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ABSTRACT

Background: Diabetes mellitus (DM) and thyroid disorders are among the
most common endocrine disorders. Studies have reported significant
association of thyroid dysfunction with Type 2 Diabetes Mellitus (T2DM).
The presence of hypothyroidism, particularly subclinical hypothyroidism
(SCH), in T2DM patients can negatively affect glycaemic control, increasing
complications such as cardiovascular diseases. The present study was designed
to find the prevalence of hypothyroidism in T2DM patients and to evaluate the
correlation between HbA1C and Thyroid-Stimulating Hormone (TSH) levels.
Materials and Methods: The study was a cross sectional study done in a
tertiary care center in Kerala, India. A purposive sampling technique was used
to recruit 155 T2DM patients aged 18 years and above. Data collected were
patient demographics, body mass index, duration of diabetes, presence of
hypertension and thyroid function tests (TSH, FT3, FT4). Also measured were
indices of sugar like fasting blood sugar (FBS), postprandial blood sugar
(PPBS) and HbAIC levels. Objectives to estimate the prevalence of
Hypothyroidism (Clinical/Subclinical) In type 2 Diabetes Mellitus patients
attending OP/IP of a tertiary center in Kerala. To determine the correlation
between HbA1C levels and TSH levels in the above-mentioned population.
Results: The population's average age was 57.2 = 8.05 years with a male
predominance (56.8%). SCH was present in 14.2% of the participants, overt
hypothyroidism in 9.7%, and euthyroidism in 76.1%. There was a significant
correlation between TSH and HbAIC levels (r = 0.662, p < 0.001) which
suggests that poorer glycaemic control is associated with higher TSH levels.
The level of FT4 was positively correlated with the level of HbAIC (r = -
0.495, p < 0.001), which indicated that lower FT4 levels were associated with
higher insulin resistance.

Conclusion: The current study demonstrates a high prevalence of thyroid
dysfunction among patients with T2DM, with SCH being the most common
type. The strong association of TSH levels with poor glycaemic control
emphasises the need for routine screening of thyroid function in diabetic
individuals to prevent complications. Early recognition and treatment of
thyroid disorders may improve metabolic outcomes in T2DM patients.
Keywords: Diabetes Mellitus, Hypothyroidism, Subclinical Hypothyroidism,
HbA1C, Thyroid-Stimulating Hormone, Glycemic Control.
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INTRODUCTION

Diabetes mellitus (DM) refers to a group of
metabolic diseases characterised by hyperglycemia
resulting from defects in insulin secretion, insulin
action or both.l'! Since 1980, the number of people
with diabetes has almost doubled worldwide, from
4.7% to 8.5% of the adult population.?! WHO stated
that in the year 2000, India had about 31.7 million
people with DM and this is projected to increase to
71.4 million by 2030. According to the National
Health and Nutrition Examination Survey
(NHANES) III, about 14 percent of adults have
diabetes or impaired fasting glucose levels.¥)
Moreover, data from the Centers for Disease
Control and Prevention suggest that DM is often
underdiagnosed with an estimated 35% of adults
>20 years old and 50% of adults >65 years old
having prediabetes based on fasting glucose or
HbA1c levels.[! The prevalence of thyroid disease is
high in the general population and increases with
age. Hypothyroidism is far more common than
hyperthyroidism, and is often due to autoimmune
conditions like Hashimoto's thyroiditis or primary
atrophic hypothyroidism. The average incidence of
autoimmune hypothyroidism is reported to be
approximately 4 per 1,000 women and 1 per 1,000
men. Research finds that thyroid problems are more
prevalent in people with diabetes than in the general
population.’] The association is also related to
autoimmune mechanisms but thyroid function is
intrinsically related to the insulin resistance. Several
factors have been identified that contribute to both
elevated TSH levels and insulin resistance.l®) The
prevalence of thyroid disorders in patients with type
2 DM is reported to be as high as 31% with the
commonest disorder being subclinical
hypothyroidism, followed by subclinical
hyperthyroidism, overt hypothyroidism and overt
hyperthyroidism.!”! Hypothyroidism in DM can slow
down the rate of insulin degradation, and therefore
reduce the mneed for exogenous insulin.
Hypothyroidism is also associated with higher levels
of triglycerides (TG), low-density lipoprotein (LDL)
and total cholesterol (TC) which increase the risk of
cardiovascular disease.5 Subclinical hypothyroidism
(SCH) is defined as an elevated TSH with normal
serum free thyroxine concentrations, whereas
subclinical hyperthyroidism is defined as normal
free thyroxine and triiodothyronine levels with
suppressed TSH.®®1 SCH has been linked to
increased TC, TG, LDL, coronary artery disease,
left ventricular diastolic dysfunction, left ventricular
systolic dysfunction during exercise, increased
peripheral vascular resistance and mental health
problems such as depression.['")

Thyroid hormones participate in glucose metabolism
via various mechanisms. Hyperthyroidism has been
associated with hyperglycemia,l''! for a long time,
mainly because of a decreased insulin half-life due
to increased degradation and increased secretion of

biologically inactive insulin precursors.['>13 Altered
glucose metabolism is also seen in hypothyroidism
with reduced hepatic glucose output resulting in
reduced insulin needs in subjects with diabetes.['*]
The association between diabetes and thyroid
disease has been well studied.l'>!”) Considering the
spectrum of different types of thyroid disorders and
their complications in diabetic patients, the present
study is conducted to explore the prevalence of
subclinical and hypothyroid disorders in people with
DM.

Aim and Objectives

The main objective of the present study was to study
the prevalence of hypothyroidism (clinical and
subclinical) in patients with type 2 diabetes mellitus
and to evaluate the correlation between the levels of
HbA1C and TSH. The specific objectives of the
study are to estimate the prevalence of clinical or
subclinical hypothyroidism in type 2 diabetes
mellitus patients attending the outpatient or inpatient
departments of a tertiary center in Kerala and to
establish the correlation between HbA1C levels and
TSH levels in this specific population. The research
hypothesis also states that the prevalence of
hypothyroidism in type 2 diabetes mellitus patients
will be between 22-25% and there is no correlation
between HbA1C and TSH levels.

MATERIALS AND METHODS

The present study is cross-sectional study and the
duration is 18 months (June 2023 to December
2024). The study was conducted at Pushpagiri
Institute of Medical Sciences and Research Center,
Thiruvalla among diabetic patients (both outpatients
and inpatients) attending the center. Study
participants Patients aged 18 years or older with
type 2 diabetes mellitus who gave written informed
consent to participate in the study. Patients who are
pregnant, critically ill, on steroids chronically, have
autoimmune disorders, type 1 diabetes mellitus,
secondary diabetes or any other cause of
thyrotoxicosis will be excluded from the study.
Other exclusion criteria are history of thyroid
surgery, sepsis, history of thyroid malignancy in the
last 5 years, non-compliance to provide informed
consent and current use of lithium, calcium, vitamin
D supplements and other drugs that can cause
thyroid dysfunction.

Method of Collection of Data

All in and out patients >18 years with Type 2 DM
attending the Medicine OPD/IPD of Pushpagiri
Institute of Medical sciences And Research center,
Thiruvalla were included in the study.
(PIMSRC/E1/388A/44/2023) clearance from the
Institutional Ethical Committee was obtained before
the beginning of the study. Purposive Sampling
technique was used to include study participants in
the study.

Patients diagnosed with diabetes mellitus were
included in the study until the sample size was
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reached. Prior to data collection, informed consent
was obtained from all participants. Socio-
demographic variables and history of diabetes
mellitus were collected by interview method using
pre-tested semi structured questionnaire. Fasting and
post prandial blood sugars, HbA1C levels, Serum
T3, T4, TSH was done for all the study participants.
Statistical Analysis

The data was collected and compiled in the MS
excel. The data has been presented using descriptive
statistics. Data analysis was conducted using SPSS
(Version 26.0). The level of significance was set at
5% (o= 0.05). Qualitative variables are presented as
frequency and percentages Quantitative variables
are presented as Mean and Standard Deviation.

RESULTS

The study enrolled 155 subjects with a mean age of
57.20 + 8.05 years. Most of the participants were in
the age group of 51 - 60 years (43.2%) followed by
61 - 70 years age group (34.8%). The 41-50 years
category had a smaller percentage of participants
(18.7%) and very few participants were younger

than 40 years or older than 70 years. Males
predominated in the study (88, 56.8%) compared to
females (67, 43.2%). This suggests a slight male
preponderance of type 2 diabetes mellitus (T2DM)
in this population. Out of 155 participants, 88
(56.8%) had hypertension and 67 (43.2%) did not
have hypertension. Twenty participants (12.9%)
reported a family history of thyroid disorders, while
135 (87.1%) had no such history. The mean BMI of
the study population was 27.99 + 3.61, suggesting
that most of the participants were in the overweight
to obese range. A large share of the study population
(54.2%) was classified as overweight by BMI and
18.7% were in the obesity category. The mean
duration of diabetes in the study population was
6.41 + 2.46 years. Almost half of the participants
(47.1%) had diabetes for <5 years and 39.35% had
diabetes for 6-10 years. A lesser percentage
(12.26%) had diabetes for 11-15 years and very few
had diabetes for >15 years. All the participants (n =
155) were on oral hypoglycemic agents (OHAs),
and 23 participants (14.8%) required additional
insulin therapy.

Table 1: Glycemic Indices

GLYCEMIC INDICES Mean Standard Deviation
FBS (mg%) 143.70 55.43
PPBS (mg%) 225.52 80.28
HbAlc (%) 7.85 2.328

The average fasting blood sugar (FBS) was 143.70 +
55.43 mg/dL and the average postprandial blood
sugar (PPBS) was 225.52 + 80.28 mg/dL. The mean

HbAlc was 7.85 + 2.33%, suggesting that a large
proportion of the participants had suboptimal
glycaemic control. [Table 1]

Table 2: Thyroid Function Tests

TFT Mean Standard Deviation

FT3 (pg/ml) 277 0.70

FT4 (ng/dl) 113 0.32

TSH (uIU/ml) 6.98 13.36

The mean free T3 (FT3) was 2.77 + 0.70 pg/mL, means hypothyroidism or subclinical

free T4 (FT4) was 1.13 + 0.32 ng/dL, and TSH was
6.98 + 13.36 plU/mL. In some people, high TSH

hypothyroidism, which is more common in people
with diabetes. [Table 2]

Table 3: Thyroid Profile

THYROID PROFILE Frequency Percentage
Euthyroid 118 76.1
Subclinical hypothyroidism 22 14.2
Hypothyroidism 15 9.7

The euthyroid status was found in 76.1% of the
participants, subclinical hypothyroidism in 14.2%
and overt hypothyroidism in 9.7%. Thus,

approximately one in four diabetic patients had any
type of thyroid dysfunction, the most common being
subclinical hypothyroidism. [Table 3]

Table 4: Association of thyroid profile with HBA1C

HBAI1C
THYROID PROFILE Mean Std. Deviation PVALUE
Euthyroid 6.780 1.18
Subclinical hypothyroidism 10.08 0.65 <0.001
Hypothyroidism 12.95 1.35
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The study showed significant correlation of thyroid
dysfunction with HbAlc levels. The mean HbAlc
was lowest in euthyroid, i.e. 6.78 + 1.18% and was
significantly higher in subclinical hypothyroidism
(10.08 + 0.65%) and overt hypothyroidism (12.95 +
1.35%). The p value was <0.001 showing a

statistically significant correlation. This shows that
the thyroid dysfunction has a negative effect on
glycaemic control and therefore thyroid function
should be monitored in diabetic patients with poor
glycaemic control. [Table 4]

Table 5: Correlation of Thyroid Hormones with HBA1C

HbAlc (%) Pearson Correlation P VALUE
FT3 (pg/ml) -0.106 0.190

FT4 (ng/dl) -0.495 <0.001
TSH (uIU/ml) 0.662 <0.001

FT3 showed weak negative correlation with HbAlc
(r = -0.106, p = 0.190) suggesting no significant
association. A moderate negative correlation was
observed between FT4 and HbAlc (r = - 0.495, p
<0.001), with lower FT4 levels being associated
with higher HbA 1c levels. TSH positively correlated
with HbAlc (r = 0.662, p <0.001), indicating that
higher TSH levels were associated with poorer
glycaemic control. [Table 5]

DISCUSSION

Hypothyroidism happens when the thyroid gland's
activity slows down, producing less hormone. It can
present as overt hypothyroidism with myxedema
and end organ findings leading to multiorgan failure
or subclinical hypothyroidism with normal
thyroxine (T4) and triiodothyronine (T3) levels and
mild elevation of serum thyrotropin (TSH). Studies
show that hypothyroidism affects about 4%—5% of
the population in developed countries whereas in
India the prevalence is higher affecting about 1 in 10
adults.[13-21]

Type 2 diabetes mellitus (T2DM) and hypertension
share common underlying pathophysiologic
mechanisms with hypothyroidism. Studies indicate a
significant prevalence of TDs in T2DM (12%—-23%)
and hypertensive individuals (22.5%). Plasma T3
and T4 may be decreased in uncontrolled T2DM
affecting thyroid hormone levels. Genetic,
biochemical or hormonal factors may be responsible
for the association of diabetes and hypothyroidism.
Hypothyroidism is frequently observed in type 1
diabetes mellitus (T1DM) due to the shared
autoimmune origins. Several studies have reported a
higher prevalence of TDs in patients with T2DM
and hypothyroidism is the most common thyroid
dysfunction.?*]

Hypothyroidism is not only a direct cardiovascular
risk factor, but it also worsens other contributing
factors, such as hyperlipidaemia and hypertension,
increasing  cardiovascular  morbidity. = Mild,
subclinical hypothyroidism has been linked to an
increased risk of heart failure and stroke in studies,
particularly in younger people. Hypothyroidism has
also been associated with nonalcoholic fatty liver
disease, cancer-related mortality, arthritis and
kidney dysfunction, although the causal link is
uncertain in these cases.?*271 A recent meta-analysis

of 61 studies demonstrated an increased prevalence
of subclinical hypothyroidism in subjects with type
2 diabetes mellitus and an increased risk of
microvascular complications in the coexistence of
the two conditions 28. The present study comprised
155 patients of type 2 diabetes mellitus (T2DM)
with a mean age of 57.20 £ 8.05 years. Most of our
participants were in the age group of 51-60 years
(43.2%) followed by participants of age group 61—
70 years (34.8%) which indicates the increased risk
of thyroid dysfunction in older adults with diabetes.
The mean age in the study by Talwalkar et al,[?"]
was similar to our study, which was 50.7 +£12.18
years. The current sample was slightly male-
dominated with 56.8% males and 43.2% females.
Talwalkar et al,*’! found 52.4% males and 47.6%
females in their diabetic population similarly. 56.8%
of our patients had hypertension. This underlines the
frequent  co-existence  of  diabetes  with
cardiovascular risk factors. Conversely, Talwalkar et
al,’>’! reported 33.5% hypertensives and 28.9% of
having both diabetes and hypertension in their
study. In addition, 12.9% of our participants had a
family history of thyroid disease, suggesting a
genetic predisposition to thyroid dysfunction in this
population. However, Talwalkar et al,[**! reported
that 41.5% of T2DM patients had a family history of
T2DM, hypertension or thyroid disease. In the study
by Talwalkar et al., the higher proportion might
stem from increased clustering of metabolic and
endocrine disorders within families and could
account for the high rates of overt hypothyroidism.
The mean BMI in the present study was 27.99+3.61
kg/m?, suggesting that most participants were
overweight or obese — a common finding in T2DM
due to the association between obesity and insulin
resistance, similar to the Talwalkar et al. study
where their diabetic participants’ BMI was found in
the range of 26.3+4.24 kg/m?. However, Talwalkar
et al. reported a higher percentage of obesity
(65.3%) compared to our findings.

In the present study, the mean duration of diabetes
was 641 + 2.46 years. Nearly half of the
participants (47.1%) in our study had diabetes for
less than five years. Similarly Talwalkar et al,]
reported a slightly higher mean duration of diabetes
8.3+6.9 years in their study. In terms of treatment,
all our patients were on oral hypoglycemic agents
(OHAs) and 14.8% of them needed insulin as well,
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showing that there is a variation in the degree of
glycaemic control.

Glycaemic index in our study showed suboptimal
glucose control with mean HbAlc of 7.85 + 2.33%,
FBS of 143.7 mg/dL and PPBS of 225.52 mg/dL.
Thyroid function tests revealed a mean TSH level of
6.98 = 13.36 pulU/ml, with FT3 and FT4 levels
within normal ranges. Nevertheless, Talwalkar et al.
reported a mean HbAlc of 8.5% in their T2DM
patients.

Thyroid dysfunction was frequent in our study.
76.1% of patients were euthyroid, 14.2% were
subclinical hypothyroid and 9.7% were overt
hypothyroid. In comparison, Talwalkar et al.
showed a higher overall prevalence of
hypothyroidism at 29% in their larger sample of
1,501 patients, with 24.8% being T2DM patients.
Interestingly, subclinical hypothyroidism (53.8%)
was found to be more prevalent than overt
hypothyroidism (41.8%) among the diabetics as per
the study by Talwalkar et al. which is higher as
compared to our study findings. Likewise, several
studies 29-31 have been conducted to study the
association of diabetes with thyroid dysfunction and
the prevalence of hypothyroidism in diabetic
patients has been reported between 4.8% and 31.4%.
There is evidence that glycaemic control has a
marked effect on serum T3 levels, basal TSH levels,
and the TSH response to thyrotropin-releasing
hormone.% The high prevalence of hypothyroidism
in our study might be attributed to longer duration of
diabetes and hypertension, older age and more obese
patients. In addition, persistent iodine deficiency in
the Indian population and environmental factors
including higher pesticide use, exposure to industrial
pollutants with goitrogenic effects and contaminated
drinking water may have further contributed to the
increasing incidence of hypothyroidism over the last
decade.B!

The prevalence of subclinical hypothyroidism in
patients with type 2 diabetes mellitus (T2DM) is
1.93 times higher in a systematic review and meta-
analysis of cross-sectional studies.[?®! However, the
direction of the association is unclear and there is
evidence of a possible bidirectional relationship.
One of the proposed mechanisms is that the
variation of the serum levels of TSH and fT4 is
associated with the variation of HbA1C, which may
promote  increased insulin  resistance  and
T2DM.23 For instance, T2DM may inhibit TSH
levels, affecting conversion of T4 to T3 in
peripheral tissues and leading to subclinical
hypothyroidism. In contrast, other studies have
shown that subclinical hypothyroidism characterised
by increased TSH level affects adipocyte function.
TSH binds to TSH receptors on adipocytes, causing
disruption of adipocyte homeostasis and reduction
of the secretion of insulin-sensitizing molecules
such as adiponectin, ultimately resulting in insulin
resistance.3+3]

In comparison, in the study of Fakhroo et al. 36,
with 922 participants, 285 participants had T2DM
and subclinical hypothyroidism (SCH) prevalence
was 4.6% in the T2DM group. But our study found
a higher prevalence of SCH. In their study, the
logistic regression analysis adjusted for confounding
factors showed that odds of T2DM were
significantly higher in participants with SCH
(OR=2.82, p=0.026) although this difference did not
reach statistical significance (p=0.18).

Similarly, there was a strong association between
thyroid status and glycaemic control. In our study,
the mean HbAlc was 6.78 + 1.18% in patients with
normal thyroid function and significantly higher
(10.08 = 0.65%) in patients with subclinical
hypothyroidism. The highest HbAlc level was
found in patients with overt hypothyroidism (12.95
+ 1.35%). In the present study, these differences
were statistically significant (p < 0.001) suggesting
that worsening of thyroid function is associated with
poor glycaemic control. Further confirmation of the
association between thyroid dysfunction and
glycaemic control was obtained from the correlation
analysis in the present study. There was a positive
correlation between TSH levels and HbAlc (r =
0.662, p < 0.001), which means that the higher the
TSH levels, the worse the glycaemic control.
Conversely, FT4 levels were negatively correlated
with HbAlc (r = -0.495, p < 0.001), indicating that
lower FT4 levels were associated with higher
HbA1c values. There was no statistically significant
correlation between FT3 and HbAlc (r =-0.106, p =
0.190).

In comparison to our study, Fakhroo et al. 36 did not
find significant differences in thyroid hormone
levels between T2DM and non-T2DM groups for
TSH and fT3, but found slightly higher levels of fT4
in their diabetic group (p=0.004).

Limitations

Limitations of our study include the relatively small
sample size, which may limit generalisability of the
findings to larger and more diverse populations.
Furthermore, the cross-sectional design of the study
does not permit the establishment of causal
relationships between thyroid dysfunction and
glycaemic control in T2DM patients. Other
variables like medication compliance, dietary habits
and other comorbid conditions impact on thyroid
and diabetic parameters were not analysed in depth.
A longitudinal follow-up and a more in-depth
assessment of lifestyle and treatment factors would
provide a better understanding of the bidirectional
relationship between thyroid dysfunction and
T2DM.

CONCLUSION

Our study found a significant association between
glycaemic control and thyroid dysfunction among
patients with type 2 diabetes mellitus (T2DM).
Thyroid dysfunction was prevalent in the 155
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participants

with  14.2% having subclinical

hypothyroidism and 9.7% being diagnosed with

overt hypothyroidism. There was a

strong

association between worse thyroid function and
higher HbAlc levels, reflecting worse glucose
control, as shown by the positive correlation
between TSH and HbAlc and the negative
correlation between FT4 and HbAlc. The findings
underline the need for regular screening of thyroid
in T2DM patients to diagnose and manage thyroid
dysfunction in a timely manner, which may improve
overall glycaemic control and reduce diabetes-
related complications.

10.

13.

REFERENCES

Fauci AS, editor. Harrison’s principles of internal medicine:
editors, Anthony S. Fauci ... [et al.]. 17th ed. New York:
McGraw-Hill Medical; 2008. 1 p.

World Health Organization. World health statistics 2016:
monitoring health for the SDGs, sustainable development
goals [Internet]. Geneva: World Health Organization; 2016
[cited 2025 Feb 23]. 121 p. Available from:
https://apps.who.int/iris/handle/10665/206498

Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of
and trends in diabetes among adults in the United States,
1988-2012. JAMA. 2015 Sep 8;314(10):1021-9.

National diabetes statistics report | diabetes | cde [Internet].
2022  [cited 2025 Feb 23]. Available from:
https://www.cdc.gov/diabetes/data/statistics-
report/index.html

Hage M, Zantout MS, Azar ST. Thyroid disorders and
diabetes mellitus. J Thyroid Res. 2011; 2011:439463.
Fernandez-Real JM, Loépez-Bermejo A, Castro A,
Casamitjana R, Ricart W. Thyroid function is intrinsically
linked to insulin sensitivity and endothelium-dependent
vasodilation in healthy euthyroid subjects. J Clin
Endocrinol Metab. 2006 Sep;91(9):3337-43.

Celani MF, Bonati ME, Stucci N. Prevalence of abnormal
thyrotropin concentrations measured by a sensitive assay in
patients with type 2 diabetes mellitus. Diabetes Res.
1994;27(1):15-25.

Fatourechi V. Subclinical hypothyroidism: an update for
primary care physicians. Mayo Clin Proc. 2009;84(1):65—
71.

Shrier DK, Burman KD. Subclinical hyperthyroidism:
controversies in management. Am Fam Physician. 2002 Feb
1;65(3):431-8.

Brenta G. Diabetes and thyroid disorders. Diabetes &
Vascular Disease [Internet]. 2010 Jul [cited 2025 Feb
23]1;10(4):172-17. Available from:
http://journals.sagepub.com/doi/10.1177/147465141037132
1

Maxon HR, Kreines KW, Goldsmith RE, Knowles HC.
Long-term observations of glucose tolerance in thyrotoxic
patients. Arch Intern Med. 1975 Nov;135(11):1477-80.
O’Meara NM, Blackman JD, Sturis J, Polonsky KS.
Alterations in the kinetics of C-peptide and insulin secretion
in hyperthyroidism. The Journal of Clinical Endocrinology
& Metabolism [Internet]. 1993 Jan [cited 2025 Feb
23];76(1):79-84. Available from:
https://academic.oup.com/jcem/article-
lookup/doi/10.1210/jcem.76.1.8421108

Dimitriadis G, Baker B, Marsh H, Mandarino L, Rizza R,
Bergman R, et al. Effect of thyroid hormone excess on
action, secretion, and metabolism of insulin in humans.
American Journal of Physiology-Endocrinology and
Metabolism [Internet]. 1985 May 1 [cited 2025 Feb
231;248(5): E593-601. Available from:
https://www.physiology.org/doi/10.1152/ajpendo.1985.248.
5.E593

Okajima F, Ui M. Metabolism of glucose in hyper- and
hypo-thyroid rats in vivo. Relation of catecholamine actions

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

to thyroid activity in controlling glucose turnover. Biochem
J [Internet]. 1979 Aug 15 [cited 2025 Feb 23];182(2):585—
92. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1161340/
Brandt F, Thvilum M, Almind D, Christensen K, Green A,
Hegediis L, et al. Morbidity before and after the diagnosis
of hyperthyroidism: a nationwide register-based study.
PLoS One [Internet]. 2013 Jun 20 [cited 2025 Feb
23];8(6):e66711. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3688572/
Gronich N, Deftereos SN, Lavi I, Persidis AS, Abernethy
DR, Rennert G. Hypothyroidism is a risk factor for new-
onset diabetes: a cohort study. Diabetes Care. 2015
Sep;38(9):1657-64.
Thvilum M, Brandt F, Almind D, Christensen K, Brix TH,
Hegediis L. Type and extent of somatic morbidity before
and after the diagnosis of hypothyroidism. A nationwide
register study. PLoS One [Internet]. 2013 Sep 16 [cited
2025 Feb 23];8(9):¢75789
Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3774647/
Khatiwada S, K¢ R, Sah SK, Khan SA, Chaudhari RK,
Baral N, et al. Thyroid dysfunction and associated risk
factors among nepalese diabetes mellitus patients. Int J
Endocrinol. 2015; 2015:570198.
Chaker L, Bianco AC, Jonklaas J, Peeters RP.
Hypothyroidism. Lancet. 2017;390(10101):1550-1562.
Hoogendoorn EH, Hermus AR, de Vegt F, et al. Thyroid
function and prevalence of anti- thyroperoxidase antibodies
in a population with borderline sufficient iodine intake:
influences of age and sex. Clin Chem. 2006;52(1):104—-111.
Unnikrishnan AG, Kalra S, Sahay RK, Bantwal G, John M,
Tewari N. Prevalence of hypothyroidism in adults: an
epidemiological study in eight cities of India. Indian J
Endocrinol Metab. 2013;17(4):647-652.
Papazafiropoulou A, Sotiropoulos A, Kokolaki A, Kardara
M, Stamataki P, Pappas S. Prevalence of thyroid
dysfunction among Greek type 2 diabetic patients attending
an outpatient clinic. J Clin Med Res. 2010;2(2):75.
Saunders J, Hall SE, Sonksen PH, Sonksen P. Thyroid
hormones in insulin requiring diabetes before and after
treatment. Diabetologia. 1978;15(1):29-32.
Kadiyala R, Peter R, Okosieme OE. Thyroid dysfunction in
patients with diabetes: clinical implications and screening
strategies. Int J Clin Pract. 2010;64(8):1130-1139.
Talwalkar P, Deshmukh V, Bhole M. Prevalence of
hypothyroidism in patients with type 2 diabetes mellitus and
hypertension in India: a cross-sectional observational study.
Diabetes Metab Syndr Obes. 2019 Mar 20; 12:369-376.
Dorr M, Volzke H. Cardiovascular morbidity and mortality
in thyroid dysfunction.
Minerva Endocrinol. 2005;30(4):199-216.
Chaker L, Bianco AC, Jonklaas J,
Hypothyroidism. Lancet.
2017;390(10101):1550-62.
Han C, He X, Xia X, Li Y, Shi X, Shan Z, et al. Subclinical
hypothyroidism and type 2 diabetes: a
systematic review and meta-analysis.
ne.2015;10(8):e0135233.
Wang C. The relationship between type 2 diabetes mellitus
and related thyroid diseases. J Diabetes Res. 2013;
2013:390534.
Uppal V, Vij C, Bedi GK, Vij A, Banerjee BD. Thyroid
disorders in patients of type 2 diabetes mellitus. Indian J
Clin Biochem. 2013;28(4):336-341.
Bagechi S. Hypothyroidism in India: more to be done.
Lancet Diabetes Endocrinol. 2014;2(10):778.
Roos A, Bakker SJL, Links TP, et al. Thyroid function is
associated with components of the metabolic syndrome in
euthyroid  subjects. J Clin Endocrinol = Metab.
2007;92(2):491-496.
Mehran L, Amouzegar A, Tohidi M, et al. Serum free
thyroxine concentration is associated with metabolic
syndrome in euthyroid subjects. Thyroid.
2014;24(11):1566-1574.
Kalra S, Aggarwal S, Khandelwal D. Thyroid Dysfunction
and Type 2 Diabetes Mellitus: screening

Peeters RP.

PLoS

5162

International Journal of Medicine and Public Health, Vol 16, Issue 3, July- September, 2026 (www.ijmedph.org)



35.

Strategies and Implications for Management. Diabetes Ther.
2019;10(6):2035-2044.

Ahirwar AK, Singh A, Jain A, et al. Role of Sub Clinical
Hypothyroidism in Association with Adiponectin Levels
Causing Insulin Resistance in Metabolic Syndrome: a Case
Control Study. Tokai J Exp Clin Med. 2017;42(2):96-103.

36.

Fakhroo A, Elhadary MR, Elsayed B, Al-Kuwari A, Aly R,
Mesilhy R, Bakalaf A, Al-Maadhadi M,

Al-Dehaimi AA, Chivese T, Rathnaiah Babu G. Association
of Subclinical Hypothyroidism with

Type 2 Diabetes Mellitus in Qatar: A Cross-Sectional
Study. Diabetes Metab Syndr Obes. 2023 Oct

28;16: 3373-3379.

5163

International Journal of Medicine and Public Health, Vol 16, Issue 3, July- September, 2026 (www.ijmedph.org)



