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Introduction: Diabetes mellitus and thyroid disorders are the most common endocrinal
undetected thyroid dysfunction may affect glycemic control in diabetics.

The aim of the present study was to evaluate the thyroid functions tests in patients with type 2 diabetes mellitus (T2DM).

Materials &methods: In this retrospective study we included diabetic patients who performed thyroid function tests i.e. free tri-iodothyronine
(F13). free thyroxine (FT4) and thyroid stimulating hormone (TSH) and the thyroid dysfunction was stratified as hypothyroidism, subclinical
hypothyroidism, hyperthyroidism. subclinical hyperthyroidism with reference to hormonal levels.

Results: Prevalence of thyroid dysfunction in T2DM patients increases with age. Prevalence is higher if the patient has uncontrolled T2DM.
Hypothyroidism is present 3.8% of diabetics and subclinical hypothyroidism is present in18.8% of diabetics. Hyperthyroidism is present in 61 %
of diabetics and subclinical hyperthyroidism is presentin 13.4 % of diabetics .Of the diabetic groups 3% were euthyroid.

Conclusions: Greater the duration of uncontrolled T2DM in a patient, higher is the chance of thyroid dysfunction. Females and advanced aged
patients are more vulnerable to thyroid dysfunction. These data reinforce that diabetes patients with thyroid comorbidity need more endocrine

attention. HbA 1¢ can be used as a test to decide if sereening for thyroid dysfunction is needed in T2DM patients or not.
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Introduction

The WHO estimate of diabetes prevalence for all age groups world
wide was 2.8% in 2000 and 4.4% in 2030. Thyroid Qisease is common
in the general population, and the prevalence increases with age and it
is sccond only to diabetes as the most common condition to affect the
endocrine system. As a result it is common for an individual to be
affected by both thyroid diseases and diabetes.

Thyroid diseases have been described to be more common in diabetes
than expected. Diabetic patients have a higher prevalence of thyroid
disorders compared with the normal population. Because patients with
one organ-specific autoimmune disease are at risk of developing other
autoimmune disorders, and thyroid disorders are more common in
females, type 2 diabetic patients.[1,2]

Thyroid hormones are insulin antagonists, both insulin and thyroid
hiormones are involved in cellular metabolism and excess and deficit of
any one can result in functional derangement of the other [3]. Type 2
diabetes mellitus (T2DM) appears to influence thyroid function in two
sites; firstly at the level of hypothalamic control of TSH release and
secondly at the conversion of thyroxine (T4) to trilodothyronine (T3)
in the peripheral tissue. Marked hyperglycemia causes reversible
reduction of the activity and hepatic concentration of T4-5-deiodinase,
low serum concentration of T3, elevated levels of reverse T3 and low,
normal, or high level of T4 [4]. Since thyroid hormone rcgulate
metabolism and diabetes can alter metabolism of food stuff, the
metabolism of organisms may be further affected of the combination
of thyroid discase and diabetes.

The presence of thyroid dysfunction may affect diabetes control.
Hyperthyroidism is typically associated with worsening glycemic
control and increased insulin requirements. There is underlying
increased hepatic gluconeogenesis. rapid gastrointestinal glucose
absorption, and probably increased insulin resistance. Indeed.
thyrotoxicosis may unmask latent diabetes [5].

Thus, the study was designed with an objective to find out the relation
between T2DM and thyroid dysfunction which may behold answers

10 various facts.

Materials & Methods

.

This was a hospital based study conducted in the Department of
Biochemistry. Sree Narayana Institute of medical sciences, Ernakulam
after getting ethical clearance from the hospital ethical committee.
This retrospective study included diabetic patients who performed
thyroid function tests i.e. free tri-iodothyronine (FT3), free thyroxine
(FT4) and thyroid stimulation hormone (TSH) during the time period
Januvary 2013 to June 2015 .Patients with incomplete thyroid function
test were ex-cluded from the study. The age and sex of the subjects
were also noted.

In present retrospective study, a total of 385 diabetic patients were
enrolled from January 2013 to June 2015. Among these patients 261
were female and 124 were male. 2.0 ml of venous blood was collected
from the subjccts in plain vial was allowed to clot and centrifuged at
3000 rpm for 15 minutes.

Thyroid function test panel (FT3, FT4 and TSH) were assayed by the
ELFA ( Enzyme linked fluorescent assay) method using Vidas kit. FT3
and FT4 were assayed by competitive immunoassay method with a
final fluorescent detection and TSH was assayed by sandwich
immunoassay method with a final fluorescent detection . All three
parameters were estimated by following the same standard protocol
provided by the manufacturer (VIDAS).

Estimation of bloed glucose was done by a method based on
GOD/POD principle. Glycated haemoglobin (HbA I¢) estimation was
done by Mispa i2 reagent ( Nephelometry ,Agappe)

The reference interval for FT3, FT4 and TSH were 2.6—5.4pg/ml, 6.9
-12.6 pg/ml and 0.25—35.0 IU/ml respectively. Thyroid function is
considered normal (Euthyroidism) when subjects were presented with
normal FT3, FT4 and TSH. Abnormal thyroid function was further
categorized as hyperthyroidism (Increased FT3, FT4 and decreased
TSH), subclinical hyperthyroidism (increased FT3, FT4 and normal
TSH), hypothyroidism (decreased FT3, FT4 and increased TSH), and
subclinical hypothyroidism (decreased FT3, FT4 and normal TSH).

Statistical analysis

Data was analyzed by Software Package for Social Sciences version 21
(SPSS 21). Data were represented as percentage, frequency, mean and
standard error, students unpaired t test, Pearsons correlation. Data were
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considered significant at p<0.03

Results }

In present retrospective study, a total of 385 subjects were enrolled
from year January 2013 to June 2014. Among these subjects 261 were
female and 124 were male. The subjects were classified according to
thyroid status as hypo-thyroidism, hyperthyroidism,subclinical
hypothyroidism, subclinical hyperthyroidism and euthyroidism taking
reference of thyroid function test. Total hypothyroidism includes
hypothyroidism plus subclinical hypothyroidism and total
hyperthyroidism represents hyperthy-roidism and subclinical
hyperthyroidism.

Of 195 T2DM patfents, patients with HbAlc levels > 7 or FBS >126
mg/dl'and PPBS >150mg/dl were considered as uncontrolled T2DM
patients and studied in the case group whereas 190 patients of T2DM
with HBAIC levels < 7 or FBS <126 mg/dl and PPBS <150 mg/dl
were considered as controlled T2DM patients and studied in the
control group.

Table I: Sex and age distribution of diabetic subjects.

Sex No Mean age in years
Male 124 48.15+5.13
Female 261 46.05+4.99

Table-2: Comparison of Levels of FBS, PPBS, HbAlc in controlled
& uncontrolled diabetic patients :

Paramet| Uncontrolled | Controlled | Student's | p value
ers diabetes diabetes | Unpaired t
(n=195) Mean |(n=190) Mean test
+SD +SD
FBS | 189.09+93.87 | 99.07% 34.72 14.381 <0.001
PPBS [ 240.61£93.11 [133.29+42.13| 17.806 <0.001
HbAle 8.8+1.31 5.66+0.79 19.679 <0.0001

Table-3: Correlation between FBS, PPBS, HbAIC Levels and
Thyroid Function Parameters in uncontrolled and controlled
diabetes:

Pearson's correlation coefficient value (r)

Uncontrolled diabetes Controlled diabetes
FT3 FT4 TSH FT3 Ft4 TSH
FBS | 0.0212 [-0.0392] 0.0817 | -0.0868 |- 0.0262| 0.0693
pvalue| 0723 | 0.531 | 0612 | 0412 [ 0.713 | 0.537
PPBS | 0.086 | 0.023 | -0.017 [ -0.231 [ -0.143 | 0.0100
pvalue| 0442 | 0.750 | 0.785 | 0.0532 | 0.394 | 0.827
HbAlc | -0318 [ -0.243 | 0321 [-0.0692]-0.0465]| 0.169
pvalue| 0002 | 0.026 | 0.003 | 0523 | 0.721 | 0.1 32

Table 4: Comparison of Thyroid Functions Parameters in
uncontrolled & uncontrolled diabetes.

Thyroid Uncontrolled | Controlled p value -
Functions diabetes diabetes
Parameters Mean + SD Mean + SD
T3 55422 3.8+2.32 0.03
T4 12.51£3.37 9.26+ 2.62 0.0002
TSH 1.68+6.84 2103231 <0.0001

Fig 1. The distribution of thyroid disorder in type 2 diabetes
mellitus.
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diabetic population. Our observation is in agreement with reports of
Suzuki ctal [6], Celani etal [7] and Udiang et al [8] who found altered
thyroid hormone level of different magnitude in diabetic patients.

Compared the mean FBS, PPBS and HbA ¢ levels in the cases and
controls (Table-1). Students unpaired t test was used. No significant
difference was seen in the levels of FBS and PPBS but extremely
significant difference between the mean HbA I ¢ levels was seen.

To know if there existed any correlation between levels of FBS, PPBS,
HbA ¢ levels and thyroid function parameters in cases and controls
(Table-2). Karl Pearson's ‘correlation coefficient was used. p values
were > 0.05 for FBS and PPBS. Hence, no significant correlation was

- seen.

Discussion

Thyroid diseases and diabetes mellitus are the two most common
endocrine disorders. Diabetes and thyroid disorders have been shown
to mutually inflyence each other and associations between both
conditions have long been reported [9, 10]. On one hand, thyroid
hormones contribute to the regulation of carbohydrate metabolism and
pancreatic function, and on the other hand, diabetes affects thyroid
function tests to variable extents.

Thyroid hormones affect glucose metabolism via several mechanisms.
Hyperthyroidism has long been recognized to promote hyperglycemia
[11]. During hyperthyroidism, the half-life of insulin is reduced most
likely secondary to an increased rate of degradation and an enhanced
release of biologically inactive insulin precursors [12,13] .Untreated
hyperthyroidism was associated with a reduced C-peptide to
proinsulin ratio suggesting an underlying defect in pro-insulin
processing [14]. Another mechanism explaining the relationship
between hyperthyroidism and hyperglycemia is the increased
absorption of glucose in gut mediated by the excess thyroid hormones
[15.16].

‘Endogenous production of glucose is also enhanced in

hyperthyroidism via several mechanisms. Thyroid hormones produce
an increase in the hepatocyte plasma membrane concentrations of
glucose transporter (GLUT2) which is the main glucose transporter in
the liver and consequently the increased levels of GLUT2 contribute to
the increased hepatic glucose output and abnormal glucose
metabolism [17,18]. Additionally increased lipolysis is observed in
hyperthyroidism resulting in an increase in free fatty acids (FFA) that
stimulates hepatic gluconeogenesis. The increased release of FFA
could partially be explained by an enhanced catecholamine-stimulated
lipolysis induced by the excess thyroid hormones [19]. Moreover, the
non-oxidative glucose disposal in hyperthyroidism is enhanced
resulting in an overproduction of lactate that enters the Cori cycle and
promotes further hepatic gluconeogenesis. The increase in growth
hormone, glucagon and catecholamine levels associated with
hyperthyroidism further contributes to the impaired glucose tolerance
[20-22].

It is well known that diabetic patients with hyperthyroidism
experience worsening of their glycemic control and thyrotoxicosis has
been shown to precipitate diabetic ketoacidosis [23,24]. Chronic
hyperglycemia from any route of cause leads to dyslipidemia .elevated
thyroid stimulating hormone, cardiovascular diseases, renal diseases,
neurological problems and recurrent infections.

The present study reveals different grades of thyroid dysfunction
among diabetes. Hypothyroidism is present 3.8% of diabetics and
subclinical hypothyroidism is present in18.8% of diabetics.
Hyperthyroidism is present in 61 % of diabetics and subclinical
hyperthyroidism is present in 13.4 % of diabetics .Of the diabetic
groups 3% were euthyroid. This goes in accordance with the reports of
Suzuki et al[6] and Smithson et al[25] who found altered thyroid
hormone level of different magnitude (both low and high) in diabetic
patient. The abnormal thyroid hormone level may be the because of
various medications the diabetics was receiving. For example, it is
known that insulin an anabolic hormone enhances the level of FT4
while it suppresses the level of T3 by inhibiting hepatic conversion of
T4 10 T3 [26]. On the other hand some of the oral hypoglycemic agents
such as the phenylthiourcas are known to suppress the level of FT4 and
T4, while causing raised levels of TSH [27, 28]. Some of the type 2
diabetic was on oral hypoglycemic agents alone and some were on
both insulin injections and oral hypoglycemic agents. These situations
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may explain the finding of low or raised thyroid hormones levels in
some of the euthyroid diabetics. The presence of both raised and low
levels of thyroid hormones levels in diabetics in this study may also be
due to modified thyroid releasing hormone(TRH) synthesis and
relecase may depend on the glycaemic status of the diabetics
studied[29]. Glycaemic status is influenced by insulin. which is known
to modulate TRH and TSH levels [30].

The thyroid hormones, tri-iodothyronine and tetra iodothyronine are
insulin antagonists that potentiate the action of insulin indirectly by
TRH synthesis which decreases in diabetes mellitus . These facts could
be responsible for the occurrences of low thyroid hormone levels in
some diabetics. ’

The diagnosis of thyroid dysfunction in diabetic patients based solely
on clinical manifestations can be difficult. Poor glycemic control can
produce features similar to hyperthyroidism, such as weight loss
despite increased appetite and fatigue. On the other hand, severe
diabetic nephropathy can be mistaken for hypothyroidism because
patients with this condition may have edema, fatigue, pallor, and
weight gain.

To further complicate the diagnostic process. poorly controlled
diabetes, with or without its complications, may produce changes in
thyroid function tests that occur in non-thyroidal illnesses. Typical
changes include a low serum T3 due to impaired extrathyroidal T4 to
T3 conversion, a low serum T4 due to decreased protein binding, and
an inappropriately low serum TSH concentration.

However, the underlying thyroid dysfunction can produce clinically
important physiological effects. Subclinical hypothyroidism can
clevate serum LDL cholesterol and worsen pre-existing dyslipidemia,
further increasing the risk of atherosclerosis. Subclinical
hyperthyroidism may increase the risk of cardiac arrhythmias and
cxacerbate angina. Since diabetic patients arc at high risk for
cardiovascular diseases, the diagnosis and treatment of subclinical
thyroid diseases is important.

Therefore, it seems prudent to consider thyroid function in newly
diagnosed as well as chronic diabetic patients. Thyroid dysfunction is
common in diabetic patients and can produce significant metabolic
disturbances. Therefore, regular screening for thyroid abnormalities in
all diabetic patients will allow carly treatment of subclinical thyroid
dysfunction. This raises the issue whether routine screening for thyroid
disease in all patients newly diagnosed with diabetes mellitus will be
cost effective.

Conclusion

This study show high incidence of abnormal thyroid hormone level
among type 2 diabetic subjects. Thyroid dysfunction is common in
diabetic patients and can produce significant metabolic disturbances.
Therefore, regular screening for thyroid abnormalities in all diabetic
patients will allow early treatment of subclinical thyroid dysfunction.
Females and advanced aged patients are more vulnerable to thyroid
dysfunction.. These data reinforce that diabetes patients with thyroid
comorbidity need more endocrine attention. HbAlc can be used as a
test to decide if screening for thyroid dysfunction is needed in T2DM
patients or not Due to the retrospective design, the limited number of
patients and the high percentage of missing data in some patient groups
our results need to be interpreted with caution. Further studies are
needed to confirm our findings and elucidate mechanisms of
interaction of thyroid disease in type 2 diabetes patients.

References

1. 0. Kordonouri, A. M. Maguire, M. Kaip et al., “Other complications and associated
conditions with diabetes in children and adolescents,” Pediatric Diabetes, vol.10,n0.12,
pp.204-210,2009.

2. R.W. Holl etal. “Thyroid autoimmunity in children and adolescents with type 1 diabetes
mellitus. Effect of age, gender and HLA type.” Hormone Rescarch, vol.52, no.3,
pp 113118, 1999

3 Sugure, DD Me Evoy, M. and Drury, M.L(1999). Thyroid discase in diabetics
Postgrad Med J .680-684.

4. Shah,S.N. (2007). Thyroid discase in diabetes mellitus. J Assoc Physicians India.
32(1 )57- 1059

5. Savin CT, Chopra D, A F et al,1979. The ageing Thyroid. increased prevalence of
clevated serum thyrotropin in the elderly. JAMA, 242 :2

6 Suzuki.J.. Nanno, M., Gemma, R., Tanaka, I, Taminato, T.. and Yoshimi, T.(1994). The
mechanism of thyroid hormone abnormalities in patients with diabetes mellitus. Nippon
Niabunpi. Gakki. Zasshi. 7:465-470.

7. Celani M.F., Bonati, M.E. and Stucci, N.(1994). P of abnormal pi
concentrations measured by a sensitive assay in patients with Type 2 diabetes mellitus.
Diabete Res.27(1):15-25.

8 Udoing. C.E.J.A.. Udoh. E.. and Etukudoh, M E.(2007). Evaluation of thyroid function

28.

29

ey

ISSN No 2277 - 8179 | IF : 4.176 | IC Value : 93.98

in diabetes mellitus in Calabar, Nigeria, I :74-78.

J. Feely and T. E. Isles, “Screening for thyroid dysfunction in diabetics,” British Medical
Journal, vol. 1,n0.6179,p. 1678, 1979.

R. S. Gray. W. J. Irvine, and B. F. Clarke. ing for thyroid d; ion in
diabetics,” British medical journal, vol. 2, no. 6202, p. 1439, 1979.

H. R. Maxon, K. W. Kreines, R. E. Goldsmith, and H. C. Knowles, “Long-term
obser f glucose in thyrotoxic patients,” Archives of Internal ici

vol. 135, no. 11.pp. 1477-1480. 1975

N. M. O'Meara, ). D. Blackman, J. Sturis, and K. 8. PolonsKy, “Alterations in the kinetics
of C-peptide and insulin secretion in hyperthyroidism,” Journal of Clinical
Endocrinology and Metabolism, vol. 76,no. 1. pp. 79-84,1993.

G. Dimitriadis, B. Baker, H. Marsh et al., “Effect of thyroid hormone excess on action,
sccretion, and metabolism of insulin in humans,” The American journal of physiology,
vol. 248, no. 5, pp. E593-E601, 1985.

F. Beer, J. H. Parr, R. C. Temple, and C. N. Hales, “The eflect of thyroid disease on
proinsulin and C-peptide levels,” Clinical Endocrinology, vol. 30, no. 4, pp. 379-3%3,
1989 .

R.J. Levin and D. H. Smyth, “The effect of the thyroid gland on intestinal absorption of
hexoses,” The Journal of physiology, vol. 169, pp. 755-769, 1963.

A.J. Matty and B. Seshadri, “Effect of thyroxine on the isolated rat intestine,” Gut, vol.
0, pp. 200-202, 1965 :
H.F. Kemp, H. . Hundal, and P. M. Taylor, “Glucose transport correlates with GLUT2
abundance in rat liver during altered thyroid status,” Molecular and Cellular
Endocrinology, vol. 128, no. 1-2, pp. 97-102, 1997.

1. Mokuno, K. Uchimura, R. Hayashi et al., “Glucose transporter 2 concentrations in
hyper- and hypothyroid rat livers,” Journal of Endocrinology, vol. 160, no. 2, pp.
285-289, 1999.

M. Vaughan. “An in vitro effect of triiodothyronine on rat adipose tissue,” Journal of
Clinical Investigation, vol. 46,100.9, pp. 1482-1491, 1967

N. Miki. M. Ono, N. Hizuka, T. Aoki, and H. Demura. “Thyroid hormone modulation of
the hypothalamic growth hormone (GH)- releasing factor-pituitary GH axis in the rat,”
Journal of Clinical Investigation, vol. 90, no. I, pp. 113-120, 1992.

F. Tosi. P Moghetti, R. Castello, C. Negri, E. Bonora, and M. Muggeo, “Early changes in
plasma glucagon and growth hormone response to oral glucose in experimental
hyperthyroidism.” Metabolism, vol. 45. no. 8. pp. 1029-1033, 1996.

L. Sestoft, N. J. Christensen, and B. Saltin, “Responses of glucose and glucoregulatory

h to exercise in thy an patients before and after 3
months of treatment,” Clinical Science, vol. 81,no. 1, pp. 91-99, 1991.

E. Sola, C. Morillas, S. Garzon, M. Gé Balo and A. Hernénds
*“Association between diabetic i and thy: sis,” Acta Di
vol. 39, n0. 4, pp. 235-237,2002.

A.Bhattacharyya and P. G. Wiles, “Diabetic ketoacidosis precipitated by
thyrotoxicosis,” Postgraduate Medical Journal, vol. 75, no. 883, pp. 291-292,1999.
Smithson . M.J.(1998). Screening for thyroid dysfi ina i i
diabetic patients. Diabet Med. 15(2):148-150.

Bochringer Mannheim.(1984). Extrathyroidal factor affecting thyroid hormone
concentration. Rational approach to thyroid diagnosis, Gmbh, Bochringer Mannheim.

~Mijares,

of

pp2-4.

Smith, A.F., Becket, G.J., Walker, $.W. and Rae, P.W.H.( 1998). Abnormalities of thyroid
function. Lecture Notes on Clinical Chemistry. Sixth edition. Oxford: Black-well
Science Lid. pp91-104.

Whitley, R.J.(1984). Thyroid functions. In Burtis C, Ashwood AR. editors. Teitz text
book of Clinical Chemistry, 3rd Edition. Philadelphia: Saunders & Company. pp 1496~
529.

De-Greef, W.J., Rondecl, JM. and Van-Haasteren, G.A., Klootwij, K.W., Visser,
T.J.(1992). Regulation of TRH production and release in rats. Acta Medica Austriaca.
19(Suppl 1): 77-9.

Reusch.C.E. and Tomsa.K.(1999). Serum fructosamine concentration in cats with overt
hyperthyroidism. J American Vet Med Asso 215(9): 1297-330.

International Journal of Scientific Research H ;

'




