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Abstract

Objective: Studies conducted in subjects with type 2 diablete® shown increased prevalence of overt hypottiigmoi
and subclinical hypothyroidism. Hence, we desigaestudy to find out the prevalence of thyroid dysfion in south
Indian subjects with type 2 diabeté¥esearch Design and Methods: 400 subjects with type 2 diabetes attending the
out-patient department of Karnataka Institute ofl&arinology and Research, Bangalore were randogicted. 200
relatives who accompanied the subjects withoutetedwere recruited as controls. BMI, waist ciroamrafice, blood
pressure, fasting plasma glucose, post prandiafrmaaglucose, HbAlc, lipid profile, and thyroid piebf these subjects
were determinedResults: 400 subjects with type 2 diabetes and 200 subjsitteout diabetes were included in the
study. They were in the age group of 25 to 75 yebgroid dysfunction was present in 13% of norbdtic controls.
Subclinical hypothyroidism was present in 7%, owggpothyroidism in 5% and hyperthyroidism in 1%tloé controls.
Thyroid dysfunction was present in 24% of subjegith type 2 diabetes. Subclinical hypothyroidismswaresent in
11.25%, overt hypothyroidism in 12% and hyperthgizin in 0.75% of the 400 subjects with type 2 diabe
Conclusions: Hypothyroidism especially subclinical hypothyroitiss more common in south Indian subjects with type
2 diabetes. Hence, it is indispensable to inveifar thyroid dysfunction in subjects with typediabetes. Failure to
recognize the presence of thyroid dysfunction mayalprimary cause of poor glycemic control ofteoemtered in
some subjects with type 2 diabetes, despite apjptepanti diabetic therapy. This highlights the chder the routine

evaluation of thyroid function in subjects with & diabetes.
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I ntroduction

Diabetes mellitus (DM), a common endocrine metaboli
disorder, is a leading cause of death worldwide Iflik
characterized by hyperglycemia resulting from a
variable interaction of hereditary and environménta
factors and is due to the combination of insulin
resistance and defective secretion of insulin by
pancreatic B-cells or both [2]. 415 million people
worldwide have diabetes in 2015; by 2040 this w#é

to 642 million. The number of people with type 2
diabetes is increasing in every country. 80% ofpbeo
with diabetes live in low and middle-income coussti
India has 69.2 million people with type 2 diabeded it
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will increase to 123.5 million by 2040 [3]. Thyroid
disorders are also very common in the general
population and it is second only to diabetes asnbst
common endocrine disorder. As a result, it is very
common for an individual to be affected by bothrdig
diseases and diabetes. The first report showing the
association between diabetes and thyroid dysfumctio
were published in 1979 [4, 5]. Since then, several
studies have estimated the prevalence of thyroid
dysfunction among diabetes patients to be varyiomf
2.2 to 17% [6, 7]. Till date, not much data is ¢afalie
about thyroid diseases in south Indian subject wit
type 2 diabetes. The aim of the present study was t
evaluate the prevalence of thyroid dysfunctionaaoth
Indian subjects with type 2 diabetes.
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Both insulin and thyroid hormones are involved in
cellular metabolism and excess and deficit of ang o
can result in functional derangement of the ott&r [
Thyroid disease is a pathological state that a@lers
affects diabetic control and is commonly found iastn
forms of DM which is associated with advanced age i
type 2 diabetes and autoimmune diseases in type
ldiabetes. DM appears to influence thyroid functidn
two sites; firstly at the level of hypothalamic tah of
TSH release and secondly at the conversion of TE3to
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 leo€l

T4 [9]. Since thyroid hormone regulates metabolism
and diabetes can alter metabolism of food, the
metabolism may be further affected by the combamati

of thyroid disease and diabetes.

Resear ch Design and M ethods

400 subjects with type 2 diabetes attending the out
patient department of Karnataka Institute of
Endocrinology and Research, Bangalore were randomly
selected. The 200 relatives without diabetes who
accompanied diabetic subjects were selected as
controls. BMI, waist circumference, blood pressure,
fasting plasma glucose, post prandial plasma g&jcos
HBAlc, lipid profile, and thyroid profile of these
subjects were determined.

Results
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Overt hypothyroidism was defined as a clinical
syndrome of hypothyroidism associated with elevated
TSH and decreased serum levels pbf T;. Subclinical
hypothyroidism was defined as a condition without
typical symptoms of hypothyroidism, elevated TSH
(>4.5pU/mL), and normal circulating thyroid
hormones. Overt hyperthyroidism was defined as a
condition with elevated T3 and T4, TSH <.QU/MI
with symptoms of hyperthyroidism [10]. Body mass
index (BMI) was defined as weight in kilogram digitl

by height in square meters.

Statistical M ethods- Descriptive statistical analysis has
been carried out in the present study. Results on
continuous measurements are presented on MesD
(Min-Max) and results on categorical measuremerds a
presented in Number (%). Significance is assest&d a
% level of significance. The Statistical softwammely
SAS 9.2, SPSS 15.0, Stata 10.1, MedCalc 9.0.1a8yst
12.0 and R environment ver.2.11.1were used for the
analysis of the data. Microsoft word and Excel have
been used to generate graphs, tables etc

Analysis of variance (ANOVA) was used to find the
significance of study parameters between threeaem
groups of patients, Student t test (two tailed,
independent) has been used to find the significanfice
study parameters on continuous scale between two
groups (Inter group analysis) on metric parameters.
Levens test for homogeneity of variance was peréarm

to assess the homogeneity of variance.

400 subjects with type 2 diabetes were studied2@@dsubjects without diabetes accompanying thepiativere used as
controls. The age distribution of the type 2 diakesubjects ranged from 25 to 75 years. Body nmaexiof type 2
diabetes subjects were <25 in 29.5%, 25 to 30 iB%4and >30 in 26%. Waist circumference of the acilsj were less
than 80 cms in 9.5%, 80-90 cms in 27.5%, 90-100in86% and >100 in 27% (Table 1).

Family history of the subjects with type 2 diabetbswed that in 20.3% of the subjects have a fatliter diabetes, and
another 20.3% had mother with diabetes. Both paread diabetes in 11.5%. Positive family historgvi@und in 52%
of the type 2 diabetes subjects. Duration of diebeanged from 0 to >20 years. 9% were newly disgho29.25% had
duration Of <5 years, 22% had duration of 5 to #@rg and 39.75% had duration of >10 years. 45.8%eotliabetes

subjects had hypertension in this study.

Thyroid dysfunction was present in 24% of type @ivrduals with diabetes. Subclinical hypothyroidisvas present in
11.25%, overt hypothyroidism in 12% and hyperthgisin in 0.75% of the 400 type 2 diabetes subjéicable 3). In the
overt hypothyroidism group, 70.8% were femalesiarttie subclinical hypothyroid group, 40% were fégsa

Thyroid dysfunction was present in 13% of non dietbeontrols. Subclinical hypothyroidism was presen7%, overt
hypothyroidism in 5% and hyperthyroidism in 1% df02non diabetic controls (Table 3). Thyroid dysfimet was
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associated with the longer duration of diabetesentioan 5 years which was statistically signific§mtble 4) There was
no statistically significant difference in the piee glucose variables and HbA1C between the thygaidps (Table 5). A
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statistically significant association was found agnéhe different thyroid variables (Table 6).

There was no statistical significant differencewsstn total cholesterol, triglycerides, HDL, LDL &8 between normal,

subclinical and overt hypothyroidism in type 2 ditds individuals in our study (Table 7).

Table-1: Presentsthe sex and age distribution of subjectswith and without diabetes.

rch Article

Group Sex Percentage | Mean ageinyears | Mean BMI M ean waist
circumferencein cms
Type 2 subjects with  Male 59 55.85+9.6 27.249.6 93.64+11.12
diabetes N=400 | Female 41
Subjects without Male 59 55.1+8.9 26.89+8.9 92.59+11.02
diabetes N=200 Female a1
Table-2: Agedistribution of individuals studied.
Ageinyears Number of patients %
30-40 23 5.9
40-50 76 19.3
50-60 153 38.5
60-70 111 28.0
>70 29 7.7
Total 400 100.0
Table-3: Comparison of Thyroid dysfunction in type 2 diabetesindividuals and controls.
Diagnesis Number Qf diabetes .Percentag(.e of Number of Per centage of
patients diabetes patients controls controls
Euthyroid 304 76 174 87
Sub clinical hypothyroid 45 11.25 14 7
Hypo thyroid 48 12.0 10 5
Hyper thyroid 3 0.75 2 1
Total 400 100.0 200 100
Table-4: Comparison of Clinical variablesin type 2 diabetic subjects.
Clinical variables Diagnosis P value
Euthyroid Sub clinical Hypothyroid | Overt Hypo thyroid
Age in years 54.51+10.53 56.26+9.27 56.79+10.29 7D.2
BMI (kg/m?) 26.61+4.16 27.34+4.69 27.65+4.34 0.20
Waist circumference (cm) 93.41+11.04 93.82+11.97 .70811.04 0.969
Duration of diabetes in years 7.91+7.07 11.48+7.96 8.76+7.23 0.019*
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Table-5: Comparison of plasma glucose parameter s according to diagnosisin type 2 diabetic subjects.

Diagnosis
Glucose parameters . — . . P value
Euthyroid Sub clinical Hypothyroid Hypo thyroid
FPG(mg/dl) 177.58+70.62 171.60+62.63 158.69+59.77 .20D
PPPG (mg/dI) 280.46+99.70 272.94+85.06 248.54+85.17 0.104
HBA1c(%) 9.05+2.21 8.95+2.17 8.38+1.90 0.140
Table-6: Comparison of thyroid parameter s subjectswith type 2 diabetes.
) Diagnosis
Thyroid parameters - — - - P value
Euthyroid Sub clinical Hypothyroid Hypo thyroid
T3 1.77+0.38 1.7840.33 1.5940.33 0.006*F
T4 105.84+22.78 103.01+23.47 103.19+29.6f 0.65D
TSH 2.22+1.07 6.53+1.24 8.63+13.87 <0.001f*
Table-7: Comparison of Lipid parametersaccording to diagnosis.
- Diagnosis
Lipid parameters y — y . P value
Euthyroid Sub clinical Hypothyroid Hypo thyroid
Total cholesterol (mg/dl) 180.57+43.09 175.76+47.33 170.47+41.36 0.293
Triglycerides (mg/dl) 176.07+112.39 164.41+99.56 256+48.61 0.113
HDL(mg/dI) 40.24+9.48 38.09+7.99 42.02+7.77 0.163
LDL(mg/dI) 103.55+33.78 106.18+42.02 103.81+43.26 927
VLDL(mg/dl) 35.22+22.67 32.88+19.92 28.3849.87 ®11
Discussion

Type 2 diabetes mellitus is a complex metabolicomier with multiple pathophysiologic abnormalitielsulin
resistance in muscle/liver affidcell failure represents the core defects [11, g&Jell failure occurs much earlier in the
natural history of T2DM and is more severe tharvioesly thought [13, 14]. Subjects in the uppetiterof impaired
glucose tolerance (IGT) are maximally/near-maxignalsulin resistant and have lost >80% of tieiell function. In
addition to muscle, liver, anfl-cells (“triumvirate”) adipocytes (accelerated liggis), gastrointestinal tract (incretin
deficiency/resistance)go-cells (hyperglucagonemia), kidney (increased gdecaeabsorption), and brain (insulin
resistance and neurotransmitter dysregulation) pigyortant roles in development of glucose intabeein T2DM
individuals [15]. Collectively, these eight playe@@mprise the “ominous octet” and dictate thamultiple drugs used in
combination will be required to correct the mukipbathophysiological defect®) treatment should be based upon
reversal of known pathogenic abnormalities andsimoply on reducing HbA, and3) therapy must be started early to
prevent/slow progressiv@-cell failure that is well established in IGT suife A treatment paradigm shift is
recommended in which combination therapy is irgtiatvith agents that correct known pathogenic dsfect2DM and
produce durable reduction in HpAather than just focusing on the glucose-loweshity of the drug.

The prevalence of hypothyroidism in India is 11%mpared with only 2% in the UK and 4-6% in the U mpared
with coastal cities (e.g., Mumbai, Goa, and Chenrmdies located inland (e.g., Kolkata, Delhi, Abdabad, Bangalore,
and Hyderabad) have a higher prevalence (11-7%-%86). According to Ambrish Mithal, chairman of tMedanta
Division of Endocrinology and Diabetes (Gurgaondi#), the reason behind the higher mean thyroichugtiting
hormone concentration and range in India compangil western countries is possibly linked to longrsting iodine
deficiency in the country, which has only been Igacorrected over the past 20 years. The highestvgbence of
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hypothyroidism (13-1%) is noted in people aged 46y&ars, with people aged 18-35 years being ldésstadl (7-5%).
In Western countries the most common cause of pyithgpothyroidism is autoimmune thyroiditis. Howeyan many
parts of the world, iodine deficiency remains apdmtant cause [16].

Several population studies have shown higher peecal of thyroid dysfunction in diabetes. This cltis& has been
attributed to a common genetic background [17]. &bsociation has clinical implication since thyrbiokmones have
profound effects in the regulation of glucose hostasis. Thyroid hormones are known to modify ofw@ting insulin
levels and counter regulatory hormones, intestibabrption, hepatic production and peripheral &sauptake of insulin.
They are also involved in stimulation of gluconeggs and glycogenolysis [18]. Ashok kurana etnathieir study
showed that there was a high prevalence (16%)yobitth disorders in patients of type 2 diabetes iosll Most common
thyroid disorder found was subclinical hypothyrsiai (7.5%) followed by hypothyroidism (4.5%) whiclasvfollowed
by hyperthyroidism (2.5%) and subclinical hypertiigism (1.5%) [19]. Navneet Agrawal et al in theindy found that
27.8% had associated thyroid dysfunction, out it th5.2% had subclinical hypothyroidism, 10.6% lddidical
hypothyroidism and 2% had hyperthyroidism [20].d@Demitrost et al in their study found out of @2 type 2 DM
patients included in the study, 61 are males aridatd females.

The mean duration of type 2 DM is 62 months (justenthan 5 years). It is found that 139 (68.8%)arthyroid, 33
(16.3%) have subclinical hypothyroidism, 23 (11.4%ve clinical hypothyroidism, 4 (2%) have subdaii
hyperthyroidism and 3 (1.5%) are hyperthyroidisreesa This study showed prevalence of 31.2% thydpafunction in
type 2 diabetes [21]. Gurjeet Singh et al in th&tindy found 30% thyroid dysfunction among type 2bdies.
Hypothyroidism was present in 23.75%, (15% subcdihinypothyroidism and 8.75% Primary hypothyroidisamd
hyperthyroidism was present in 6.25% (all primarypérthyroidism) of diabetic subjects [22]. Atharsasi
papazafiropoulou et al, in their study showed that prevalence of thyroid dysfunction among Greigbetic patients
attending an outpatient clinic was 12.3%. Diabetietnen were more frequently affected than men [23].

Table-8: Comparison of different studies regarding prevalence of thyroid dysfunction in Indian type 2 diabetes
patients.

Study Thyroid Subclinical Overt Hyperthyroidism
dysfunction hypothyroidism hypothyroidism
Ashok khurana et al 16 7.5 4.5 2.5
Navneet Agrawal 27.8 15.2 10.6 2
Laloo demitrost 31.2 16.3 11.4 15
Gurjeet Singh et al 30 15 8.75 6.25
Present study 24 11.25 12 0.75

We have compared the present study with otheresudithe table 8 and the prevalence of thyroidutygion is almost
similar. Overt and subclinical hypothyroidism is m®a@ommon in type 2 diabetes patients. The presady reports the
prevalence of thyroid dysfunction in 24%, out ofigthsubclinical hypothyroidism in 11.25%, overt loyipyroidism in

12% and hyperthyroidism in 0.75% of 400 type 2 diab subjects studied.

Thyroid dysfunction was present in 13% of non diabeontrols, out of which Subclinical hypothyraédn was present
in 7%, overt hypothyroidism in 5% and hyperthyrsidi 1% of 200 non diabetic controls. This corresgotal the

prevalence data reported in the above quoted studiieis highlights the fact that all diabetic padidn should be
screened for thyroid dysfunction.

Conclusions

Hypothyroidism and subclinical hypothyroidism are  thyroid dysfunction in type 2 diabetes subjectsiufFa
more common in South Indian type 2 diabetes to recognize the presence of abnormal thyroid haemo
individuals and so it is necessary to investigate f level in type 2 diabetes may be a primary causgoof
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management often encountered in some treated type 2 7. Smithson MJ. Screening for thyroid dysfunctinra

diabetics. There is therefore need for the routigsay
of thyroid hormones in type 2 diabetics.

Abbreviations

DM- Diabetes mellitus.

BMI- Body mass index

TSH- Thyroid stimulating hormone.
HDL- high density lipoprotein

LDL- Low density lipoprotein

VLDL- Very low density lipoprotein
FPG- Fasting plasma glucose
PPPG- Postprandial plasma glucose
HBA1C- Glycosylated hemoglobin
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