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ABSTRACT

The relationship of insulin resistance in subclinical and clinical hypothyroid diabetic patients has been
elucidated. This study was conducted in Regional Hospital, Hamirpur, Himachal Pradesh, India. 117
patients (aged 20-50, male 23, female 94) were selected randomly. 100 age and sex matched control
subjects were also included. The concentration of thyroid stimulating hormone (TSH), free
triiodothyronine (FT3), free thyroxine (FT4), insulin were evaluated by Enzyme Linked Immunoassay
(ELISA) and glucose was estimated by auto analyser. Insulin resistance and p-cell function were assessed
by Model Assessmen. Diabetic patients had significantly (P<0.0001) higher level of TSH, Insulin and
glucose. The levels of FT3 and FT4 were significantly (P<0.0001) lower. The level of HOMA-IR and
HOMA- B were significantly higher in diabetic patients. We concluded that insulin resistance and
hypothyroidism were present in diabetic patients.
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INTRODUCTION

Diabetes mellitus and thyroid disorders are the two most common endocrinopathies seen in the adult
population. Excess or deficiency of either insulin or thyroid hormones can result in functional
abnormalities of one another, as both of them are closely involved in cellular metabolism (Satish and
Mohan, 2003). Possibly, thence, diabetes and thyroid disorders have a propensity to appear together in
patients (Wu, 2000). Thyroid hormones play an indispensable role in various metabolic processes in the
human body (Fernandez-Real et al., 2006). Hypothyroidism and hyperthyroidism are the main clinical
conditions that affect the basal metabolic rate.

Type 2 diabetes accounts for most individuals with non-autoimmune forms of diabetes. The spectacular
increase in the prevalence of type 2 diabetes worldwide is well documented. Patients with type 2 diabetes
commonly display the symptoms of hypothyroidism, and symptoms of hyperthyroidism have been
documented in the patients with type 1 diabetes (Wu, 2000).

Insulin resistant diabetes mellitus is the commonest form which accounts for 90% of the diabetic
population in the world (Wild et al., 2004). Insulin resistance is the central pathophysiological
phenomenon of metabolic syndrome (Eckel, 2005). Thyroid disorders in terms of subclinical and overt
hypothyroidism have also been associated with defective insulin secretion, hyperinsulinemia, altered
peripheral glucose disposal, and insulin resistance (Maratou et al., 2009).

Aim of the study

In the light of the above facts, the present study elucidates the relationship of thyroid hormones and
insulin secretions in glucose homeostasis.

MATERIALS AND METHODS

For the present study, 117 diabetic patients of both sexes (males-23, females-94) affected with thyroid
dysfunction, in the age group of 20-50 years (Mean age 37.82 + 8.90 years) from Regional Hospital
Hamirpur, Himachal Pradesh, India were randomly selected. 100 age and sex matched euthyroid non-
diabetic controls were also included in the study.

The study protocol was approved by the Institutional Human Ethical Committee of Punjabi University
Patiala, India. Full informed written consent was obtained from all the patients. Overnight fasting venous
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blood samples were withdrawn with the help of trained laboratory technician. Blood samples were
collected and centrifuged for 4 minutes at 3000 rpm. The serum samples were assayed for the estimation
of thyroid stimulating hormone, free triiodothyronine, free thyroxine, insulin. Insulin resistance was
assessed by Homeostasis Model Assessment for Insulin Resistance (HOMA-IR) and B-cell function was
assessed by HOMA-B.

HOMA-IR = Fasting Insulin x Fasting Glucose/22.5 and B-cell function by HOMA-B (20 x Fasting
insulin/fasting glucose -3.5%)

Statistical Analysis

Data were analysed using SPSS for windows version 16 and Statistica. Demographic data, distribution of
patients was assessed by Fishers exact test, nutritional status and socioeconomic status was compared by
using chi-square test. TSH, FT3, FT4, insulin, glucose, HOMA-IR and HOMA-B were compared by
ANOVA with post hoc Tuckey’s multiple comparison tests.

RESULTS AND DISCUSSION

Results

In the present study, the number of patients with thyroid dysfunction and their respective prevalence
were: subclinical hypothyroidism 57 (48.71%) and clinical hypothyroidism 60 (51.28%). The incidence
of thyroid disorders was highest in clinical hypothyroid females. Present study revealed the female
predominance of developing type 2 diabetes and hypothyroidism simultaneously was higher in women
(80.34%) and in men (19.65%).

Thyroid dysfunction was significantly (y° = 6.359, P<0.0416, Figure 1) higher in diabetic patients with
poor nutritional status and was lowest (24.79%) in the group with good nutritional status. The impact of
thyroid dysfunction in diabetics was significantly (y* = 16.667, P<0.0002, Figure 2) highest in the low
socio-economic group (50.43%), than in the middle socio-economic group. The effect of thyroid
dysfunction was lowest (20.51%) in diabetic patients with high socio-economic status.

The mean value of basal metabolic rate was significantly (F = 177.07, P<0.0001) declined in the
subclinical and clinical hypothyroid diabetics (Figure 3). Post hoc Tukey’s multiple comparison test after
one way ANOVA described a significant (F = 1479, P<0.0001 g =33.17 to 76.73, 95%CI -6.188 to -
12.230, Figure 4) increase in body mass index in subclinical and clinical hypothyroid diabetics as
compared to non-diabetic control.

Thyroid Hormones Function Parameters

There was a significant (f=1014, P<0.0001) elevation in the mean level of thyroid stimulating hormone
(TSH) in both sub clinical and clinical hypothyroid diabetic patients in comparison to non diabetic
control. Post hoc tuckey’s multiple comparison test after one way ANOVA described a significant
(P<0.05) elevation in mean level of TSH, in control vs subclinical hypothyroid (g= 35.98, 95%CI- 10.62
to -8.806) and clinical hypothyroid (g= 62.11, 95% CI -17.39 to -15.60) Figure 5.

FT3 concentration in hypothyroid diabetic sub clinical and clinicalgroups were significantly (F=3488, =
11.39 to 113.5, 95% CI 0.1285 to 1.838, P<0.0001, Figure 6) lower than the non diabetic control group.
The mean serum concentration of FT4 was significantly (F= 1830, gq= 7.374 to 81.94, P<0.0001)
decreased in sub clinical and clinical hypothyroid diabetic than non diabetic control (figure 7). The ratio
of FT3/FT4 showed significant (t= 6.353, P<0.001) decrease in the clinical hypothyroid diabetic patients
(Figure 8).

Insulin

Pot hoc multiple comparison test after one way ANOVA revealed that the mean serum level of insulin
(fasting) was significantly (F= 2462, P<0.0001, figure 9) increased in the both subclinical (g= 50.87, 95%
Cl -10.54 to -9.235, mean difference — 9.887, P<0.05) and clinical (q= 97.97, -19.38 to -18.09 mean
difference -18.740, P<0.05) hypothyroid patients as compare to non diabetic control. In sub clinical vs
clinical group there was also a significant (g= 40.85, 95% CI 8.122 to 9.575, mean difference 8.848)
increase in the level of serum insulin (fasting).
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Glucose
Fasting serum glucose level were significantly (F= 521.4, P<0.0001, g= 31.62 to 42.29, 95% CI -50.98 to

-55.85, figure 10) elevated in diabetic patiets with thyroid hypofunction.

Insulin-Resistance and B-cell functiom
Level of insulin resistance was increased (F=1980, q=45.38 to 87.90 95% CI -5.042 to -8.606, P<0.0001,

Figure 11) in sub clinical and clinical hypothyroid diabetic patients. The mean level of HOMA-B was
significantly (F= 566.590, gq= 12.07 tp 28.09, 95%CI -2871.53 to 2785.47, P<0.0001 Figure 12) increased
in the hypothyroid diabetic patients in comparison to non diabetic control.

No. of patients

Good Fair Poor

Nutritional status

Figure 1: Nutritional status in diabetic hypothyroid patients

Middle

Figure 2: Socio-economic status in diabetic patients affected with hypothyroidism
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Figure 3: Basal metabolic rate in diabetic patients
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Figure 4: Body mass index in diabetic patients affected with hypothyroidism
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Figure 5: Serum concentration of TSH in diabetic patients
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Figure 6: Serum concentration FT3 in diabetic patients
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Figure 7: Serum concentration FT4 in diabetic patients
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Figure 8: Ratio of FT3/FT4 in diabetic hypothyroid patients
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Figure 9: Serum fasting insulin level in diabetic patients with hypothyroidism
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Figure 10: Mean fasting blood glucose in diabetic hypothyroid patients
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Figure 11: Insulin resistance (HOMA-IR) level in diabetic patients with hypothyroidism
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Figure 12: Level of HOMA-B in diabetic hypothyroid patients

Correlation Analysis

Pearson’s bivariate correlation revealed a significant (Y = - 2.825x + 5.4594*, r = 0.82264, P<0.05 Figure
13) positive relation between insulin (fasting) and glucose (fasting). Pearson’s bivariate correlation
reveealed that TSH positively correlated with insulin fasting (Y= 23.701x +0.29993*, r = 0.47569,
P<0.05 Figure 14) in hypothyroid patients. There was significant (P<0.05) negative correlation between
FT3 vs insulin (fasting) and (Y = 40.924x -10.14* r = -0.6886 figure 15). However the correlation
between FT4 vs insulin (fasting) (r = -0.2190, P = 0.082) was statistically non significant.

Relationship of TSH, FT3 and FT4 with Fasting Serum Glucose Groups

Pearson’s bivariate correlation and linear regression revealed a positive correlation of TSH with different
fasting serum glucose (FSG) groups (Y = 3.498x + 8.505, R* = 0.9839, r = 0.96, P<0.01). Pearson’s
bivariate correlation revealed a negative correlation of FT3 vs different fasting serum glucose (FSG)
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groups (Y = 2.8894x -0.535, R?= 0.8132, r = -0.92, P<0.01) and FT4 vs different fasting serum glucose
(FSG) groups (Y = 1.4531x -0.494, R? = 0.8959, r = -0.94, P<0.001) and a significant (Y = -0.221x +
1.32, R* = 0.942, r = -0.92, P<0.01) correlation of FT3/FT4 vs different fasting serum glucose (FSG)
groups Figure 16.
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Figure 13: Scatterplot showing correlation between serum insulin (fasting) and glucose (fasting) in
hypothyroid diabetic patients
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Figure 14: Scatterplot showing correlation between serum TSH and insulin (fasting) in
hypothyroid diabetic patients
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Figure 16: Correlation and regression analysis of serum fasting glucose with FT3 and FT4

Discussion

Present study revealed the female predominance of developing type 2 diabetes and hypothyroidism

simultaneously was higher in women (80.34%) than in men (19.65%).
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In the present study, body mass index (BMI) was increased in diabetic patients affected with
hypothyroidism as compared to non-diabetic control. The value of BMI was highest in the clinical
hypothyroid diabetic patients. Our observations are in consonance with the study of Hettihewa (2007) and
Thakkar and Jain (2011).

Thyroid hormones have metabolic functions that serve to control the basic hormone metabolic rate. In the
present study the basal metabolic rate (BMR) was decreased in the subclinical and clinical hypothyroid
diabetic patients as compared to control. Basal metabolic rate has been reported to be decreased in
hypothyroidism (Jennal and Johnson, 2006). BMR in hypothyroid patients may also have been
responsible for the increased body mass index in the study population. Nonetheless, obesity is a major
risk factor for type 2 diabetes and hypothyroidism (Singh et al., 2008).

The present study, reported high incidence of abnormal thyroid hormone level in diabetic patients.
Subclinical and clinical hypothyroidism was reported in the diabetic population. Our observations are in
agreement with study of Udoing et al., (2007).

Diabetes mellitus appears to influence thyroid function in at least two sites, one at the level hypothalamic
control of TSH release and the other at the conversion of T4 to T3 in the peripheral tissue. Present study
highlights the changes in TSH levels in normal ranges are significantly associated with insulin resistance.
The level of TSH was altered in the diabetic patients in the present study. This study was supported by a
report with high prevalence of abnormal TSH concentration. Our results showed that the mean serum FT3
was lower, this is in consistence with the mean serum FT3 in patients was significantly lower than
controls (Islam et al., 2008). Only 0.4% T3 and 0.04% T4 dynamically escape binding and, since free to
interact directly with peripheral organs and tissues, are called free T3 (FT3) and free T4 (FT4) and are the
only fraction believed to be metabolically active (Gershengorn et al., 1980). In the present study FT3/FT4
ratio was decreased in clinical hypothyroid diabetic patient in comparison to non diabetic controls.

In the present study, the level of TSH according to different ranges of glucose was increased and the level
of FT3 and FT4 were decreased in the diabetic hypothyroid patients. The ratio FT3/FT4 was also
decreased according to different ranges of glucose. The serum levels of insulin fasting were increased in
hypothyroid patients. Thyroid hormones are insulin antagonists, both insulin and thyroid hormones are
involved in cellular metabolism and excess and deficit of any one can result in functional derangement of
the other. The physiological and biochemical interrelationship between insulin and the influence of both
insulin and iodothyronines on the metabolism of carbohydrates, proteins and lipid have been recorded
(Dias et al., 1995). In some study population it was found that insulin resistance modifies the relationship
between thyroid function and insulin sensitivity. It is known that thyroid hormone can stimulate the
expression and activate a number of proteins that are candidates for regulating insulin sensitivity
(Kleiverik et al., 2009). Glycemic status is influenced by insulin, which is known to modulate TSH levels.
In the present study the level of glucose was decreased in the hypothyroid diabetic patients. Many studies
revealed that T3 and insulin both stimulate the expression of hexokinase and glycogen synthase which are
respectively responsible for uptake and disposal of glucose via formation of glucose-6 phosphate and
glucose-1 phosphate (Chidakel et al., 2005). The rate of hepatic glucose output is decreased probably due
to reduced gluconeogenesis. Insulin resistance is defined as an inability of insulin to produce its biological
effects at physiological concentrations and is a cardinal feature of type 2 diabetes mellitus (Ferrannini,
2004). It is characterized by the impaired ability of insulin to inhibit hepatic glucose output and to
stimulate glucose uptake into skeletal muscle. Insulin resistance is assessed by the calculation of HOMA-
IR. Homeostatic model assessment (HOMA) of B-cell function and insulin resistance (IR) is a method for
assessing B-cell function and IR from basal glucose and insulin or C-peptide concentration. In recent
study it was found that insulin resistance was comparable in both subclinical and clinical hypothyroidism
(Maratou, et al., 2009). The present study reported that the insulin resistance by HOMA-IR was present in
the diabetic patients affected with hypothyroidism both in subclinical and clinical conditions. HOMA-IR
was significantly raised in clinical hypothyroidism as compared to controls and subclinical
hypothyroidism.
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Consistent hyperglycemia in the hyperinsulinemic and insulin resistance subjects might be attributed to
this disturbed balance between insulin and T3, which fail to maintain normal glycemia. The results of the
present study showed that the homeostasis relationship of insulin and T3 is gradually lost with the parallel
development of insulin resistance and insufficiency of insulin to the cells.

Homeostatic model assessment (HOMA) of B-cell function and insulin resistance (IR) is a method for
assessing B-cell function and IR from basal glucose and insulin or C-peptide concentration (Wallace et
al., 2004). In present study it was found that insulin resistance was comparable in both subclinical and
clinical hypothyroidism (Maratou, et al., 2009). Thyroid hormones increase beta-cell apoptosis and that
this could be one major element responsible for deterioration of glucose tolerance in thyrotoxicosis. Long
term thyrotoxicosis has been shown to cause beta-cell dysfunction resulting in reduced pancreatic insulin
content, poor insulin response to glucose and decreased rate of insulin secretion (Bech et al., 1996).
Records indicate that iodothyronine are insulin antagonists with high levels being diabetogenic, while
absence of iodothyronines inhibits the development of diabetes (Udiong et al., 2007).

The present study demonstrates that the insulin resistance by HOMA-IR was present in the diabetic
patients affected with hypothyroidism both in subclinical and clinical conditions. HOMA-IR was
significantly raised in clinical hypothyroidism as compared to controls and subclinical hypothyroidism.
This is in agreement with the study of Bakker et al., (2001) which attributed the main pathophysiological
basis underlying glucose intolerance, dyslipidemia, abdominal obesity and hypertension to insulin
resistance. In type 2 diabetes mellitus subjects, lower levels of T3 and higher levels of insulin failed to
maintain normoglycemic condition and this further enhanced the hyperinsulinemia. Consistent
hyperglycemia in the hyperinsulinemic and insulin resistance subjects might be attributed to this disturbed
balance between insulin and T3, which fail to maintain normal glycemia. The results of the present study
showed that the homeostasis relationship of insulin and T3 is gradually lost with the parallel development
of insulin resistance and insufficiency of insulin to the cells. Insulin resistance with the hyperglycemia,
hyperinsulinemia, and the altered natures of skeletal muscle fibres with lower ratio of oxidative to
glycolytic enzymes, reduced the glucose disposal via reduced oxidative of glucose (Shmiokawa et al.,
1997, Crunkhorn and Petti, 2008). Insulin resistance is a pathological situation characterized by a lack of
physiological response of peripheral tissues to insulin action, leading to the metabolic and hemodynamic
disturbances known as the metabolic syndrome.

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 B-cells
(Turner et al., 1979). Recently, it has been reported that oxidative stress leads to development of late
complications of diabetes and also participates in beta cell dysfunction or insulin resistance (Sarabesh,
2006).

ACKNOWLEDGEMENT
The authors acknowledge the Rajiv Gandhi National Fellowship (RGNF), Government of India for
financial support.

REFERENCES

Bakker SJL, Ter Maaten JC, Popp-Snijders C, Slaets JPJ, Heine RJ and Gans ROB (2001). The
relationship between thyrotropin and low density lipoprotein cholesterol is modified by insulin sensitivity
in healthy euthyroid subjects. Clinical Endocrinology Metabolism 86 1206-1211.

Bech K, Damsbo P, Eldrup E, Bech- Nielsen H, Roder ME and Hartling SG (1996). B-cell function
and glucose and lipid oxidation in Grave’s disease. Clinical Endocrinology 44(1) 59-66.

Chidakel A, Mentuccia D and Celli FS (2005). Peripheral Metabolism of thyroid hormone and glucose
homeostasis. Thyroid 15 899-904.

Crunkhorn S and Patti ME (2008). Links between thyroid hormone action, oxidative metabolism and
diabetes risk? Thyroid 18(2) 227-237.

411



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online)
An Online International Journal Available at http://www.cibtech.org/jms.htm
2013 Vol. 3 (2) May-August, pp.400-412/Shashi et al.

Research Article

Dias CM, Nogueira P, Rosa AN, De-Sa JV, Gouvea MF and Mannho-Falcos CM (1995). Total
cholesterol and high-density cholesterol in patients with insulin dependent diabetes mellitus. Acta Medica
8(11) 619-628.

Eckel RH, Grundy SM and Zimmet PZ (2005). The metabolic syndrome. Lancet 365 1415-1428.
Fernandez-Real JM, Lopez-Bermejo A, Castro A, Casamitjana R and Ricart W (2006). Thyroid
function is intrinsically linked to insulin sensitivity and endothelium dependent vasodilation in healthy
euthyroid subjects. Clinical Endocrinology Metabolism 91(9) 3337-3343.

Ferrannini E (2004). Hyperinsulinemia and insulin resistance, In: Diabetes: A fundamental and clinical
text, 3" edition (edited by Le Roith D, Taylor Sl and Olefsky JM).

Gershengorn MC, Glinoer D and Robbins J (1980). “Transport and metabolism of thyroid hormones,”
in The Thyroid Gland, edited by De Visscher M 81-121, Raven Press, New York, NY, USA.

Hettihewa LM, Dharmasiri LP, Ariyaratne CD, Jayasinghe SS, Weeraranthna TP and Kotapola I1G
(2007). Significant correlation between BMI/BW with insulin resistance by McAuley, HOMA and
QUICKI indices after 3 months of pioglitazone in diabetic population. International Journal of Diabetes
in Developing Countries 27(3) 87-92.

Islam S, Yesmine S, Khan SA, Alam NH and Islam S (2008). A comparative study of thyroid hormone
levels in diabetic and non-diabetic patients. Tropical Medicine Public Health 39(5) 913-916.

Jennal L and Johnson MS (2006). Diabetes control in thyroid disease. Diabetes Spectrum 15(3) 140-
142.

Klieverik LP, Janssen SF, Riel VA, Foppen E, Bisschop PH, Serlie MJ, Boelen A, Ackermans MT,
Sauerwein HP, Fliers E and Kalsbeek A (2009). Thyroid hormone modulates glucose production via a
sympathetic pathway from the hypothalamic paraventricular nucleus to the liver. Proceedings National
Academy Sciences 106 5966-5971.

Maratou E, Hadjidakis D, Kollias A, Tsegka K, Peppa M, Alevizaki M, Mitrou P, Lambadiari V,
Boutati E, Nikzas D, Tountas N, Economopoulos T, Raptis SA and Dimitriadis G (2009). Studies of
insulin resistance in patients with clinical and subclinical hypothyroidism. Endocrinology 160(5) 785-
790.

Sarabesh  (2006). Role of oxidative stress in  diabetes mellitus.  Available at:
http:/www.shvoong.com/exact science/392987.

Satish R and Mohan V (2003). Diabetes and thyroid diseases: a review. International Journal of
Diabetes Developing Countries 23(4) 120-123.

Shimokawa T, Kato M, Shioduka K, Irie J and Ezaki O (1997). Effect of triiodothyronine on muscle
cell differentiation and blood glucose level in hyperglycemic KK mice. Biochemical Biosphysical
Research Communication 235 790-793.

Singh CP, Sikri CG and Garg MK (2008). Body mass index and obesity: Tailoring “cut-off” for an
Asian Indian male population. Armed Forces India 64 350-353.

Thakker NV and Jain SM (2011). The impact of diabetes on thyroid dysfunction and outcome in a
native Indian female population. Thyroid Science 6(4) 1-9.

Turner RC, Holman RR, Matthews D, Hockaday TD and Peto J (1979). Insulin deficiency and
insulin resistance interaction in diabetes: estimation of their relative contribution by feedback analysis
from basal plasma insulin and glucose concentrations. Metabolism 28 1086-1096.

Udiong CEJ, Udoh AE and Etukudon ME (2007). Evaluation of thyroid function in diabetes mellitus
in Calabar, Nigeria. Clinical Biochemistry 22(2) 74-78.

Wallace TM, Levy JC and Matthews DR (2004). Use and Abuse of HOMA Modelling. Diabetes Care
27 1487-1495.

Wild S, Roglic G, Green A, Sicree R and King H (2004). Global prevalence of diabetes. Diabetes Care
27 1047-1053.

Wu P (2000). Thyroid disease in diabetes. Clinical Diabetes 18(1) 11-14.

412



