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n recent years, much attention has been 
paid to thyroid diseases, in particular, to 
a condition such as hypothyroidism. The 

peculiarity of hypothyroidism lies in the 
prevalence of it as a manifesting form, and 
subclinical and in a rather long latent period 
associated with a large number of masks 
under which it flows. The thyroid gland is 
regulated by the pituitary gland through thy-
roid-stimulating hormone (TSH), which ris-
es with primary hypothyroidism. TSH is 
produced by the anterior pituitary gland 
(adenohypophysis) and regulates the syn-
thesis and output of thyroid hormones by 

the type of negative feedback. In addition, 
TSH can have another effect on the human 
body. 

Purpose: to present the results of some 
works demonstrating the mechanisms of 
the action of thyroid-stimulating hormone 
on the processes of regulation of carbohy-
drate metabolism, as well as its relationship 
with an increase in body weight. 

Discussion 
Numerous epidemiological and experi-

mental studies have shown a relationship 
between serum TSH and glucose abnor-
malities [8, 25]. 

Objective: to present the results of some works demonstrating the 

mechanisms of the action of thyroid-stimulating hormone on the process-

es of regulation of carbohydrate metabolism, as well as its correlation 

with weight gain.  

Results. A decrease in the level of thyroid hormones has an effect on the 
liver, thus causing changes in carbohydrate metabolism, for example, as 
insulin antagonists by increasing the expression of the glucose trans-
porter type 2. An increase in the concentration of thyroid-stimulating 
hormone is associated with a risk of lipid and carbohydrate metabolism 
disorders and therefore, increased chances of developing metabolic syn-
drome, diabetes mellitus and other disorders of carbohydrate metabo-
lism. 
Conclusion. All this shows the importance of the problem of combined 
diabetes mellitus and thyroid diseases, in particular hypothyroidism. 
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Studies show that fasting plasma glu-
cose levels are supported by gluconeogen-
esis and glycogenolysis [28].  

It should be noted that the liver plays a 
crucial role in maintaining systemic glucose 
homeostasis [9, 45], participating in gluco-
neogenesis [47]. After eating, the liver in-
creases glucose uptake and turns glucose 
into glycogen and lipids. During periods of 
short-term fasting, the liver produces and 
releases glucose, mainly due to gly-
cogenolysis. During prolonged fasting, gly-
cogen is depleted, and hepatocytes syn-
thesize glucose through gluconeogenesis 
using lactate, pyruvate, glycerol, and amino 
acids [45]. A large number of studies have 
shown that thyroid hormones affect gluco-
neogenesis, glycogen metabolism and the 
transmission of an insulin signal through 
exposure to certain genes of hepatocytes. 
An example of such an effect is gluconeo-
genesis enzymes: pyruvate carboxylase 
and phosphoenolpyruvate carboxy kinase. 

A key aspect of controlling gluconeo-
genesis of the liver is the transcriptional 
regulation of genes encoding enzymes that 
control the speed of processes, including 
the catalytic subunit of glucose-6-
phosphatase (G6Pase encoded by the 
G6PC gene) and cytosolic phosphoenolpy-
ruvate carboxykinase (PEPCK encoded 
PCK1) [34]. In mitochondria, pyruvate un-
der the influence of pyruvate carboxylase is 
carboxylated with the formation of oxalo-
acetate [49]. PEPCK promotes decarboxy-
lation of oxaloacetate to phosphoenolpy-
ruvate, which is the target for triiodothyro-
nine (T3). Moreover, T3 causes increased 
expression of glucose-6-phosphatase 
mRNA, the final enzyme of gluconeogene-
sis and glycogenolysis. G6Pase hydrolyzes 
glucose-6-phosphate into free glucose and 
inorganic phosphate at the final stage of 
glucose synthesis and neogluconeogenesis 
[11, 32].   

There is evidence that thyroid hormones 
reduce the expression of matrix ribonuclein 
acid (mRNA) of protein kinase B, serine-
threonine kinase, a product of the AKT2 
gene, a key molecule involved in the 
transmission of an insulin signal [15]. AKT2 
is involved in the synthesis of glycogen in 
the liver through the inhibition of glycogen 

synthase kinase-3, which leads to the acti-
vation of glycogen synthase. 

Thus, a decrease in AKT2 activity, which 
in turn leads to a decrease in glycogen syn-
thesis, is an example of the effect of thyroid 
hormones on the liver as antagonists of in-
sulin. Induction of β2-adrenergic receptor 
mRNA and suppression RNA of G protein 
inhibiting (Gi) of adenylate cyclase [15], 
under the influence of thyroid hormones, 
leads to potentiation of the glycogenolytic 
and gluconeogenic effects of adrenaline 
and glucagon. Another example of the ef-
fect of thyroid hormones on the liver as in-
sulin antagonists is an increase in the ex-
pression of the glucose transporter type 2 
(GLUT2) [48], which leads to an increase in 
the release of glucose from the liver to the 
blood. Studies have been conducted in 
which an increase in blood glucose levels 
on an empty stomach and glucose produc-
tion against a background of subclinical 
hypothyroidism (SH) was observed. SH is a 
condition in which there is an increase in 
TSH, but the level of free thyroxine (T4) is 
in the normal range [17]. Despite the fact 
that the relationship between hypertension 
and glucose metabolism is controversial, a 
number of scientific studies have shown 
that the coexistence of hypertension and 
type 2 diabetes is quite common [10, 35, 
40]. In addition, it was reported that treat-
ment with L-T4 in patients with hyperten-
sion significantly reduces the level of gly-
cated hemoglobin, fasting glucose and af-
ter eating, and also increases insulin sensi-
tivity [8, 44]. 

Studies have also been conducted that 
indicate that blocking TSH receptors leads 
to a decrease in glucose [46]. These data 
indicate that TSH can play an important 
role in glucose metabolism. However, the 
molecular mechanism by which TSH af-
fects the level of circulating glucose has not 
been fully elucidated. 

Epidemiological data showed that an in-
crease in TSH is associated with hyperin-
sulinemia and insulin resistance [6, 16, 26, 
36]. Thus, TSH can help increase the level 
of glucose in the blood using several 
mechanisms. 

TSH acts via the classical pathway cyclic 
adenosine monophosphate (cAMP) / pro-
tein kinase A (PKA), and the cAMP re-
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sponse element-binding protein (CREB) 
coactivator (CREB-regulated transcription 
coactivator 2 - CRTC2) regulates glucose 
homeostasis. TSH increases CRTC2 ex-
pression through the TSH / cAMP / PKA 
pathway, which in turn regulates gluconeo-
genic liver genes. TSH stimulates the 
dephosphorylation of CRTC2, activating 
CRTC2 via the TSH / cAMP / PKA pathway 
and leading to the formation of the 
CRTC2:CREB complex, as well as increas-
ing hepatic gluconeogenesis. 

In addition, the effect of T3 on liver glu-
cose metabolism through the hypothala-
mus has been described, regardless of the 
level of plasma hormones that affect car-
bohydrate metabolism [23]. By exerting a 
selective effect on the paraventricular nu-
cleus of the hypothalamus, T3 leads to an 
increase in glucose synthesis and an in-
crease in its release into the blood. 

This effect is realized regardless of the 
concentration of T3, insulin and cortico-
steroids in the blood. The indicated effects 
are realized through sympathetic fibers that 
innervate hepatocytes. 

The decrease in free T4 concentration is 
apparently associated with an increase in 
insulin resistance and the development of 
metabolic syndrome, which contributes to 
an increase in cardiovascular risk [22, 27]. 

In addition to the above mechanisms, an 
increase in TSH level can be associated 
with other characteristics of the patient’s 
condition, such as overweight, which can 
participate in the development and course 
of diabetes mellitus. Obesity is one of the 
manifestations of diabetes mellitus, as well 
as a predictor of general mortality world-
wide [5, 21, 31]. Over the past decades, 
the prevalence and incidence of it has been 
steadily growing [20]. 

Thyroid function also plays an important 
role in food intake [38]. A number of studies 
have been conducted that have shown 
such a relationship. A study by Tiller et al. 
demonstrated a pronounced positive corre-
lation between the concentration of TSH 
and the waist circumference and the ratio 
of the waist circumference to the circum-
ference [42] in a large group of the German 
population. During a Turkish study, a group 
of 111 adolescents with increased body 

weight and 42 healthy subjects presented 
data showing that obese patients had high-
er TSH concentrations that positively corre-
lated with total cholesterol, low density lip-
oprotein cholesterol (LDL), triglycerides 
and fasting insulin concentrations [39]. 

Similar findings were made by Norwe-
gian researchers who, having examined 
the medical records of 30,000 patients 
without concomitant thyroid disease, 
showed that, along with an increase in TSH 
concentration (still within the generally ac-
cepted reference range for the population), 
a statistically significant increase in the 
concentration of total cholesterol, LDL cho-
lesterol, triglycerides and a decrease in the 
concentration of high density lipoprotein 
cholesterol (HDL) [3]. On the other hand, 
Radetti et al. in a retrospective study of 833 
adolescents, it was shown that elevated 
TSH levels in obese adolescents can nega-
tively affect the heart status of patients due 
to higher total cholesterol and higher blood 
pressure [37]. 

Therefore, most researchers agree that 
the higher the concentration of thyrotropin, 
the greater the disruption of carbohydrate 
metabolism (higher glucose concentration 
on an empty stomach and after an oral glu-
cose tolerance test), which is accompanied 
by an increase in cardiovascular risk due to 
increased concentration total cholesterol, 
LDL cholesterol and triglycerides. 

The above studies show the usefulness 
of regular monitoring of thyroid function in 
adults and overweight and obese children 
[24]. 

The results [2] of the study also showed 
that serum TSH within the control range 
was associated with the size of the waist 
circumference. 

Studies on rats were conducted to study 
the association of hypothyroidism with im-
paired carbohydrate metabolism and obesi-
ty. It was found that in rats with hypothy-
roidism, adipocytes and skeletal muscles 
are less sensitive to insulin [12, 13]. The 
insulin resistance detected during hypothy-
roidism can be explained by a violation of 
translocation of the glucose transporter 
type 4 (GLUT-4) [48], a decrease in blood 
flow with respect to tissue glucose extrac-
tion [14], and a violation of the effect of lep-



tin on the hypothalamus [7], an increase in 
the level of circulating free fatty acids [18]. 

A study was conducted of patients who 
underwent thyroidectomy for thyroid can-
cer, they underwent an insulin tolerance 
test against the background of stopping L-
T4 intake, during which insulin resistance 
was revealed [4]. In addition, in earlier 
studies, a decrease in glucose utilization 
revealed by euglycemic hyperinsulinemic 
clamp was demonstrated [18, 41]. The 
same was revealed in women with primary 
hypothyroidism using arteriovenous differ-
ences in postprandial glucose obtained 
from radial artery, veins of subcutaneous 
tissue of the anterior abdominal wall and 
deep vein of the forearm [14]. However, in 
other studies, there was no association be-
tween hypothyroidism and insulin re-
sistance, either using the calculated insulin 
resistance index (Homeostasis Model As-
sessment of Insulin Resistance - HOMA-
IR) [33], which shows sensitivity to fasting 
insulin, or when assessing blood flow in the 
muscles of the forearm, nor when using the 
combination of the latter method with a 
euglycemic hyperinsulinemic clamp [19]. 

In hypothyroidism, insulin secretion can 
be both normal and slightly reduced or in-
creased [29]. Recent data indicate that in-
sulin secretion in hypothyroidism is re-
duced, because after the start of therapy 
with L-T4, the concentration of insulin and 
proinsulin increases significantly [18]. Con-
versely, in hypothyroidism, an increase in 
glucose-induced insulin secretion was de-
tected with its subsequent decrease during 
L-T4 therapy, since beta-cell load decreas-
es with the restoration of euthyroidism [18]. 

In a small number of studies, the HOMA 
index was evaluated, during which insulin 
resistance was detected in case of subclin-
ical hypothyroidism [18, 30], but this was 
not observed in all studies [1, 43]. In those 
studies in which insulin resistance was not 

detected during subclinical hypothyroidism 
[1, 43], the authors found hyperinsulinemia, 
which is the first sign of impaired glucose 
metabolism. E. Maratou et al. [30] found an 
increase in the HOMA index and a de-
crease in the Matsuda index in patients 
with subclinical hypothyroidism, suggesting 
that insulin resistance is determined both 
on an empty stomach and after glucose in-
take. In addition, a decrease in insulin-
stimulated glucose transport into mono-
cytes was detected, which is explained by 
a violation of the GLUT-4 translocation on 
the plasma membrane. 

Conclusion 
A decrease in the level of thyroid hor-

mones affects the liver, causing changes in 
carbohydrate metabolism, for example, as 
insulin antagonists by increasing the ex-
pression of GLUT-2. 

An increase in TSH concentration is as-
sociated with a risk of lipid and carbohy-
drate metabolism disorders and, conse-
quently, an increased likelihood of metabol-
ic syndrome, diabetes mellitus, and other 
disorders of carbohydrate metabolism. 

All this shows the importance of the 
problem of combined diabetes mellitus and 
diseases of the thyroid gland, in particular 
hypothyroidism. 
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