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Abstract
Due to the presence of contradictory results about the effect of dopamine on the synthesis and secretion of thyroid hormones, 

as well as the absence of this information in clinically healthy individuals, we were interested in studying this problem in permanent 
residents of the Arctic territories, which are characterized by high thyroid activity and dopamine content. The aim of this work was 
to study the hormone levels of hypothalamic–pituitary–thyroid axis (HPTA) under the different levels of dopamine in the blood of 
permanent residents of the Arctic territories.

Materials and Methods: We examined 316 healthy individuals (the indigenous population, mestizos, and the local Russian 
population) born and permanently residing in the territories of the Russian Arctic zone. The examined participants were divided 
into 3 groups: Group 1 with undetectable levels of dopamine in the blood (0 nmol/l); Group 2 with reference levels of dopamine 
(<0.653 nmol/l); and Group 3 with increased levels of dopamine (>0.653 nmol/l). The serum levels of TSH, T4, free T4, T3, and 
free T3, and the plasma dopamine level were determined by enzyme immunoassay. The plasma cAMP level was determined by 
radioimmunoassay.

Results: In individuals of Group 1, there was a decrease in the activity of  hypothalamic–pituitary–thyroid axis (HTPA) and 
the peripheral conversion of iodothyronines compared with persons with reference or increased dopamine levels. In individuals 
of Groups 2 and 3, we found an increase in the activity of HTPA with an increase in the blood level of dopamine. The absence 
of the inhibitory effect of high levels of dopamine on HPTA hormones in the examined individuals may be a compensatory-
adaptive response of the body under the conditions of permanently acting extreme factors of the North. (International Journal of 
Biomedicine. 2019;9(1):43-47.)
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Introduction
Numerous studies have shown that the activity of 

the sympathoadrenal system increases under adaptation of the 

body to the cold, which is especially important for people living 
in extreme conditions of high latitudes.(1,2) Thus, K. Harinath 
and colleagues(2) studied the role of the autonomic nervous 
system and adrenal system in acclimatization to cold in tropical 
men during short or prolonged sojourns at Antarctica. The study 
was carried out on volunteers of the winter over team (WOT) 
and summer team (ST) of an Indian Antarctic Expedition. This 
study suggested that Antarctic residency during austral summer 
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resulted in gradual attenuation of sympathetic tone and a shift of 
autonomic balance toward the parasympathetic side. However, 
WOT members showed a predominance of sympathetic 
and adrenal activity compared with initial responses of ST 
members, suggesting deconditioning or possible resetting of the 
autonomic nervous system. 

Most studies indicate the presence of a dopamine 
inhibitory effect on the secretion of thyroid hormones 
by changing the secretion of thyroliberin through the D2 
receptors in the striatum, or on the secretion of TSH through 
the D2 receptors of thyrotropic cells, or by activating the 
dopamine receptors of thyroid cells.(3-7) Information about the 
stimulating effects of catecholamines, especially dopamine, 
on the synthesis of iodothyronines in modern literature is 
not enough,(8) although early studies have shown the direct 
stimulating effect of both sympathetic stimuli and exogenous 
catecholamines, including dopamine, on the synthesis and 
secretion of iodothyronines.(9)

Due to the presence of contradictory results about the 
effect of dopamine on the synthesis and secretion of thyroid 
hormones, as well as the absence of this information in 
clinically healthy individuals, we were interested in studying 
this problem in permanent residents of the Arctic territories, 
which are characterized by high thyroid activity and dopamine 
content.(10) Elucidation of the relationship between dopamine 
levels and the HPTA activity in the inhabitants of the Arctic 
territories will contribute to the development of human 
ecological physiology, as well as preventive medicine, to 
preserve the health of the population of the North.

The aim of this work was to study the hormone levels of 
HPTA under the different levels of dopamine in the blood of 
permanent residents of the Arctic territories.

Materials and Methods
An analytical cross-sectional uncontrolled study was 

conducted in the territories of the Russian Arctic zone in the 
period of increasing daylight hours (March). We examined 
permanent residents (110 men and 206 women between 22 
and 65 years): the indigenous population (the Nenets and 
the Komi), mestizos, and the local Russian population that 
had been living in the North for at least 3 generations. The 
examined participants were divided into 3 groups: Group 1 
included 11 men and 45 women with undetectable levels of 
dopamine in the blood (0 nmol/l); Group 2 included 70 men 
and 128 women with reference levels of dopamine (<0.653 
nmol/l); and Group 3 included 29 men and 33 women with 
increased levels of dopamine (>0.653 nmol/l). The mean age 
of subjects in groups was 45.4±1.5, 45.5±0.9 and 45.1±1.5 
years, respectively. At the time of the survey, subjects did not 
have a registered endocrine pathology and exacerbations of 
chronic diseases.

The study was conducted in accordance with the ethical 
principles stated in Declaration of Helsinki of 1964 (revised 
in Seoul in 2008). The study was approved by the Ethics 
Committee of N. Laverov Federal Center for Integrated Arctic 
Research. Written informed consent was obtained from all 
participants.

Blood samples (5 ml) were obtained from the ulnar 
vein on an empty stomach between 8:00 and 10.00 a.m. in 
IMPROVACUTER’ Evacuated Blood Collection Tubes. 
On 1-plate fully automated ELISA analyzer (Elisys Uno, 
Germany), the serum levels of TSH, T4, fT4, T3, and fT3 
(using test kits from Alkor-Bio, Russia), and the plasma 
dopamine level (using test kits from LDN, Germany), were 
determined by enzyme immunoassay. The plasma cAMP 
level was determined by radioimmunoassay on the ARIAN 
device (Vitaco, Russia) using RIA kits “Immunotech” (Czech 
Republic).

Statistical analysis was performed using the statistical 
software «STATISTICA 10». The normality of distribution 
of continuous variables was tested by Shapiro-Wilk’s W test. 
Median (Me), the 95% confidence interval (95% CI), and 
percentage deviations from reference value were calculated. 
Spearman’s rank correlation coefficient (rs) was calculated to 
measure the strength and direction of the relationship between 
two variables. A probability value of P<0.05 was considered 
statistically significant. 

Results
Most of the examined individuals, both men and women, 

had dopamine levels within the reference values (64% and 
62%, respectively). Undetectable levels of dopamine were 
recorded twice as often in women than in men (22% versus 
10%, respectively, P=0.01). 

The increased levels of dopamine were detected in 26% 
of men and 16% of women. Analyzing the content of the 
HPTA hormones in the examined individuals with different 
concentrations of blood dopamine (Table 1), we found that 
both men and women of Group 1, compared to other groups, 
were characterized by minimum levels of TSH, T4, fT3, 
cAMP, and the fT3/fT4 ratio against the background of the 
maximum levels of fT4. A decrease in cAMP levels was 
especially pronounced. Thus, cAMP levels were lower than 
the normative levels in 57% of men and 61% of women of 
Group 1.

In persons of Group 2, the levels of TSH, T4, fT3, 
cAMP, and the fT3/fT4 ratio were higher, and the fT4 level was 
lower compared to Group 1. Interesting features were noted 
regarding the cAMP content in Group 2, taking into account 
the gender aspect. It turned out that the percentage of people 
with low cAMP levels was higher among women than among 
men (27% and 12%, P=0.042). At the same time, the levels of 
thyroid hormones, TSH and cAMP did not significantly differ 
in Groups 2 and 3, with the exception of the fT3/fT4 ratio. The 
analysis showed a statistically significant increase in the fT3/
fT4 ratio, with increasing dopamine values in both men and 
women. 

In Group 3, regardless of gender, we found an increase 
in the proportion of individuals with elevated values of 
fT3 and cAMP, compared with Group 2, (25% versus 13% 
and 18% versus 3%, respectively, P<0.05 in both cases). 
Correlation analysis revealed the presence of a significant 
negative relationship between increased levels of dopamine 
and fT4 levels in women (rs=-0.427; P=0.019).
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Discussion
Previous research has shown substantial seasonal changes 

in thyroid hormone activity among residents and sojourners 
to high latitudes.(11) In a series of studies among sojourners 
to Antarctica, Reed et al.(12-14) identified a constellation of 
physiological changes in response to severe cold exposure 
and reduced photoperiod. This cluster of responses, known as 
the “polar T3 syndrome,” is associated with increased rates 
of production and clearance of T3, the active form of thyroid 
hormone, and T4, generally leading to reduced circulating 
levels of fT3 and fT4.(13-15) N.V. Do et al.(16) demonstrated 
that the adaptive changes in thyroid hormone economy with 
Antarctic residence reflect TSH dependent changes in thyroid 
synthetic activity, which may help explain a portion of the 
increases in T3 production found with Antarctic residence.

Research conducted in northern Europe, however, 
documents greater variability in seasonal changes in thyroid 
function, demonstrating both winter increases and decreases 
in fT3 and fT4.(17-18) Levy et al.(11) showed that the indigenous 
Yakut of northeastern Siberia experience marked seasonal 
changes in thyroid function. The marked declines in both 
fT3 and fT4 in Yakut men and women suggest an enhanced 
capacity to increase metabolic heat production during the 
severe winter cold.  

Dopamine, a potent regulator of TSH secretion, can 
suppress TSH secretion in vivo(19) and in vitro.(20,21) The 

numerous studies show that the levels of thyroid hormones 
follow dopamine levels.(22,23)

The results of our study indicate parallel changes in 
the blood levels of dopamine and HPTA hormones in healthy 
people living in the Arctic territories. The absence of the 
inhibitory effect of high levels of dopamine on HPTA hormones 
in the examined individuals may be a compensatory-adaptive 
response of the body under the conditions of permanently 
acting extreme factors of the North.

Analysis of iodothyronines, their ratios and TSH in 
individuals with different blood levels of dopamine showed 
that in both men and women the most critical factor for 
thyroid activity and peripheral conversion of iodothyronines 
is undetectable levels of dopamine, which is confirmed by low 
cAMP levels, indicating a slowing down of the intracellular 
processes of synthesis of biologically active substances. It 
can be concluded that undetectable levels of dopamine in 
peripheral blood correlates with a lower activity of HPTA 
and peripheral conversion of iodothyronines, which can be an 
indicator of metabolic disturbances and a decline in overall 
well-being in conditions of iodine deficiency in the diet. Thus, 
the high frequency of undetectable blood dopamine levels 
among the female population may be a criterion for the risk of 
developing various somatic and psychological disorders.

Higher values of iodothyronines, cAMP and fT3/fT4 
ratio in individuals with reference blood dopamine levels, 
compared with those with undetectable levels, may indicate 

Table 1.

The content of the HPTA hormones and cAMP in the examined individuals with different concentrations of blood dopamine 

Variable

Men Women

P-value

Group 1 Group 2 Group 3 Group 1 Group 2 Group 3

Me
95%CI 

Me
95%CI

Me
95%CI

Me
95%CI 

Me
95%CI

Me
95%CI

1 2 3 4 5 6

Dopamine, 
nmol/l

0
 (0; 0)

0.43
 (0.37; 0.46)

0.77
 (0.74; 0.88)

0
 (0; 0)

0.36
 (0.33; 0.41)

0.78
 (0.75; 0.89)

P1-2; 1-3; 2-3< 0.001 
P4-5; 4-6; 5-6< 0.001

TSH,
μIU/l

1.2
 (0.9; 2.4)

2.0
 (1.7; 2.4)

2.2
 (1.6; 2.7)

1.6
 (1.3; 2.1)

2.5
(2.1; 2.9)

2.3
 (1.5; 2.5)

P1-3= 0.041
P4-5= 0.006

T4,
nmol/l

79.7
 (74.6; 105.7)

104.2
 (96.7; 113.2)

105.3
 (93.1; 112.3)

105.9
 (101.6; 110.4)

107.5
 (105.2; 110.6)

113.3
 (108.5; 122.7)

P1-2= 0.039;  P1-3= 0.022
P4-6= 0.045;  P1-4= 0.034
P2-5= 0.044;  P3-6= 0.040

fT4,
pmol/l

15.5
 (12.5; 18.7)

14.5
 (13.6; 15.4)

13.7
 (12.8; 15.2)

15.2
 (14.5; 16.5)

14.3
 (13.8; 14.7)

13.5
 (12.8; 14.3)

P4-5= 0.002
P4-6= 0.003

T3,
nmol/l

1.5
 (1.3; 1.9)

1.7
 (1.5; 1.8)

1.6
 (1.3; 1.8)

1.7
 (1.4; 1.9)

1.7
 (1.5; 1.9)

1.6
 (1.4; 2.2) P > 0.05

fT3,
pmol/l

4.8
(3.9; 5.6)

5.6
 (5.4;5.8)

5.9
 (5.4; 6.3)

4.3
 (3.9; 4.7)

5.4
 (5.2; 5.6)

5.5
 (5.1; 5.9)

P1-2= 0.002;  P1-3= 0.002
P4-5< 0.001;  P4-6< 0.001

cAMP, 
nmol/l

14.5
 (11.8; 43.1)

22.1
 (20.3; 23.9)

24.1
 (19.0; 28.8)

15.3
 (12.5; 19.4)

21.5
 (18.4; 23.9)

22.6
 (12.1; 30.4)

P1-2= 0.049;  P1-3= 0.048
P4-5< 0.001;  P4-6= 0.026

fT3/fT4 16.7
 (8.3; 19.6)

10.8
 (7.5; 10.8)

12.5
 (6.8; 13.4)

12.4
 (8.0; 15.9)

7.9
 (6.3; 8.4)

8.2
 (7.4; 14.9) P4-5= 0.020

(fT3+fT4)
    TSH

0.27
 (0.25; 0.37)

0.39
 (0.36; 0.39)

0.51
 (0.35; 0.51)

0.27
 (0.24; 0.29)

0.39
 (0.37; 0.41)

0.41
 (0.36; 0.44)

P1-2; 4-5; 4-6 < 0.001
P1-3= 0.004;  P2-3= 0.04
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the stimulating effects of dopamine on the HPTA activity(24) 
and peripheral conversion of iodothyronines(25) at the reference 
dopamine values. MJ Obregon and colleagues(25) studied the 
direct effects of catecholamines on the activity of the type II 
iodothyronine 5'-deiodinase in dispersed rat brown adipocytes. 
Incubation with norepinephrine or phenylephrine for 3-4 h 
causes up to a 5-fold increase in deiodinase activity in these 
cells. At the same time, higher TSH levels in people with 
reference dopamine levels may be due to the adverse climatic 
factors causing both the activation of the sympathoadrenal 
system and the increased HPTA activity.(1,26) 

In addition, there may be an opposite effect 
associated with the stimulation of synthesis and secretion 
of catecholamines by thyroid gland hormones.(27) It should 
be noted that increased levels of dopamine in the identified 
ranges, as well as its reference values, are associated with 
activation of HTPA, namely, an increase in T4 production and 
its conversion to more biologically active fT3, compared with 
the undetectable values of dopamine. Increased cAMP levels 
may also be an indirect sign of the activation of intracellular 
mechanisms by dopamine or TSH.(28)

Thus, the example of healthy individuals born and 
permanently residing in the territories of the Russian Arctic 
zone, regardless of gender, shows an increase in the activity 
of HTPA with an increase in the blood level of dopamine. 
In individuals with undetectable dopamine values, there is a 
decrease in the activity of HTPA and the peripheral conversion 
of iodothyronines compared with persons with reference or 
increased dopamine levels. The absence of the inhibitory 
effect of high levels of dopamine on HPTA hormones in 
the examined individuals may be a compensatory-adaptive 
response of the body under the conditions of permanently 
acting extreme factors of the North.
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