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CLINICAL STUDY
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ABSTRACT

AIM OF THE STUDY: To assess the prevalence of thyroid diseases in patients with type 2 diabetes mellitus
(T2DM) in comparison with normal population; to determine prevalence of T2DM in patients with thyroid diseases.
MATERIALS AND METHODS: First group consisted of 60 patients with T2DM without previous history of thy-
roid disease. Second group consisted of 60 patients with thyroid disease without any previously known impair-
ment of glucose metabolism. Control group (CG) included 100 subjects who had no previous history of thyroid
disease or glucose metabolism impairment. Blood tests were performed to evaluate thyroid and glucose me-
tabolism parameters.

RESULTS: We found a significantly higher prevalence of thyroid diseases in patients with T2DM when compared
to CG. Patients with T2DM showed to have higher serum levels of free triiodothyronine (fT,), thyroid-stimulating
hormone (TSH) and anti-thyroid peroxidase (anti-TPO) autoantibodies. We found no statistical significance in
prevalence of T2DM in patients with thyroid diseases and CG. Among parameters of glucose metabolism, there
were only higher fasting glucose levels in patients with hyperthyroidism and autoimmune thyroid disease (AITD).
CONCLUSIONS: Patients with T2DM showed to have higher prevalence of AITD and primary hypothyroidism. We
did not find higher prevalence of T2DM in patients with thyroid diseases (Tab. 3, Ref. 29). Text in PDF www.elis.sk.
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Introduction

The association between thyroid diseases, especially though
autoimmune diseases, and type 1 diabetes mellitus (T1DM) is well
known. However, there is an increasing mass of data from recent
years showing higher prevalence of thyroid diseases also in pa-
tients with T2DM (1, 2, 3,4, 5,6, 7, 8,9, 10, 11).

Low intake of iodine in diabetics with cardiovascular risk
factors is responsible for higher prevalence of eufunctional goitre
(EG), suppression of TSH induced by metformin, poor long-term
glycemic control (11) and various humoral mechanisms like IGF-1
(10), nesfatin-1 (12) etc. The latter factors have been recognized
as being most significantly participating in higher prevalence of
thyroid diseases in T2DM patients.

On the other hand, a contribution of various forms of thyre-
opathy to the etiopathogenesis of T2DM has been demonstrated
by several studies (13, 14). However, there are only poor data re-
garding the prevalence of T2DM in patients with thyroid diseases.
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Independently on their etiology, both, hypo- and hyperthyroid-
ism may affect glucoregulation in diabetics as well as in non-dia-
betics. The development of hyperinsulinism and insulin resistance
together with thyroid hormones (TH)-induced hyperglycemia are
typical for hyperthyroidism (14). On the other hand, insulin resis-
tance as a result of hyperinsulinemia that leads to reduced glucose
utilization in peripheral tissues (15, 16, 17, 18) is typical also for
hypothyroidism (18, 19).

Several studies demonstrated a higher prevalence of AITD
in both, type 1 and type 2 diabetics, when compared to the non-
diabetic population (20). Although the exact cause of this associa-
tion is still not known, there have been suggested genetic factors,
i. e. deiodinase polymorphisms or influence of chronic infections
that are more frequent in diabetics than in non-diabetics (21). De-
spite the fact that Hashimoto's thyroiditis in diabetics worsens the
preexisting insulin resistance (22), it is still unclear whether the
prevalence of T2DM in patients with euthyroid or hypothyroid
AITD is increased.

The aim of this study was to assess the prevalence of thyroid
diseases in patients with T2DM in comparison to a nondiabetic
control group and to compare the basic thyroid parameters in both,
diabetics and controls.

The second aim of this study was to examine the prevalence
of T2DM or glucose metabolism impairment in patients with
thyroid disorders and to assess the possible differences in param-
eters of carbohydrate metabolism in patients with various thyroid
diseases.
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Patients, materials and methods

Patients and materials

This two-sided study included a total number of 120 patients
and 100 controls that constituted the study population. Patients
were divided into two groups.

The first group consisted of 60 patients with the established
diagnosis of T2DM (31 male and 29 female) at average age 68.17
+ 11.01 in range of 43—89 years. All diabetic subjects were con-
secutively recruited from the 1* Department of Internal Medicine
of Louis Pasteur University Hospital in KoSice, Slovakia and its
outpatient office for diabetology from January 2013 to January
2015. Patients with previous history of thyroid disease or other
endocrine disease were primarily excluded from the study.

The second group included 60 patients (10 male and 50 fe-
male) with thyroid disease at average age 68.7 + 13.4 in range
of 23-97 years who were also recruited from the 1* Department
of Internal Medicine of the Louis Pasteur University Hospital in
Kosice, Slovakia and its outpatient office for endocrinology dur-
ing the same period of time. Thirty-seven of them (8 male and 29
female) of average age 68.35+12.21, range 31-87 years, suffered
from primary hypothyroidism and 23 patients (1 male and 22 fe-
male) at average age 69.26 + 15.18 in range of 23-97 years, have
been diagnosed with hyperthyroidism (12 with Graves—Basedow
disease, 1 with Hashitoxicosis, 6 patients with hypothyroidism on
replacement therapy, actually overdosed, 3 with toxic thyroid ad-
enoma and 1 with toxic multinodular goitre. Patients with previous
history of prediabetes or diabetes were excluded from the study.

The control group consisted of 100 subjects (37 male and 63
female) at average age 63.85 + 18.98 in range of 20-94 years.
Diabetes mellitus, thyroid disease or any other endocrine diseases
have been carefully excluded in all CG subjects .

The study was approved by the Ethics Committee of the Louis
Pasteur University Hospital in KoSice and written informed con-
sent for the study was obligatory for all participants.

Methods

All patients and controls underwent clinical and laboratory
evaluations. Basic anthropometric, thyroid and metabolic param-
eters as well as morphology of thyroid gland were assessed in
every patient of both patient groups as well as in all CG subjects.

The following variables were assessed: age, gender, weight,
body mass index (BMI), blood pressure and duration of T2DM
or thyroid disease. Data on comorbidities such as hypertension,
dyslipidemia and other symptoms of the metabolic syndrome
were also obtained.

Fasting blood samples were collected from the patients and
controls for laboratory assessment of fT,, free thyroxine (fT,),
and TSH serum levels as well as serum concentrations of autoan-
tibodies to thyroglobulin (aTg) and aTPO. Additionally, fasting
glycemia, serum C-peptide, insulin and glycosylated hemoglobin
(HbA ) levels were assessed among parameters of glucose me-
tabolism. Photometric colorimetry was used to examine glycemia
and electrochemiluminescent immunochemistry to evaluate C-
peptide, insulin, HbA , fT,, fT,, TSH, aTg and aTPO antibodies.

¢

362

For the assessment of HbA  , we used The Diabetes Control and
Complications Trial (DCCT) standard with normal values < 6.5
%. BMI was calculated as weight (kg) divided by the square of
height (m?). Homeostatic model assessment (HOMA) index was
used to assess insulin sensitivity (glycemia x serum insulin / 22.5)
while values < 2.4 were considered normal.

Morphology and pathomorphology of thyroid gland were as-
sessed using Esaote Technos MPx ultrasound and performed by
the same ultrasonographer.

Diagnostic criteria for primary hypothyroidism included TSH
serum concentrations > 4.2 mIU/ml and low or normal TH levels.
Diagnostic criteria for primary hyperthyroidism included TSH se-
rum concentrations < 0.27 mIU/ml and high or normal TH levels.
Diagnostic criteria for AITD included positive ultrasonography
(USG) image (diffuse homogenous or blotchy hypoechogenicity of
thyroid tissue) and presence of aTg antibodies (serum levels above
115 kIU/1) and/or aTPO antibodies (serum levels above 34 kIU/I).

Statistical analysis

Continuous variables are presented as mean + standard error
of mean (SEM); categorical variables are expressed as numbers
or percentage of patients. Statistical significance of continuous
variables comparison was assessed using the unpaired Student’s
t-test; comparison of categorical variable was conducted using
Chi-square ()?) test with Yates correction. The software program
of MS Excel 2003 and SPSS for Windows ver. 15.0 were used for
statistical purpose. All statistical tests were two-tailed and p-value
< 0.05 was considered statistically significant.

Results

Mean values of particular anthropometric and thyroid param-
eters of patients with T2DM and their comparison with CG are
shown in the Table 1. There was no difference in average mean
age between T2DM and CG.

Tab. 1 Mean values of thyroid parameters in patients with T2DM
and CG.

T2DM CG Statistical

(n=60) (n=100) significance
age (years) 68.17£11.01  63.85+18.98 NS
volume of thyroid gland (ml)  15.05+4.47 14.16+5.87 NS
fT3 (pmol/l) 4.242.37 3.27+0.88 <0.01
fT4 (pmol/l) 15.26+6.42 16.57+4.65 NS
TSH (mIU/I) 4.14+4.79 1.95+1.63 <0.01
aTPO (kIU/T) 34.67463.99  12.77+£21.65 <0.01
aTg (kIU/) 61.28+153.64  76.59+350 NS

Tab. 2. Prevalence of thyreopathies in patients with T2DM and CG.

T2DM CG Statistical

(n=60) (n=100) significance
Any thyreopathy 20 (33.33 %) 18 (18 %) <0.05
hypothyroidism 16 (26.67 %) 5(5%) <0.01
hyperthyroidism 1 (1.67 %) 2(2%) NS
AITD 12 (20 %) 8 (8 %) <0.05
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Tab. 3. Mean values of glycid parameters in patients with thyreopathies and CG.

Thyreopathies Hyperthyroidism Hypothyroidism AITD CG
(n=60) (n=23) (n=37) (n=49) (n=100)
Age (years) 68.7£13.4 69.26+15.18 68.35£12.21 69.18+13.14 63.85+18.98
BMI (kg/m2) 26.124+4.95 24.57+4.3 27.08+5.06 26.4+4.89 25.04+4.83
Fasting blood sugar (mmol/l) 5.51+1.49% 5.9542.18%* 5.23+0.71 5.55+1.61%* 5.08+0.99
C-peptide (ng/l) 3.56+1.69 3.83+2.13 3.4+1.34 3.59+1.86 3.73+2.21
Insulin (mIU/1) 13.19+6.81 12.94+7.49 13.35+6.37 12.84+7.03 11.549.6
HOMA 3.26+1.95 3.5+2.43 3.12+1.58 3.19+2.02 2.71+4.83
HbA1C (%) 5.46+0.64 5.65+0.82 5.34+0.46 5.46+0.67 5.28+0.94

*p <0.05, ** p<0.01

It has been shown that patients with T2DM have significantly
higher serum TSH levels (p < 0.01) and higher levels of aTPO
antibodies than non-diabetic controls (p < 0.01) (Tab. 1). Fur-
thermore, patients with T2DM had also slightly but significantly
higher serum fT, levels when compared with controls (p < 0.01),
while these values were within the normal range.

There was a significantly higher prevalence of hypothyroid-
ism in patients with T2DM in comparison with controls (26.67 vs
5 %, respectively; p<0.01) and a similar difference was observed
also in the prevalence of AITD (20 % vs 8 %, respectively; p <
0.05) (Tab. 2).

The results from the second part of this study are presented
in Table 3, demonstrating anthropometric and carbohydrate pa-
rameters in patients with thyroid diseases, hyperthyroidism, hy-
pothyroidism and AITD and their comparison with subjects from
CG. All groups were age- and BMI-matched. There were slightly
but significantly higher fasting plasma glucose levels in patients
with thyroid diseases when compared to subjects from CG (5.51
+ 1.49 vs 5.08 £ 0.99 mmol/l, respectively; p < 0.05). However,
significant difference between the groups was found neither in
serum C-peptide, insulin and HbA c levels, nor in HOMA index.

There were significantly higher fasting plasma glucose levels
in the subgroup of patients with hyperthyroidism when matched
with CG (5.95 £ 2.18 mmol/l vs 5.08 £ 0.99 mmol/l, respectively;
p <0.01). No difference in this or any other metabolic parameters
was observed in the subgroup with hypothyroidism, when com-
pared to control subjects.

The prevalence of T2DM in the group of patients with thyroid
disease was similar to that in CG (6.67 vs 4 %). Significant differ-
ence in the prevalence of T2DM was observed neither in patients
with hypothyroidism nor in those with hyperthyroidism when
compared to CG (2.7 vs 4 % and 13.04 vs 4 %, respectively). We
detected a slightly higher prevalence of T2DM in patients with
AITD, however the difference did not reach the statistical signifi-
cance (8.16 vs 4 %; p=0.07).

Discussion

In the first part of this study we demonstrated that the preva-
lence of AITD is significantly higher in patients with T2DM in
comparison to nondiabetic controls. Among functional disorders,
primary hypothyroidism was more common than hyperthyroidism
and was more prevalent in diabetics than controls. This finding

is in agreement with previous data (3, 4, 6, 8, 11). Moreover, our
patients with T2DM had significantly higher serum levels of TSH
and aTPO antibodies when compared with controls.

In their study, Srindhi et al. (2013) demonstrated significantly
higher serum levels of TSH in 75 patients with T2DM when com-
pared to nondiabetic controls. However, in agreement with our
study, they observe no difference in serum fT, levels (7).

On the other hand, slightly higher serum TSH levels were ob-
served also in 52 patients with type T2DM in a Japanese study of
Moura et al (2013), albeit the difference from nondiabetic control
group was not statistically significant. However, in contrast to our
study the serum {T, levels showed to be significantly higher, when
compared to controls (5).

Our finding of serum fT, levels being higher in diabetics than
in controls is in conflict with the published data (2, 5, 6, 7, 8, 9,
11). Previous studies did not confirm the differences in {T, be-
tween T2DM and controls. While mean values of T levels in both
groups were in normal range, the most probable interpretation is
only that of a mild but significant laboratory deviation. Secondly,
higher levels of {T, in diabetics might reflect a possible increased
activity of type I deiodinase (DI), an enzyme which converts fT,
to fT,. However, the possibility of changes in DI activity in dia-
betic patients remains still unsolved (23).

Some studies also demonstrated a higher positivity of aTPO an-
tibodies in diabetics which is in agreement with our study. Toulis et
al (2014) described higher prevalence of AITD in 264 patients with
T2DM than in a control nondiabetic group. In their study, the serum
aTPO antibodies levels were higher in the diabetic group than in
the nondiabetic one (90 + 200 vs. 60 + 156 kIU/L, respectively; p
< 0.01) (20). Contrary to the latter however, in the study of Diez
and Iglesias (2014) the prevalence of autoimmune thyroid disease
was lower in patients with T2DM than in healthy population (9).

Based on these controversial data, a routine screening of hy-
pothyroidism in patients with T2DM still remains an unsolved
question. It is well known that even subclinical hypothyroidism
in patients with T2DM may increase the cardiovascular risk and
contribute to an increase in the risk of microvascular complica-
tions such as diabetic nephropathy (24). From this aspect, and
in respect of high prevalence of subclinical hypothyroidism in
population, we suggest the routine screening of hypothyroidism
to be reasonable (7, 25).

In the second part of our study, we demonstrated a signifi-
cantly higher fasting glycemia in patients with hyperthyroidism
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when compared to healthy controls. Serum insulin levels as well
as HOMA index were slightly but not significantly higher than
these parameters in controls. It is well known that hyperthyroid-
ism may lead to insulin resistance (14). Our results are partially
in agreement with some previous studies (26).

The study of Al-Shoumer et al (2006) assessed glucose me-
tabolism parameters of 30 patients with hyperthyroidism treated
with carbimazol and propranolol and compared them with controls
without thyroid disorder. Patients had significantly higher levels
of fasting serum glucose, C-peptide and insulin. In these patients,
they observed also marginally higher values of HOMA index (27).

The relationship between hypothyroidism and IR is attract-
ing much more interest than hyperthyroidism. Kunal et al (2012)
published a study of 8 patients with hypothyroidism without DM.
When compared with their control euthyroid group, they showed
to have significantly higher HOMA index and fasting insulin
levels. On the other hand, fasting glycemia was not significantly
increased (28). Although, the limiting point of this study was its
small size, the findings of higher HOMA index, fasting insulin and
fasting glycaemia levels were observed in another study as well
(26). In our study, the prevalence of insulin resistance expressed
by HOMA index in patients with hypothyroidism tended to be
higher than in controls, albeit without significance. Similar results
were achieved also by observations in patients with subclinical
hypothyroidism. An Indian study on patients with subclinical hy-
pothyroidism demonstrated higher values of HOMA index, as well
as higher levels of fasting glycaemia and insulin (29). Although
this study was similar to ours in size, patients were significantly
younger than in our study.

According to our observation, patients with AITD had sig-
nificantly higher fasting glucose levels than healthy controls. No
differences in any other examined parameters were statistically
significant. Actually, it is not possible to compare and draw con-
clusions from this finding in consideration of absence of large
studies investigating the relationship between AITD and T2DM.
Furthermore, none of patients with AITD in our group was in eu-
thyroid state without the need of treatment. Therefore, we could
investigate only the relationship between high or low thyroid
function and glucose metabolism disorders, but we were not able
to demark whether glucose metabolism disorders are mediated by
thyroid malfunction or autoimmune inflammation alone. That is
the main limitation of our study. Another limitation was that pa-
tients were in various stages of dysfunction because of treatment.
Further studies on larger cohorts of especially untreated patients
with euthyroid AITD are needed.

Conclusion

In summary, the prevalence of thyroid disease (AIT and pri-
mary hypothyroidism) in patients with T2DM is higher. We did
not find the prevalence of T2DM to be higher in patients with any
type of thyroid disease. Nevertheless, this is the first study assess-
ing the relationship between T2DM and thyroid diseases from
both sides and allows to recommend the thyroid function to be
examined and screened for autoimmunity in patients with T2DM.
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