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Abstract

Graves’ disease and diabetes mellitus (DM) are frequently associated pathologies. The excess of thyroid hormones influences the carbohydrate
homeostasis through their action on several organs, leading to alteration of glycemic control and acute hyperglycemic complications in patients
with diabetes mellitus. On the other hand, a severe pre-existing metabolic imbalance can mask a life-threatening thyroid crisis, by lowering the
thyroid hormones levels, especially triiodothyronine (T3). The prevalence of Graves’ disease is higher in patients with type 1 diabetes mellitus
(T1DM). Besides the impact on the glycemic control, Graves’ disease has a high cardiovascular risk, in addition to DM. This is why the thyroid
dysfunction screening is so important in patients with DM. These two endocrinopathies may be clinically similar, according to the overlapping
signs and symptoms at the start which may cause differential diagnosis problems. Graves’ ophthalmopathy is one of the most specific clinical
manifestation of Grave’s disease, being frequently associated with type 2 diabetes mellitus (T2DM). Its severity seems to be closely related to
obesity, duration of diabetes, micro and macrovascular complications of diabetes and some types of oral hypoglycemic agents. Oral hypoglycemic
agents also influence the thyroid function. Biguanides belong to the most studied therapeutic class. It is very important monitoring the blood
glucose until the thyroid function gets normal by antithyroid agents, as well as the thyroid hormones in case of severe glycemic imbalance. Special
attention must be paid to the type of treatment we use and its impact on metabolic and hormonal balance.
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Introduction

exophthalmia [4]. The aim of this study is to reveal the features of
Thyroid dysfunctions are frequently associated with DM,

hence the definition of glucocrinology,
the important effect of thyroid hormones on carbohydrate
metabolism [1]. Graves’ disease is the most frequent cause of
hyperthyroidism and is characterized by high serum titer of TSH
receptor autoantibodies (TRAb) with stimulatory effect. Diffuse
goiter, Graves’ ophthalmopathy and dermopathy are the typical
clinical manifestations of Graves’ disease. Their simultaneous
presence is not mandatory, and they evolve independently
from one another [2]. Because of its autoimmune pathogenesis,
Graves’ disease is more commonly encountered with T1DM
in polyglandular autoimmune syndromes type II and IIL
Glycemic imbalance appears either as excess thyroid hormones
consequence or independent of thyroid function, regarding the
association with T2DM [3]. DM is an important risk factor for
Graves’ ophthalmopathy evolution, patients with T2DM often
presenting impairment of ocular motility, diplopia and marked

the association between Graves’ disease and DM from a metabolic,

which - underlines clinical-paraclinical and therapeutic point of view.

Epidemiology

Over time, there have been realized multiple surveys that have
analysed the prevalence of thyroid dysfunction associated with DM
and all of them have shown a strong correlation between these two
pathologies. The largest study published until 2014 conducted on
agroup of 7079 children and adolescents with thyroid dysfunction
and T1DM reported impaired thyroid function in 9,5% of them
[5]. Moreover, about 0,5% of adolescents with T1DM also have
Graves’ disease [6]. According to American Diabetes Association
(ADA) guidelines 2020, 17% to 30% of T1DM patients associate
autoimmune thyroid disease [7]. “The Colorado Thyroid Disease
Prevalence Study” illustrated low TSH value in 2,2% of subjects
[8]. National Health and Nutrition Examination Survey (NHANES
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III study) reported the prevalence of hyperthyroidism and
subclinical hyperthyroidism as 1,3% and 2% respectively [8,9].

A study by a Romanian researcher was published in 2014
in European Scientific Journal showing that Graves’ disease is
frequently associated with DM, without any significant gender
differences. On the other hand, Graves’ disease prevalence was
higher in T2DM subgroup patients (20,68%) than in T1DM (10%).
It also had been shown that thyroid disease is 2-3 times more
common in DM patients than non-diabetics [3]. A European meta-
analysis reported the prevalence of thyroid dysfunction between
9,9% and 48% in T2DM patients and only 3,82% in the general
population [10]. The prevalence of thyroid disorder is 33% in
patients with T1DM [7].

According to estimates, 10,8% of those with thyroid
dysfunction also have DM and about 12% of patients with
hyperthyroidism suffers from DM at the same time [11]. Among
children with T1DM about a quarter of them present anti-thyroid
autoantibodies [7]. Also, children with Graves’ disease have greater
tendency to associate or develop T1DM later [11]. Graves’ disease
and T1DM are part of polyglandular autoimmune syndromes type
II and III [12]. A recently published adult study has shown that
13.7% of newly diagnosed Graves’ disease patients also have anti-
islet cell autoantibodies. Although the association of any type of
diabetes was more likely to them, it has been shown that there
is no significant correlation between anti-islet cell autoantibodies
and the development of diabetes over time [13,14].

Screening of Thyroid Dysfunction in Diabetes Mellitus
Patients

The clinical features of poor controlled Graves’ disease and
T1DM or insulin requiring T2DM can overlap, being characterized
by alterations in weigh and appetite. On the other hand, the
existence of hyperthyroidism may cause insufficient glycemic
control and ketoacidosis eventually. Both hyperthyroidism and
DM have a high cardiovascular risk. The combination of the two
endocrinopathies can lead to increased cardiovascular mortality
which is an additional argument for the necessity of screening
[5,10]. Most guidelines recommend thyroid dysfunction screening
for T1DM without mention of T2DM.

The latest ADA 2020 guidelines recommend autoimmune
thyroid disorder screening right after T1DM diagnosis and
then regularly. For children and adolescents, anti-TPO and anti-
thyroglobulin antibodies will be titrated shortly after T1DM
diagnosis. TSH serum level dosing is performed with T1DM
diagnosis when the patient is clinically stable. Otherwise, TSH
concentration measurement is recommended when efficient
glycemic control. Later, patients with normal TSH serum level
and T1DM will be re-evaluated at 1-2 years or even often if: they
develop suggestive signs and symptoms for thyroid dysfunction,
anti-thyroid autoantibodies are positive, thyromegaly, abnormal
growth rate or unexplained glycemic variability appear [7].
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Thyroid dysfunction screening in T2DM is not usually
recommended. However, it may be indicated in several selected
cases presenting markers of dyslipidemia or autoantibodies. The
serum level of thyroid hormones can also be dosed, mentioning
that freeT3 (FT3) and freeT4 (FT4) are preferred in patients with
acute conditions. It requires special attention for DM patients
with severe hyperglicemia when talking about the laboratory
tests results. The thyroid hormones serum level is low in this
case, especially T3, situation that leads to masked life threatening
“thyroid storm” [5,15].

Moreover, if Graves’ disease is suspected, it may be used
additional tests like TRAb serum level, thyroid ultrasound, or
scintigraphy [16].

A simplified thyroid dysfunction screening strategy based on
TSH serum level looks like this:

. All euthyroid T1DM patients are monitored annually.

. Euthyroid T2DM patients are monitored annually if
TSH serum level is greater than 2mU/] or anti-TPO antibodies are
positive.

° The other patients are evaluated at 3-5 years [10].
Hyperthyroidism Effects on Glycemic Metabolism

The hyperthyroidism can interfere with carbohydrate
metabolism through differentmechanismsand abouthalfof Graves’
disease patients present low glucose tolerance [10]. Thyroid
hormones are active on several organs affecting carbohydrate
homeostasis. In the liver they increase phosphoenolpyruvate
carboxykinase activity, an enzyme involved in gluconeogenesis
stimulation and exacerbates GLUT2 expression in hepatocyte
membrane with the release of a large amount of glucose in the
blood. They also lower the glycogen level by glycogenolysis
stimulations and glycogenesis inhibition secondary to Akt enzyme
inactivation involved in glucose storage as glycogen [17,18].
Hepatic gluconeogenesis also takes place via an indirect thyroid
hormones effect by catecholamine stimulation, leading to active
lipolysis and increased level of free fatty acids. In presence of
hyperthyroidism, it is noted a marked muscular glycolysis with
secondary hyperlactatemia, lactic acid being another precursor of
gluconeogenesis [19].

Marked hepatic glucose release represents the key factor in
the occurrence of insulin resistance (IR), hyperinsulinemia and
low glucose tolerance. These phenomena cause improper glycemic
control in both DM patients and prediabetes, and they are also
responsible for the increased risk of hyperglycemic complications
like diabetic ketoacidosis [8]. Regarding thyroid hormones effects
on beta pancreatic cells, studies show quite heterogeneous
results, hyperthyroidism being associated with low, normal or
increased insulin secretion. A recent study has shown that thyroid
hormones excess leads to altered insulin secretion by decreasing
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beta pancreatic cell mass and inducing some abnormalities in
ATP-dependent potassium channels and calcium L channels [20].

These findings appear to be in contrast with the results of
other studies which showed that serum insulin level is high in
hyperthyroid patients. Thereby, several authors suggested that
thyroid hormones lead to hyperinsulinemia through {3 adrenergic
stimulation [21].To conclude, it is difficult to assess the real
quantity of insulin, primarily because in thyroid storm the rise
in insulin secretion could be masked by the increased catabolism
of insulin or by its accelerated clearance [10]. On gastrointestinal
tract, thyroid hormones increase gastrointestinal motility and
consequently the glucose absorption, causing postprandial
hyperglycemia such as oxyhyperglycemia (rapid increase of serum
glucose level after the ingestion of glucose) [17].

Thyroid storm is also linked to a high level of oxygen free
radicals. Kocic et al. revealed in one of his studies the possible
link between oxidative stress induced by hyperthyroidism and
diabetes mellitus, showing a high level of serum reactive oxygen
species (ROS) in a hyperthyroid patient which further developed
DM. Based on the hypothesis that ROS are involved in decreasing
insulin sensitivity, some authors suggested that oxidative stress
present in hyperthyroid state can lead to DM [18,22].

High BM], insulin resistance and hyperinsulinemia contribute
to the pathogenesis of Graves’ ophthalmopathy in type 2 DM,
explaining the severity of orbitopathy among patients with Graves’
disease and type 2 DM. Hyperinsulinemia reduces IGF1 binding
proteins and consequently increases IGF1 bioavailability. Like
TRAD, IGF1 receptors are overexpressed on preadipocites and
orbital fibroblasts and their excessive stimulation promotes an
increase in orbital volume both through accentuated adipogenesis
and extracellular matrix expansion [4].

of the
Association of Graves’ Disease and Diabetes Mellitus

Clinical and Biochemical Implications

Under the phenotypic aspects, characteristics of uncontrolled
DM and Graves’ Disease are similar. Patients with type 1 or type
2 poorly controlled DM might have similar clinical characteristics
with hyperthyroid patients such as weight loss with increased
appetite, unexplained fatigue, alterations in the general condition.
Clinical similarities of both endocrinopathies can sometimes
create confusions among doctors regarding the right diagnosis.
For example, Graves’ dermopathy can be misdiagnosed as diabetic
dermopathy [1]. It is well known that DM is an aggravating
factor of Graves' disease symptoms, being a risk factor for
Graves’ ophthalmopathy even more important than smoking
and moreover, the unique predictive factor for development of
diplopia.

The precise mechanisms of how DM influence Graves’
ophthalmopathy’s severity remains unclear. Common autoimmune
pathogeny of type 1 DM and Graves’ disease can be one of these
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mechanisms, but paradoxically some studies showed an increased
prevalence of Graves’ ophthalmopathy among patients with type
2 DM in the absence of autoimmunity. Regarding the severity of
ophthalmopathy, in patients with type 2 DM, this is frequently
asymmetrical with marked proptosis and involvement of soft
tissues, more important impairment of ocular motility and more
frequent diplopia. In both Graves’ ophthalmopathy and type 2 DM
there are changes in adipogenesis and increased inflammation
level. Studies suggest that severity of Graves’ ophthalmopathy in
patients with type 2 DM is associated with obesity, duration of DM
and with the presence of diabetic angiopathy, and no significant
correlation was found between its severity and metabolic control

[4].

Co-existence of DM and thyroid dysfunction not only affects
clinical characteristics, but also the biochemical parameters [5].
DM decreases serum TSH levels and impairs peripheral conversion
of thyroid hormones. In addition, long duration of hyperglycemia
can further alter thyroid function. Acute diabetes - related
complications such as ketoacidosis decrease thyroid hormones
level, mainly T3, but maintain TSH in normal ranges [10].

Regarding the biochemical parameters, hyperthyroidism
is typically associated with worsening glycemic control until
euthyroid state is achieved with antithyroid drugs administration
[1]. Hyperthyroidism in patients with insulin-dependent DM
not only induce postprandial hyperglycemia, but also increased
fasting blood glucose as a result of dawn phenomenon. This effect
can be alleviated with improvement in thyroid function [19].
Moreover, levels of glycated hemoglobin and glycated albumin
can be altered in patients with hyperthyroidism. HbAlc is not
a reliable marker of glycemic control in hyperthyroid patients
because of the decline of life-span of erythrocytes caused by the
increased cellular turnover. On the other hand, excess of thyroid
hormones enhances albumin catabolism that can lead to false
positive results of glycemic control when measuring the level of
glycate albumin [1,10].

Therapeutic Particularities

Therapeutic goal of Graves’ disease in patients with DM is
bidirectional: on one hand to achieve a euthyroid state in context
of the metabolic imbalance and on the other hand to ensure
optimal glycemic control in the presence of hormonal dysfunction
[5]. This therapeutic approach was termed as thyrovigilance in
diabetes and glucovigilance in thyroidology, respectively [1]. It
is important to monitor glucose level until the normalization
of thyroid function under antithyroid drug treatment and also
thyroid hormones level in case of a severe glycemic imbalance.
In patients with insulin-dependent DM it is often necessary to
increase insulin doses when Graves’ disease is diagnosed and
step-down titration of insulin after the antithyroid drug treatment
is initiated [19]. All therapeutic strategies in Graves’ disease can
impair glucose homeostasis.
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° Methimazole, first-line therapy in Graves’ disease,
can infrequently induce insulin autoimmune syndrome and
consequently hypoglycemia [17].

° Corticotherapy used in treatment of thyroid storm and
Graves ophthalmopathy leads to hyperglycemia and therefore
can unmask latent diabetes. In this case, it is recommended to
initiate insulin therapy and to increase insulin doses when severe
hyperglycemia occurs [23].

° Betablockers, utilized in the management of tachycardia
in hyperthyroid patients, can alter some of the symptoms
of hypoglycemia by masking alarm adrenergic signs such as
palpitations, tremors and sweats. Moreover, by acting on muscular
and hepatic level, B2 selective betablockers inhibit glycogenolysis,
preventing thereby the correction of hypoglycemia [24]. Treatment
with antithyroid drugs in Graves’ disease is maintained up to 12-18
months and then is stopped to verify the possibility of remission.
In case of Graves’ disease recurrence, surgery is recommended
(total/partial thyroidectomy) or radioiodine therapy, followed by
substitution therapy with levothyroxine (LT4) [16].

. Radioactive lodine it is accumulated not only in the
thyroid tissue but also in others organs including the pancreas.
Immunohistochemical studies have shown an increased
expression of Sodium/lodine cotransporter in Langerhans
cells leading to local injury of the 3 pancreatic cells under the
influence of radioactive iodine-derived ROS. These ROS, mainly
H202, activate uncoupling protein-2, decrease mitochondrial ATP
production and this way inhibits glucose-induced insulin secretion
[25]. However, Kiani et al. showed that radioiodine therapy (5-
13 mCi) does not affect IR nor glucose tolerance in patients with
Graves’ disease [26]. It seems that the presence of thyroid tissue
limits the accumulation of radioactive iodine in the pancreas, thus
the alteration in glucose tolerance and even the development of
type 2 DM appears particularly in patients who prior suffered a

thyroidectomy [27].

° Thyroidectomy - it is well known that surgical removal
of thyroid gland in patients with DM and hyperthyroidism has
positive effects on restoring the glucose tolerance [8].

° Levothyroxine, according to one study which involved
patients with DM and subclinical hypothyroidism, decreases
fasting blood glucose level, postprandial glucose level and HbA1C
with nearly 0.8% [28]. Oral antidiabetic drugs can influence on
their own thyroid hormones’ function and clinical manifestations
of Graves’ disease, mostly Graves’ ophthalmopathy.

o Metformin reduces thyroid volume and increases
glucagon-like peptide-1 (GLP-1) levels, promoting proliferation
of orbital adipocytes [4,10]. A special attention must be paid in
patients with levothyroxine substitution, in which metformin
decreases TSH levels without affecting FT3 and FT4 levels [29].
These effects can be beneficial in patients with diabetes mellitus

and treatment-refractory hypothyroidism (high TSH levels
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despite the therapy with LT4). The simultaneous administration
of metformin and levothyroxine should be avoided because of its
effect on reducing LT4 absorption [5]. Studies have indicated that
metformin inhibits iodine uptake by thyroid cells and thus may
limit the effectiveness of radioiodine treatment [30]. Concerning
the influence of biguanides on Graves’ ophthalmopathy evolution,
a recent in vitro study has revealed a potential therapeutic effect
of metformin by inhibiting adipogenesis, synthesis of hyaluronic
acid and production of proinflammatory molecules in orbital
fibroblasts [31].

. Old sulfonylureas can cause enlargement of thyroid
gland and inhibit thyroid hormone synthesis [1].

. Thiazolidinediones promote adipogenesis, increase
retroocular adipose tissue and enhance the expression of TSH
receptor in orbital preadipocytes and fibroblasts [32]. Pioglitazone
reduces FT4 concentration with secondary increase in TSH level
and can lead to orbital edema by increasing IGF-1 [33].

Conclusion

Graves’
prevalence being higher in T1DM patients. On the other hand,

disease is frequently associated with DM, its

Graves’ ophtalmopathy is more common and more severe in
T2DM patients. Thyroid dysfunction screening is important in DM
patients in order to prevent the possible diabetic complications
caused by inadequate hormonal activity, but also to decrease the
cumulative cardiovascular risk. The hyperthyroidism interferes
with carbohydrate metabolism through thyroid hormones
action on several levels, leading to insulin resistance and glucose
intolerance in the end. The management of Graves’ disease in
DM patients is bidirectional and it is based on thyrovigilance
and glucovigilance. Patients with diabetes may need high doses
of insulin until their thyroid function returns to normal, in
Graves’ disease context. On the other hand, therapeutic strategies
addressed in Graves’ disease can influence carbohydrate
homeostasis. Methimazole, the treatment of choice for Graves’
disease rarely induces hypoglycemia, while betablockers can lead
to masked hypoglycemia. Additionally, oral antidiabetic drugs used
to achieve good glycemic control can influence thyroid hormones
and clinical signs of Graves’ disease, especially the ophtalmopathy.
Therefore, the management of patients with Graves’ disease
associated with DM is complex, including aspects related to
diagnosis, clinical manifestations, laboratory test results and
finally choosing the best therapeutic approach with bidirectional
positive effects.
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