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ABSTRACT:  
 

Background: Hypothyroidism and insulin resistance are significant 

contributors to metabolic dysfunction and cardiovascular risk. 

Understanding the interplay between these conditions is crucial for 

optimising patient care and outcomes. This study aimed to analyse the 

association between insulin resistance and lipid profiles affecting blood 

T3, T4, and TSH levels in patients with hypothyroidism. 

Methods: This study involved the screening and enrolment of 25 

patients diagnosed with hypothyroidism and 25 euthyroid patients from 

the Outpatient Department (OPD) of a tertiary care hospital. This study 

compared metabolic parameters, including Homeostasis Model 

Assessment for Insulin Resistance (HOMA-IR) values, thyroid-

stimulating hormone (TSH) levels, and insulin levels between 

hypothyroid and euthyroid individuals.  

Results: The hypothyroid group exhibited significantly higher HOMA-

IR values (mean 3.68 vs. 2.53), TSH levels (mean 10.57 vs. 3.25), and 

insulin levels (mean 12.65 vs. 9.18) compared to the euthyroid group, 

indicating greater insulin resistance in hypothyroid individuals. A 

HOMA-IR cut-off value of 2.65 demonstrated excellent diagnostic 

accuracy for identifying insulin resistance, with an Area under the 

Curve (AUC) of 0.795, sensitivity of 68%, and specificity of 76%. 

Conclusion: The identified HOMA-IR cutoff value serves as a valuable 

clinical tool for assessing insulin resistance in patients with 

hypothyroidism and for guiding tailored management strategies. 
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1. Introduction 

 

Hypothyroidism is an endocrine condition caused by an insufficient supply of thyroid 

hormones that slows down metabolic processes.1 Hypothyroidism is a clinical illness 

characterised by low thyroid hormone release from the thyroid gland. Subclinical 

hypothyroidism is diagnosed when thyroid hormone levels are within the normal reference 

range (0.45-4.5 mIU/L), but thyroid stimulating hormone (TSH) is increased, whereas overt 

thyroid illness is diagnosed when serum thyroid hormone levels (free T4, with or without T3) 

are abnormal. Subclinical hypothyroidism was defined as slightly elevated TSH (4.5-10 

mIU/L) or substantially high TSH (≥10 mIU/L), with normal fT4 values in both groups.2  

Insulin resistance occurs when the body develops insulin tolerance, which renders the hormone 

ineffective. Insulin resistance is regarded as a significant and independent contributor to 

cardiovascular disease, a leading cause of morbidity and death globally.2 Triiodothyronine (T3) 

and thyroxine (T4) are hormones secreted by the thyroid gland that can affect almost all cells 

in the body as well as basal metabolism. The release of thyroid hormones (TH) is regulated by 

the thyroid-stimulating hormone (TSH) of the pituitary gland, and it influences glucose 

metabolism by influencing many pathways in organs such as the pancreas, adipose tissue, and 

liver.  Diabetes and thyroid diseases have been proven to impact one another, and the link 

between these two ailments has been demonstrated.3  

Volzke et al. discovered that individuals with TSH levels between 2.5 and 4 mU/L were more 

likely to develop cardiovascular illness.5 Recent investigations have indicated that elevated 

blood TSH levels are related to cardiovascular illnesses, psychological diseases, and the 

development of overt thyroid dysfunction.6 Clinical and subclinical hypothyroidism have been 

identified as risk factors for MetS.7 Several studies have examined the association between 

thyroid hormone levels and IR. In general, thyroid dysfunction is assumed to be associated 

with IR; however, the results have been inconsistent.8-10 Peppa et al. observed that endocrine 

diseases (polycystic ovarian syndrome (PCOS), adrenal disorders, and thyroid function 

abnormalities) are related to glucose and insulin metabolism difficulties.11 

Insulin resistance in hypothyroidism can be caused by a variety of factors, including changes 

in the insulin signalling system, oxidative stress, and reduced blood flow to organs.4 This study 

aimed to analyse the association between insulin resistance and lipid profiles affecting blood 

T3, T4, and TSH levels in patients with hypothyroidism. 

 

2. Materials and Methods 

 

This study involved the screening and enrolment of 25 patients diagnosed with hypothyroidism 

and 25 euthyroid patients from the Outpatient Department (OPD) of a tertiary care hospital. 

 

Inclusion Criteria 

The inclusion criteria comprised patients aged 18–45 years with hypothyroidism confirmed by 

elevated TSH levels and either reduced T3 and T4 levels or normal T3 and T4 levels. These 

patients either attended the Medicine OPD or were admitted to the medicine ward.  

 

Exclusion Criteria 

Exclusion criteria included type 2 diabetes mellitus, polycystic ovarian disease, tuberculosis, 

and medications such as statins that affect lipid levels. 

Ethical approval was obtained from the institutional ethics committee before the study 

commenced. Venous blood samples (5 ml) were aseptically collected from each participant 

after obtaining their written consent. Fasting blood samples were collected and transported to 

the laboratory in ice containers.  
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The samples were used to analyse various parameters, including fasting plasma glucose, T3, 

T4, TSH, insulin, and lipid profile (triglycerides, total cholesterol, HDL-cholesterol, LDL-

cholesterol, and VLDL-cholesterol). Additionally, the Homeostasis Model Assessment for 

Insulin Resistance (HOMA-IR) was calculated for each group and correlated with the 

respective TSH values.  

Statistical analysis: 

 

3. Results 

 

The patient demographic evaluation reported a mean age in the hypothyroid group was 32.40 

± 7.46 years, while the euthyroid group had a mean age of 31.24 ± 7.63 years; however, this 

difference was not statistically significant (p = 0.589). HOMA-IR was significantly higher in 

the hypothyroid group (3.68 ± 1.37) than in the euthyroid group (2.53 ± 0.50), with a p-value 

<0.0001. Similarly, the levels of TSH were significantly elevated in the hypothyroid group 

(10.57 ± 3.02) than in the euthyroid group (3.25 ± 0.77), with a p-value <0.0001.  

Insulin levels followed a similar pattern, being higher in the hypothyroid group (12.65 ± 3.18) 

than in the euthyroid group (9.18 ± 1.26), with a p-value <0.0001. However, there was no 

statistically significant difference in fasting glucose levels between the two groups (p = 0.260) 

(Table 1). 

 

Table 1: Patient characteristics in both group 

 
Group 

P value 
Hypothyroid Euthyroid 

Age 32.4 ± 7.46 31.24 ± 7.63 0.589 

Homa IR 3.68 ± 1.37 2.53 ± 0.5 <0.0001 

TSH 10.57 ± 3.02 3.25 ± 0.77 <0.0001 

Insulin 12.65 ± 3.18 9.18 ± 1.26 <0.0001 

Glucose 116.16 ± 15.55 111.76 ± 11.43 0.26 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: ROC curve of HOMA-IR with group comparison 

 

Among the euthyroid individuals, 17 patients exhibited a HOMA-IR value of less than 2.65, 

while 8 patients had a value exceeding 2.65. In contrast, within the hypothyroid cohort, six 

patients had a HOMA-IR value below 2.65, whereas 19 patients had a value higher than 2.65 

(Table 2). 
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Table 2: Comparison of HOMA-IR values in both group 

Homa IR 
Group 

Euthyroid Hypothyroid 

<2.65 17 6 

>2.65 8 19 

 

The identified HOMA-IR cut-off value of 2.65 has an AUC of 0.795, showing good 

discrimination. It had a highly significant p-value < 0.0001, with a sensitivity of 68%, 

specificity of 76%, PPV of 74%, and NPV of 70% (Table 3). 

 

Table 3: Sensitivity and Specificity Analysis of HOMA-IR Values 

Cut-off value 2.65 

AUC 0.795 

P value <0.0001 

Sensitivity 68% 

Specificity 76% 

PPV 74% 

NPV 70% 

 

4. Discussion 

 

IR is a hallmark of obesity, diabetes, and metabolic syndrome and is associated with 

cardiovascular disease.11 As a result, IR testing is critical in various clinical conditions in which 

insulin sensitivity is reduced. HEC is the gold standard approach for determining insulin 

sensitivity12 but it is intrusive, time-consuming, costly, and can only be used for research 

purposes. As a result, several surrogate markers have been created and enhanced to easily 

assess IR.13 

Previous investigations have indicated an enhanced HOMA-IR index and a decreased Matsuda 

index in hypothyroidism and hyperthyroidism.14-17 Other investigations have investigated the 

relationship between thyroid function and IR in euthyroid patients; however, the results were 

inconclusive.18 In a recent Korean study, free T3 was positively connected with HOMA-IR26, 

although another study found an inverse correlation between free T4 and HOMA-IR.19 The 

variation in IR levels observed in thyroid disorders could stem from the diverse effects of 

thyroid hormones on different organs. Thyroid hormones can interfere with insulin action by 

boosting hepatic glucose production and enhancing glucose transport and glycolysis in the 

peripheral tissues. This dual effect, involving both the hindrance and facilitation of glucose 

metabolism, suggests a complex interplay between thyroid hormones and insulin in regulating 

metabolic processes.20 

This study aimed to compare the metabolic parameters between individuals with 

hypothyroidism and those with normal thyroid function (euthyroidism). Patient demographics 

showed no significant age difference between the hypothyroid (32.40 years) and euthyroid 

(31.24 years) groups. However, the metabolic analyses revealed substantial differences. The 

hypothyroid group exhibited significantly higher Homeostasis Model Assessment for Insulin 
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Resistance (HOMA-IR) values (3.68) than the euthyroid group (2.53), indicating greater 

insulin resistance. Similarly, thyroid-stimulating hormone (TSH) and insulin levels were 

markedly elevated in the hypothyroid group. Our study findings align with the study conducted 

by Vyakaranam et al., where insulin and HOMA-IR levels were significantly higher in patients 

with subclinical hypothyroidism than in euthyroid subjects.21 In addition, the mean TSH levels 

were moderately correlated with insulin and HOMA-IR levels. Singh et al. also reported a 

positive association between TSH levels and HOMA-IR in hypothyroid patients.22 

Further analysis using a HOMA-IR cut-off value of 2.65 demonstrated robust diagnostic 

accuracy in identifying insulin resistance, with an Area Under the Curve (AUC) of 0.795, 

significant p-value (<0.0001), and notable sensitivity (68%) and specificity (76%). The 

Receiver Operating Characteristic (ROC) curve visually highlighted the clear differentiation 

between the two groups based on HOMA-IR values, reinforcing the clinical utility of this cut-

off in assessing insulin resistance in varying thyroid statuses. A study from Taiwan revealed 

that individuals with subclinical hypothyroidism have a higher risk of mortality. After adjusting 

for various factors such as age, sex, BMI, diabetes mellitus (DM), hypertension, dyslipidaemia, 

smoking, alcohol consumption, physical activity, income, and education level, the risk of all-

cause death increased by 1.68 times in those with subclinical hypothyroidism compared to that 

in euthyroid individuals. Additionally, patients with subclinical hypothyroidism also 

experienced elevated risks of cardiovascular events and all-cause mortality compared to their 

euthyroid counterparts.23 In addition, the study conducted by Aksoy et al., also reported no 

association of IR with BMI in patients with high-normal (2.5–4.2 µIU/mL) and subclinical 

(4.2-10 µIU/mL) TSH levels.24 

 

5. Conclusion 

 

Our findings underscore the significant impact of hypothyroidism on insulin sensitivity, as 

evidenced by elevated HOMA-IR values and insulin levels in hypothyroid individuals 

compared with euthyroid subjects. The identified HOMA-IR cut-off value of 2.65 demonstrates 

excellent diagnostic accuracy in detecting insulin resistance, highlighting its clinical relevance 

as a screening tool in patients with hypothyroidism. Future research should delve into the 

longitudinal effects and therapeutic interventions to optimise the outcomes for these patient 

populations. 

 

6. References 

 

1. Larsen PR, Davies TF, Schlumberger MJ, Hay ID. Thyroid physiology and diagnostic 

evaluation of patients with thyroid disorders. In: Larsen PR, editors; Kronenberg HM, 

Melmed S, Polonsky K. Williams' Textbook of Endocrinology. 10th ed. Philadelphia: 

WB Saunders Company. 2003 Pp.389–516. 

2. Surks MI, Ortiz E, Daniels GH, Sawin CT, Col NF, Cobin RH, et al. Subclinical thyroid 

disease: Scientific review and guidelines for diagnosis and management. JAMA 

2004;291:228. https://doi.org/10.1001/jama.291.2.228. 

3. Larry Jameson J, Mandel SJ, Weetman AP. Disorders of the thyroid gland. 16th ed. 

McGraw Hill Medical. 2005; 2104-13.  

4. Owecki M, El Ali Z, Nikisch E, Sowiński J. Serum insulin levels and the degree of thyroid 

dysfunction in hypothyroid women. Neuro Endocrinol Lett 2008;29:137-40. 

https://pubmed.ncbi.nlm.nih.gov/18283245/ 

5. Völzke H, Lüdemann J, Robinson DM, Spieker KW, Schwahn C, Kramer A, et al. The 

prevalence of undiagnosed thyroid disorders in a previously iodine-deficient area. 

Thyroid 2003;13:803–10. https://doi.org/10.1089/105072503768499680. 



Dr. Deepthi V/ Afr.J.Bio.Sc. 6(6) (2024) 6101-6107                                            Page 6106 to 10 

 

6. Brabant G, Beck-Peccoz P, Jarzab B, Laurberg P, Orgiazzi J, Szabolcs I, et al. Is there a 

need to redefine the upper normal limit of TSH? Eur J Endocrinol 2006;154:633–7. 

https://doi.org/10.1530/eje.1.02136. 

7. Kalra S, Aggarwal S, Khandelwal D. Thyroid dysfunction and type 2 diabetes mellitus: 

Screening strategies and implications for management. Diabetes Ther 2019;10:2035–44. 

https://doi.org/10.1007/s13300-019-00700-4. 

8. Roos A, Bakker SJL, Links TP, Gans ROB, Wolffenbuttel BHR. Thyroid function is 

associated with components of the metabolic syndrome in euthyroid subjects. J Clin 

Endocrinol Metab 2007;92:491–6. https://doi.org/10.1210/jc.2006-1718. 

9. Yavuz DG, Yazιcι D, Toprak A, Deyneli O, Aydιn H, Yüksel M, et al. Exogenous 

subclinical hyperthyroidism impairs endothelial function in nodular goiter patients. 

Thyroid 2008;18:395–400. https://doi.org/10.1089/thy.2007.0299. 

10. Heemstra KA, Smit JWA, Eustatia-Rutten CFA, Heijboer AC, Frölich M, Romijn JA, et 

al. Glucose tolerance and lipid profile in long-term exogenous subclinical 

hyperthyroidism and the effects of restoration of euthyroidism, a randomised controlled 

trial. Clin Endocrinol (Oxf) 2006;65:737–44. https://doi.org/10.1111/j.1365-

2265.2006.02660.x. 

11. Peppa M, Koliaki C, Nikolopoulos P, Raptis SA. Skeletal muscle insulin resistance in 

endocrine disease. J Biomed Biotechnol 2010;2010:1–13. 

https://doi.org/10.1155/2010/527850. 

12. Singh B, Saxena A. Surrogate markers of insulin resistance: A review. World J Diabetes 

2010;1:36. https://doi.org/10.4239/wjd.v1.i2.36. 

13. DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique: a method for quantifying 

insulin secretion and resistance. Am J Physiol Endocrinol Metab 1979;237:E214. 

https://doi.org/10.1152/ajpendo.1979.237.3.e214. 

14. Lawson E, Lawrence O. A review of contemporary markers of insulin resistance. 

Endocrinol 2019;4:13-7. https://doi.org/10.11648/j.ijde.20190401.13. 

15. Maratou E, Hadjidakis DJ, Kollias A, Tsegka K, Peppa M, Alevizaki M, et al. Studies of 

insulin resistance in patients with clinical and subclinical hypothyroidism. Eur J 

Endocrinol 2009;160:785–90. https://doi.org/10.1530/eje-08-0797. 

16. Maratou E, Hadjidakis DJ, Peppa M, Alevizaki M, Tsegka K, Lambadiari V, et al. Studies 

of insulin resistance in patients with clinical and subclinical hyperthyroidism. Eur J 

Endocrinol 2010;163:625–30. https://doi.org/10.1530/eje-10-0246. 

17. Kapadia KB, Bhatt PA, Shah JS. Association between altered thyroid state and insulin 

resistance. J Pharmacol Pharmacother 2012;3. https://doi.org/10.4103/0976-

500X.95517. 

18. Kwon H, Cho J-H, Lee DY, Park SE, Park C-Y, Lee W-Y, et al. Association between 

thyroid hormone levels, body composition and insulin resistance in euthyroid subjects 

with normal thyroid ultrasound: The Kangbuk Samsung Health Study. Clin Endocrinol 

(Oxf) 2018;89:649–55. https://doi.org/10.1111/cen.13823. 

19. Garduño-Garcia J de J, Camarillo Romero E, Loe Ochoa A, Romero-Figueroa S, Huitron 

Bravo G, Torres García R, et al. Thyroid function is associated with insulin resistance 

markers in healthy adolescents with risk factors to develop diabetes. Diabetol Metab 

Syndr 2015;7. https://doi.org/10.1186/s13098-015-0011-x. 

20. Brenta G. Why can insulin resistance be a natural consequence of thyroid dysfunction? J 

Thyroid Res 2011;2011:1–9. https://doi.org/10.4061/2011/152850. 

21. Vyakaranam S, Vanaparthy S, Nori S, Palarapu S, Bhongir AV. Study of insulin 

resistance in subclinical hypothyroidism. Int J Health Sci Res 2014;4:147. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4286301/ 



Dr. Deepthi V/ Afr.J.Bio.Sc. 6(6) (2024) 6101-6107                                            Page 6107 to 10 

 

22. Singh BM, Goswami B, Mallika V. Association between insulin resistance and 

hypothyroidism in females attending a tertiary care hospital. Indian J Clin Biochem 

2010;25:141–5. https://doi.org/10.1007/s12291-010-0026-x. 

23. Tseng F-Y, Lin W-Y, Lin C-C, Lee L-T, Li T-C, Sung P-K, et al. Subclinical 

hypothyroidism is associated with increased risk for all-cause and cardiovascular 

mortality in adults. J Am Coll Cardiol 2012;60:730–7. 

https://doi.org/10.1016/j.jacc.2012.03.047. 

24. Aksoy N, Yeler MT, Ayan NN, Ozkeskin A, Ozkan Z, Serin ON. Insulin resistance and 

body mass index with regard to various thyroid stimulating hormone reference intervals. 

Pak J Med Sci Q 1969;31. https://doi.org/10.12669/pjms.316.7560. 


