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Backgrounds and Aims: Thyroid hormones have a crucial physiological role to 
maintain balance of metabolism of body. Thyroid hormones have an important 
role in metabolism and proliferation of blood cells. Thyroid gland also has a 
vital influence on erythropoiesis by induction of erythropoietin secretion and 
proliferation of erythroid progenitors. In the present study, it was tried to 
evaluate the effect of hypothyroidism on hematological parameters and also 
body iron store. 
Materials and Methods: The research population consisted of 90 subjects 
divided into two groups: 45 people with hypothyroidism and 45 age-matched 
healthy individuals. This study checked the amounts of total triiodothyronine 
(T3), total thyroxine (T4), thyroid stimulating hormone (TSH), and some iron 
status and hematological parameters. 
Results: The mean TSH levels were significantly increased in hypothyroid 
patients compared to control group. On the other hand, the levels of T4 and total 
iron binding capacity, serum iron, ferritin, Hemoglobin, and Hematocrit were 
significantly lower in hypothyroid patients compared to control group (p<0.05). 
However, there was no significant difference in the mean of T3 between 
hypothyroidism and control. 
Conclusion: Our data suggest that alterations in thyroid status change serum 
iron metabolism and hematological index. Hypothyroidism is often associated 
with anemia,depleted body iron store. As there is no significant clinical 
manifestation of hypothyroidism at earlier stages with anemia, it is advisable to 
routinely investigate it for early detection allowing its early management. 
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Introduction 

Thyroid hormones are critical for normal 

growth of our body and are supposed as one of 

the very essential required hormonal factors in 

regulation of the basic metabolic rate of 

effective organs like liver, heart, kidney and 

brain [1]. Thyroid hormone performs a role in 

haemoglobin synthesis in adults and maturation 

of haemoglobin in fetus; and hypothyroidism 

leads to anemia via reducing the oxygenation 

process through disturbing hematopoietic 

process [2-4]. It is considered that thyroid 

hormones influence hematopoiesis through an 

increase in erythropoietin generation or 

hematopoietic factors by non erythroidcells. 

The actions of triiothyronine (T3), similar to the 

steroid hormones, are mediated through 

intracellular T3-receptor proteins which 

perform mainly to modulate transcription by 

binding to specific T3-response elements in 

effective genes [5, 6]. 

Iron deficiency could be defined as happening 

when the body’s iron stores become exhausted 

and a restricted supply of iron to different 

tissues becomes apparent [7]. It also leads  

to depletion of iron-dependent intracellular 

enzymes participating in numerous metabolic 

pathways. Studies in animals and also humans 

demonstrate that iron deficiency with or without 

anemia impairs thyroid hormone metabolism 

[8]. Many studies advise that thyroid hormones 

might affect on erythropoiesis and serum 

ferritin levels should be confirmed together 

with iron and transferrin measurements in these 

cases [9]. Newly, it has been revealed that  

the serum amount of ferritin is elevated 

 in hyperthyroidism and reduced in 

hypothyroidism, and also alterations in the 

serum levels reflect thyroid performance [10]. 

Hypothyroidism is a clinical disorder caused 

attributable to the decreased thyroid activity. 

It is characterized biochemically by a reduction in 

serum T3 and thyroxine (T4) levels that result in 

an increase in serum thyroid stimulating hormone 

(TSH) concentration [1, 11]. Hypothyroidism 

may cause different types of anemia through 

decreasing the oxygen metabolism. Microcytic 

anemia is usually characterized to mal-

absorption of iron and loss of iron by 

menorrhagia;while, macrocytic anemia causes 

or persuades mal-absorption of vitamin B12, 

folate, pernicious anemia, and also inadequate 

nutrition. Anemia that normalizes due to T4 

replacement, even in the presence of normal 

serum iron, vitamin, and folate is found in 

around 25% of hypothyroid patients [12]. 

Patients with hypothyroidism have a reduced 

erythrocyte mass because of decrease of plasma 

volume and might be undetectable by routine 

evaluation like hemoglobin concentration; 

whereas an elevated erythrocyte mass is 

identified in many hyperthyroid patients [13, 

14]. Modification is connected with thyroid 

malfunctions in other hematological parameters 

like hemoglobin, mean corpuscular hemoglobin 

(MCH), hematocrit, mean corpuscular volume 

(MCV), white blood cell count, and platelet 

count. It is realized as well, but almost all 

adjustments return to normal if a euthyroid 

(normal) condition is acquired [15]. 
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This study was taken to find out effect of 

hypothyroidism in body iron store in the 

form of Ferritin, as well as its effect on 

haematopoiesis by evaluating haemoglobin 

level and red cell indices.  

Materials and Methods 

Study of population 
The study population consisted of 90 adults 

(aged 19-42 years) divided into two groups: 

hypothyroid patients who were not on 

thyroxin or antithyroid drugs at the time of 

sample collection (n=45), and healthy control 

subjects (n=45). All the patients and controls 

were recruited from Isfahan Imam Hossein 

hospital during February of 2014 to January 

of 2015. General healthy characteristics such 

as age, sex, history of disease and disorders, 

smoking status, alcohol consumption, and 

dietary habits were investigated by a self-

administered questionnaire. Then subjects 

with a history of cardiovascular disorders, 

diabetes, hypertension, metabolic disorders, 

chronic liver or kidney disease, Smokers, 

antioxidants dietary, and other endocrine 

disorders were omitted from the study. The 

Ethics Committee of the Yazd Shahid 

Sadoughi University of Medical Sciences 

approved the study and informed consent was 

attained from all patients after explaining the 

aims and also protocol of the study. 

Blood collection 
Venous Blood samples were collected by venous 

puncture, and Ethylenediaminetetraacetic acid 

plasma and sera were obtained by 

centrifugation and stored at -70°C until they 

were analyzed. 

Serum iron and total iron binding capacity 

(TIBC) were analyzed by diruiautoanalyzer. 

Serum ferritin was analyzed on Roche Elecsys 

2010. Hemoglobin and hematocrit were 

analyzed on Sysmex X-100. 

Hormonal analyses 
The levels of serum TSH, total T3, and total 

T4 were measured using enzyme-linked 

immunosorbent assay (ELISA) methods 

(according to kits from Pishtaz Teb Co, 

Tehran, Iran.). 

Statistical Analysis 
The results are expressed as means ± standard 

deviation (SD), of three repetitions. All data 

were subjected to Analysis of Variance 

(ANOVA) and significant differences (p<0.05) 

between the results were identified using 

Independent T-Test. SPSS version 16.0 was 

used for data analysis. 

Results 

The mean age of hypothyroid patients was 

35.186.63 years and of control subject was 

30.71 ±٧.٢٠ years (P<0.05). The levels of TSH 

of hypothyroid patients show a significant 

increase in comparison to healthy control 

(p<0.05).Hypothyroid patients also had 

significantly lower levels of T4 (p<0.05). 

Moreover, there was no significant difference 

in the mean of T3 between hypothyroidism 

and controls (Table 1). 
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Table 1. Demographic and hormone features of patient and control subjects 

Parameter Control subjects Hypothyroid patients 

Age (years) 30.71 7.20 35.186.63* 

sex 
Female 35 35 

Male 10 10 

BMI (kg/m2) 22.85±4.37 24.28±4.38 

T3 (nmol/L) 1.340.32 1.26±1.17 

T4 (nmol/L) 81.6818.39 59.8215.68* 

TSH (mol/L) 2.571.07 10.646.61* 
All values are presented as meanSD 
Hypothyroid patients compared with control subjects (*p<0.05) 

 

Serum iron, ferritin, TIBC, hemoglobin and 

hematocrit were measured for studying the 

deleterious consequence of hypothyroidism on 

iron status. The results show a significant 

difference in the mean of these parameters 

between hypothyroidism and controls (Table 

2). 
 

 

 

Table 2. Parameters of iron status in hypothyroid patients and Control subjects 

Parameter Control subjects Hypothyroid patients 

Iron (µg/dl) 108 ± 21 88.2 ± 27* 

Ferritin 136.5 ± 31.5 54.6 ± 32* 

TIBC (µg/dl) 287.2 ± 36.6 271.6 ± 29.5* 

Hemoglobin (g/dl) 13.8 ± 1.1 13.1 ± 1.4* 

Hematocrit  (%) 41.5 ± 7.2 39.8 ± 8.8* 

Values are given as meanSD 
Hypothyroid patients compared to control subjects (*p<0.05) 

 

 

As shown in Figures 1 and 2, no significant 

correlations were seen between hemoglobin, 

hematocrit, iron and TIBC with either thyroid  

hormones or TSH. However, a week 

association was also seen between TSH levels 

and ferritin compare to other parameters. 
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Fig.1. Associations between markers of thyroid malfunction and/or body iron parameters in individuals with 
hypothyroidisms (n=45) 1A: Hemoglobin and T4; 1B: Hematocrit and T4; 1C: Serum iron and T4; 1D: Ferritin and 
T4; 1E: Total iron binding capacity (TIBC) and T4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Associations between markers of thyroid malfunction and/or body iron parameters in individuals with 
hypothyroidisms (n=45) 2A: Hemoglobin and TSH; 2B: Hematocrit and TSH; 2C: Serum iron and TSH; 2D: 
Ferritin and TSH; 2E: Total iron binding capacity and TSH. 
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Discussion 

Thyroid gland as the greatest and the most vital 

endocrine gland of human body with the 

secretion of two hormones, T3 and T4, has a 

main role in metabolism of cells and bodily 

organs. Thyroid gland also has a critical effect 

on erythropoiesis by induction of erythropoietin 

production and also proliferation of erythroid 

progenitors [16, 17]. On the other hand, several 

studies showed a relationship between body iron 

status (indulging iron metabolism, ferritin, and 

serum iron) and thyroid hormones function [18-

20]. The most typical thyroid dysfunctions, 

hypothyroidism, and hyperthyroidism influence 

body iron status, blood cells and cause anemia 

with various severities. Blood indices such as 

MCV, MCHC, and hemoglobin also may 

modify during thyroid dysfunction [15]. Thus, 

this study aimed to evaluate effects of 

thypothyroidism on body iron status and red 

blood cells indices.  

Our results show a significant decrease in the 

levels of hemoglobin and hematocrit in 

hypothyroidism patient compared to control 

group. Dorgalaleh et al., (2012) revealed that red 

blood cell, hemoglobin and hematocrit in 

patients with hypothyroidism were significantly 

lower than healthy groups; whereas these 

parameters were increased in hyperthyroidism 

[18]. In other study of Geetha and Srikrishnain 

(2012), hematologic parameters were compared 

in hypothyroidism patients and normal 

individuals and revealed that hemoglobin and 

hematocrit did not show any significant 

differences in comparison to euthyroid status. 

However, these parameters were statistically 

different between patients with hypothyroidism 

and control group in our study [19]. 

In this study, the mean TIBC, ferritin, and serum 

iron level in hypothyroidic patients were 

significantly lower than those of healthy 

individuals. A number of groups have reported a 

relationship between T3 ranges and ferritin 

expression. In previous studies, hypothyroidism 

created by thyroidectomy was associated with 

enhanced rat hepatic ferritin content, that was 

found to be due to post-transcriptional 

adjustments in the ferritin synthetic rate. 

Administration of T3 to hypothyroid individuals 

generates a significant increasing amount of the 

serum ferritin [20, 21]. More recently, however, 

and in contrast, hyperthyroid rats with elevated 

T3 and T4 levels were found to have an 

increased liver ferritin protein synthesis rate [22, 

23]. Our findings of decreased serum iron and 

ferritin levels and levels in hypothyroidism may 

be regarded as an indicator of decreased iron 

turn over in accordance with diminished 

erythropoiesis. 

Records from many groups are special interests 

in which T3 was demonstrated to positively 

improve serum ferritin measurements in 

humans, like the alterations reported in the rat 

[24]. Increased serum ferritin levels were 

realized in hyperthyroid individuals, and levels 

reduced significantly after antithyroid treatment 

with normalization of T3 levels [25–28]. 
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Moreover, administration of T3 to hypothyroid 

individuals generated a significant improve in 

the serum ferritin level [29-30]. Although the 

result of the T3-induced increases in the serum 

ferritin amount in humans is undiscovered, 

improved synthesis of ferritin in the liver may be 

an essential factor. These links between T3 and 

the regulation of ferritin expression recommend 

that a positive correlation exists between the 

levels of T4/T3 and ferritin in the serum [30]. 

Animal and human studies show that thyroid 

hormones stimulate red cell production. The 

erythrocyte life span remains normal in 

hypothyroidism, and there is hypo proliferative 

erythropoiesis, too [31]. There have been some 

ideas which try to explain how thyroid hormones 

stimulate erythropoiesis. Improved metabolic 

rate and its related increase in oxygen 

requirement have been the main justifications. 

The proposed mediator was erythropoietin. 

Consistent with this suggestion, Cinemre et al. 

(2009) found elevated hemoglobin, hematocrit 

and erythropoietin levels after levothyroxine 

therapy in subclinical hypothyroid patients [32]. 

One study has reported sideropenia to be a 

general finding in women with subclinical 

hypothyroidism and recommends consistently 

determining ferritin levels in such patients [33]. 

Another study disclosed no change in 

haemoglobin or haematocrit amounts upon 

restoration of euthyroidism in women with 

subclinical hypothyroidism [34]. 

These identical adjustments suggest that 

stimulation of erythropoiesis by thyroid 

hormones is not the only mechanism, but thyroid 

hormones influenced on iron metabolism are 

also needed Erythropoietin resistance in the 

presence of hypothyroidism, and even 

subclinical hypothyroidism are usually disclosed 

in chronic renal failure. Moreover, this 

resistance is resolved by managing 

hypothyroidism. These studies obstacle the 

erythropoietin hypothesis as exogenous human 

erythropoietin alone are unable to correct 

anemia in hypothyroid, chronic renal failure 

patients. Hence, it appears reasonable to 

summarize that thyroid hormones affect on 

erythropoiesis in various ways including 

stimulating iron involvement into erythrocytes, 

improving iron absorption, and functioning as a 

switch between proliferation or differentiation of 

erythroid progenitors by an inhibitory impact or 

even by acting on its receptors [32, 35]. 

Conclusion 
In conclusion, our data suggest that alterations in 

thyroid status change serum iron metabolism 

and hematological index. Hypothyroidism is 

often associated with anemia, and depleted body 

iron store. As there is no significant clinical 

manifestation of hypothyroidism at earlier stages 

with anemia it is advisable to routinely 

investigate it for early detection allowing its 

early management. 

Conflict of Interest 
The authors declare no conflict of interest in this 

study. 

Acknowledgement 
There is no acknowledgement to declare. 



N. Rostaei Rad et al. 
 

183 International Journal of Medical Laboratory 2016; 3(3): 176-184. 

References 

[1]. Guerrero A, Pamplona R, Postero-Otin M, 
López-Torres M. Effect of thyroid status on lipid 
composition and peroxidation in the mouse liver. 
Free Rad Biol Med. 1999; 26(1-2): 73-80. 

[2]. Chu JY, Monteleone JA, Peden VH, Graviss ER, 
Vernava AM. Anemia in children and adolescents 
with hypothyroidism. Clin Pediatr [Phila]. 1981; 
20 (11): 696-99.  

[3]. Franzese A, Salemo M, Argenziano A, 
Buongiovanni C, Limauro R, Tenore A. Anemia in 
infants with congenital hypothyroidism diagnosed 
by neonatal screening. J Endocrinol Invest. 
1996;19(9): 613-19.  

[4]. Lippi G, Montagnana M, Salvagno GL, Guidi 
GC. Should women with abnormal serum thyroid 
stimu-lating hormone undergo screening for 
Anaemia? Arch Pathol Lab Med. 2008; 132(3): 
321- 22.  

[5]. Leedman JP, Stein AR, Chin WW, Rogers JT. 
Thyroid Hormone Modulates the Interaction 
between Iron Regulatory Proteins and the Ferritin 
mRNA Iron-responsive Element. the journal of 
biological chemistry 1996;271(20): 12017–2023. 

[6]. Levenson CW, Fitch CA. Affect of altered 
thyroid hormon status on rat brain ferritin H and 
ferritin L mRNA during postnatal development, 
Develop .Brain Res. 2000; 119(1): 105-109. 

[7]. Bothwell TH, Charlton RW, Cook JB, Finch 
CA. Iron metabolism in man. Oxford: Blackwell 
Scientific, 1979;20-39. 

[8]. Dallman PR, Beutler E, Finch CA. Effects of 
iron deficiency exclusive of anaemia. Br J 
Haematol. 1978; 40(2): 179-184. 

[9].  Zwirska-Korczala K, Buntner B, Sobieraj H, 
Ostrowska Z, Kniazewski B, Swietochowska E. 
Serum ferritin, iron and transferrin in women with 
thyrotoxicgraves' disease before and after 
methimazole treatment Acta Physiol. 1990; 41(7): 
163-168. 

[10]. Sakata S, Nagai K, Maekawa H, Kimata Y, 
Komaki T, Nakamura S, et al. Serum ferritin 
concentration in subacute thyroiditis Metabolism 
1991; 40(7): 683-88. 

[11]. Lingidi JL, Mohapatra E, Zephy D, Kumari S. 
Serum Lipids and Oxidative Stress in 
Hyporthyrodism. Journal of Advance Researches 
in Biological Sciences 2013; 5 (1): 63-66. 

[12]. Mackenzie GM. Anemia in hypothyroidism. 
JAMA. 1926; 86(7): 462-64. 

[13]. Fein HG, Rivlin RS. Anemia in thyroid 
diseases. Med Clin North Am.1975;59(5): 1133-
145. 

[14]. Lima CS, ZantutWittmann DE, Castro V, 
Tambascia MA, Lorand-Metze I, Saad ST, et al. 
Pancytopenia in untreated patients with Graves' 
disease. Thyroid 2006; 16 (4): 403-409. 

[15]. Kawa MP, Grymuła K, Paczkowska E, 
Baśkiewicz-Masiuk M, Dąbkowska E, Koziołek 
M, et al. Clinical relevance of thyroid dysfunction 
in human haematopoiesis: biochemical and 
molecular studies. Eur J Endocrinol. 2010; 162(2): 
295-305. 

[16]. Golde DW, Bersch N, Chopra IJ, Cline MJ. 
Thyroid hormones stimulate erythropoiesis in 
vitro. Br J Haematol. 1977; 37(2): 173-77. 

[17]. Das KC, Mukherjee M, Sarkar TK, Dash RJ, 
Rastogi GK. Erythropoiesis and erythropoietin in 
hypo-and hyperthyroidism. J Clin Endocrinol 
Metab. 1975; 40(2): 211-20. 

[18].  Dorgalaleh A, Mahmoodi M, Varmaghani B, 
Kiani node F, Saeeidi Kia O, Alizadeh Sh, et al. 
Effect of Thyroid Dysfunctions on Blood Cell 
Count and Red Blood Cell Indice, Iranian Journal 
of Pediatric Hematology Oncology, 2012; 3(2): 
73-77. 

[19]. Geetha J, Srikrishna R. Role of red blood cell 
distribution width (rdw) in thyroid dysfunction. Int 
J Biol Med Res.2012;3(2): 1476-478. 

[20]. Kubota K., Kurabayashi H., Tamura J, Kawada 
E, Tamura K, Nagashima K, et al. Change in the 
thyroid function by use of deferoxamine in a 
patient with hemochromatosis complicated by 
hyperthyroidism. J Med. 1992;23(1):75-7. 

[21]. Seven A, Toktamis N, Hacibekiroglu M, 
Candan G, Yigit G, Hatemi S. et al. Fe parameters 
and erythrocytic parameters in experimental 
hypothyroidism Biocem Soc Transact. 1993;21: 
224-35. 

[22]. Winkleman JC, Mariash CN, Towle HC, 
Oppenheimer JH. Thyroidectomy increases rat 
hepatic ferritin iron. Science 1981;213(4507): 569-
71. 

[23].  Jump DB, Mariash CN, Oppenheimer JH. 
Evidence for post-transcriptional effects of T3 on 
hepatic ferritin synthesis. Biochem Biophys Res 
Commun. 1982;104(2): 701-707. 

[24].  Deshpande UR, Nadkarni GD. Relation 
between thyroid status and ferritin metabolism in 
rats. Thyroidology 1992;4(3): 93-7. 

[25].  Iwasa Y, Aida K, Yokomori  N, Inoue M, 
Onaya T. Transcriptional regulation of ferritin 
heavy chain messenger RNA expression by 
thyroid hormone. Biochem Biophys Res Commun. 
1990;167(3): 1279-285. 



THYROID HORMONE LEVELS AND BODY IRON STATUS IN  HYPOTHYROIDISM PATIENTS  
 

 

International Journal of Medical Laboratory 2016; 3(3): 176-184.                                    184 

[26]. Macaron CI, Macaron ZG. Increased serum 
ferritin levels of hyperthyroidism. Ann Int Med.  
1982;96(5): 617-18. 

[27]. Van de Vyver FL, Blockx PP, Van den Bogaert 
WG, Bekaert JL. Serum ferritin levels in 
hyperthyroidism. Ann Int Med. 1982;97(6): 930-
31. 

[28]. Takamatsu J, Majima M, Miki K, Kuma K, 
Mozai T. Serum ferritin as a marker of thyroid 
hormone action on peripheral tissues. J Clin 
Endocrinol Metab. 1985;61(4): 672-76. 

[29]. Hashimoto T, Matsubara F. Changes in the 
tumor marker concentration in female patients 
with hyper-, eu-, and hypothyroidism.  Endocrinol 
Jpn. 1989;36(6): 873–79. 

[30].  Kubota K, Tamura J, Kurabayashi, Shirakura 
T, Kobayashi. Evaluation of increased serum 
ferritin levels in patients with hyperthyroidism. 
Clin Invest. 1993;72(1): 26-9. 

[31]. Perrin MC, Blanchet JP, Mouchiroud G. 
Modulation of human and mouse erythropoiesis by 
thyroid hormone and retinoic acid: evidence for 
specific effects at different steps of the erythroid 
pathway. Hematol Cell Ther.1997;39(1): 19-26. 

[32]. Cinemre H, Bilir C, Gokosmanoglu F, 
Bahcebasi T. Effects of Levothyroxine in Iron-
Deficient Subclinical Hypothyroid Patients:A 
Randomized, Double-Blind, Controlled Study. J 
Clin Endocrinol Metab.2009;94(1):151-56. 

[33]. Duntas LH, Papanastasiou L, Mantzou E, 
Koutras DA. Incidence of sideropenia and effects 
of iron repletion treatment in women with 
subclinical hypothyroidism. Exp Clin Endocrinol 
Diabetes. 1999;107(6): 356–60. 

[34].  Christ-Crain M, Meier C, Huber P, Zulewski 
H, Staub JJ, Müller B. Effect of restoration of 
euthyroidism on peripheral blood cells and 
erythropoietin in women with subclinical 
hypothyroidism. Hormones (Athens) 2003; 
2(4):237-42. 

[35]. Touam M, Gue´ry B, Goupy C, Menoyo V, 
Drüeke T. Hypothyroidism and resistance to 
human recombinant erythropoietin. Nephrol 
Dial Transplant 2004; 19(4): 1020-1021. 




