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Wstęp: Postęp niewydolności serca (NS) prowadzi do zmian hormonalnych, w tym zespołu niskiego trójjodotyroniny (ZNT3). (-blokery zmniejszają aktywność deiodinazy, co prowadzi do obniżenia poziomów T3. Można zasugerować, że stosowanie (-blokerów u pacjentów z ZNT3 może wpływać na przebieg choroby.

Celem jest zbadanie wpływu (-blokerów u pacjentów z ZNT3 na przebieg NS.

Materiały i metody: Badaniem objęto 354 pacjentów z NS na tle kardiochirurgii pozawałowej. Spośród nich ZNT3 zdiagnozowano u 89 (25,1%) pacjentów. Określono poziomy hormonu stymulującego tarczycę (TSH), wolnego T3f i T4f oraz odwracalnego T3 (T3r). Wykonano echokardioskopię. Kurs NS badano przez 2 lata.

Wyniki: Częstość występowania ZNT3 u pacjentów z NS wynosi 25,1%. Pacjenci w tej kategorii mają cięższą klasę czynnościową według NYHA, częściej zgłaszane jest migotanie przedsionków, mają one większe poszerzenie ubytków lewego serca i mniejszą kurczliwość mięśnia sercowego, większą częstotliwość ponownej hospitalizacji. Zastosowanie (-blokerów u pacjentów z NS bez ZNT3 prowadzi do prawdopodobnego zmniejszenia częstości hospitalizacji. Natomiast (- blokery u pacjentów z ZNT3 prowadzą do wzrostu hospitalizacji. Częstość ponownych hospitalizacji u pacjentów z ZNT3 wzrasta wraz z nadmiarem dawki (-blokerów> 5 mg (co odpowiada bisoprololowi). W tej podgrupie pacjentów występuje obniżenie poziomu T3 w surowicy; obserwuje się ujemną dynamikę parametrów hemodynamiki wewnątrzsercowej.

Wnioski: Zastosowanie (-blokerów u pacjentów z ZNT3 prowadzi do zwiększenia ponownej hospitalizacji w dawce większej niż 5,0 mg (co odpowiada bisoprololowi). W tej podgrupie pacjentów występuje spadek poziomu T3 w surowicy, wzrost poziomu T4; wzrost jam serca i zmniejszenie frakcji wyrzutowej.

Słowa kluczowe: zespół niskiego trijodotyroniny, (-blokery, hormon stymulujący tarczycę, krzywa ROC, ryzyko, poszerzenie komór, odwracalna trijodotyronina, niewydolność serca.

Introduction: Progression of heart failure (HF) leads to hormonal changes, including low triiodothyronine syndrome (LT3S). (-blockers ((-AB) reduce the activity of deiodinases, which leads to a decrease in triiodothyronine (T3) levels. Presumably the use of (-ABs in patients with LT3S may influence the course of the disease.

The aim is to study the effect of (-ABs in patients with LT3S on the course of HF.

Materials and methods: 354 patients with HF on a background of post-infarction cardiosclerosis were included in the 2-yeared follow-up study. LT3S was diagnosed at 89 (25.1%) patients. The levels of thyroid-stimulating hormone, free T3f and T4f, and reversible T3 were determined. The echocardioscopy was performed.

Results: Patients with HF in combination with LT3S have a heavier functional class by NYHA, greater dilatation of the left heart cavities, less myocardial contractility, a higher frequency of atrial fibrillation and re-hospitalization. The use of (-ABs in patients with HF without LT3S leads to a likely decrease in hospitalization frequency, while in patients with LT3S it has an opposite effect. The frequency of rehospitalization increases with an excess of (-ABs dose > 5 mg (equivalent to bisoprolol). At these patients a decrease in serum T3 level and negative dynamics of parameters of intracardiac hemodynamics are observed.

Conclusions: The use of (-ABs in patients with LT3S leads to an increase in re-hospitalization at a dose over 5.0 mg (equivalent to bisoprolol). In these patients there is a decrease in serum T3, an increase in T4 level; and the ejection fraction decrease; and heart cavities size increase.
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The progression of heart failure (HF) is a complex process affecting many organs and systems that leads to hormonal and immune alterations, including low triiodothyronine syndrome (low T3 syndrome, LT3S). The LT3S is characterized by low levels of triiodothyronine (T3), increased or normal reversible triiodothyronine (T3r), normal or slightly altered levels of thyroid-stimulating hormone (TSH), and normal thyroxine (T4) content, [1-3]. The occurrence of LT3S in HF patients may reach 30% [3]. The LT3S is associated with impaired peripheral conversion of inactive T4 to active T3 by deiodinases by increasing proinflammatory potential, hypoxia [4-8]. The LT3S that accompanies HF can lead to a number of disorders, including the reduction of systolic heart function, the development of arrhythmias, increased vasoconstriction [1, 9-11]. The (-blockers ((-AB) reduce mortality (up to 30%) and morbidity in symptomatic patients with HF [12]. In addition, this group of medications did not show a significant effect on survival in decompensated patients. It is also known that (-ABs lead to blockade of deiodinases, which leads to a decrease in T3 to T4 conversion [13], thus they are prescribed to patients with hyperthyroidism. It may be supposed that the use of (-ABs in patients with HF in combination with LT3S may increase its severity.
The aim is to study the effect of (-ABs in patients with LT3S on the course of HF.

Materials and methods. The protocol of this prospective cohort study was approved by the local Ethics and Deontology Committee of Government Institution “L.T.Malaya Therapy National Institute” (Ukraine). All study procedures were performed in accordance with the ethical standards of the Declaration of Helsinki. From January 2015 to June 2019, we included patients in the study and conducted prospective follow-up (for 2 years). Patients were involved in the study on admission with the HF decompensation at the cardiology department. 354 patients with HF (110 women and 244 men) of the Caucasian race were included into the study. The inclusion criteria were: signed of the Patient Informed Consent, history of myocardial infarction (MI), verified diagnosis of HF II – IV functional classes (FC) by NYHA. The exclusion criteria: no informed consent, hemodynamically significant valvular heart defects, HF of other aetiology than cardiac infarction, hormone replacement therapy with L-thyroxine, thyro-suppressive treatment, clinical or subclinical hypothyroidism, pathothyroidism, inflammatory diseases, other serious pathologies (neoplasm, tuberculosis), which could complicate treatment or reduce life expectancy. Diagnosis of HF and treatment of patients were performed according to the recommendations of the European Society of Cardiologists [14].

For pateintes doppler echocardioscopy was performed using the VIVID-3 ultrasonic diagnostic system (General Electric, USA). End-diastolic and end-systolic dimensions (EDD and ESD respectively) of the left ventricle (LV), the thickness of the interventricular septum (IVS) , the LV posterior wall (LVPW), the diameter of the left atrium (LA), right ventricle (RV), other options were determined. The left ventricle end-diastolic volume (LV EDV) and the end-systolic volume (LV ESV), the ejection fraction (LVEF) of the left ventricle, the left atrium index (ILA), the mass of the LV myocardium (MM LV) and its index (IMM LV) were calculated.

To determine blood serum levels of thyroid-stimulating hormone (TSH) (normal range 0.3–4.0 mIU / l), free T3 (T3f) (normal range 2.5–5.8 pmol / l) and free T4 (T4f) ) (normal range - 10–25 pmol / l) reagent kits (ELISA "TSH", "T4f" and "T3f" by Hema, Ukraine) were used. The level of reversible triiodothyronine (T3r) (normal range - 90–350 pg / ml) was determined using an ELISA kit reagent (Elabscience®, China). Immunoferment studies were performed on a semi-automatic enzyme-linked immunosorbent analyser "Immunochem-2100" (High technology, USA). Durin the biennial follow-up period the course of HF was evaluated, the frequency of repeated hospitalizations for decompensation of the disease, mortality, the dynamics of thyroid hormones levels and parameters of intracardiac hemodynamics were studied.

The analysis of the normality of the distribution of indicators was performed using the Shapiro – Wilk test. Continuous variables are given as the median (Me) and the interquantile range (for non-normally distributed variables) or as the mean (M) and the standard deviation (± SD) (in the case of the normal distribution). The quantitative indicators were compared using a non-parametric criterion - Mann – Whitney and a paired T-test (in the study of parameter dynamics). The categorical variables were compared using the Pearson’s chi-squared test (χ2) (Yates correction for traits less than 10). The receiver operating characteristic (ROC) curves were analysed to determine the prognostic level of T3f. The relative risk (RR) of re-hospitalization and mortality was calculated with a 95% confidence interval (CI). P-value less than 0.05 was considered as statistically significant. Statistical processing was performed using IBM® SPSS® Statistics, 20.0 (free-download full Version) and MedCalc, 18.9.1 (free version) software packages.

Results. Previously we reported that the threshold level of T3f for the low T3 syndrome below the lower threshold of its normal range (2.5 pmol / l) did not demonstrate a relationship of this state with peculiarities of the HF course. The threshold value was reduced to ≤ 2.07 pmol / l and the effect of LT3S on HF course was studied [15].
At the initial stage of the statistical analysis, all patients with HF were divided into 2 groups: the first group included 265 (74.9%) patients who had normal levels of T3f, T4f, and TSH (Table I); in the second – 89 (25.1%) patients with T3f level ≤ 2.07 pmol / l at normal T4f and TSH levels. These patients were diagnosed with LT3S.

 In the group of patients with HF in combination with LT3S II FC by NYHA was in 20.2% of patients, compared to 46.8% in the group without this syndrome, III FC by NYHA was in 60.7% of patients, versus 46.4% in another group and IV FC was in 19.1% of patients, versus 6.8% in the group without this syndrome ((2 = 24.642; p = 0.0001); these patients more often had non-toxic goiter (31.5% versus 16.2%, ((2 = 9.644; p <0.002) and atrial fibrillation (13.5% vs. 6.0%, ((2 = 5.070; p <0.024) (Table I). 
The patients with LT3S compared with patients without it, had lower HDL (by 9.1%, p = 0.030); TSH (by 15.0%, p = 0.035), T3f (by 36.6%, p = 0.0001), T3r (by 12.9%, p = 0.041) levels, and T3f / T4f ratio ( by 40.0%, p = 0.0001); higher LV EDD (by 3.7%, p = 0.020), LV ESD (by 7.2%, p = 0.0001), LV ESV (by 20.1%, p = 0.0001), MM (by 5.9%, p = 0.037) and ILA (by 4.3%, p = 0.006); lower LV EF value (by 7.9%, p = 0.0001) (see Table I).

The patients in both groups did not differ in HF therapy. However, patients with LT3S were more likely to take carvedilol (21.6% vs. 10.6%, p = 0.017), comparing to patients of another group.

The hospitalization frequency due to HF decompensation within 2 years, among patients with LT3S, was higher (55.1%, vs. 20.4%, p = 0.0001) (Table II).


The relative risk of re-hospitalization of HF patients with LT3S within 2 years was 2.098 [1.506 – 2.921] (p = 0.0001). The relative risk of death of these patients during the specified period, was 1.642 [0.711 – 3.797] (p = 0.245). Thus, the presence of LT3S significantly increased the relative risk of re-hospitalization within 2 years from 20,4 to 55,1% (see Table II).

The effect of the (-ABs use on the frequency of rehospitalization due to HF decompensation was analyzed (Table III). In the group of patients with HF without LT3S, the frequency of re-hospitalization was lower when using beta-blockers, compared to that in patients who could not take this group of medication due to side effects (16.3% vs. 35.1%, respectively, p = 0.002). The relative risk of re-hospitalization in this group when using (-blockers is 0.466 [0.291 - 0.744] (p = 0.0014). Thus, the use of (-blockers in the group of patients with HF without LT3S leads to a 53.6% reduction in the relative risk of re-hospitalization within 2 years.

In the group of patients with HF, flowing on the background of LT3S, taking (-AB, there is a tendency to increase the frequency of re-hospitalization, compared with that in patients who were unable to take this group of drugs (59.5%, vs. 33.3 %, respectively, p = 0,064) (see Table. 3). The relative risk of re-hospitalization in the LT3S group when using (-ABs was 2.378 [1,088 - 5,199] (p = 0.029). Thus, the use of (-blockers in patients with HF in combination with LT3S significantly increases the risk of re-hospitalization from 33.3% to 59.5%.

In the group of patients with HF without LT3S, 22 patients received carvedilol and 186 – bisoprolol. The incidence of re-hospitalization in the bisoprolol subgroup (14.0%) was significantly lower, compared to that with carvedilol (36.4) (p = 0.007) (Table IV). No significant difference in mortality was found. 

In the LT3S group, 16 patients were treated with carvedilol and 58 with bisoprolol. No significant difference was found in the effect of carvedilol, compared with bisoprolol, on the frequency of hospitalization and mortality in patients with LT3S (see Table IV).

Taking into account small subgroups of patients with LT3S taking bisoprolol or carvedilol, for further analysis a unifying dose of these drugs was performed according to the scheme presented in [16].

A ROC analysis was performed to stratify the dose of (-ABs affecting the risk of re-hospitalization in patients with HF. The incidence of hospitalization in the group of patients with HF without LT3S was found to be higher at a dose of ≤ 5.0 mg (equivalent to bisoprolol), comparing to a higher dose (sensitivity – 85.00% and specificity –47.41%, p = 0,0001) (Table V).


At the same time, ROC analysis showed the opposite effect of (-ABs in the group of patients with LT3S. The re-hospitalization incidence of patients with HF in combination with LT3S increases when the optimal cut-off value for the (-ABs dose exceeds 5 mg (equivalent to bisoprolol) (sensitivity – 67.35% and specificity –57.50%, p = 0.025) (see Table V).

Among all patients, the biennial hospitalization frequency when using (-ABs at a dose less or equal to 5 mg was 33.5%, compared with 23.7% when receiving over 5 mg (p = 0.045) (Table IV). The relative risk of re-hospitalization with (-ABs dose exceeding 5 mg was 0.709 [0.504 - 0.977] (p = 0.048). It can be concluded that the use of (-ABs in such dose at HF (without LT3S) reduces the relative risk of re-hospitalization by 29.3 %.


Among patients with HF without LT3S, the biennial re-hospitalization incidence when using (-ABs at a dose less or equal to 5 mg was 31.6%, compared with 4.5% when receiving over 5 mg (p = 0.0001). (Table VI). The relative risk of re-hospitalization of these patients using dose of (-blockers over 5 mg was 0.144 [0.059 - 0.349] (p = 0.0001). Thus, the use of (-ABs > 5 mg in the group of patients with HF without LT3S reduces the relative risk of re-hospitalization.

In the group of patients with HF in combination with LT3S, the biennal re-hospitalization incidence when using (-ABs at a dose of less or equal to 5 mg was 41.0%, compared to 60.0% when receiving over 5 mg (p = 0.019) (see Table VI). The relative risk of re-hospitalization in patients with LT3S taken (-ABs > 5 mg was 1.609 [1,051 - 2,462] (p = 0.029). Thus, the use of (-ABs > 5 mg in the group of patients with HF in combination with LT3S increases the relative risk of re-hospitalization by 46.3%.

In order to study the effect of different doses of (-ABs on the dynamics of parameters of intra-cardiac hemodynamics and thyroid hormones levels for 2 years, patients with HF and LT3S were divided into 2 groups. The first group included 39 (43.8%) patients who failed to increase the dose of (-ABs over 5 mg due to side effect. The second group included 50 (56.2%) patients taking (-blockers at a dose over 5 mg. In the group of patients with LT3S with a dose of (-ABs below and equal to 5 mg for 2 years, there was an increase in T3f level (by 0.185 ± 0.413 pmol / l, p = 0.011), a decrease in ESD (by 0.480 ± 1.079 cm, p = 0.008) and ESV (20.734 ± 6.984 ml, p = 0.029), an increase in LV EF value (by 10.053 ± 13.370%, p = 0.0001); decrease in LA (0.262 ± 0.719 cm, p = 0.035) and RV size (0.208 ± 0.372 cm, p = 0.010) (Table VII).

In addition, in the subgroup of patients with LT3S receiving (-ABs at a dose exceeding 5 mg / day during 2 years a decrease in serum T3f level (by 0.107 ± 0.275 pmol / l, p = 0.014), an increase of the T4f level (by 1,148 ± 2,245 pmol / l, p = 0.002), the decrease in the value of the T3f / T4f ratio (by 0.018 ± 0.035, p = 0.002); increase in LV EDD (by 0.350 ± 0.813 cm, p = 0.004), LV EDV (by 24.800 ± 5.14 ml, p = 0.003), LV ESD (by 0.342 ± 1.045 cm, p = 0.003), LV ESV (by 21.325 ± 48.750 ml, p = 0.004), ILA (0.947 ± 0.221 cm, p = 0.0001), and RV (0.419 ± 0.586 cm, p = 0.0001) were observed.

Discussion. The thyroid secretes several hormones, including T4, T3, and T3r, and it is the sole source of T4. Unlike the latter, T3 (biologically more active hormone) is secreted by the thyroid gland not more than 20% of the total level. The remaining T3 is synthesized by other tissues (outside the thyroid gland) by enzymaticly removing the iodine atom from the T4 molecule by deiodinases, which exist in several forms. Type I deiodinase (D1) is primarily found in the liver and kidneys and is responsible for the synthesis of 80% of T3. Type II deiodinase (D2) is mostly located in the brain and muscles, including the human heart, and regulates T3 tissue concentration. Type III (D3) deiodinase, converting T4 to reversible T3 (inactive), decreases serum T3f level [17]. T3f penetrates the membrane into the cell and is responsible for genomic and non-genomic effects. T3 has a positive inotropic and chronotropic effect on the myocardium, regulating the transcription of myocyte-specific genes [17]. T3 directly affects vascular unstriated muscles, contributing to dilatation of arterioles and reduced peripheral vascular resistance. For normal functioning of the cardiovascular system, optimal concentrations of thyroid hormones are necessary; their excess or deficiency have a disintegrating effect. A decrease in serum T3 concentration and a parallel increase in T3r are a common result of many diseases, such as injuries, starvation and post-surgery conditions. [18] Such changes in function of “Hypothalamic-pituitary-thyroid ” axis , are generally called as LT3S. In the fasting state, this transition from the production of the metabolically potent hormone T3 to the synthesis of the metabolic-inactive inverse (reversible) T3r plays a compensatory role. However, in chronic conditions, such as HF and depression, low T3 concentration can cause adverse effects [18]. The main mechanism of low serum T3 concentration in patients with nontyroid disease is reduced D1 activity in the liver. Increased concentrations of cytokines, such as interleukin-6 and tumor necrosis factor α, cause violation of hepatic D1 expression. Other mechanisms involved in the pathogenesis of low T3 syndrome include a decrease in the concentration of thyroid hormone binding proteins and a decrease in the secretion of thyroid hormone and TSH. Dopamine secretion and prolonged hypercortisolemia may play a role in this process [18]. There is no consensus in the literature regarding the criteria for defining low T3 syndrome. So in [19, 20] a lower value of the range of the norm T3f, which ranged from 4.0 to 2.5 pmol / l, at normal levels of T4f and TSH are used. In the Articles of the Italian researchers [21, 22] new ones in addition to the above mentioned parameters, an additional criterion – an increased T3r level is introduced. In the previous work, we were unable to form a representative group of patients with HF with decreased T3f levels, normal TSH and T4f concentrations, and increased T3r levels [15]. It has also been demonstrated that the risk of re-hospitalization of patients with HF with regard to decompensation of the disease increases when reaching the cut-off value for serum T3f concentration below or equal to 2.07 pmol / l [15]. In our study, the incidence of LT3S (T3f ≤ 2.07 pmol / l) in patients with HF is 25.1%.

According to Japanese researchers, even patients with HF of I FC by NYHA and in the stage of compensation have some early manifestations of LT3S [19]. In patients with HF, this syndrome is associated with poor LV function, tachyarrhythmia and increased mortality [23]. A low T3 concentration in HF is a stronger prognostic predictor than dyslipidemia, age, or LV EF [23]. We revealed that in the group HF in combination with the LT3S patients have a more severe NYHA functional class, they have more often atrial fibrillation, more severe dilatation of cavities of the left parts of the heart and less contractile capacity of myocardium, higher incidence of rehospitalization due to HF decompensation during two years.

Clinical trial results showed that (-ABs has a positive effect on the clinical course of HF and reduces the risk of five-year mortality by 30% [12, 24, 25]. In Recommendations of the European Society of Cardiologists (ESC) [14] and the American College of Cardiologists and the American Association of Cardiologists (ACC / ANA) [26] it is emphasized that (-ABs are a first-line drug for the treatment of patients with HF. In addition, (-ABs has also long been used in the treatment of symptomatic patients with thyrotoxicosis. This drugs block metabolism of thyroid hormones by inhibiting D1 outside the glandula [13]. This effect is inherent in the non-selective (-ABs [27], but it is also characteristic of selective medication [28, 29]. In patients a decrease in serum T3 concentration [30, 31] and an increase in T3r levels by inhibiting its breakdown are observed. Usually, patients remain euthyroid and have stable serum TSH values [29]. But in patients with low thyroid hormones levels (including LT3S) at the start of (-ABs treatment, this phenomenon may have clinical implications in the long term [32]. Clinical manifestations of (-ABs withdrawal are also associated with sharp fluctuations in thyroid levels [33, 34].

During the statistical analysis, we revealed that the use of (-ABs in patients with HF without LT3S leads to a likely reduction in re-hospitalization within 2 years. At the same time, in the presence of LT3S (-blockers led to an increase in the frequency of re-hospitalization of patients due to HF decompensation. Using ROC analysis, it was found out that the incidence of re-hospitalization in the group of patients with HF without LT3S was higher at a dose of (-ABs below and equal to 5.0 mg (equivalent to bisoprolol), compared to a higher dose. The reverse effect of (-ABs was detected in the group of patients with LT3S. The risk of re-hospitalization of patients with HF in combination with low T3 syndrome increases with an excess of (-blockers dose over 5 mg. In the subgroup of patients receiving (-ABs at a dose over 5 mg / day, within 2 years a decrease in serum T3f level and the T3f / T4f ratio, an increase in T4f level,; further enlargement of the heart cavities and reduction of LV EF were observed. This may indicate further growth affect of low triiodothyronine syndrome.

Thus, it is likely that at the beginning of the treatment by (-ABs in patients with HF it is necessary to exclude the presence of LT3S. It is not advisable to titrate a dose of (-ABs higher than 5 mg (equivalent to bisoprolol) in patients with HF in combination with LT3S.

Our research has strengths and weaknesses. The advantage is the study protocol and very strict inclusion criteria. Unlike other studies, this approach has allowed the creation of a very homogeneous group with the exclusion of patients with sub- and clinical thyroid dysfunction, with concomitant pathology that may affect hormone levels. On the other hand, such criteria did not allow the formation of a large group of patients with LT3S who received (-ABs with different selectivity to receptors. Also, our study is limited to 2 years of follow-up period.


Conclusions. The incidence of low triiodothyronine syndrome in patients with heart failure is 25.1%. Patients in this category have more severe NYHA functional class, more frequent atrial fibrillation, greater dilatation of the left heart cavities and less myocardial contractility, a higher frequency of re-hospitalization for HF decompensation over two years. The use of (-blockers in patients with heart failure without low triiodothyronine syndrome leads to a likely reduction in hospitalization. At the same time, the use of (-blockers in patients with low triiodothyronine syndrome results in an increased incidence of re-hospitalization. The re-hospitalization incidence in the group of patients with heart failure without low T3 syndrome is higher at a dose of ≤ 5.0 mg (equivalent to bisoprolol), compared to a higher dose. The effect of (-blockers is reversed in low triiodothyronine syndrome: for this patients the risk of re-hospitalization for HF decompensation when the dose of (-blockers is over 5 mg; a decrease in serum triiodothyronine level and in Т3f / Т4f ratio, an increase in thyroxin; further enlargement of the heart cavities and reduction of the ejection fraction are observed.
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