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Abstract 

Objective: Previous studies have shown an association between thyroid function and insulin resistance and obesity. 

We compared insulin resistance and body mass index (BMI) in patients with normal TSH levels (2.5–4.2 µIU/mL), 

patients diagnosed with subclinical hypothyroidism, and healthy control subjects.  

Methods:  The study included 104 subjects and was conducted at the DHQ teaching hospital Gujranwala. The 

subjects were divided into three groups according to TSH levels: Group 1 (high-normal), TSH levels were 2.5–4.2 

µIU/mL (n=33); Group 2 (subclinical hypothyroidism), TSH levels were 4.2–10 µIU/ mL (n=42); and Group 3 

(healthy control), TSH levels were 0.27– 2.5 µIU/mL (n=29).The fT3 and fT4 levels were within normal limits in all 

groups. Insulin resistance and BMI  were compared among groups. The homeostasis model assessment of insulin 

resistance (HOMA-IR) was used to estimate insulin resistance. 

Results: HOMA-IR and BMI were not significantly different among groups (p>0.05).  A significant positive 

correlation was found between BMI and HOMA-IR in the high-normal TSH (p>0.059) and subclinical 

hypothyroidism (p>0.05) groups.  

Conclusions: HOMA-IR and BMI are important for  the assessment  of diabetes and cardiovascular diseases. We 

found no significant difference in HOMA-IR and BMI values among the three TSH reference range groups. 
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INTRODUCTION: 

Hypothyroidism is a clinical syndrome caused by 

reduced thyroid hormone secretion 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 elevated and overt 

thyroid disease is diagnosed when the serum thyroid 

hormone levels (free T4, with or without T3) are 

abnormal. Subclinical hypothyroidism is classified as 

mildly elevated TSH (4.5–10 mIU/L) or markedly 

elevated TSH (≥10 mIU/L) with normal fT4 levels in 

both categories. 

Hyporthyroidism is more common in females than 

males and its prevalence increase with age [2]. 

Subclinical hypothyroidism is the most common 

thyroid dysfunction and is usually asymptomatic; 

however, findings suggestive of hypothyroidism may 

be seen in 30% of patients [3,4]. Some studies 

suggested that the upper normal TSH limit can be 

reduced which level about 2.0-2.5 mU/L [5,6]. In 

their investigation of the association of TSH levels 

with vascular disease and high cholesterol, Volzke  et   

al [7]. Found that   patients with   TSH levels between 

2.5 and 4 mU/L were at increased risk of 

cardiovascular disease. Recent studies have shown 

that increased serum TSH levels are associated with 

cardiovascular disease, psychiatric and mental 

disorders, and the development of overt thyroid 

dysfunction.[8] The clinical spectrum of 

hyporthyroidism varies according to the severity of 

thyroid dysfunction.[1] 

 

Peppa M et al. reported that endocrine disorders 

(polycysticovarysyndrome (PCOS), adrenal disorders 

and thyroid function abnormalities) has been 

associated with glucose and insulin metabolism 

disorders.[9] Several studies have found an association 

of thyroid function with body mass index (BMI) and 

insulin resistance based on the homeostasis model 

assessment of insulin resistance (HOMA-IR), a 

widely used index of insulin resistance.[10-13] 

 

We compared HOMA-IR and BMI values in patients 

with high-normal TSH levels, those with subclinical 

hypothyroidism, and in euthyroid healthy control 

subjects. 

 

METHODS: 

We recruited 104 (40 males, 64 females) subjects 

aged 18–60 years from the Internal Medicine Clinic 

of DHQ hospital Gujranwala, a tertiarycare hospital 

in 2012. Patients diagnosed with subclinical 

hypothyroidism as a result of a clinical condition or 

surgery and receiving levothyroxine were included in 

the study. Patients diagnosed with hyperthyroidism 

and receiving antithyroid treatment, or those 

diagnosed with diabetes mellitus (DM), chronic renal 

or liver disease, congestive heart failure or any other 

systemic illness, or receiving any hormone treatment 

were excluded from the study. Our study was 

approved by the local ethics committee. 

 

Venous blood samples were taken from all 

participants to measure biochemical parameters. The 

thyroid function profile (TSH, fT4 and fT3), fasting 

glucose, and fasting insulin were measured after an 

overnight fast. BMI was measured in all participants. 

 

HOMA-IR was used to estimate insulin resistance 

according to the formula: 

 

Fasting glucose  (mg/dL) x fasting insulin 

(µU/mL)/405.[14] 

 

BMI was calculated according to the formula: weight 

(kg)/height (m2).[15] 

 

Fig. 1: The bar-charts graphics of HOMA-IR & 

BMI in groups. 

 

Serum glucose, insulin, TSH, fT3, and fT4 levels 

were assayed using Roche Diagnostics kits and a 

Roche modular PP-EE chemistry analyzer (Roche 

Diagnostics GmbH, Mannheim, Germany). The 104  

subjects included in the study were divided into three 

groups according to TSH levels: Group 1 (high-

normal), TSH levels were 2.5–4.2 µIU/mL (n=33); 

Group  2 (subclinical hypothyroidism), TSH levels 

were 4.2–10 µIU/mL (n=42); and Group 3 (healthy 

control), TSH levels were 0.27–2.5 µIU/mL (n=29). 

The fT3 and fT4 levels were within normal limits in 

all groups. The statistical tests were conducted using 

the Statistical Package for the Social Sciences for 

Windows 17.0 (SPSS Inc, Chicago, IL, USA). The 

results are expressed as means ± standard deviation. 

The Kruskal–Wallis test was used to make among-

group comparisons of qualitative data. The 
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association between BMI and HOMA-IR was 

assessed using Spearman’s correlation analysis. 

 

RESULTS: 

The study included 40 male and 64 female patients. 

We found no statistically significant differences in 

age, sex, or demographic characteristics among 

groups. The mean age of participants was 43 years 

old. 

 

Table-I: HOMA-IR and BMI in all groups. 

 

Groups n X SD KW p 

HOMA-IR 

Control 
29 2,527 1,436 

 

0,262 0,877 

Group 1 33 2,735 1,814 

Group 2 42 2,506 1,663 

BMI Control 29 25,932 5,082  

2,109 0,348 Group 1 33 25,748 5,976 

Group 2 42 27,371 5,092 

HOMA-IR: Homeostasis Model Assessment of 

Insulin Resistance. BMI: Body Mass Index. 

 

Table-II: Association of BMI and HOMA-IR in 

the groups. 

 

   n r p 

Control BMI HOMA-IR 29 0,175 0,363 

Group 1 BMI HOMA-IR 33 0,711 0,000 

Group 2 BMI HOMA-IR 42 0,426 0,005 

 

The mean HOMA-IR and BMI values were not 

significantly different among groups (p>0.05; Table-

I). Furthermore, we found no significant difference 

between the groups with regard to mean HOMA-IR 

and BMI (p>0.05; Table-I). 

 

BMI and HOMA-IR were not significantly correlated 

in the control group.(r=0.175; p>0.05; Table-II). 

However, the correlation analysis revealed significant 

positive associations between BMI and HOMA-IR in 

Group 1 accounting for 71.1% of the variance 

(r=0.711; p<0.05), and in Group 2 accounting for 

42.6% of the variance (r=0.426; p<0.05). These 

findings indicate that as HOMA-IR increased, BMI 

increased. 

 

DISCUSSION: 

Hypothyroidism has been associated with glucose 

and insulin metabolism disorders that affect insulin 

secretion in response to glucose, hyperinsulinemia, 

altered peripheral glucose disposal, and insulin 

resistance [7]. 

 

DM and thyroid function disorders are the two most 

common endocrine disorders worldwide [16]. The 

first study to show a relationship between DM and 

thyroid disorders was published in 1979 and several 

subsequent studies have supported those findings 

[16]. The prevalence of thyroid disorders in patients 

with DM varies across countries owing to differences 

in diagnostic criteria, iodine intake, TSH assay 

sensitivity, and population diversity. The relationship 

between thyroid disorders and DM is characterized 

by a complex interdependent interaction. Screening 

for thyroid disorders, particularly subclinical 

dysfunction, is warranted in patients with DM 

because most patients are asymptomatic [16]. 

Several studies have shown an association between 

thyroid function and insulin resistance. Maratou et al 

[10]. Found that fasting and postprandial plasma 

insulin levels and the HOMA index were higher in 

patients with hypothyroidism and subclinical 

hypothyroidism than in euthyroid individuals; 

however, plasma glucose levels were not 

significantly different among groups. Sapna et al 

[17]. Reported that insulin and HOMAIR levels were 

significantly higher in patients with subclinical 

hypothyroidism than in euthyroid subjects. 

Additionally, mean TSH levels were moderately 

positively correlated with insulin and HOMA-IR. 

 

Singh at al [11]. found a significant positive 

correlation between TSH levels and HOMA-IR in 

hypothyroid patients. Thyroid dysfunction causes 

changes in carbohydrate and lipid metabolism, which 

are  risk factors for cardiovascular disease. Garduño-

Garcia J et al [18]. and Sridevi et al [19]. Found that 

fasting insulin and HOMA-IR were associated with 

serum thyroid hormone, but not TSH levels. Al 

Sayed et al [12]. Found that insulin levels were 

significantly higher in Kuwaiti females with 

subclinical hypothyroidism than in the control group; 

however, HOMA-IR levels were not significantly 

different between the groups. Our finding that 

HOMA- IR did not differ among groups is consistent 

with that of Al Sayed et al [12]. 

 

Lambadiari et al [20]. found that HOMA-IR was 

positively correlated with fT4 and fT3 levels in 

patients with type 2 DM. Moreover, the authors 

found a positive correlation between normal-high 

thyroid hormone levels and insulin resistance, and 

speculated that thyroid hormones may be involved in 

the pathological process underlying the development 

of type 2 DM. In contrast, we did not find a 

significant difference in HOMA-IR and BMI values 

between patients with high-normal TSH and healthy 

controls with normal TSH levels. 
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Ren et al [13]. investigated the association of thyroid 

hormones with BMI and HOMA-IR in euthyroid 

subjects. They found that fT3 levels were slightly 

higher in subjects with a BMI ≥25kg/m2[13]. Owecki 

et al [21]. investigated insulin resistance in patients 

with hypothyroidism caused by thyroidectomy and 

found no correlation between hypothyroidism insulin 

resistance. Dimitriadis et al [22]. Investigated insulin 

action on adipose tissue and muscle in hypothyroid 

subjects and found resistance to insulin-stimulated 

glucose uptake in muscle and adipose tissue. Bougle 

et al [23]. found an association between increased 

serum TSH and decreased insulin resistance in obese 

subjects and concluded that changes in thyroid 

function may protect against obesity- related 

metabolic diseases. We found no effect of TSH levels 

on insulin resistance and BMI. Our comparison of 

insulin resistance and BMI in patients with high-

normal (2.5–4.2 µIU/ mL) and subclinical (4.2-10 

µIU/mL) TSH levels revealed no difference between 

groups. A study conducted in Taiwan found that 

subclinical hypothyroidism increased the risk of 

death, and all-cause death was found to increase 

1.68-fold after controlling for age, sex, BMI, DM, 

hypertension, dyslipidemia, smoking, alcohol intake, 

physical activity, income, and education level. 

Moreover, the risks of cardiovascular related-events 

and all-cause death increased in patients with 

subclinical hypothyroidism compared with euthyroid 

individuals [24]. Based on the results of this study, 

we plan to further investigate the relationship 

between insulin resistance and BMI in subjects with 

various TSH levels. 

 

REFERENCES: 

1. 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. J Am Med Assoc, 

2004; 291: 228– 238. 

doi:10.1001/jama.291.2.228. 

2. Fatourechi V. Subclinical Hypothyroidism: An 

update for primary care physicians. Mayo  Clin 

Proc., 2009; 84(1): 65-71. doi: 10.1016/S0025- 

6196(11)60809-4. 

3. Zulewski H, Muller B, Exer P, Miserez AR, 

Staub  JJ. Estimation of tissue hypothyroidism 

by a new clinical score: evaluation of patients 

with various grades of hypothyroidism and 

controls. J Clin Endocrinol Metab, 1997; 82(3): 

771-776. doi.org/10.1210/jcem.82.3.3810. 

4. Kong WM, Sheikh MH, Lumb PJ, Naoumova 

RP, Freedman DB, Crook M, et al. A 6-month 

randomized trial of thyroxine treatment in 

women with mild subclinical hypothyroidism. 

Am J Med., 2002; 112: 348–354. 

doi:10.1016/S0002- 9343(02)01022-7. 

5. Wartofsky L, Dickey RA. The evidence for a 

narrover thyrotropin reference range is 

compelling. J Clin Endocrinol Metab., 2005; 

90(9): 5483-5488. doi:10.1210/jc.2005-0455. 

6. Screening and treatment for thyroid dysfunction 

screening for and treatment of thyroid 

dysfunction: An evidence review for the U.S. 

Preventive Services Task Force. AHRQ 

Publication No. 15-05217-EF-1, Pacific 

Northwest EPC, October 2014. 

7. Volzke H, Ludemann 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: 803-810. 

8. Brabant G, Beck-Peccoz P, Jarzab B, Laurberg 

P, Orgiazzi J, Szabolcs I, et al. Is there need to 

redifine the upper normal limit of TSH? Euro J 

Endocrinol, 2006; 154: 633–637.  

9. Peppa M, Koliaki C, Nikolopoulos P, Raptis 

SA, Skeletal Muscle Insulin Resistance in 

Endocrine Disease. J         Biomed Biotechnol, 

2010; 2010: 527850. doi:10.1155/2010/527850. 

10. Maratou E, Hadjidakis DJ, Kollias A, Tsegka 

K, Peppa M, Alevizaki M, et al. Studies of 

insulinresistance in patients with clinical and 

subclinical hypothyroidism. Eur J Endocrinol, 

2009; 160(5): 785-790. doi: 10.1530/ EJE-08-

0797. 

11. Singh BM, Goswani B, Mallika V. Association 

between insulin resistance and hypothyroidism 

in females attending a tertiary care hospital. 

Indian J Clin Biochem, 2010; 25(2): 141-

145.doi: 10.1007/s12291-010-0026-x. 

12. Al Sayed A, Al Ali N, Bo Abbas Y, Al Fadhli 

E. Subclinical hypothyroidism is associated 

with early insulin resistance in Kuwaiti women. 

Endocr J., 2006; 53(5): 653-657. doi:10.1507/ 

endocrj.K06- 018. 

13. Ren R, Jiang X, Zhang X, Guan Q, Yu C, Li Y, 

et al. Association between thyroid hormones 

and body fat in euthyroid subjects. Clin 

Endocrinol, 2014; 80(4): 585-590. doi: 

10.1111/cen.12311. 

14. Negami M, Takahashi E, Otsuka H, Moriyama 

K. Prediction of homeostasis model assessment 

of insulin resistance in Japanese subjects. Tokai 

J Exp Clin Med., 2012; 37(4): 102-106. 

15. Flint E, Cummins S, Sacker A.  Associations 

between active commuting, body fat, and body 

mass index: population based, cross sectional 

study in the United Kingdom. BMJ, 2014; 19: 

349: g4887. doi: 10.1136/bmj.g4887. 



 

IAJPS 2018, 05 (12), 15919-15923                     Sajjad Safdar et al                    ISSN 2349-7750 
 

 
 

w w w . i a j p s . c o m  
 

Page 15923 

16. Palma CC, Pavesi M, Nogueira VG, Clemente 

EL, Vasconcellos MB, Junior LC, et al. 

Prevalence of thyroid dysfunction in patients 

with diabetes mellitus. Diabetol Metab Synd, 

2013; 5: 58. doi: 10.1186/1758-5996-5-58. 

17. Sapna S, Palarapu S, Bhongir AV. Study of 

Insulin Resistance in Subclinical 

Hypothyroidism. Int J Health Sci Res., 2014; 

4(9): 147–153. 

18. Garduño-Garcia J, Romero EC, Ochoa AL, 

Romero- Figueroa S, Bravo GH, García RT, et 

al. Thyroid function is associated with insulin 

resistance  markers in healthy adolescents with 

risk factors to develop diabetes. Diabetol Metab 

Synd, 2015; 7: 16. doi: 10.1186/s13098-015-

0011-x. 

19. Sridevi A, Vivekanand B, Giridhar G, Mythili 

A, Subrahmanyan KAV. Insulin resistance and 

lipid alterations in subclinical hypothyroidism. 

Indian J Endocrinol Metab, 2012; 16(Suppl 2): 

S345–S346. doi: 10.4103/2230-8210.104085. 

20. Lambadiari V, Mitrou P, Maratou E, Raptis 

AE, Tountas N, Raptis SA, et al. Thyroid 

hormones are positively associated with insulin 

resistance early in the development of type 2 

diabetes. Endocrine, 2011; 39(1): 28-

32.doi:10.1007/s12020-010-9408-3. 

21. Owecki M, Nikisch E, Sowinski J. 

Hypothyroidism has no impact on insulin 

sensitivity assessed with HOMAIR in totally 

thyroidectomized patients. Acta Clin Belq, 

2006; 61(2): 69-73. 

22. doi:10.1179/acb.2006.076. 

23. Dimitriadis G, Mitrou P, Lambadiari V, Boutati 

E, Maratou E, Panagiotakos DB, et al. Insulin 

action in adipose tissue and muscle in 

hypothyroidism. J Clin 

24. Endocrinol Metab, 2006; 91(12): 4930-4937. 

doi: 10.1210/jc.2006-0478. 

25. Bougle D, Morello R, Brouard J. Thyroid 

Function and Metabolic Risk Factors in Obese 

Youth. Changes during Follow-up: A 

Preventive Mechanism? Exp Clin Endocrinol 

Diabetes, 2014; 122(9): 548-552. doi: 

10.1055/s-0034-1377046. 

26. Tseng FY, Lin WY, Lin CC, Lee LT, Li TC, 

Sung PK, et al. Subclinical hypothyroidism is 

associated with increased risk for all-cause & 

cardiovascular mortality in adults. J Am Coll 

Cardiol, 2012; 60(8): 730-737. 

doi:10.1016/j.jacc.2012.03.04.

 


