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ABSTRACT

Thyroid gland dysfunction is a risk factor for development of cardiovascular diseases. From all types of thyroid
gland dysfunction hypothyroidism is the most common. Increasing of thyroid-stimulating hormone level can
influence the clinical course of chronic heart failure (CHF) because of its extrathyroid effects - namely - influence on
lipide metabolism, endothelial function of vessels and blood pressure. Also CHF itself can make negative impact on
a thyroid gland functioning, therefore pathophysiological "vicious circle" is formed. Manifest hypothyroidism is
associated with an increased risk of general and cardiovascular mortality and frequency of hospitalizations of CHF
patients. Association between subclinical hypothyroidism and heart failure is less studied. Figuring out the
mechanisms of influence of thyroid gland hypofunction on systolic and diastolic function of myocardium may be
important for effective treatment of heart failure and improvement of clinical outcomes.

MeSH words: heart failure; hypothyroidism; thyroid-stimulating hormone (TSH); review.

INTRODUCTION

The prevalence of heart failure (HF) in developed countries
is 1-2% among the adult population, increasing to 10% or
more among people over 70 years old:. Among people
over 65 years old with newly diagnosed dyspnea during
exercise, every sixth person is diagnosed with heart failure,
mainly with preserved left ventricular ejection fraction (LV
EF). The risk of HF at age 55 is 55% for men and 28% for
women?. Recent data from pilot studies of the European
Society of Cardiology on HF show that the mortality rate
over a 12-month period from all causes for hospitalized
patients with HF is 17%, and for outpatients with HF 7%,
and hospitalization rates are 44% and 32% respectively.
Most of the deaths in patients with HF (both hospitalized
and outpatient) are associated with cardiovascular causes,
mainly due to sudden cardiac death and worsening of HF2.
According to the epidemiological study EPOCH-CHF,
conducted in the Russian Federation, the prevalence of
chronic heart failure (CHF) I-IVfunctional class in 2002 was
7% (7.9 million people). At the same time, the prevalence
of CHF in the population is growing by an average of 1.2
people per 1000 population per year. The one-year
mortality rate of patients with clinically expressed CHF
reaches 12%, i.e. in one year in the Russian Federation, up
to 612 thousand patients with CHF die [3]. A number of
studies have noted that the survival rate of patients with
newly diagnosed CHF is 63% in the first year and 35%
within 5 years [4]. Thus, CHF is one of the main causes of
hospitalization and mortality.

The pathogenesis of HF is very complex and
poorly understood. The activation of neuroendocrine
mechanisms plays an important role in the progression of
HF>8. Hypothyroidism, defined as an increase in thyroid-
stimulating hormone (TSH) levels with a reduced level of
triiodothyronine (T3) and thyroxine (T4), is widespread in
the general population”. A review by Wickham showed that
the incidence of overt hypothyroidism is 4.1 per 1000 per
year for women and 0.6 per 1000 per year for men, and the
overall prevalence is 14-19 per 1000 for women and less
than 1 per 1000 for men. The same study showed that the
prevalence of subclinical hypothyroidism (SCH) is 75 per
1000 for women and 28 per 1000 for men. They can
develop a manifest form of hypothyroidism with a frequency
of about 2-5% per year®.

Dysfunction of the thyroid gland (TG) is a risk
factor for the development of a number of cardiovascular
diseases (CVD)%13. A growing number of studies indicate
that thyroid hormones (TH) have a significant effect on the
cardiovascular system (CVS): myocardial contractility, heart
rate, diastolic heart function, systemic vascular resistance
(SVR), blood pressure (BP)%10.23, Moreover, they interact
with the sympathetic nervous system, the renin-
angiotensin-aldosterone system, indirectly affecting the
heart and vascular function. Accordingly, hypothyroidism
can have an adverse effect on the course of CVD*. SCH
can also act as one of the risk factors for CVD, increasing
the SVR, increasing the stiffness of the vascular wall and
contributing to the development of endothelial
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dysfunction'®!l, SCH can worsen age-related changes in
the myocardium, which leads to an increased risk of
progression of HF, and may also represent an independent
risk factor for the development and progression of HF,
including CHF!. Long-term manifest or SCH can affect
lipid metabolism, contributing to an increase in blood low
density lipoproteins (LDL) and B-apolipoproteins.
Moreover, it can have a negative effect on other risk factors
for atherothrombotic diseases: the level of C-reactive
protein and homocysteine in the blood plasma, vascular
endothelial function, blood pressure and coagulation
parameters. Manifest hypothyroidism is usually detected
promptly and corrected by the administration of
levothyroxine, however, studies of its relationship to
cardiovascular risk are mostly single-stage and using a
small number of patients. SCH is not only more common
than manifest, but also remains untreated for a long period
of time. This, in turn, may increase cardiovascular risk, as
shown in some studies?’.

The American College of Cardiology and the
American Heart Association recommend testing thyroid
function in patients with HF, especially the TSH level, in
order to identify hypothyroidism as a major or predisposing
factor in the development of HF'€. TSH levels are likely to
influence the course of HF, as it has been found to have
"extrathyroid" effects. TSH can stimulate the production of
interleukin-6 (IL-6) and tumor necrosis factor (TNF) in vitro,
and may be involved in the regulation of vascular function
by increasing nitrogenous acid metabolites in the body A
possible link between an increase in TSH levels and
inflammation, as well as oxidative stress, has been
suggested?®.

Interest in the role of triglycerides in the development
of HF has been increasing recently, mainly due to two
reasons: growing evidence of the physiological and
homeostatic effects of triglycerides on the CVS; the
emergence of evidence that altered TH metabolism affects
CVS as a strong predictive marker of heart disease,
especially in the presence of HF [20]. Experimental studies
show that hypothyroidism contributes to impaired LV
diastolic function by slowing down myocardial relaxation
and decreasing ventricular filling. There is also a
dysfunction of LV systolic function, both at rest and during
exercise?!. In addition to the adverse effects of thyroid
hormone deficiency on the onset and progression of CHF,
HF itself can have a negative effect on thyroid function,
resulting in the formation of a pathophysiological "vicious
circle" involving thyroid hypofunction, leading to many
clinical manifestations of HF, including electrical instability
of the myocardium. Accordingly, the interruption of this
pathophysiological chain may be important for the effective
treatment of HF?2-23,

In 2012 B. Gencer et al. revealed an increased risk of
HF progression in patients with hypothyroidism*2. However,
only a small number of studies have been devoted to
studying the effect of hypothyroidism on overall mortality in
patients with CVD and, in particular, with CHF. Some
studies have described an increased risk of all-cause
mortality in patients with a combination of CHF and
hypothyroidism*926, while others have not?’. In addition, in
most studies, the number of patients with hypothyroidism
was small. Thus, the relationship between hypothyroidism

and clinical outcomes in patients with CHF remains poorly
understood. In 2015, Ning et al. conducted a meta-analysis
[20], the aim of which was to identify the relationship
between hypothyroidism and mortality (general and
cardiovascular) and / or hospital admissions due to
worsening CVD. The meta-analysis included 13 studies
that included 20446 patients (of which 2306 patients with
hypothyroidism). The incidence of hypothyroidism
averaged 11.4% (ranged from 4-24%). The analysis
demonstrated that hypothyroidism is associated with a
significant increase in the risk of all-cause mortality,
cardiovascular mortality, and hospital admissions for
patients with HF. In addition, this association persisted after
excluding patients who initially used TH or amiodarone in
therapy.

There is conflicting evidence on the effect of SCH on
mortality. In 2008, Razvi et al®® and in 2007 Ochs et al®®
found that the overall mortality rate is higher in the group of
patients with SCH compared with euthyroid patients.
However, a 2010 meta-analysis by Rodondi et al. Indicates
a slight increase in the risk of all-cause mortality in patients
with SCH®. lervasi et al. (2007) found an increase in
mortality, especially from ischemic heart disease, in
patients with SCH and CVD compared with euthyroid
patients. These findings can be explained by the fact that
TH play an important role in the regulation of myocyte
morphology, metabolism, function and cellular response to
stress, increasing the heart's tolerance to ischemia.

In a 2018 Kevin Ro et al studied the relationship of
thyroid status, as measured by plasma TSH, with the risk of
hospitalization among patients receiving care at a large
university health care center in 1990-2015. Thyroid status
was classified as either hypothyroidism or euthyroidism
(TSH> 4.7 versus 0.3-4.7 mlU / L, respectively). The
relationship between thyroid status and hospitalization risk
stratified by cardiovascular status was studied using
multivariate Cox models. Among the 52,856 patients who
met the eligibility criteria, 49,791 (94.2%) had euthyroidism
and 3065 (5.8%) had hypothyroidism. In analyzes stratified
by congestive HF status compared with euthyroidism,
hypothyroidism was associated with a higher risk of
hospitalization in individuals with CHF, but a slightly lower
risk in individuals without CHF (adjusted hazard ratio [aHR]
=1, 86 [confidence interval (Cl) 1.17-2.94] and RR = 0.95
[Cl 0.92-0.99], respectively; p=0.006). Thus, the authors
concluded that hypothyroidism is associated with a higher
risk of hospitalization among patients with concomitant
cardiovascular diseases and further research is needed to
determine whether correction of thyroid status with
hormone replacement therapy improves the risk of
hospitalization in this populations.

Also Penn Heart Failure Study by Lakshmi Kannan et
al (2018) is requiring attention. In a large cohort of
outpatients (1365 participants) with preexisting heart
failure, the prevalence of thyroid dysfunction and its
association with cardiovascular outcomes, the association
between thyroid dysfunction and NYHA functional HF
class, atrial fibrillation, and composite endpoint of
placement of a left ventricular assist device, heart
transplantation or death were examined. heart transplant or
death. The median age of the subjects was 57.35% were
women, and most of them had NYHA class Il (45%) or Il
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(32%). The study reflects that more severe HF is
associated with higher TSH concentrations, higher free
thyroxine (FT4) and lower total triiodothyronine (TT3)
concentrations (P <0.001 in all models). Atrial fibrillation
was positively associated only with higher levels of FT4
(P<0.01 for all models). In adjusted models, subclinical
hypothyroidism compared with euthyroidism (TSH 4.51-
19.99 mlU / L with normal FT4) was associated with an
increased risk of the combined endpoint (HR 1.82; 95% C,
1.27-2.61; R = 0.001) and in the subgroup with TSH 27.00
miU / L (HR 3.25; 95% Di, 1.96-5.39; P <0.001). An
isolated low T3 was also associated with a composite
endpoint (HR 2.12; 95% CI 1.65-2.72; P <0.001). In
patients with preexisting HF, subclinical hypothyroidism
with TSH 27 mIlU / L and an isolated low T3 level is
associated with a poor prognosis. Clinical trials are needed
to investigate the therapeutic effects of T4 and T3
administration in patients with heart failure [32].

The analysis of the literature suggests that
hypothyroidism in manifest or subclinical forms is quite
common among the comorbidities that can affect the
prognosis of HF [33-35]. The differences in these groups of
patients in terms of overall mortality can be explained by
the heterogeneity of the groups by sex, age, degree of TSH
level change and duration of follow-up.

Thus, further research is needed to assess the effect
of SCH on the clinical course of HF using well-developed
patient sampling criteria.
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