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ABSTRACT

Objective: To determine the association between altered thyroid hormones and insulin resistance (IR). 
Materials and Methods: Eight euthyroid (EU), eight hypothyroid (HO), and eight hyperthyroid (HR) patients 
with no past medical history were studied in this cross-sectional study at the Care Institute of Medical 
Sciences, Ahmedabad, India, The fasting blood sample were analyzed for thyroid stimulating hormone (TSH), 
lipid profile, insulin, and glucose. Homeostatic model assessment (HOMA) was calculated for assessing IR. 
Results: HOMA values were significantly higher in HR and HO groups as compared to the EU group (P < 
0.05). Insulin levels were also found to be significantly increased in HR and HO groups as compared to the 
EU group (P < 0.05). Cholesterol, triglycerides (TG), and low density lipoprotein (LDL) were significantly 
raised in HO as compared to EU and HR groups (P < 0.05) whereas high density lipoprotein levels (HDL) 
were lower. HOMA and insulin were found to be positively correlated with TSH in HO and negatively in HR. 
Conclusion: Thyroid disorder, including both hypo- and hyper have been associated with IR due to various 
mechanisms such as altered insulin secretion and lipid levels. IR was comparable in patients with both HO 
and HR. Although HO and HR constitute an IR state, more studies need to be done in order to clarify the 
underlying pathogenic mechanism. Thus, an altered thyroid state can lead to IR leading to glucose-related 
disorder such as diabetes dyslipidemia.

Key words: Hypothyroidism, hyperthyroidism, insulin resistance

Access this article online
Quick Response Code:

Website: 
www.jpharmacol.com

DOI: 
10.4103/0976-500X.95517

INTRODUCTION

Thyroid hormones (TH) play an important role in regulating 
energy balance, metabolism of glucose, and lipids.[1] While 
TH oppose the action of insulin and stimulate the hepatic 
gluconeogenesis and glycogenolysis they up-regulate the 
expression of genes such as glucose transporter type-4 

(GLUT-4) and phosphoglycerate kinase, involved in glucose 
transport and glycolysis, respectively, thus acting synergistically 
with insulin facilitating glucose disposal and utilization in 
peripheral tissues. [2-5] The prevalence of thyroid disease in 
patients with diabetes is significantly higher than that in the 
general population.[6] This indicates a possible interplay between 
thyroid status and insulin sensitivity. Homeostatic model 
assessment (HOMA) is a method for assessing β-cell function 
and insulin resistance (IR) from basal (fasting) glucose and 
insulin or C-peptide concentrations. The homeostasis model 
assessment (HOMA) for IR (HOMA-IR) derives estimates of 
insulin sensitivity from the mathematical modeling of fasting 
plasma glucose and insulin concentrations.[7] Complex interplay 
between thyroid function and IR has been implicated in diabetic 
dyslipidemia.[8] In the light of the existing reports, we decided 
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to evaluate the correlation between IR and altered thyroid state 
clinically and to assess β-cell function and IR by HOMA-IR.

MATERIALS AND METHODS

The study was conducted in the Care Institute of Medical 
Sciences, Ahmedabad, India. The patients visiting the 
thyroid clinic were screened and eight patients each suffering 
from hypothyroidism (HO) and hyperthyroidism (HR) was 
enrolled in the study after prior consent (Ethics Approval No. 
I–113). The inclusion criteria adopted were: age 18–45 years, 
newly diagnosed and untreated cases for HR or HO. Patients 
suffering from diabetes, having previous history of thyroid 
disorder other medications that alter thyroid functions and 
lipid levels led to exclusion from the study. Pregnancy and 
lactating women also accounted for exclusion from the study. 
Blood samples for the estimation of all the parameters were 
collected from the patients after an overnight fast. The thyroid 
stimulating hormone profile (TSH) was estimated using ultra-
sensitive sandwich chemiluminescence immuno assay and 
insulin levels were estimated using solid phase radio immuno 
assay using commercially available kits. The lipid profile and 
sugar levels were analyzed on Micro Labs Bioanlyaser (300) 
using commercially available kits. IR was estimated using 
homeostasis model assessment (HOMA-IR) from fasting 
serum glucose and insulin using the Oxford HOMA calculator 
(http://www.dtu.ox.ac.uk/homa/index.html). Normal range for 
TSH was (0.3–5.5) μIU/ml. Patients with high TSH and low 
TSH were designated to be HO and HR, respectively. Patients 
with normal TSH were considered euthyroid (EU). The normal 
range for fasting insulin was 2.6–24.9 μIU/ml.

Statistical analysis
Baseline characteristics of the study participants were 

expressed in Mean ± SEM and percentage. One way ANOVA 
followed by the Newman–Keuls multiple comparison test was 
used to analyze differences in baseline characteristics between 
the study groups and the control group. The association 
between the various parameters in different groups was 
evaluated using Pearson’s correlation coefficient. P < 0.05 
was considered statistically significant. Statistical analysis 
was performed using Graph Pad Prism version 5.04 software.

RESULTS

TSH levels were high in HO (31.5 + 17.51) and low in HR 
(0.023 + 0.009) groups as compared to the EU group (1.9 + 
0.19). Insulin levels were significantly higher in the HR group 
(29.37 + 8.48) as compared to the HO group (12.11 + 2.2) and 
the EU group (3.711 + 0.22). BMI were significantly high in 
the HO group (24.34 + 1.03) and were significantly low in the 
HR (21 + 2.16) group as compared to the EU group (22.64 
+ 1.53). Mean HOMA IR in controls were (0.43 + 0.07). 
HOMA-IR was higher in the HR group (3.45 + 2.51) vs. the 
HO group (1.9 + 0.60) as well as in both HR and HO groups 
as compared to controls (0.43 + 0.07) [Table 1 and Figure 1].

The triglycerides levels were significantly higher in the HO 
group (160.4 + 86.35) as compared to the HR group (86.13 
+ 4.64) and EU group (105.8 + 7.83), whereas the total 
cholesterol and LDL levels were significantly higher in the 
HO group (178.4 + 27.57) vs. the HR group (152 + 8.487) 
as well as in both HR and HO groups as compared to the EU 
group (122.6 + 11.77). High density lipoprotein levels (HDL) 
were decreased in both HO and HR groups as compared to 
EU [Table 1 and Figure 2].

The Pearson’s correlation coefficient for the relationships 

Table 1: Base line characteristic and biochemical parameters of different study groups
Parameters EU ( n = 8) HO (n = 8) HR (n = 8)
Age (years) 49.37 ± 3.05 55.25 ± 1.98 50.87 ± 2.48
Male 0 3 (37.5 %) 2 (25 %)
Female 8 (100%) 5 (62.5 %) 6 (75 %)
Body weight (kg) 63.0 ± 1.41 64.0 ± 1.67 58.75 ± 1.87
Height (cm) 166.87 ± 1.58 162.37 ± 1.26 167.51 ± 2.75
BMI (kg/m2) 22.64 ± 0.54 24.34 ± 0.36* 21.0 ± 0.76$

TSH (µU/ml) 1.90 ± 0.19 31.50 ± 17.51 0.02 ± 0.01
Cholesterol (mg/dL) 122.60 ± 11.77 178.40 ± 27.57*,^ 152.0 ± 8.49$

LDL (mg/dL) 60.0 ± 6.98 115.80 ± 21.36* 91.0 ± 9.20$,#

Triglycerides (mg/dL) 105.80 ± 7.83 160.40 ± 86.35*,^ 86.13 ± 4.64
HDL (mg/dL) 43.13± 2.07 36.0 ± 4.79 41.13 ± 2.62
Insulin (µU/ml) 3.71 ± 0.22 12.11 ± 2.2 29.37 ± 8.48$,#

Glucose (mg/dL) 79.63 ± 2.12 105.10 ± 3.04 103.10 ± 3.51
HOMA-IR 0.43 ± 0.02 1.90 ± 0.21* 3.45 ± 0.88$,#

Values are represented as Mean ± SEM.; *EU vs. HR, $EU vs. HO, #HR vs. HO, ^HO vs. HR (P < 0.05); The study population was divided into three groups 
with eight subjects in each group: ‘Controls’, ‘Hypothyroid’, and ‘Hyperthyroid’ on the basis of TSH levels in serum, EU: Eight euthyroid; HO: Hypothyroidism; 
HR: Hyperthyroidism; TSH: Thyroid stimulating hormone; LDL: Low density lipoprotein; HDL: High density lipoprotein levels; HOMA-IR:Homeostatic model 
assessment insulin resistance
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between serum TSH and HOMA IR as well as TSH and lipid 
parameters HO are shown in Table 2. Our clinical study showed 
that TSH levels were positively correlated with insulin and 
HOMA IR in patients with HO ( r = 0.62, P = 0.09; r = 0.54, 
P = 0.16, respectively). The serum TSH levels significantly 
positively correlated with total cholesterol (r = 0.92, P < 
0.005), while positively correlated with LDL and triglycerides 
levels, and negatively with the HDL level in the HO group 
(r = 0.47, P = 0.22; r = 0.05, P = 0.89; r = -0.35, P = 0.38, 
respectively). The serum insulin levels were significantly 
positively correlated with HOMA-IR (r = 0.82, P < 0.05), and 
positively correlated total cholesterol, LDL, and triglycerides 
levels while negatively correlated with HDL levels ( r = 0.54, 
P = 0.16;  r = 0.39, P = 0.33;  r = 0.01, P = 0.78; r = -0.27, P 
= 0.5, respectively). Similarly, HOMA IR was also positively 
associated with TC, LDL and triglycerides levels while 
negatively correlated with HDL levels ( r = 0.45, P = 0.25;  
r = 0.20, P = 0.62;  r = 0.12, P = 0.76;  r = -0.11, P = 0.77).

The Pearson’s correlation coefficient for the relationships 
between serum TSH and HOMA IR as well as TSH and lipid 
parameters in HR patients are shown in Table 3. Our clinical 
study showed that TSH levels were negatively correlated 
with insulin and HOMA IR in patients with HR ( r = -0.6, 
P = 0.1;  r = -0.5, P = 0.15, respectively). The serum TSH 
levels were negatively correlated with total cholesterol, LDL, 

and triglycerides levels, and significantly positively with the 
HDL level in HR subjects ( r = -0.4, P = 0.31; r = -0.08, P = 
0.83; r = -0.25, P = 0.54; r = 0.72, P = 0.04, respectively). The 
serum insulin levels were significantly positively correlated 
with HOMA-IR (r = 0.97, P < 0.0001), and positively 
correlated total cholesterol, LDL and triglycerides levels 
while significantly negatively correlated with HDL levels (r 
= 0.07, P = 0.86; r = 0.72, P = 0.04; r = 0.32,  P = 0.45; r = 

Table 2: Correlation between different 
parameters in hypothyroid patients
Parameters Correlation coefficient P value
TSH vs.

Insulin 0.62 0.09
HOMA-IR 0.54 0.16
Cholesterol 0.92 0.001**
LDL 0.47 0.22
HDL -0.35 0.38
Triglycerides 0.05 0.89

Insulin vs.
HOMA-IR 0.82 0.01*
Cholesterol 0.54 0.16
LDL 0.39 0.33
HDL -0.27 0.5
Triglycerides 0.01 0.78

HOMA-IR vs.
Cholesterol 0.45 0.25
LDL 0.20 0.62
HDL -0.11 0.77
Triglycerides 0.12 0.76

*P < 0.05, **P < 0.005, TSH: Thyroid stimulating hormone; LDL: Low density 
lipoprotein; HDL: High density lipoprotein levels; HOMA-IR:Homeostatic 
model assessment insulin resistance

Table 3: Correlation between different 
parameters in hyperthyroid patients
Parameters Correlation coefficient P value
TSH vs.

Insulin -0.6 0.1
HOMA-IR -0.5 0.15
Cholesterol -0.4 0.31
LDL -0.08 0.83
HDL 0.72 0.04*
Triglycerides -0.25 0.54

Insulin vs.
HOMA-IR 0.97 0.0001***
Cholesterol 0.07 0.86
LDL 0.72 0.04
HDL -0.86 0.006*
Triglycerides 0.32 0.45

HOMA-IR vs.
Cholesterol 0.23 0.56
LDL 0.06 0.85
HDL -0.9 0.001**

Triglycerides 0.42 0.29
*P < 0.05, ***P < 0.0001, TSH: Thyroid stimulating hormone; LDL: 
Low density lipoprotein; HDL: High density lipoprotein levels; HOMA-
IR:Homeostatic model assessment insulin resistance

Figure 1: Effect of altered thyroid state on TSH, insulin HOMA-IR 
levels in study patients. Values are represented as mean + SEM. *EU 
vs. HR, $EU vs. HO, #HR vs. HO (P < 0.05)

Figure 2: Effect of altered thyroid state on the lipid profile in study 
population. Values are represented as Mean + SEM. *EU vs. HR, $EU 
vs. HO, #HR vs. HO, ^HO vs. HR (P < 0.05)
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-0.86,  P = 0.006, respectively). Similarly, HOMA IR was also 
positively associated with TC, LDL, and triglycerides levels 
while significantly negatively correlated with HDL levels (r 
= 0.23, P = 0.56; r = 0.06, P = 0.85; r = 0.42, P = 0.29; r = 
-0.9, P < 0.005).

DISCUSSION

In this study we have addressed the possible linkage among 
TSH, IR, and serum concentrations of lipids in both HO and 
HR population. Thyroid disease is much more prevalent in 
women than men. Women are five to eight times more likely 
to develop HO and eight to 10 times more likely to develop 
HR.[9] Thyroid disease can increase the risk of cardiovascular 
disease, infertility, and osteoporosis.

In recent times tremendous interest has been raised in the 
influence of TH action on insulin levels. Our study illustrates 
the complex interplay between thyroid hormonal status and 
insulin levels in the pathogenesis of IR. In both, HO and HR 
insulin levels were found to be higher. 

Cholesterol, TG, are LDL were significantly raised in HO as 
compared to EU and HR whereas the HDL level was lower. 
This is in consistence with the well-known association of 
HO with the lipid profile.[10] The main pathophysiological 
basis underlying glucose intolerance, dyslipidemia, 
abdominal obesity, and hypertension has been attributed 
to IR.[11]

In both hyper- as well as hypothyroid groups, there was 
significant increase in LDL levels. The amount of insulin 
specifically bound and the number of insulin receptors per cell 
were inversely correlated with the LDL level. The number of 
insulin receptors and the amount of insulin bound in the tested 
subjects with increased LDL were correspondingly low[12] 
which could further lead to the IR state.

Considering the insulin and glucose factor in the development 
of IR glucose metabolism after glucose loading was found to 
be decreased in both hypo- as well as hyperthyroid groups 
as compared to the control group. This may be due to either 
impaired insulin stimulated glucose disposal or decreased 
insulin-stimulated glucose transport in monocytes due to 
impaired translocation of GLUT4 glucose transporters on 
the plasma membrane as observed in the previous studies in 
humans.[13,14]

IR is a cardinal feature of type 2 diabetes mellitus and increased 
risk of dyslipidemia along with relatively frequently found 
mild thyroid dysfunction. IR is assessed by the calculation 
of HOMAIR. HOMA of β-cell function and IR is a method 

for assessing β-cell function and IR from basal glucose and 
insulin or C-peptide concentrations.[15] The relationship 
between glucose and insulin in the basal state reflects the 
balance between hepatic glucose output and insulin secretion, 
which is maintained by a feedback loop between the liver and 
β-cells.[16] The use of HOMA to estimate insulin sensitivity and 
β-cell function helps to compare β-cell function and insulin 
sensitivity in subjects with abnormal glucose tolerance. HOMA 
and insulin were found to be positively correlated with TSH in 
HO and negatively in HR suggesting that even subtle increase 
or decrease in the thyroid levels can lead to IR.

CONCLUSION

Thyroid disorder, including both hypo- and hyper have 
been associated with IR due to various mechanism such 
as altered insulin secretion and lipid levels. Although 
hypo- and hyperthyroidism constitute an IR state, more 
studies need to be done in order to clarify the underlying 
pathogenic mechanism. Thus an altered thyroid state can lead 
to IR leading to glucose-related disorder such as diabetes 
dyslipidemia.
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