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Abstract 

Thalassemia has been classified by the world health organization as a major public health problem. It 

occurs throughout the world and regarded as one of the major health problems in endemic regions 

as Middle East, Mediterranean countries, Asia and North Africa. Endocrine complications in 

Thalassaemia Major Patients with multitransfused Thalassaemia Major patients may develop severe 

endocrine complications. Due to multiple transfusions is the main cause of such complications, Iron 

accumulates in many tissues such as liver, heart and endocrine glands. The study aims to study the 

function of Thyroid gland in β- thalassemia Major male patients in Kirkuk city. The study was 

conducted β-thalassaemia major patients whom attended the thalassaemia center in Azadi Teaching 

hospital in Kirkuk Governorate from September 2015 to the end of January 2016. A total of 105 male 

subjects were participated in the study, (30 normal healthy subjects and 75 thalassaemic patients). 

Body weight height was measured. About, five ml of venous blood were obtained from all normal 

subjects and patients. One ml of blood sample was collected for measurement of packet cell volume 

(PCV) and heamoglobin (Hb). The remaining four ml of blood sample were used for serum 

separation. Serum used for measurement of serum thyroid stimulating hormones (TSH), T3 and T4. 

Results of study showed a high significant decrease in body weight and height of male thalassemic 

patients as compare with male counterpart of control subjects of same age. Also, there was a highly 

significant reduction in the concentration of heamoglobin and PCV value in thalassaemic male 

patients as compared with control male subjects. There is no significant increase in serum Thyroid 

stimulating hormone (TSH) concentration in male thalassemic patients as compare with male control 

subjects. However, there is highly significant reduction in serum T4 and T3 concentrations in male 

thalassemic patients as compare with male control subjects. 

Key words: PCV, Hb, Weight, height, thyroid gland, T3, T4, male, Thalassemia, Kirkuk, Iraq. 
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 الخلاصة

ٌوجمممد عاممممة. و الثلاسمممٌمٌا ممممم قبمممل من ممممة الصمممحة العالمٌمممة كمشمممكلة صمممحٌة ر ٌسمممٌةفقمممر المممدم تمممم تصمممنٌ  ممممر  

عتبمممر واحمممد ممممم المشمممكلات الصمممحٌة الر ٌسمممٌة فمممً المنممماط  الموبمممو   ٌفمممً جمٌمممء انحممما  العمممالم، وممممر  الثلاسمممٌمٌا 

 ٌا.وآسالشر  الأوسط وشمال افرٌقٌا ودول البحر الأبٌ  المتوسط ك

الثلاسمممٌمٌا الكبمممرر المممدم فمممً  نقممملفمممً ممممء تعمممدد  المصممماحبالثلاسمممٌمٌا لمممدر مرضمممى مضممماعفات ال مممدد الصمممم ام 

فمممً  الزا مممد ٌتمممراكم الحدٌمممد ،السمممبب الر ٌسمممً لمثمممل عممم   المضممماعفات كونممم متعمممدد النقمممل البسمممبب  و مضممماعفات شمممدٌد 

الحالٌممة دراسممة و ٌفممة ال ممد  الدرقٌمممة  دراسممةال  هممدت العدٌممد مممم الأنسممجة مثممل الكبممد والقلممب وال ممدد الصممما  ال ممدد.

: اجرٌمممت دراسمممة مقطعٌمممة علمممى مرضمممى المرضىىىى وال ىىىر لمممدر مرضمممى الثلاسمممٌمٌا الكبمممرر فمممً مدٌنمممة كركممموك. 

مركمممز الثلاسمممٌمٌا فمممً مستشمممفى آزادي التعلٌممممً فمممً محاف مممة كركممموك ممممم المممى الممم ٌم حضمممروا  β-الثلاسممٌمٌا الكبمممرر

الدراسمممة،  عممم   الممم كور فمممً طفمممل ممممم 112. وشمممارك مممما مجموعممم  2112 هاٌمممة كمممانوم الثمممانًإلمممى ن 2112 اٌلمممول

الجسمممم. تمممم الحصمممول علمممى لمسمممة ممممل ممممم المممدم  و طمممول ممممرٌ و. وقمممد تمممم قٌممما  وزم 52و  طفمممل سممملٌم 31)

ٌممما المتراصمممة و . وقمممد تمممم جممممء واحمممد ممممل ممممم عٌنمممة ممممم المممدم لقٌممما  حجمممم الللاشممماركٌمالورٌمممدي ممممم جمٌمممء الم

 وقمممد تمممم جممممء اربعمممة ممممل المتبقٌمممة ممممم عٌنمممة المممدم فمممً انبممموب عمممادي، لفصمممل مصمممل )الهٌموغلممموبٌمو.لضممماب المممدم 

: كممممام عنمممماك انلفمممما  النتىىىىا   .وT4و  T3، (TSHشممممط ال ممممد  الدرقٌممممة )منرممممموم عالمصممممل لقٌمممما  اسممممتلدم . الممممدم

 فمممً مجموعمممة ممممم الممم كور مممممء ن ٌمممرع ةالممم كور مقارنمممالثلاسمممٌمٌا مرضمممى لمممدر الجسمممم  و طمممول فمممً وزم عنمممويم

حجمممم  وقٌممممة لضممماب المممدم الضمممابطة ممممم نفممم  الف مممة العمرٌمممة. اٌضممما، كمممام عنممماك انلفممما  كبٌمممر جمممدا فمممً تركٌمممز

الضمممابطة ممممم  فمممً مجموعمممة ممممم الممم كور مممممء ن ٌمممرع ةالممم كور مقارنممم الثلاسمممٌمٌا فمممً مرضمممى الللاٌممما المتراصمممة

و TSHالمممدم )مصمممل قٌمممة فممً ال ممد  الدر تركٌزعرمممموم محفمممز معنوٌمممة فممًغٌرعنممماك زٌمماد   كممم لك نفمم  الف مممة العمرٌممة.

ومممء  لممك، عنمماك انلفمما   .الضممابطة فممً مجموعممة مممم المم كور ممممء ن ٌممرع ةالمم كور مقارنمم الثلاسممٌمٌا مرضممىفممً 

فممممً و  T3 ثلاثممممً اٌودٌممممد الثمممماٌرونٌم ) الممممدم وتركٌممممز مصممممل فممممً وT4) تركٌممممز عرممممموم الثاٌروكسممممٌم فممممًمعنمممموي 

 الضابطة. عةالاطفال فً المجمو مء ةال كور مقارنالثلاسٌمٌا  مرضى

 -الكلمات المفتاحية:

حجممممم الللاٌمممما المتراصممممة، لضمممماب الممممدم ، وزم الجسممممم، عورمونممممات ال ممممد  الدرقٌممممة، الأطفممممال المممم كور، كركمممموك ، 

 العرا .



VOL 8       NO 1      YEAR 2016 JOURNAL OF MADENT ALELEM COLLEGE   
 

174 

 

Introduction 

Thalassemias are a group of hereditary 

anemias which occur as a result of 

genetic disorders that affect the 

synthesis of normal hemoglobin (Hb), in 

which a reduced rate of synthesis of one 

or more of the globin chains leads to 

defective Hb production, and damage to 

the red cells [1,2]. Thalassemia occurs 

throughout the world and regarded as 

one of the major health problems in 

endemic regions as the, Middle East, 

Mediterranean countries, Asia and 

North Africa [3,4]. The two main types 

of thalassemia are called alpha and beta 

thalassemia, Individuals with alpha 

thalassemia do not produce enough 

alpha globin. Those with beta 

thalassemia do not produce enough 

beta globin. There are a number of 

different forms of alpha and beta 

thalassemias, with symptoms ranging 

from mild to severe [3,4]. 

Beta thalassemia in turn is classified into 

two categories: beta plus where the 

beta –chain production is reduced and 

beta zero, where there is no β-chain 

production found [5,6]. Beta-

thalassemia probably is the most 

common single gene disorder causing a 

major genetic health problem in the 

world. There are at least two hundred 

and forty million carriers for 

hemoglobinopathies throughout the 

world [3].  Thalassemia is a congenital 

hemolytic anemia caused by partial or 

complete deficiency of globulin protein 

chain synthesis resulting in microlytic 

anemia of varying degrees [6]. Due to 

multiple blood transfusions is the main 

cause of such complications. Iron 

accumulates in many tissues such as 

liver, heart and endocrine glands [7-9]. 

Thyroid gland hormones are responsible 

for raising the level of activity in the 

systems essential for exercise 

performance [10-12]. 

The aim of study is determining the 

effect of iron overload in Thalassemic 

patients on thyroid gland function. 

 

Patients and Methods 

The study was conducted β-

thalassaemia major patients whom 

attended the thalassaemia center in 

Azadi Teaching hospital in Kirkuk 

Governorate from September 2015 to 

the end of January 2016. One hundred 

and five male subjects were participated 

in the study. Seventy five β- thalassemia 

major male patients aged 8 to 16 years 
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and thirty male subjects apparently 

healthy, with no family history of 

hereditary blood diseases attendants to 

out-patient pediatric clinic, who were 

assessed by a pediatrician, all control 

healthy subjects aged 8 to 16 years. 

Body weight was measured and body 

height was measured in centimeter 

(cm).  

Five ml of venous blood were obtained 

from all patients in this study by 

antecubital venipuncture, between 8.00 

am and 10.00 am and distributed in the 

following manner; 1 ml of blood sample 

was collected into ethylene 

diaminotetracetic acid (EDTA) tube, 

with gentle shaking for proper mixing 

with anticoagulant, to be use for packet 

cell volume (PCV) and heamoglobin (Hb) 

measurements. 

The remaining 4 ml of blood sample was 

collected into a plain tube, then incubate 

for 30 min and then centrifuged for 

serum separation so that the samples for 

males were subdivided and labeled for 

measurement serum Thyroid stimulating 

hormone (TSH), T3 and T4 for females 

were measured [13,14].  

All data were presented as a mean and 

standard deviation (SD), unpaired 

student T test was used to compare 

between the mean of variables. 

Probability value less than P ≤ 0.05 and 

0.01 levels were considered to be a 

significant deference. 

 

Results 

There was a significant decrease (p< 

0.01) in body weight of thalassaemic 

male patients (37.42 ± 7.34 kg) as 

compared with control male subjects 

(58.62 ± 9.32 kg) as shown in table (1). 

Also, there was significant reduction (p< 

0.01) in body height of thalassaemic 

male patients (132.64 ± 7.4 cm) as 

compared with control male subjects 

(151.24 ± 9.5 cm) as shown in table (1). 

Heamoglobin and PCV in male subjects: 

There was a highly significant reduction 

(p <0.01) in the concentration of 

heamoglobin in thalassaemic patients 

(8.23  ±  0.276 gm/dl) as compared with 

control male subjects (13.965 ± 0.97 

gm/dl) as shown in table 2. Also, there 

was a highly significant reduction (p 

<0.01) in the PCV value of thalassaemic 

male patients (29.98  ±  2.76 L/L) as 

compared with control subjects (40.32  

±  2.37 L/L) (table 2). There was a highly 

significant increase (p <0.01) in the 

serum  ferritin concentration of 

thalassaemic male patients (3558.43 ± 
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298.4 ng/ml) as compared with control 

subjects (59.87 ± 8.13 ng/ml) (table 2).  

Thyroid hormones 

No significant increase in serum TSH 

concentration in male thalassemic 

patients (4.412 ± 0.21 µIU/ml) as 

compare with male control subjects 

(3.22 ± 1.23). There is highly significant 

reduction in serum T4 concentration 

(P≤1.11) in male thalassemic patients 

(0.683 ± 0.213 µg/dl) as compare with 

male control subjects (6.542 ± 0.62 

µg/dl). Moreover, there is significant 

reduction in serum T3 concentration 

(P≤1.12) of male thalassemic patients 

(1.067 ± 0.273 ng/ml) as compare with 

male control subjects (1.994 ± 0.39 

ng/ml). 

Discussion 

In present study, significant reduction in 

body weight and length of male body of 

thalassaemic patients as compared with 

control subjects. Possible reasons are 

persistent anaemia due to inadequate 

transfusion and complications of iron 

overload in addition to other factors 

[5,6]. Similar finding was reported by 

previous study [7]. In present study, 

there was a highly significant increase in 

the serum ferritin concentration of 

thalassaemic male patients as 

compared with control subjects. Similar 

results was reported in previous studies 

[11,12]. Key contributing factors to 

stunted growth in patients with 

thalassaemia major (TM) may include 

chronic anaemia, transfusional iron 

overload, hypersplenism, and chelation 

toxicity [4,12]. Thyroid dysfunction in β-

thalassemic patients has been reported 

in various prevalence, ranging from a 

low prevalence of 0-12% [13,14]. The 

abnormal thyroid function found in the 

present patients was the slight elevation 

of TSH, which was consistent with the 

diagnosis of compensated 

hypothyroidism, the most common 

thyroid dysfunction in all previous 

reports [16]. Impaired thyroid function 

is frequent among present thalassaemia 

major patients and this necessitates 

regular follow up and early 

commencement of chelation therapy to 

prevent such complication [17]. 

In present study, there is significant 

reduction in serum T3 and T4 

concentrations in thalassemic patients 

as compare with control subjects. 

Previous study was done in Irbil –Iraq, it 

was found that the mean levels of 

thyroid hormones; T3 and T4 were 

significantly lower (P<0.001) among 
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thalassaemia patients, while the mean 

TSH level was higher compared to the 

control group [18,19]. 

Other factors in addation to Iron 

overload, like hypoxia due to persistent 

anemia and perfusion defect, also 

contribute to the derangement. 

Hypothalamic pituitary axis, thyroid, 

para-thyroid, adrenal, pancreas, gonads, 

all showed hypoactivity [15,16]. 

Previous study found that the mean T4 

of cases was significantly lower than 

that of controls. The mean TSH level 

was significantly higher (p<0.01) in cases 

as compared to controls [20]. Iron 

overload causes deposition of iron in 

the thyroid gland, with consequent 

fibrosis of the glandular parenchyma, 

and progressive thyroid dysfunction 

going through different degrees of 

severity up to overt hypothyroidism 

[21].  

Thyroid dysfunction is known to occur 

frequently in thalassaemia major, but its 

prevalence and severity varies in 

different cohorts, and long-term natural 

history is poorly understood [20,22]. 

A wide spectrum of pathogenic 

mechanisms is involved. Tissue chronic 

hypoxia and iron overload have a direct 

toxic effect on the thyroid gland. High 

concentrations of labile plasma iron and 

labile cell iron which are considered 

responsible in the formation of free 

radicals and the production of reactive 

oxygen species (ROS) may lead to cell 

and organ damage [23,24]. From the 

present study and previous reinforce 

the importance of the regular follow up 

of patients with β -thalassaemia major 

and thalassaemia intermedia for early 

detection and management of 

associated complications. In this way, 

the future prevalence of endocrine 

abnormalities can be lessened [19,20]. 

Subclinical hypothyroidism may be 

associated with male and female gonad 

dysfunction and interferes with their 

reproductive ability. The awareness of 

the thyroid status in any infertile couple 

is crucial, because of its significant, 

frequent and often reversible or 

preventable effect on infertility [25,26].  

Most complications are caused by 

increased iron sedimentation in tissues 

like heart, endocrine glands and these 

results in heart failure, arrhythmia, 

hypothyroidism and diabetes mellitus. 

Most of these complications occur 

slowly and appear in the second decade 

of a patient’s life *25,28+. 
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In the present study, It was found that 

highly significant reduction in the 

concentration of heamoglobin and 

packed cell volume (PCV) in 

thalassaemic male patients as 

compared with control male subjects. 

PCV values found in previous study that 

in Mosul city was the similar to the PCV 

result of the present study [29]. Also, it 

was found that Thalassaemic patients 

had a low PCV and low hemoglobin 

concentration as compared with their 

counterpart of same age and gender 

[30,32]. 

Present study conclude the 

Thalassemic male patients had a lower 

T3 and T4 as compare with normal 

healthy male control subjects of same 

age. However, there is a non significant 

increase in serum TSH concentration as 

compare with male control subjects. 

Present study recommends assessment 

of pituitary hormone especially growth 

hormone by carry out hormonal test 

for both genders as a routine follow up 

of thalassaemic patients.

 

 

 

 

References 

1- Marieb, E, Hoehn, K.Chapter 16 in Human Anatomy And Physiology. 7th 

Edition. San Francisco: Pearson Education, Inc. 2004; p. 620-25.  

2- Fox ,SI. Human Physiology. Avenue of the Americas, New York, McGraw Hill; 

2002 .7th ed, pp 301. 

3. Rund D, Rachmilewitz EA. β-thalassaemia. New Engl J Med 2005; 353: 1135- 46. 

4.  Mohaisen H Adaay, Moayed M Al-Anzy, Abdul-Monaim H Al- Samarrai, 

Khudair A Al-Tikriti, Firas A Al-Samarrai.  Some Observations on the Occurrence of 

β-Thalassemia in Mosul.  Iraqi J. Med. Sci. 2011; 9 (3): 270-274. 

5. Thein SL. Genetic insights in to the clinical diversity of  β- thalassemia. Br J 

Haematol. 2004; 124: 264-74.   



VOL 8       NO 1      YEAR 2016 JOURNAL OF MADENT ALELEM COLLEGE   
 

179 

 

6. Modell B, Khan M, Darlison M. Survival in β -thalassemia major in the UK: data 

from the UK Thalassemia Register. Lancet. 2000; 355(9220): 2051-2052. 

7. Dammas AS, Adedoyin MA, Cheriya A. Experience with thalassemia major in Al-

Baha. Ann Saudi Med J 1995; 15 (6): 589-593. 

8. Mohanty D, Colah RB, Gorakshakar AC, Patel RZ, Master DC, Mahanta J, et al. 

Prevalence of  β -thalassemia and other haemoglobinopathies in six cities in India: a 

multicentre study. J Community Genet. 2013 Jan; 4(1): 33-42. 

9. Guyton A, and Hall. Textbook of medical physiology, 11
th

 edition Philadelphia, 

Pennsylvania, 2010. 

10. Barrett, KE., Barman, SM., Scott  Boitano, Brooks, HL. Ganong′s Review of 

medical physiology, 23
rd

 ed. McGraw Hill Company. 2010.  

11. Ceci A, Baiardi P, Catapano M, Felisi M, Cianciulli P, De Sanctis V, Del Vecchio 

GC, et al. Risk factors for death in patients with β -thalassemia major: results of a 

case control study. Haematologica. 2006; 91: 1420-1421. 

12. Cunningham MJ, Macklin EA, Neufeld EJ, Cohen AR. Complications of  β- thalassemia 

major in North America. Blood. 2004; 1; 104(1): 34-39. 

13. Tiosano D, Hochberg Z. Endocrine complications of thalassemia. J Endocrinol 

Invest 2001; 24: 716-723. 

14. Sabato AR, de S V, Atti G, Capra L, Bagni B, Vullo C. Primary hypothyroidism and 

the low T3 syndrome in thalassaemia major. Arch Dis Child 1983; 58: 120-7. 

15. Al-Hader A, Bashir N, Hasan Z, Khatib S. Thyroid function in children with β -

thalassemia major in north Jordan. J Trop Pediatr. 1993; 39: 107–10. 

16.  Somchit Jaruratanasirikul, Malai W., Vichai Laosombat, Sangsupavanich, P, 

Leetanaporn K. Thyroid Function in β-Thalassemic Children Receiving 

Hypertransfusions with Suboptimal Iron Chelating Therapy. J Med Assoc Thai 2007; 

90 (9): 1798-802. 

17. Mehrvar A, Azarkeivan A, Saberi Nejad, Mehrvar N, Faranoosh M, Vosoogh P. 

Prevalence of hypothyroidism and hypoparathyroidism in Iran. Blood J. 2008; 5(1): 

53-59.  



VOL 8       NO 1      YEAR 2016 JOURNAL OF MADENT ALELEM COLLEGE   
 

180 

 

18. Khider, Noori A.,  Fayzeh Mohamed Hussein. Assessment of thyroid function 

among transfusion dependant Thalassaemics in Erbil. Middle East Journal of Family 

Medicine. 2014; 12(1): 5-13. 

19. Aydinok Y, Darcan S, Polat A, et al. Endocrine complications in patients with β-

thalassemia major. J Trop Pediatr. 2002; 48(1): 50 -4. 

20. Filosa A, Di Maio S, Aloj G, Acampora C. Longitudinal study on thyroid function in 

patients with thalassemia major. J Paediatr Endocrinol Metab. 2006; 19: 1397- 404. 

21. Garadah, TS., Najat A. Mahdi, Ahmed M. Jaradat, Zuheir A. Nagalla, HD.  Thyroid 

Function Status and Echocardiographic Abnormalities in Patients with β- 

Thalassemia Major in Bahrain. Clinical Medicine Insights: Cardiology 2013:7: 21-27. 

22. De Sanctis V, De Sanctis E, Ricchieri P et al. Mild Subclinical hypothyroidism in 

thalassemia major: prevalence, multigated radionuclide test, clinical and laboratory 

long-term follow-up study. Pediatr Endocrinol Rev. 2008; 6: 174–180. 

23. Gamberini MR, De Sanctis V, Gilli G. Hypogonadism, diabetes mellitus, 

hypothyroidism, hypoparathyroidism: incidence and prevalence related to iron 

overload and chelation therapy in patients with thalassaemia major followed from 

1980 to 2007 in the Ferrara Centre, Pediatr Endocrinol Rev. 2008; 6 Suppl 1: 158-69. 

24. Gharib, H., Tuttle, R.M., Baskin, H.J., Fish, L.H., Singer, P.A., McDermott, M.T. 

Consensus statement: subclinical thyroid dysfunction: a joint statement on 

management from the American Association of Clinical Endocrinologists, the 

American Thyroid Association, and The Endocrine Society. Thyroid. 2005;15: 24–28. 

22. Sharma S and Aggarwal R. Evaluation of thyroid hormones in β-thalassemic 

children of north India. UJMDS. 2014; 2 (1):39-42. 

22. Gathwala G, Das K, Agrawal N. Thyroid hormone profile in β- thalassemia major 

children. Indian J Pediatr. 2009; 4(2): 20-9. 

27. Eshragi P., Tamaddoni, A., Zarifi, K., Mohammadhasni, A.  Thyroid function in 

major thalassemia patients: Is it related to height and chelation therapy?. Caspian J 

Intern Med. 2011; 2(1): 189-193.  



VOL 8       NO 1      YEAR 2016 JOURNAL OF MADENT ALELEM COLLEGE   
 

181 

 

28. Mula-Abed WA, Al Hashmi H, Al Muslahi M, Al Muslahi H, Al Lamki M. 

Prevalence of Endocrinopathies in Patients with β-Thalassaemia Major – A Cross-

Sectional Study in Oman. Intern J Endocr. Met Group. 2008; 6 (2): 23(4): 257- 62. 

 29. Al-Sadoon OA. Serum ferritin level in transfusion dependent β-thalassaemia 

patients in Mosul. Thesis. University of Mosul. Iraq. 2008. 

31. Fadheelah Salman Azeez Mohammed. Iron Overload in β- thalassemia Major 

patients and its effect on Pituitary Gland. M.Sc Thesis submitted to the college of 

Medicine, Tikrit University. 2014. 

31. Cazzalo M, De-Stefano P, Ponchio L, Locatelli F, Beguin Y, Dessi C, et al. 

Relationship between transfusion regimen and suppression of erythropoiesis in 

beta thalassaemia major. Br J Haematol. 1995; 89(3): 473-8. 

32. Abbas AM. Iron overload in thalassemia and its effect on gonads. M. Sc Thesis 

submitted to College of Medicine, Tikrit university 2013. 

 

 Table 1 The mean & standard deviation (SD) of age, body weight, and height of 

patients and controls. 

Parameters Control (30) Patients (75) P value 

Age (years) 14.91 ± 2.11 13.84 ± 1.98 NS 

Body weight 

(Kg) 

58.62 ± 9.32 37.42 ± 7.34 0.001 

Height (Cm) 151.24 ± 9.5 132.64 ± 7.4 0.001 
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Table 2 The mean and standard deviation of hemoglobin, PCV and serum ferritin of 

male thalassaemic patients and control male subjects:  

Parameters 
Thalassaemic 

males (n=75) 

Control males        

(n=30 
P. value 

 

Hb (g/dl) 8.23  ±  0.276 13.965 ± 0.97 0.01 

PCV (L/L) 

 29.98  ±  2.76 40.32  ±  2.37 0.01 

Ferritin (ng/ml) 59.87 ± 8.13 3558.43 ± 298.4 0.01 

 

 

Table 3 Show the mean & standard deviation (SD) of serum TSH, T3 & T4 hormones 

concentrations in patients and control subjects. 

Parameters Control Patients P value 

TSH (µIU/ml) 3.22 ± 1.23 4.412 ± 0.21 NS 

T4 (µg/dl) 6.542 ± 0.62 0.683 ± 0.213 0.01 

T3 (ng/ml) 1.994 ± 0.39 1.067 ± 0.273 0.05 

 

 

 

 

 

 

 


