction can cause various manifestations on basis of various system 

affected. 

Amongst them important ones are: 

Tiredness, weakness, Dry skin, Feeling cold, Hair loss, Difficulty concentrating and 

poor memory, Constipation, Weight gain with poor appetite, Dyspnea, Hoarse voice, 

Menorrhagia (later oligomenorrhoea or amenorrhea), paresthesia and Impaired 

hearing [38] 

Important signs to see in these patients are: Dry coarse skin; cool peripheral 

extremities, puffy face, hands, and feet (myxedema), diffuse alopecia, bradycardia, 

peripheral edema, delayed tendon reflex relaxation, carpal tunnel syndrome, serous 

cavity effusions.[38] 

THE EFFECT OF HYPOTHYROIDISM ON HEMATOPOIETIC SYSTEM 

In response to diminished oxygen requirements and decreased production of 

erythropoietin, the red cell mass is decreased; this is evident in mild normocytic 
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normochromic anemia that often occurs. Less commonly, the anemia is macrocytic, 

sometimes due deficiency of vitamin B12. Conversely overt and subclinical 

hypothyroidism is present in 12% and 15 % of patients respectively, with pernicious 

anemia. Folate deficiency can also cause macrocytic anemia. The frequent 

menorrhagia and defective absorption of iron resulting from achlorhydria may 

contribute to a microcytic, hypochromic anemia.[9] 
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ANEMIA: 

The World Health Organization (WHO) has defined anemia in adults as a hemoglobin 

of <13 g/dL in males (a hematocrit [Hct] of about 39) and <12 g/dL in females 

(Hematocrit about 36). For African-Americans, the hemoglobin is about 0.5 g/dL less. 

[19] 

 

Anemia is alternately defined as a reduced absolute number of circulating RBCs or a 

condition in which the number of RBCs (and subsequently their oxygen-carrying 

capacity) is insufficient to meet physiologic needs.[21] Though most commonly 

diagnosed by a low Hb concentration or a low hematocrit, anemia can also be 

diagnosed using RBC count, mean corpuscular volume, blood reticulocyte count, 

blood film analysis, or Hb electrophoresis.[21] 

At the population level and in clinical practice, Hb concentration is the most common 

hematological assessment method used and the most common indicator used to define 

anemia [20] 

 

EPIDEMIOLOGY OF ANEMIA  

According to the World Health Organization (WHO), there are two billion people 

with anemia in the world. 

Anemia is a major public health problem in India. In the 2019-20 National Family 

Health Survey (NFHS-5), a household survey aimed at having national and state 
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representative data on population health and nutrition; the prevalence of anemia was 

57% in females aged 15–49 years, and 25% in males aged 15–49 years  

 

THE ERYTHROPOIESIS PROCESS: 

Erythropoiesis is the maturation of erythroblast to form red blood cell (RBC). It is 

stimulated by decreased O2 availability in circulation due to which the kidney is 

stimulated to secrete the erythropoietin hormone EPO (Erythropoietin) stimulates 

proliferation and differentiation of red blood cell precursors, which activates 

erythropoiesis in the hematopoietic tissues and forming more RBC’s. Erythropoiesis 

mainly occur in bone marrow but few extramedullary sites are also there which 

produces RBC like spleen and liver. 

Erythrocyte differentiation occurs in multiple steps as described below. 

 

1) Multipotent hematopoietic stem cell is converted to myeloid stem cell (common 

myeloid progenitor) 

2) Myeloid stem cell is converted to pronormoblast 

3) Pronormoblast is converted to basophilic normoblast 

4) Basophilic normoblast is converted to Polychromatic normoblast 

5) Polychromatic normoblast is converted to Orthochromatic normoblast 

6) Orthochromatic normoblast is converted to Polychromatic erythrocyte 

(Reticulocyte) 
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7) Polychromatic erythrocyte is converted to Erythrocyte. 

 

3 important things occur in formation of RBC. 

 Earlier the precursor cell is large and has basophilic cytoplasm due to presence of 

ribosomes and messenger RNA, which is further required to form proteins like 

enzymes and hemoglobin, which at last becomes very small when RBC is formed. 

Second, the earlier basophilic cytoplasm converts to eosinophilic stained due to 

hemoglobinization.  

Third, the nuclear maturation occurs the earlier open nuclear chromatin gets 

condensed and at last gets removed from reticulocytes to form RBC. 

 

 

 

 

 

 

 

 

 

 



29  

FIGURE 8 – STAGES OF HAEMATOPOESIS  

 

 

 

RED CELL INDICES- Red cell indices are valuable in the morphologic 

classification of anemias. 

The reference ranges vary among laboratories  

MCV defines the size of the red blood cells and is expressed as femtoliters (10−15; fl) 

or as cubic microns (μm3). The normal values for MCV are 87 ± 7 fl. 
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MCH quantifies the amount of hemoglobin per red blood cell. The normal values for 

MCH are 29 ± 2 picograms (pg) per cell. 

MCHC indicates the amount of hemoglobin per unit volume. In contrast to MCH, 

MCHC correlates the hemoglobin content with the volume of the cell. It is expressed 

as g/dl of red blood cells or as a percentage value. The normal values for MCHC are 

34 ± 2 g/dl. 

RDW represents the coefficient of variation of the red blood cell volume distribution 

(size) and is expressed as a percentage. The normal value for RDW is 13 ± 1.5%.[23] 

CALCULATION OF RED CELL INDICES – 

MCV =       Volume of packed cells/1000ml of blood  - fl  

                    RBC count in millions /ml  

MCH =      Hemoglobin in g /1000ml of blood  pg/cell  

                       RBC count in millions /ml  

MCHC =   Hemoglobin in g /100ml of blood  X100  g/dl  

                 Volume of packed cells /100ml of blood [23] 

PERIPHERAL SMAER EVALUATION 

For morphological Evaluation peripheral blood smear examination is an important 

skill.  

The information reveals from blood smear examination combined with results of 

hematology analyzer help in the treatment of patients. The examination of Leishman 

stained blood smear frequently provides information regarding diagnosis of various 
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blood cell disorders. Diameter of normal human red blood cells about 7.5 μm. They 

are anucleated and have central one third pallor due to inner portion of flexible 

biconcave disc being less thick than the outer portion. Their size is slightly smaller 

than small lymphocytes. The hemoglobin of red cells is located peripherally, leaving 

an area of central pallor equal to approximately 30 to 45% of the diameter of the cells. 

Cells of normal size and hemoglobin content are termed Normocytic and 

Normochromic. Erythrocytes Larger than small lymphocytes are termed as 

Macrocytes (diameter approximately greater than 9 μm) and red cells smaller than 

small lymphocytes termed Microcytes (diameter less than 6 μm) and erythrocytes 

with central pallor greater than 50% of the diameter are hypochromic 

The classification systems for anemia emphasize either erythrocyte size or the 

mechanism that reduced the number of red cells. 

 

The morphologic scheme divides anemia into three groups, based on mean 

corpuscular volume (MCV): 

 (1) normocytic (MCV 90–100); 

 (2) macrocytic (MCV >100); and  

(3) microcytic (MCV <80).[19] 

 

In some disorders, the red cells may vary considerably and can cause anemia of more 

than one category. 
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CLASSIFICATION BASED ON SEVERITY OF ANEMIA[23] 

Normal hemoglobin (Hb) ≥ 12 gram (gm.) % 

Mild anemia: Hb < 11.9 - 10 gm. % 

Moderate anemia: Hb 9.9 - 7 gm. % 

Severe anemia: Hb < 7 gm. % 

 

1. Morphological Classification  

1. Inadequate response (Reticulocyte Production Index < 2) 

2. Adequate response (Reticulocyte Production Index > 3) 
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1. Inadequate response (Reticulocyte Production Index < 2) is been further 

described as 

Normocytic, Normochromic anemia 

1. Chronic inflammatory diseases, such as 

o Infection 

o Collagen-vascular disease 

o Inflammatory bowel disease 

2. Recent blood loss 

3. Malignancy/marrow infiltration 

4. Chronic renal failure 

5. Transient erythroblastopenia of childhood 

6. Marrow aplasia/hypoplasia 

7. HIV (human immunodeficiency virus) infection 

8. Hemophagocytic syndrome 

C. Macrocytic anemia 

1. Vitamin B12 deficiency 

Causes of vitamin B12 deficiency 

o Pernicious anemia 

o Ileal resection 

o Strict vegetarian diet 

o Abnormal intestinal transport of vitamin B12 

o Congenital intrinsic factor or Transcobalamin deficiency 

2. Folate deficiency: 

Causes of folate deficiency 
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o Malnutrition 

o Malabsorption 

o Chronic haemolysis 

o Phenytoin use 

o Trimethoprim/sulphamethaxazole 

o Antimetabolite use 

3. Hypothyroidism 

4. Orotic aciduria 

5. Chronic liver disease 

6. Lesch-Nyhan syndrome 

7. Down syndrome 

8. Marrow failure 

Causes of marrow failure 

O Myelodysplasia 

O Fanconi anemia 

O Congenital dyserythropoietic anemia 

O Aplastic anemia 

O Pearson syndrome (mitochondrial disorder) 

O Diamond-Black fan syndrome 

9. Drugs: like Alcohol, Azidothymidine (zidovudine) 
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2. Adequate response (Reticulocyte Production Index > 3) is been further 

described 

under following headings: 

a. Microcytic anemia 

1. Thalassemia: 

Types of thalassemia 

• Β-major, minor 

• α-minor 

2. Hereditary Pyropoikilocytosis 

3. Hemoglobin CC 

 4. Hemoglobin EE 

b. Normocytic anemia 

1. Antibody mediated hemolysis 

2. Hypersplenism 

3.. Hemolytic disorders 

A. Hemoglobinopathy 

• Hemoglobin SS, S-C S-β thalassemia 

B. Enzymopathy 

• G6PD(Glucose 6 phosphate dehydrogenase ) deficiency (loite cells) 

• Pyruvate kinase deficiency 

C. Membranopathy 

• Hereditary spherocytosis 

• Elliptocytosis 

• Ovalocytosis 
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3. Extrinsic factors 

• DIC(disseminated intravascular coagulation), HUS( hemolytic uremic 

syndrome) 

• TTP(thrombotic thrombocytopenic purpura) 

3. Macrocytic anemia [23] 

1. Dyserythropoietic anemia 1, III 

2. Active hemolysis with very elevated reticulocyte count 

CLINICAL FEATURES OF ANEMIA  

Pallor, anorexia, irritability, palpitations, fatigue, shortness of breath, exercise 

intolerance, koilonychias, platynychia, glossitis, stomatitis, pica. Mild degree of 

hepato-splenomegaly, hemic murmur on auscultation, 

Severe anemia can lead to congestive cardiac failure with orthopnea, bilateral pitting 

pedal edema, raised jugular venous pressure.  

 

ROLE OF THYROID HORMONES IN ERYTHROPOIESIS: 

It is well known that anemia is associated with cases of thyroid disorders. 

Thyroid hormones play a crucial role in hematopoiesis, particularly in erythropoiesis. 

They exert a direct stimulating effect on the proliferation of erythrocyte precursors, 

but also promote erythropoiesis by increasing erythropoietin gene expression and 

erythropoietin production in the kidneys[25-28] Experimental studies demonstrated an 

enhanced erythroid colony growth induced by free triiodothyronine[29] In hypothyroid 

patients, the number and proliferative activity of erythroid cells in the marrow is 

reduced.[30]Additionally, gelatinous transformation of the marrow ground substance, 
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characterized by mucopolysaccharide accumulation, was observed in a patient with 

profound hypothyroidism.[9] 

 

 

ANEMIA IN HYPOTHYROIDISM: 

Anemia, usually normocytic, occurs in several endocrine disorders. About 30% of 

patients with hypothyroidism have anemia,  The etiopathogenesis of anemia in 

hypothyroidism is complex and may be related to depressed bone marrow stimulation, 

decreased erythropoietin production, nutrient deficiency (including iron, vitamin B12, 

or folate), as well as comorbid diseases or may be from the hormone deficiency itself, 

and its severity is related to the duration and degree of the hypothyroidism.[9] 
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MATERIALS AND METHODOLOGY 
 
 
It was an observational study. It was carried out in the Department of Medicine, SDM 

Medical College. The study was started after obtaining clearance from institutional 

ethical committee. It was started in November 2019 until the 100 participants were 

enrolled 

SOURCE OF DATA: 

 Study subjects: Cases of primary hypothyroidism attending outpatient and inpatient 

facility of SDM hospital 

INCLUSION CRITERIA: 

• Confirmed cases of primary hypothyroidism 

• Patients giving informed consent 

EXCLUSION CRITERIA: 

• Systemic illnesses causing Anemia 

• Secondary hypothyroidism 

• Subclinical hypothyroidism 

• Recent intake of hematinics or blood transfusion 

METHODS OF COLLECTION OF DATA: 
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• Study design: Descriptive study 

• Sample size:100 

• Sampling procedure: Convenience sampling 

• Study instrument: 

     Thyroid function test 

     Complete blood count including blood indices 

                Reticulocyte count 

               Peripheral blood smear 

              Anti-TPO antibody if needed 

• Study analysis: SPSS VERSION 20 SOFTWARE 
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RESULTS 

100 subjects were enrolled to the study and these were the results.  

Table 1: Gender wise distribution of patients 

Gender No of patients % of patients 

Male 29 29.00 

Female 71 71.00 

Total 100 100.00 

 

 

 

Male
29.00%

Female
71.00%
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 Graph 1 – this is graph showing gender wise distribution of patients. There is 

female preponderance. 71% of subjects were females and 29 % were males.  

Table 2: Age wise distribution of patients 

Age groups No of patients % of patients 

<=20yrs 2 2.00 

21-30yrs 11 11.00 

31-40yrs 32 32.00 

41-50yrs 23 23.00 

51-60yrs 7 7.00 

61-70yrs 16 16.00 

>=71yrs 9 9.00 

Mean age 45.92 

Total 100 100.00 
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Graph 2 : Age wise distribution of patients  

The above graph shows age wise distribution of patients. 

Out of 100 patients, 32 patients belonged to the age group 31 to 40 years, 23 patients 

were of the age group 41 to 50 years, 16 patients were elderly falling to the age group 

of 61 to 70 years  

9 patients were above 71 years of age  

Table 3: Symptoms wise distribution of patients 

Symptoms No of patients % of patients 

Generalized weakness 82 82.00 

Weight gain 17 17.00 
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Oligomenorrhea 21 21.00 

Fever 11 11.00 

Breathlessness 9 9.00 

Non-specific 27 27.00 

 

 

 

Graph 3: Symptom wise distribution of patients  
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The above graph shows distribution of patients according to presenting symptoms. 

Majority of patients had generalized weakness (82%) as presenting symptoms 

followed by non-specific symptoms(27%), oligomenorrhea (21%) weight gain in 17% 

, fever in 11% , breathlessness in 9% of subjects  

 

 

 

Table 4: Oligomenorrhea in premenopausal women with hypothyroidism  

Oligomenorrhea 
                                                     
NO OF PATIENTS  

      %OF PATIENTS  

Present 21 40 

Absent 31 60 

 

 

 

PRESENT
40%ABSENT

60%

OLIGOMENORRHOEA IN PRE-MENOPAUSAL

PRESENT ABSENT
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Graph 4: The above graph shows oligomenorrhoea in premenopausal women 21 out 

of 52 premenopausal women had oligomenorrhea accounting for 40% 

 

 

 

 

 

Table 5:  General physical examination findings in study subjects  

Other problems No of patients % of patients 

Pallor    73 73.00 

Icterus   2 2.00 

Cyanosis    0 0.00 

Clubbing   1 1.00 

Lymphadenopathy  0 0.00 

Edema  10 10.00 
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Graph 5: The above graph shows general physical findings of the study subjects  

Pallor was present in 73% of subjects, edema was present in 10% of patients, icterus 

2% of subjects, clubbing was present in 1% of study subjects  

Table 6: Pulse rate wise distribution of patients 

Pulse rate No of patients % of patients 

Bradycardia  6 6.00 

Normal  89 89.00 

Tachycardia  5 5.00 

Total 100 100.00 
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Graph 6: The above graph shows the pulse rate in the study subjects. 

89 subjects had normal pulse rate, 6 subjects had bradycardia and 5 subjects had 

tachycardia  

 

 

Table 7 : Blood pressure  recordings of the study subjects  

BP No of patients % of patients 

SBP   

Hypotension  1 1.00 

Normal  92 92.00 

Hypertension  7 7.00 

DBP   

Bradycardia 
6.00%

Normal 
89.00%

Tachycardia 
5.00%
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Hypotension  1 1.00 

Normal  92 92.00 

Hypertension  7 7.00 

Total 100 100.00 

 

 

 

Graph 7: The above graph shows blood pressures of the study subjects. 92 % of the 

subjects had normal blood pressure.  7 % of subjects had hypertension. 1% of the 

subject had hypotension 
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Table 8: SpO2, CVS and per abdomen findings wise distribution of patients\ 

 No of patients % of patients 

SpO2   

>90 100 100.00 

<90 0 0.00 

CVS   

Normal 98 98.00 

Hemic murmur  2 2.00 

Both  0 0.00 

Per abdomen   

No organomegaly  87 87.00 

Hepatomegaly  8 8.00 

Splenomegaly  5 5.00 

Both  3 3.00 

Total 100 100.00 
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87%

8%
5% 3%

PER ABDOMEN FINDINGS 

No oraganomegaly Hepatomegaly Splenomegaly Both

98%

2%

CARDIOVASCULAR SYSTEM FINDINGS  

Normal Haemic murmur Both
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Graph  8  : The above graph shows per abdomen findings and Cardiovascular system 

findings respectively  

All the cases were having SPO2 more than 90% 

CVS was normal in 98% cases and Hemic murmur was seen in 2% cases.  

Per abdomen was normal in 87% of the subjects.  

8% cases were seen with hepatomegaly, 5% cases with splenomegaly and 3% cases 
were seen with both hepatomegaly and splenomegaly. 

 

Table 9: HB for male and HB for female wise distribution of patients 

HB No of patients % of patients 

For male   

Mild 16 55.17 

Moderate 11 37.93 

Severe  0 0.00 

For female   

Mild 34 47.89 

Moderate 33 46.48 

Severe  6 8.45 
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Graph 9: This the graph showing severity of anemia amongst men and women  

Mild anemia was found in 55.17% of men and 47.89% of women  

Moderate anemia was found in 37.93% of men and 46.48% of women  

Severe anemia was not found in men and 8.45% in women  
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Table 10: Peripheral smear wise distribution of patients 

  No of patients % of patients 

Peripheral smear     

Normocytic normochromic  62 62.00 

Microcytic hypochromic  25 25.00 

Dimorphic  9 9.00 

Macrocytic  4 4.00 

 

 

Graph 10 – The above graph shows peripheral smear pattern of anemic patients in 

primary hypothyroidism  

 Majority had normocytic normochromic anemia 62% followed by microcytic 

hypochromic anemia 25% and dimorphic anemia was seen in 9% and least had 

macrocytic anemia 4% 
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Table 11: T3 and T4 wise distribution of patients 

 No of patients % of patients 

T3      

Low  53 53.00 

Normal 47 47.00 

High 0 0.00 

T4    

Low  20 20.00 

Normal 79 79.00 
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Graph 11: The above graph shows T3, T4 levels in hypothyroid patients   

53% of subjects had low T3 levels 20% of subjects had low T4 levels Normal T3 was 

found 47% of subjects and normal T4 was found in 79% of subjects High T3 was not 

present in any subjects and high T4 was found in 1% of the subjects  
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Table 12: Anti TPO wise distribution of patients 

Anti TPO No of patients % of patients 

Positive 6 6.00 

Negative 4 4.00 

Not done 90 90.00 

Total 100 100.00 

 

 

 

Graph 12: The above graph shows anti TPO antibodies results in hypothyroid 

patients. 6 out 10 patients had anti TPO antibody positivity  
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Table 13: Correlation between TSH and HB by Karl Pearson’s correlation coefficient 

Variables Correlation between TSH with 

r-value t-value p-value 

HB -0.9255 -24.1940 0.0001* 

*p<0.05 

 

 

 

Scatter diagram showing the correlation between TSH and HB 
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DISCUSSION 

 

   In the present study, 100 subjects were included, who were both hypothyroid 

patients and anemic patients.  

Age distribution – the mean age of the subjects was 45.92.  

The majority of subjects with anemia and primary hypothyroidism were between 31 

to 40 years of age, that is 32 subjects belonged to this group ,23 subjects were in the 

age group 41 to 50 years  

               In comparison with study by Mehmet E et al,[34]   the mean age of the 

subjects in the hypothyroid and control groups was 44.5 and 45.3 years, respectively 

and the ages of the two groups were comparable. 

               In a study by Das C et al in hypothyroid patients with anemia, the mean age 

of the subjects was 36.5years [6] 

 According to a study by Dorgalaleh A et al, the mean age of the subjects in the 

hypothyroid and control groups was 14.1 and 15.2 years respectively.[35] 

The mean age was 34.60±11.27 years in the cases and 35.01±11.13years in the 

control group in another study by Kulkarni vk et al [5] 
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Gender distribution  

As far as the gender is concerned, hypothyroidism has been reported to be five to 

eight times more common in women than men [36]as in our study. 

        In the current study, 71 subjects were females and 29 subjects were males. In 

comparison with the study by Kulkarni vk et al, amongst the cases, 8.33% were males 

and 91.67% were females and controls had 9.33% males and 91.67% were females [6] 

          In a study by Mehmet E et al, gender distribution revealed similar results. The 

proportion of males and females in the hypothyroid group was 12% and 88% 

respectively [34].  

            According to the study by Das C et al it was claimed that 70% of the subjects 

were females.[6] 

           The percentage of males and females in the study by Dorgalaleh A et al [35] was 

38% and 62% in the hypothyroid subjects, respectively. 

Peripheral smear and RBC morphology – 

In the current study – 

1. 62% of subjects had normocytic normochromic anemia  

2. 25% of subjects had microcytic hypochromic anemia  

3.9% of subjects had dimorphic anemia  

4. 4% of subjects had macrocytic anemia  

In comparison with the study by Kulkarni vk et al,[6] 



60  

RBC morphology in hypothyroid patients was- Normocytic normochromic-65.9% 

(most common), Microcytic hypochromic-22.72% (second most common), 

Macrocytic anemia-11.36% 

             Another study by Chanchal das et al [6] also had relatable findings. 

Normocytic, normochromic anemia was present in 31 patients (51.6%) followed by 

microcytic anemia in 26 patients (43.3%). 6 patients (10%) had macrocytic anemia. 

         In a study by Mital j Gamit et al [37] , , cases of microcytic hypochromic anemia 

were maximum , i.e., 2410 (50.47%) ,the next common anemia was  normochromic 

normocytic anemia (2260 [47.32%]) followed by dimorphic anemia, i.e., 314 

(6.57%), hemolytic anemia, i.e., 193 (4.04%), macrocytic anemia, i.e., 188 (3.93%). 

Signs and symptoms - 

 In the current study, generalized weakness was the most common symptom (82%) 

followed by non-specific symptoms (27%) History of weight gain was present in 17% 

of subjects, 

 In comparison with study by Kulkarni Vk et al [5], Generalized weakness was present 

in the 88.33% cases and none of the controls. History of weight gain was observed in 

5% cases and none of the controls. 

 

Dyspnea on exertion was present in 9% of subjects in the present study. In 

comparison with the study by Kulkarni Vk et al [5], Dyspnea on exertion was present 

in 13.33% cases and none of the controls. 
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Shortness of breath on exertion and decreased exercise capacity have been suggested 

to be due to reduced respiratory function. Weakness of respiratory muscles and 

decreased pulmonary responses to hypoxia and hypercapnia can result in 

hypoventilation.[44] 

 

Hypothyroidism in women causes either oligomenorrhoea or menorrhagia. These 

menstrual abnormalities result in reduced fertility.  In a study of 171 premenopausal 

women with hypothyroidism, 16% had oligomenorrhoea or amenorrhea [39] 

In the current study, Oligomenorrhea was present in 40% of premenopausal women 

(21 out of 52 subjects)  

 

Pallor was present in 73%, of study subjects, Icterus was present in 2% of the 

subjects.  

Edema was seen in 10% of the subjects in the present study  

In the study conducted by Kulkarni vk et al [5], amongst the cases, 70% had pallor, 

icterus and edema was absent in all the subjects  

 

In the study by Kulkarni vk et al [5], pulse rate in the cases and controls was 

77.75±9.84 and 80.43±5.94 per minute respectively. The pulse rate was lower in the 

cases as compared to the controls. 
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In comparison with the present study, the mean pulse rate was 78.21 per min. 

Bradycardia was found in 6 %of patients and tachycardia was found in 5% patients in 

the current study  

 

In the current study the mean systolic blood pressure was 117mmhg and mean 

diastolic blood pressure was 74mmhg. 

  In the study by Kulkarni vk et al [5], The systolic blood pressure in the cases and 

controls was 112.53±8.85 and 115.67±11.83 mmHg, respectively. On comparing it 

was found that the systolic blood pressure of the two groups was comparable to each 

other. The diastolic blood pressure of the cases and controls was 72.70±7.87 and 

78.26±9.45 mmHg, respectively. On comparing it was found that the diastolic blood 

pressure was significantly lower in the cases as compared to the controls. 

 

In the current study, hemic murmur was present in 2 subjects, respiratory system was 

normal in all the subjects  

Per abdomen examination showed 8% had hepatomegaly, 5% had splenomegaly and 

3% had hepato-splenomegaly. 

 

In comparison with the study by Kulkarni vk et al [6], the respiratory and 

cardiovascular system and per abdomen findings were normal in both cases and 

controls. No organomegaly was found in neither in cases nor controls.  

 



63  

The mean hemoglobin was 9.47 mg/dl in the current study   

Mild anemia was found in 55.17% (16/29) males and 47.89 % (34/71) females. 

Moderate anemia was found in 37.93% (11/29) males and 46.48% (33/71) females. 

Severe anemia was not found in males, was present in 8.45% (6/71) females. 

 

The mean -mean corpuscular volume-(MCV), the mean corpuscular hemoglobin 

(MCH) in the present study were 82.58FL and 27.33pg respectively, In comparison 

with the study by Kulkarni vk et al [5], 

(MCV) in the cases was 82.3±11.17 and (MCH) of the cases was 30.91±4.64 pg 

respectively.  

 

The mean serum TSH levels in the present study were 30.61 mIU/ml in the present 

study. In comparison with the study by Kulkarni vk et al [5], the serum TSH level in 

the cases was 45.49±46.11 mIU/mL  

 

Anti -TPO positivity was found in 6 out 10 subjects in the present study,  

Anti - TPO antibodies were positive in the 63.33% of the cases in the   study by 

Kulkarni vk et al [5], 

In a study by Mehmet E et al,[34] TPO antibody positivity was found in 100% 

hypothyroid subjects 



64  

 According to a study by Das C et al [6], TPO antibody was observed to be positive in 

58.3% cases 

Thus, presence of anti-TPO antibodies should be evaluated in the patients with a risk 

for development of hypothyroidism. 

 

Correlation between HB and TSH  

In the current study, applying Pearson’s correlation analysis between TSH and Hb 

level, there was a negative correlation between these two variables. This was 

statistically significant with a P value of 0.0001, In comparison with the study by 

Kulkarni Vk et al [5], negative correlation was observed between TSH and HB levels 

with the P value of 0.0078, which was statistically significant. 
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CONCLUSION 

 

The results of our observational study showed that majority of the patients of 

hypothyroidism belong to 31 to 40 years. Females are more prone to develop 

hypothyroidism as compared to the opposite gender 

Normocytic normochromic anemia was the most common followed by microcytic 

hypochromic anemia followed by dimorphic and macrocytic anemia 

Generalized weakness and non-specific symptoms were the most commonly reported 

symptoms, followed by oligomenorrhea, weight gain and breathlessness. 

TSH levels of our study population correlated well with hemoglobin levels and MCV 

values. However, no clinical symptom correlated with increased or normal TSH 

levels. 

Therefore, based on these results, we would recommend testing for Thyroid levels in 

anemic patients and testing for anti-TPO antibody in hypothyroid patients 

Further studies are required to understand the pathophysiology and mechanisms 

involved in hypothyroidism and anemia 

A multicentric randomized controlled study will help us in elucidating the role of 

TSH in anemia and overall impact on the clinical outcome in these patients. 
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SUMMARY 

 

Hypothyroidism is a condition caused due to reduced synthesis, 

metabolism or action of thyroid hormone which can be due to various 

reasons. Hypothyroidism is the most common of thyroid disorders in 

India, affecting one in ten adults. The prevalence of hypothyroidism is 

11% in India, compared with U.K & U.S.A, which is only 2% and 4·6% 

respectively. Despite the known fact that anemia and thyroid dysfunction 

often occur simultaneously, the pathophysiology still remains unclear. 

Hypothyroid patients often present with symptoms of numbness, 

paresthesia, poor memory and weakness. Such patients were evaluated 

for anemia  

 

It was an observational study. It was carried out in the Department of 

Medicine, SDM medical college and hospital. All hypothyroid patients 

attending Outpatient or Inpatient were enrolled for the study. 

The patients already diagnosed as hypothyroid >18 years in age and those 

who give consent for participation in the study were included. Total 100 

patients of hypothyroidism were included in the study. 
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A detailed history was taken from all participants. All were subjected to 

Complete hemogram including blood indices and peripheral smear, 

thyroid function test, retic count and anti TPO antibody was recorded 

only if required. 

Data was analyzed to assess the burden of anemia in hypothyroidism and 

to find out any correlation between TSH level and hemoglobin  

Majority of the patients of hypothyroidism belonged to 31 to 40 years of 

age. Females made more proportion of population of hypothyroidism as 

compared to the opposite gender 

Generalized weakness and non-specific symptoms were the most 

commonly reported symptoms, followed by oligomenorrhea, weight gain 

and breathlessness. 

  TSH levels of our study population correlated well with hemoglobin 

levels and MCV values. However, no clinical symptom correlated with 

TSH levels 

Our findings suggest that normocytic normochromic anemia was the most 

common followed by microcytic hypochromic anemia followed by 

dimorphic and macrocytic anemia  

We could establish significant correlation between TSH with HB levels. 

Anti -TPO antibodies were positive in hypothyroid patients. 
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 Therefore, based on these results, we would recommend testing for TSH 

levels in anemic patients, also anti- TPO antibody testing needs to be 

tested when necessary in hypothyroid patients. 

Further studies are required to understand the pathophysiology and 

mechanisms involved in hypothyroidism and anemia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



69  

 

BIBLIOGRAPHY 

1. Unnikrishnan AG, Menon UV. Thyroid disorders in India: An epidemiological 

perspective. Indian journal of endocrinology and metabolism. 2011 

Jul;15(Suppl2):S78. 

2. Bagcchi S. Hypothyroidism in India: more to be done. The lancet diabetes & 

endocrinology. 2014 Oct 1;2(10):778. 

3. Kosenli A, Erdogan M, Ganidagli S, Kulaksizoglu M, Solmaz S, Kosenli O, 

Unsal C, Canataroglu A. Anemia frequency and etiology in primary 

hypothyroidism. In11th European Congress of Endocrinology 2009 Apr 1 

(Vol. 20). BioScientifica. 

4. Parulska SE. HernikA & Ruchała M, Anemia in thyroid diseases. Pol Arch 

Intern Med. 2017;127:352. 

5. Kulkarni VK, Jadhav DU. A study of anemia in primary hypothyroidism. Int J 

Adv Med. 2017 Mar;4:383-9. 

6. Das C, Sahana PK, Sengupta N, Giri D, Roy M, Mukhopadhyay P. Etiology of 

anemia in primary hypothyroid subjects in a tertiary care center in Eastern 

India. Indian journal of endocrinology and metabolism. 2012 Dec;16(Suppl 

2):S361. 

7. Schindhelm RK, ten Boekel E, Heima NE, van Schoor NM, Simsek S. 

Thyroid hormones and erythrocyte indices in a cohort of euthyroid older 

subjects. European Journal of Internal Medicine. 2013 Apr 1;24(3):241-4. 

8. Kasper D, fauci A, hauser S, Longo D, Jameson J, Localzo J. Harrison’s 

principle of internal medicine. 20th ed. USA, Minion pro by Cenveo publisher 

services; 2015.p.2283-2290. vol.2 



70  

9. Larsen R, Kronenberg H. et ad. Williams textbook of endocrinology 12th 

edition. 

10. Alexander EK, Pearce EN, Brent GA, Brown RS, Chen H, Dosiou C, 

Grobman WA, Laurberg P, Lazarus JH, Mandel SJ, Peeters RP. 2017 

Guidelines of the American Thyroid Association for the diagnosis and 

management of thyroid disease during pregnancy and the postpartum. 

Thyroid. 2017 Mar 1;27(3):315-89. 

11. Ortiga-Carvalho TM, Sidhaye AR, Wondisford FE. Thyroid hormone 

receptors and resistance to thyroid hormone disorders. Nature Reviews 

Endocrinology. 2014 Oct;10(10):582-91. 

12. Rugge JB, Bougatsos C, Chou R. Screening and treatment of thyroid 

dysfunction: an evidence review for the US Preventive Services Task Force. 

Annals of internal medicine. 2015 Jan 6;162(1):35-45. 

13. Stoupa A, Kariyawasam D, Carré A, Polak M. Update of thyroid 

developmental genes. Endocrinology and Metabolism Clinics. 2016 Jun 

1;45(2):243-54. 

14. Zimmermann MB, Boelaert K. Iodine deficiency and thyroid disorders. The 

lancet Diabetes & endocrinology. 2015 Apr 1;3(4):286-95. 

15. Kasper DL, Fauci AS, Hauser SL, Longo DL, Jameson JL, Loscalzo J. 

Harrison's Principles of Internal Medicine 20/E (Vol. 1 & Vol. 2)(ebook). 

McGraw Hill Professional; 2018 Feb 6. 

16. Robert W Schrier. Abnormalities in the thyroid gland and hypothalamo 

pituitary thyroid axis in patients with CKD – Diseases of the kidney and 

urinary tract, eighth edition 2007; 3:2518.) 



71  

17. Menon U, Sundaram KR, Unnikrishnan AG, Jayakumar RV, Nair V, Kumar 

H. High prevalence of undetected thyroid disorders in an iodine sufficient 

adult south Indian population. Journal of the Indian Medical Association. 2009 

Feb 1;107(2):72-7. 

18. Fatourechi V. Subclinical hypothyroidism: an update for primary care 

physicians. InMayo Clinic Proceedings 2009 Jan 1 (Vol. 84, No. 1, pp. 65-71). 

Elsevier. 

19. Tkachuk DC, Hirschmann JV, Wintrobe MM, editors. Wintrobe's Atlas of 

clinical hematology. Lippincott Williams & Wilkins; 2007 

20. Chaparro CM, Suchdev PS. Anemia epidemiology, pathophysiology, and 

etiology in low-and middle-income countries. Annals of the new York 

Academy of Sciences. 2019 Aug;1450(1):15 

21. WHO CM. Haemoglobin concentrations for the diagnosis of anaemia and 

assessment of severity. Vitamin and Mineral Nutrition Information System. 

2011 Aug 22:1-6. 

22. Balarajan Y, Ramakrishnan U, Özaltin E, Shankar AH, Subramanian SV. 

Anaemia in low-income and middle-income countries. The lancet. 2011 Dec 

17;378(9809):2123-35. 

23. Abbas AK, Aster JC. Robbins and Cotran pathologic basis of disease. 

Saunders; 2015. 

24. Choudhary R, Koshti A, Malik R. Study of Morphological Pattern of Anaemia 

at a Tertiary Care Centre. Journal of Evolution of Medical and Dental 

Sciences. 2020 Feb 24;9(8):468-73. 

25. Golde DW, Bersch N, Chopra IJ, Cline MJ. Thyroid hormones stimulate 

erythropoiesis in vitro. British journal of haematology. 1977 Oct;37(2):173-7. 



72  

26. Fandrey J, Pagel H, Frede S, Wolff M, Jelkmann W. Thyroid hormones 

enhance hypoxia-induced erythropoietin production in vitro. Experimental 

hematology. 1994 Mar 1;22(3):272-7. 

27. Malgor LA, Blanc CC, Klainer E, Irizar SE, Torales PR, Barrios L. Direct 

effects of thyroid hormones on bone marrow erythroid cells of rats. Blood. 

1975 May 1;45(5):671-9. 

28. Dorgalaleh A, Mahmoodi M, Varmaghani B. Effect of thyroid dysfunctions on 

blood cell count and red blood cell indice. Iranian journal of pediatric 

hematology and oncology. 2013;3(2):73. 

29. Malgor LA, Valsecia ME, Verges EG, de Markowsky EE. Enhancement of 

erythroid colony growth by triiodothyronine in cell cultures from bone 

marrow of normal and anemic rats with chronic renal failure. Acta 

physiologica, pharmacologica et therapeutica latinoamericana: organo de la 

Asociacion Latinoamericana de Ciencias Fisiologicas y [de] la Asociacion 

Latinoamericana de Farmacologia. 1995 Jan 1;45(2):79-86. 

30. Das KC, Mukherjee M, Sarkar TK, Dash RJ, Rastogi GK. Erythropoiesis and 

erythropoietin in hypo-and hyperthyroidism. The Journal of Clinical 

Endocrinology & Metabolism. 1975 Feb 1;40(2):211-20. 

31. Almandoz JP, Gharib H. Hypothyroidism: etiology, diagnosis, and 

management. Medical Clinics. 2012 Mar 1;96(2):203-21. 

32. Brent GA. Mechanisms of thyroid hormone action. The Journal of clinical 

investigation. 2012 Sep 4;122(9):3035-43. 

33. Song Y, Yao X, Ying H. Thyroid hormone action in metabolic regulation. 

Protein & cell. 2011 May;2(5):358-68. 



73  

34. Mehmet E, Aybike K, Ganidagli S, Mustafa K. Characteristics of anemia in 

subclinical and overt hypothyroid patients. Endocrine journal. 2012;59(3):213-

20. 

35. Dorgalaleh A, Mahmoodi M, Varmaghani B. Effect of thyroid dysfunctions on 

blood cell count and red blood cell indice. Iranian journal of pediatric 

hematology and oncology. 2013;3(2):73. 

36. Aoki Y, Belin RM, Clickner R, Jeffries R, Phillips L, Mahaffey KR. Serum 

TSH and total T4 in the United States population and their association with 

participant characteristics: National Health and Nutrition Examination Survey 

(NHANES 1999–2002). Thyroid. 2007 Dec 1;17(12):1211-23. 

37. Gamit MJ, Talwelkar HS. Survey of different types of anemia. International 

Journal of Medical Science and Public Health. 2017 Mar 1;6(3):493-7. 

38. Visser WE, van Mullem AA, Visser TJ, Peeters RP. Different causes of 

reduced sensitivity to thyroid hormone: diagnosis and clinical management. 

Clinical endocrinology. 2013 Nov;79(5):595-605. 

39. Krassas GE, Pontikides N, Kaltsas TH, Papadopoulou PH, Paunkovic J, 

Paunkovic N, H. Duntas L. Disturbances of menstruation in hypothyroidism. 

Clinical endocrinology. 1999 May;50(5):655-9. 

40. Gereben B, Zavacki AM, Ribich S, Kim BW, Huang SA, Simonides WS, 

Zeold A, Bianco AC. Cellular and molecular basis of deiodinase-regulated 

thyroid hormone signaling. Endocrine reviews. 2008 Dec 1;29(7):898-938. 

41. Yamada M, Mori M. Mechanisms related to the pathophysiology and 

management of central hypothyroidism. Nature clinical practice 

Endocrinology & metabolism. 2008 Dec;4(12):683-94. 



74  

42. Persani L. Central hypothyroidism: pathogenic, diagnostic, and therapeutic 

challenges. The Journal of Clinical Endocrinology & Metabolism. 2012 Sep 

1;97(9):3068-78. 

43. Rapa A, Monzani A, Moia S, Vivenza D, Bellone S, Petri A, Teofoli F, Cassio 

A, Cesaretti G, Corrias A, de Sanctis V. Subclinical hypothyroidism in 

children and adolescents: a wide range of clinical, biochemical, and genetic 

factors involved. The Journal of Clinical Endocrinology & Metabolism. 2009 

Jul 1;94(7):2414-20. 

44. Ladenson PW, Goldenheim PD, Ridgway EC. Prediction and reversal of 

blunted ventilatory responsiveness in patients with hypothyroidism. The 

American journal of medicine. 1988 May 1;84(5):877-83. 

 

 



  

 
SHI4l 
DHARMASTHA L . 
T?ANJUNATH ESHWARA 
UNIVERSITY 

 

.4 Constituent Unit of Shri Dharmasthala Manjunatheshwara University 
Peccgnised by Medical Council of India. New’ De!ni 

...   )    .    -      -       
Ref: S'JMIEC:180 : 2019 Date:18-11-2019 

 

To, 
Dr.Swathi R Bhat 

1 ' year postgraduate student, 
Department of General Medicine 
SDh'l College of Medical Sciences & Hospital, 
Sanur. Dha mad- U9 

 
 

SUB: - Institutional Ethics Committee permission. 
 
 

Dear Dr.Swathi R Bhat. 

I am happy to inform you that the permission is granted to you to carry out your Dissertation 
study titled ”A STUDY OF CLINICAL PROFILE OF ANEMIAS IN PRIMARY 
HYPOTHYROIDISM WITH RELATION TO DIFFERENT TYPES”. 

 
 
 
 
 
 

Dr.Deep Kanabur 
Member Secretary - SDMIEC 

Dr.Sujata Giriyan 
Chairman — SDMIEC 

chairman 
 
 
 
 
 
 
 
 
 
 
 

 

Contact Details: Tel. No: *9J 8362477574, 2477553, Tele fax- + 91 8362461651 
T •1 sdmcmsh@gmail.com    £  /  sdmmedicalcollege.org    » / sdmcmsh / sdmmedical 

ANNEXURE I 
 

ETHICAL COMMITEE CLEARANCE

75



  

 

 

A study of clinical profile of types of anemia in primary 

hypothyroidism 

DATE: SERIAL NO: 

PATIENT DETAILS: 

NAME: AGE: 

OP NO: IP NO: SEX:            M   /   F 

Address 

 

Patient Phone NO 

DIAGNOSIS: 

 

HISTORY: 

 

 

 

ON EXAMINATION 

 

Pallor, Icterus, Cyanosis, Clubbing, lymphadenopathy, edema 

PR:   

"$

  ANNEXURE II
 PROFORMA



  

 

 

 

 

 

 

 

 

BP:  

RR  

SPO2  

SYSTEM EXAMINATION: 

CARDIOVASCULAR SYSTEM:  

 

RESPIRATORY SYSTEM:  

PER ABDOMEN:  

 

CENTRAL NERVOUS SYSTEM  

 

""



  

 

 

COMPLETE BLOOD COUNT  

BLOOD INDICES AND RETICULOCYTE 

COUNT 

 

THYROID FUNCTION TEST   

PERIPHERAL SMEAR   

ANTI TPO ANTIBODY TEST   

 

 

 

 

OUTCOME   

COMMENTS  
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Undertaking by the investigator: 

       

Your consent to participate in the above study is sought. This study involves testing your blood 

for complete blood count, blood indices, reticulocyte count, thyroid function test, peripheral 

blood smear, anti tpo antibody test . It involves drawing 2cc to 5cc of blood from the front of 

your forearm. This test is a part of your routine care during hospital stay and does not involve 

any additional risk. The information you give us will remain confidential and will be discussed 

with the supervisor of this study. However, if we think any information needs to be shared with 

your clinical team to benefit your treatment and in case there is risk to you, this will be shared 

with them after informing you. The data will not identify you in any way. You have the right 

to refuse consent or withdraw from the study at any point without giving any reason.  In such 

an event, you will still receive best possible treatment, without any prejudice.  If you have any 

doubts about the study, please feel free to clarify the same. 

Investigator 

DR. SWATHI R BHAT 

DEPARTMENT OF GENERAL MEDICINE, 

SDM COLLEGE OF MEDICAL SCIENCES AND 

HOSPITAL, SATTUR 

   DHARWAD 

Guide 

DR SHILPA  HAKKI  

ASSOCIATE PROFESSOR, DEPARTMENT 

OF GENERAL MEDICINE SDM COLLEGE 

OF MEDICAL SCIENCES AND HOSPITAL, 

SATTUR 

DHARWAD 

 

Title of the study : 

A STUDY OF CLINICAL PROFILE OF  TYPES OF ANEMIA IN PRIMARY HYPOTHYROIDISM 

  

INFORMED CONSENT FORM
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CONSENT 

 

 I have been informed about the procedures of the study in my own language. I understand that 

that when enrolled in the study, I will be talked to, examined physically and will undergo blood 

tests for complete blood count including blood indices and reticulocyte count , thyroid function 

test,peripheral blood smear,anti tpo antibody test . I understand that the blood tests are a part 

of routine care involved in my treatment and do not subject me to any additional risk. I have 

understood that I have the right to refuse my consent or withdraw it any time during the study 

without adversely affecting my / my ward’s treatment. I am aware of the blood investigations 

. I have been provided ample time to ask questions and I have been clarified to my satisfaction. 

I am also aware that by subjecting to this study, I will have to give more time for assessments 

by the doctor and that these assessments do not interfere with the benefits. I have been 

explained the contents of the informed consent in a language understandable to me and I am 

signing this document on my own. I,…………………………….. the undersigned, give my 

consent to be a participant of this study. 

 

 

 

 
NAME AND SIGNATURE:                                       NAME AND SIGNATURE  

        PATIENT                                                                   INVESTIGATOR          

           DATE                                                                            DATE 

 

 

 

 

 

 

 

 

 

"0



  

 

      Relative’s consent (in the event the patient cannot comprehend and consent) 

 

I (Name)…………………………..………… (Relative) of (Patient)..……………………. 

have been informed about the procedures of the study.  I have understood that I have the right 

to refuse the consent or withdraw it any time during the study without adversely affecting my 

ward’s treatment.  I have been provided ample time to ask questions and I have been clarified 

to my satisfaction I,……………………………. the undersigned, give my consent to be a 

participant of this study. 

 

 

 

 

 

 
SIGNATURE/ THUMB IMPRESSION: 

 

NAME OF RELATIVE:                                            

ADDRESS & PHONE  

 

 

SIGNATURE OF THE DOCTOR:                                                               PLACE: 

 

NAME:                                                                                                           DATE:                                                                       

DESIGNATION: 

 

"#
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1.SEX male =1 , female=2 

2 .PLACE , DHARWAD =1 , HAVERI  =2 ,GADAG =3 , BAGALKOT =4 , OTHERS =5 

3.SYMPTOMS - GENERALISED WEAKNESS =1 ,WEIGHT GAIN= 2, 
OLIGOMENORRHEA=3,FEVER=4,   BREATHLESSNSS=5, NON SPECIFIC =6 

4.PALLOR -YES 1 , NO=2 

5. ICTERUS, YES =1 NO =2 

6.CYANOSIS -YES =1 , NO=1 

7. CLUBBING-YES=1, NO=2 

8. LYMPHADENOPATHY-YES =1, NO=2 

9. EDEMA -YES=1,N0 =2  

10.PULSE RATE  .  10 . A --BRADYCARDIA =1 ,NORMAL =2 ,TACHYCARDIA =3 

11.SBP-11.A SBP(HYPO=1,NORMAL -2,HYPER=3, 

12. A DBP- HYPO=1 NORMAL=2, HYPER=3, 

13 .SP02 . 13 .A SP02->90=1 , <90=2 

14. CVS(NORMAL=1,LOUD S1=2,HAEMIC MURMUR =3, BOTH =4 

15. PER ABOMEN -NORMAL=1,HEPATOMEGALY =2, SPLENOMEGALY =3 , BOTH =4 

16. HB . 16 . B HB FOR FEMALES 10-10.9 =MILD=1 , 7-9.9=MOD=2 , <7 =SEVERE =3 

18 . A TLC -LEUCOPENIA-< =1 , NORMAL =2, LEUCOCYTOSIS =3 

20 . MCV . 20.A . MCV -LOW=<83 = 1 , NORMAL= 83-101 = 2, HIGH= >101 =3 

  

24. A MCHC , LOW=<18 =1, NORMAL= 18-48=2 , HIGH=>48 =3 

25. RPI -RETICULOCYTE PRODUCTION INDEX    25 . A RPI-,<0.5= LOW=1, 0.5-
2.5=NORMAL=2 , >2.5=HIGH =3 

26. ESR. 26.A. ESR 0-35 = NORMAL = 1, >35= HIGH= 2 

28. T3.  T3.A, LOW =1 , NORMAL=2.3-4.2 =2 

31. T4  - LOW =1 , NORMAL= 0.89-1.76  

 32. TSH 

 

  

ANNEXURE-III

KEY TO MASTER CHART
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23. MCH23.A . MCH -HYPOCHROMIC=<27 =1, =NORMOCHROMIC 27-33 =2



           ANNEXURE IV :MASTER CHART
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