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ABSTRACT 

Introduction: Thyroid hormone is an important metabolic hormone affecting hematological parameters. A variation in 
the hematological picture is seen in patients with hypothyroidism. 
Aims & Objectives: to study the differences in hematological parameters in hypothyroid and euthyroid females. 
Place and Duration of Study: A Comparative Cross-sectional study using secondary data was conducted from February 
2022 to March 2023 at Muhammad Medical College, Pakistan. 
Material & Method: A total of 300 females (20-40 years of age, non-pregnant) were included in the study and based on 
their thyroid profile, they were divided into two groups, 160 with euthyroid status and another group of 140 with 
hypothyroidism. Hematological parameters were measured and compared in both groups. Data analysis was performed 
using Graph Pad Prism 9. A t-test, and one-way ANOVA were applied. The significance threshold is set at P < 0.05. 
Results: A significantly increased TSH and decreased T3 and T4 (p = < 0.05) were estimated in hypothyroid females. 
The hematological parameters in hypothyroid females showed hemoglobin (11.18± 1.66), ESR (32.70± 19.84), MCV 
(77.02± 6.84), MCH (24.00± 3.03), MHC (26.99± 3.67) and RDW (18.03± 4.56). The difference in hematological 
parameters between euthyroid and hypothyroid groups was found to be statistically significant with a P value of   <0.001. 
Conclusion: Hypothyroidism showed a microcytic and hypochromic blood picture in females. 
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INTRODUCTION 

Thyroid hormones are one of the most important 
metabolic hormones in the human body. It is 
secreted from the thyroid gland. Triiodothyronine 
(T3) and thyroxin (T4) are two products of the 
thyroid gland. T4 is converted into T3 in the 
bloodstream by the deiodinase enzyme. T3 is the 
active form of thyroid hormone. T3 acts on its target 
organs either by intranuclear mechanism or 
intracytosol mechanism.1 In the intra-nuclear 
mechanism, T3 binds to the intranuclear receptors. 
It stimulates the activation of target genes, while in 
the intracytosol mechanism, T3 binds to the 
receptors present in cytosol or mitochondria, and 
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activates the molecular activation signaling cascade. 
This second mechanism is important for maintaining 
the BMR and cardiac cell metabolism.2 

Thyroid hormones have a major and essential role in 
cell growth, division, differentiation, death, and 
metabolism. When the body develops a need for 
thyroid hormones, Thyrotropin cells in the 
hypothalamus secrete Thyrotropin-releasing 
hormones (TRH), which stimulate the release of 
thyroid-stimulating hormone (TSH) from the 
anterior pituitary, which activates the thyroid gland 
to release its hormones.3 Hypothyroidism is a 
condition in which the thyroid gland fails to 
maintain the physiologically required amount of 
thyroid hormone (T3 and T4) in the blood, which 
stimulates the pituitary gland to increase the 
secretion of TSH in the blood. Therefore, in 
hypothyroidism, plasma levels of t3 and t4 decrease, 
whereas those of TSH increase.4 

Hypothyroidism is divided into two categories based 
on the severity of clinical symptoms. One is overt, 
and the second is subclinical. Overt hypothyroidism 
is a condition in which the amount of free T4 in the 
blood is less than the reference range with elevated 
TSH, leading to the development of severe clinical 
symptoms. In subclinical conditions, the amount of 
free T3 and t4 is normal with elevated TSH. It does 
not lead to the development of clinical symptoms. 5 
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The clinical features of hypothyroidism are obesity, 
lack of ability to tolerate colds due to disruption of 
basal metabolism, loss of hairs, anxiety, depression, 
loss of reflexes, and constipation due to decrease of 
stimulation to axons of CNS and GIT.6 The other 
features include clammy skin, swelling around the 
orbit of the eyeballs, and a deficit in the last portion 
of the eyebrows. 7 

Worldwide, the most reliable and efficient tests to 
evaluate the abnormal functioning of the thyroid 
gland are serum TSH levels and non-protein-bound 
free T4 levels in the blood. These two hormones are 
more sensitive to thyroid functioning than 
Triiodothyronine because Triiodothyronine is the 
hormone whose serum concentration gets affected 
by advanced thyroid dysfunction. 8 

Worldwide Primary hypothyroidism is more 
prevalent among females than men, with a peak age 
of 30 to 52 years. 9 The normal physiological range 
of TSH is 0.4 to 4.0 mU/L, and that of non-bound 
free T4 is 10 to 20 p mmol/L. 10 People who are at 
greater risk of having hypothyroidism are severely 
iodine deficient. The daily requirement of iodine in 
adults is 150 g micrograms, and during pregnancy, 
it is 250 g. 11 In a survey by the WHO, it was found 
that people in Pakistan have very severe iodine 
deficiency in their diets, which makes them more 
likely to develop hypothyroidism. Therefore, the 
estimated prevalence among the general population 
is 4.1%. 12 In many cases, hypothyroidism is 
associated with anemia, which can be defined as a 
reduced amount of hemoglobin or red blood cell 
count in plasma to maintain the physiological 
requirements of the body. 13 The World Health 
Organization gives the criteria for the diagnosis of 
anemia and more specifically the type of anemia. In 
females, the hemoglobin concentration is below 12 
g/dl, and in males below 13 g/dl is considered to 
have anemia. MCV is the main indicator used to 
differentiate between types of anemia. In microcytic 
anemia, the MCV should be less than 80 fl, and in 
macrocytic anemia, the MCV should be more than 
100 fl whereas in normocytic normochromic 
anemia, the MCV should be between the standard 
ranges of 80 fl to 100 ft in peripheral film or lab 
dings. 14 Many clinical studies worldwide found that 
the majority of patients suffering from 
hypothyroidism have lower serum levels of iron, 
vitamin B12, and folate, which not only affect RBC 
morphology but also suppress bone marrow 
function. Therefore, the common anemia 
encountered in hypothyroidism is iron deficiency 
anemia. 15 

Thyroid hormones have a crucial role in regulating 
hematopoiesis by stimulating the formation of 

hemoglobin in the adult population and regulating 
the maturation of hemoglobin in adolescents. 
Therefore, a deficiency of thyroid hormones causes 
hypoxia to develop in the body.16 Hypothyroidism 
leads to a low ferritin level in the blood, decreased 
iron absorption from the GUT, and heaving 
menstrual bleeding, which leads to iron deficiency 
anemia. It can also develop macrocytic anemia due 
to a lack of absorption of vitamin B12 and B6 from 
the GUT mucosa, but this is reported very rarely.17  
The current study is designed to study the 
hematological prospects of hypothyroidism. 
 

MATERIAL AND METHODS 

This Comparative Cross-sectional study was carried 
out from February 2022 to March 2023 at 
Muhammad Medical College and Hospital 
Mirpurkhas, with ethical approval later no 
MMC/292 dated 01-01-2022. Only non-pregnant 
women in the age range of 20 to 40 years were 
selected by convenience sampling technique. A total 
of 300 participants who were prescribed a thyroid 
profile by the consultants of OPD were selected and 
were divided into two groups: Group A 160 
participants with euthyroid status and Group B 140 
participants with hypothyroid status. All participants 
were provided with both verbal and written consent, 
which, after reading and understanding, they 
willingly submitted.  
All the patients suffering from malignancy of the 
thyroid or any other disease were excluded from the 
study. 6 ml of blood was collected aseptically from 
the anticubital vein. 3 ml of blood was collected in 
an EDTA vial with anticoagulant and 3 ml in a clot 
activator vial without coagulant. Hemoglobin and 
RBC indices were estimated by an automated cell 
counter machine (B-C5150 Mindray). Anemia was 
considered with Hb less than 12 according to WHO 
criteria. Normocytic anemia was considered at 80 
and 100 FL, microcytic anemia below 80 FL, and 
macrocytic anemia above 100Fl. The analysis of the 
clot activator vial was done using the Cobas 600 
ECLIA Electrochemiluminescence method for the 
estimation of serum TSH. The hypothyroid status 
was considered at TSH >5.50 IU/ml and the 
euthyroid status was between 0.35 IU/ml and 5.5 
IU/ml. The hyperthyroid status was at <0.35 IU/mL 
and they were excluded from the study.Data was 
collected on a purposely designed Performa.  
Statistical analysis: 
Statistical analysis was carried out by GraphPad 
Prism 9. The hematological indicators of 
euthyroidism and hypothyroidism were compared 
against each other. For continuous demographic 
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variables (e.g., age, BMI), one-way ANOVA was 
applied, and chi-square and Fischer exact tests were 
applied to obtain the P value, which was considered 
significant at a value less than 0.05. 
 

RESULTS 

A total of 300 patients were recruited for our study. 
The euthyroid group was comprised of 160 (53.4%) 
and the hypothyroid group was comprised of 140 
participants (46.6%).  
Table:1 Comparison of Age and BMI between 
Euthyroid and Hypothyroid Patients 

Variable Euthyroid 
patients 

n=160 

Mean ±SD 

Hypothyroid 
patients 

n=140 

Mean ±SD 

P 
value 

Age of 
participants 

27.36±4.51 25.16± 2.01 <0.001 

BMI 19.47±1.52 26.60±3.52 
<0.001 

Table:1 examines the descriptive statistics of age 
and BMI of participants in euthyroid and 
hypothyroid patients. The prevalence of 
hypothyroidism was more common in younger 
females while the BMI of hypothyroid patients was 
increased indicating weight gain in hypothyroid 
patients. Statistical significance was noted at p-
value < 0.001 by the student t-test. 
Table 2: Hematological parameters in euthyroid 
versus hypothyroid patients 

Variables Euthyroid 
Mean ±SD 

Hypothyroid 
Mean ±SD 

P value 

Hb  14.69± 1.85 11.18± 1.66 <0.001 

ESR  15.88± 3.16 32.70± 19.84 
<0.001 

MCV  87.99±4.96 77.02±6.84 
<0.001 

MCH  29.85± 1.93 24.00± 3.03 
<0.001 

MCHC  34.25± 2.10 26.99± 3.67 
<0.001 

RDW  12.92± 1.19 18.03± 4.56 
<0.001 

*P value calculated using the one-way ANOVA 
showed a p-value less than 0.05. 

Table 2 describes the difference in hematological 
parameters in euthyroid and hypothyroid patients. It 
was noted that in hypothyroid patients the 
hematological parameters were significantly lower. 
Statistically one-way Anova showed a value less 
than 0.05 
Table 3: Serum level of TSH & T4 in Euthyroid 
versus Hypothyroid patients. 

variables Euthyroid 

Mean ± SD 

Hypothyroid 

Mean ± SD 

P value 

TSH  2.25±1.06 5.97±2.06 <0.001 

T4 14.37±2.87 8.93±3.01 <0.001 

*P value calculated using the Fisher exact test showed a 
p-value less than 0.001 
Table:3 examines the TSH in euthyroid (2.25±1.06) 
and hypothyroid (5.97±2.06) patients. It also 
describes the level of euthyroid (14.37±2.87) and 
hypothyroid (8.93±3.01). The P value was 0.001 
expressing significance between the two groups. 
 

DISCUSSION 

The thyroid gland is responsible for maintaining 
basal metabolism, regulation of erythropoiesis, and 
maintenance of red blood cell membrane integrity. 
A deficiency of thyroid hormones badly inflicts the 
basal metabolic rate, making RBCs more prone to 
become victims of oxidative stress. The current 
study concludes that hypothyroidism leads to 
anemia. The type of anemia is microcytic and 
hypochromic. The values of Hb, MCV, MCH, 
MCHC, and RDW were found to decrease. The P 
value was 0.001. Research carried out throughout 
the world concludes that hypothyroidism is 
generally the most common cause of anemia, 
specifically microcytic hypochromic anemia. In 
2022 Aparajita etal. concluded very similar results.18 
Because of decreased erythropoiesis, these is an 
increased fragility of RBCs cellular membrane 
leading decreased absorption of iron from the 
gastrointestinal tract. The current study also 
suggests that hypothyroidism also decreases total 
leucocyte count (TLC) and platelets. This result was 
also very similar to another study conducted by 
Meheshwari et al in 2020 which states that 
hypothyroidism not only affects red blood cell 
indices but also causes the development of 
deficiency of platelets (thrombocytopenia), 
deficiency of white blood cells (leukopenia) and 
deficiency of overall lineages of blood cells 
(pancytopenia).19 Another study conveyed by Shetty 
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et al in 2018 also suggested similar results as the 
current study findings.20  A study done by 
Mohammad et al in 2022 found similar findings to 
of current study.21  A conflicting report was 
generated after the study by Arooj et al. in 2022 
suggesting that only hemoglobin concentration 
decreased in patients of hypothyroidism but the 
other hematological parameters such as MCHC, 
MCV, and MCH remain unaffected.22 
In 2023 Ganbattar et al reported that there is a direct 
relation between the values of TSH in blood with 
Red cell deviation width (RDW). An increase of 
RDW more than the value of 13% is 80% sensitive 
and nearly 50% specific predictor of 
hypothyroidism.23 The serum level of TSH, T3, and 
T4 were found to decrease and this result is verified 
by a study conducted by Casis O in 2023.24  
Patients with hypothyroidism have a variety of 
abnormalities affecting their white blood cells, 
platelets, and red blood cells that make up their 
hematological profile. These changes are a 
reflection of the intricate relationship between 
hematological activities and thyroid hormones. A 
thorough assessment of hematological markers is 
necessary for managing hypothyroidism and could 
aid in optimizing treatment plans to enhance patient 
outcomes. To clarify the underlying causes and 
therapeutic implications of hematological 
abnormalities in hypothyroidism, more research is 
necessary. 
Limitations 
There are certain limitations to this study. First, it 
was a cross-sectional study, Second, the sample size 
was small, Third, this study was conducted in one 
hospital, so the results cannot be applied to the 
whole population, and Fourthly, the presence of 
confounding variables. 

CONCLUSION 

This study concludes that hypothyroidism leads to 
microcytic and hypochromic anemia, with 
significant reductions in Hb, MCV, MCH, MCHC, 
and RDW (P = 0.0001) and decreases in TLC and 
platelet levels. These findings highlight the critical 
impact of thyroid dysfunction on hematological 
parameters. Regular hematological assessments are 
recommended for hypothyroid patients to improve 
treatment strategies and patient outcomes. Further 
research is essential to deepen our understanding 
and refine management approaches 

REFERENCES 

1. Metabolism and metabolic syndrome. Therapeutic 
Advances in Endocrinology and 

Metabolism;2020;11. 
doi:10.1177/2042018820917869 

2. Shahid MA, Ashraf MA, Sharma S. Physiology, 
Thyroid Hormone. [Updated 2023 Jun 5]. In: Stat 
Pearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2024 Jan-. Available 
from:https://www.ncbi.nlm.nih.gov/books/NBK500
006/ 

3. Eilon Krashin, Agnieszka Piekielko-Witkowska, 
Martin Ellis, Osnat Ashur-Fabian Thyroid 
Hormones and Cancer: A Comprehensive Review 
of Preclinical and Clinical Studies REVIEW article 
Front. Endocrinol., 13 February 2019Sec. Cancer 
Endocrinology Volume 10 - 2019 | 
https://doi.org/10.3389/fendo.2019.0005 

4. Chaker, L., Razvi, S., Bensenor, I.M. et al. 
Hypothyroidism. Nat Rev Dis Primers2022, 8, 30. 
https://doi.org/10.1038/s41572-022-00357-7 

5. Biondi, B., Cooper, D.S. Thyroid hormone therapy 
for hypothyroidism. Endocrine, 2019, 66, 18–26. 
https://doi.org/10.1007/s12020-019-02023-7 

6. Merson J. Hypothyroidism. JAAPA. 2018 
Dec;31(12):43-44. doi: 
10.1097/01.JAA.0000547758.46299.d9. PMID: 
30489390. 

7. Dannan, R., Hajji, S. & Aljenaee, K. Severe primary 
hypothyroidism in an asymptomatic 19-year-old 
woman: a case report. J Med Case Reports,2021 15, 
108. https://doi.org/10.1186/s13256-021-02677-w 

8. Wang D, Yu S, Ma C, Li H, Qiu L, Cheng X, Guo 
X, Yin Y, Li D, Wang Z, Hu Y, Lu S, Yang G, Liu 
H. Reference intervals for thyroid-stimulating 
hormone, free thyroxine, and free triiodothyronine 
in elderly Chinese persons. Clin Chem Lab Med. 
2019 Jun 26;57(7):1044-1052. doi: 10.1515/cclm-
2018-1099. PMID: 30496133. 

9. Luca Chiovato, Flavia Magri, and Allan Carlé, 
Hypothyroidism in Context: Where We’ve Been 
and Where We’re Going, Advances in Therapy. 
2019; 36(Suppl 2): 47–58. Published online 2019 
Sep 4. doi: 10.1007/s12325-019-01080-8 PMCID: 
PMC6822815PMID: 31485975 

10. John P. Walsh, Thyroid Function across the 
Lifespan: Do Age-Related Changes Matter? 
Endocrinol Metab (Seoul). 2022 Apr; 37(2): 208–
219. Published online 2022 Apr 14. doi: 
10.3803/EnM.2022.1463 

11. Chaker, L., Razvi, S., Bensenor, I.M. et al. 
Hypothyroidism. Nat Rev Dis Primers,2022, 8, 30. 
https://doi.org/10.1038/s41572-022-00357-7 

12. Rubina Sohail, Haleema Yasmin, Nasira Tasneem, 
Zohra Khanum, Pushpa S Sachdeve, Sadiah A Pal, 
The Prevalence of Subclinical Hypothyroidism 
During Early Pregnancy in Pakistan: A Cross-
Sectional StudyCureus. 2021 Dec; 13(12): e20316. 
Published online 2021 Dec 10. doi: 
10.7759/cureus.20316 

13. Turner J, Parsi M, Badireddy M. Anemia. [Updated 
2023 Aug 8]. In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 2024 Jan-. 



203

 
                   Hematological Parameters in Euthyroid and Hypothyroid Females 

Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK499994/ 

14. Moore CA, Adil A. Macrocytic Anemia. [Updated 
2022 Jul 11]. In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 2024 Jan-. 
Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK459295/ 

15. Sawer Sabri Ahmed, Ayad Ahmad Mohammed, 
Effects of thyroid dysfunction on hematological 
parameters: Case-controlled study, Annals of 
Medicine and Surgery,2020, Volume 57,2020, 
Pages 52-55, ISSN 2049-
0801,https://doi.org/10.1016/j.amsu.2020.07.008. 

16. Haamid Bashir, Mohammad Hayat Bhat, Rabia 
Farooq, Sabhiya Majid, Sheikh Shoib, Rabia 
Hamid, Comparison of hematological parameters in 
untreated and treated subclinical hypothyroidism 
and primary hypothyroidism patients Med J Islam 
Repub Iran. 2012 Nov; 26(4): 172–178.  PMCID: 
PMC3562538PMID: 23482519 

17. Arvind K. Mishra, Rohit Anand, Shailendra P. 
Verma, Kamlesh K. GuptaStudy of the impact of 
subclinical hypothyroidism on iron status and 
hematological profile International Journal of 
Advances in Medicine Mishra AK et al. Int J Adv 
Med. 2018 Apr;5(2):446-451 DOI: 
http://dx.doi.org/10.18203/2349-
3933.ijam20181087 

18. Aparajita S, Manas T, Santasmita P. Red Blood Cell 
Indices and Hypothyroidism. JK Science 
2022;24(3):177-82 

19. Maheshwari K, U., Rajagopalan, B., & Samuel T, 
R. (2020). Variations in Hematological Indices in 
Patients with Thyroid Dysfunction. International 
Journal of Contemporary Medical Research,2020, 
DOI:10.21276/ijcmr.2020.7.1.9 

20. Shetty A, Vijaya C. A study of hematological 
parameters and their correlation with thyroid 
hormone status in non-pregnant women of 
childbearing age. Indian J Pathol Oncol 
2019;6(1):102-106 

21. M Naser, K Mahfouz, A Rezk, H Adl, pattern of 
blood cell parameters in thyroid dysfunction  Al-
Azhar International Medical Journal Article,2022 8, 
Volume 3, Issue 1, January, DOI: 
10.21608/aimj.2022.101495.1617  

22. Arooj A, Rafiq M, Batool Y, Qurat Ul Ain Tahir, 
Muzammil F. Impact of thyroid dysfunction on red 
cell indices in a Sahiwal Teaching Hospital, 
Sahiwal. Professional Med J 2022; 29(8):1157-
1161. 
https://doi.org/10.29309/TPMJ/2022.29.08.6961 

23. Ganbaatar B, Damdindorj D, et al., 2023. Effect of 
Thyroid Dysfunction on Complete Blood Count, 
Medical Research Archives, [online] 11(9). 
https://doi.org/10.18103/mra.v11 i9.4420 

24. Casis O, Echeazarra L, Sáenz-Díez B, Gallego M. 
Deciphering the roles of triiodothyronine (T3) and 
thyroid-stimulating hormone (TSH) on cardiac 
electrical remodeling in clinical and experimental 

hypothyroidism. J Physiol Biochem. 2024 
Feb;80(1):1-9. doi: 10.1007/s13105-023-01000-z. 
Epub 2023 Nov 29. PMID: 38019451; PMCID: 
PMC10808292. 

 
The Authors: 

Dr. Kiran Waheed 
Assistant Professor 
Department of Biochemistry 
Liaquat University of Medical and Health Sciences, 
Jamshoro 
 
Dr. Farzana Rahim Memon 
Assistant Professor 
Department of Physiology 
Isra University, Hyderabad 
 
Dr. Syed Farhanuddin 
Associate Professor 
Department of Physiology 
Muhammad Medical College, Mirpurkhas 
 
Dr Habib-ur-Rehman Chohan 
Professor 
Department of Physiology 
Muhammad Medical College, Mirpurkhas 
 
Dr Shafaq Ansari 
Assistant Professor 
Department of Physiology 
Muhammad Medical College, Mirpurkhas 
 
Dr. Ahmed Hussain Suhag 
Assistant Professor 
Department of Physiology 
Mekran Medical College Turbat 
 
Authorship: 

KW:  Concept and design 
FRM:  Intellectual content development 
SF:  Drafting critical review 
HRC:  Data collection  
SA:   Data collection 
AHS:   Statistical analysis      


