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Abstract
The prevalence of subclinical hypothyroidism (SCH) ranges from 5 to 15% of the general population. However, it remains 
controversial if SCH warrants life-long thyroxine replacement therapy. Patients with a thyroid-stimulating hormone (TSH) 
level > 10 mIU/L have a higher risk of developing heart failure with reduced ejection fraction as compared to subjects with 
normal thyroid function. However, abnormally high TSH levels could also be connected with an overall lower metabolic rate 
and better survival in elderly subjects. The potential mechanisms responsible for diastolic dysfunction of the left ventricle 
(LV) in SCH are connected with endothelial dysfunction and arterial stiffness, inflammatory state and are driven by TSH 
apoptosis-derived microparticles. The impact of SCH on LV systolic function is more controversial, and it is connected not 
only with cardiac remodelling but also with predisposition of patients with SCH to the conditions leading to heart failure. 
This review presents an overview of processes in the context of potential benefits of thyroxine supplementation therapy.
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The scale and significance of subclinical 
hypothyroidism in the context of heart 
failure events and mortality

Subclinical hypothyroidism (SCH) can be identified by the 
detection of elevated thyroid-stimulating hormone (TSH) 
levels in serum in the presence of free thyroxine (T4) and 
triiodothyronine (T3) levels within the normal reference 
range. It is usually discovered on biochemical testing [1–3]. 

The presence of SCH is usually associated with few or no 
definitive clinical signs or symptoms of thyroid dysfunction 
[1]. Autoimmunity is the commonest cause of SCH. About 
2–5% of patients with SCH progress to clinically overt hypo-
thyroidism each year; the rate of progression is higher in 
patients with thyroid autoantibodies and higher TSH levels 
[1, 2]. Although the prevalence of SCH may range from 5 
to 15% in the general population [3], it remains controver-
sial whether this condition warrants lifelong replacement T4 
therapy. In younger adults < 65 years, SCH is associated with 
an increased risk of coronary heart disease (CHD), heart 
failure (HF), and cerebrovascular disease [3, 4].

Subclinical hypothyroidism and incidence of heart 
failure

Several studies have addressed the effects of SCH on car-
diovascular (CV) morbidity and mortality, however, a full 
understanding is still lacking. For example, the Healthy 
Aging and Body Composition study, a population-based 
analysis of 2730 men and women aged 70–79 years old, 
followed patients over 4 years investigating TSH levels and 
harmful CV effects. SCH was present in 12.4% of the sub-
jects. Based on multivariate analyses, the study concluded 
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that patients with TSH from 7.0 to 9.9 mIU/L {hazard ratio 
(HR) 2.58 [95% confidence interval (95% CI) 1.19–5.6]} 
and TSH ≥ 10 mIU/L (HR 3.26, 95% CI 1.37–7.77) had 
up to a 3.26-fold higher risk for developing HF [5]. Simi-
larly, the Cardiovascular Health Study performed echocar-
diography routinely for 6 years in a cohort of subjects to 
determine patients at risk for developing HF. It was found 
that patients with TSH > 10 mIU/L had higher risk of HF 
with reduced ejection fraction (HFrEF) as compared to the 
population with normal thyroid function [6]. Another study 
conducted by Rodondi et al. in over 55,000 individuals aged 
18–100 years—3450 of whom had SCH (6.2%)—demon-
strated a positive correlation between the degree of TSH 
elevations, CV event rates and mortality [7].

Gencer et al. [8] performed a pooled analysis of individ-
ual participant data using all available prospective cohorts 
with thyroid function tests and subsequent follow-up of HF 
events in 25,390 participants with 216,248 person-years of 
follow-up in the United States and Europe. A total of 2068 
participants (8.1%) were found to have SCH. Risks of HF 
events were increased with higher TSH levels, particularly 
for TSH ≥ 10 mIU/L (Fig. 1) [8–11].

Definitions of selected parameters of cardiac 
function used in the text are presented 
in Table 1

Thyroid dysfunction in patients with HF

The circumstances in patients with established HF is alto-
gether different than that from those in patients at risk of 
developing HF. Chen et al. performed a prospective follow-
up study on the relationship between TSH levels and out-
comes in patients with HF. A total of 5599 patients were 
followed at a health maintenance organisation and were 
assessed for cardiac-related hospitalisations and mortality. 
The median follow-up period was slightly over 14 months. 
From their results it became apparent that both a high 
TSH level and a low TSH level were associated with an 
increased mortality rate. Patients were divided into quar-
tiles of TSH level, and the mortality in the highest quartile 
was 36% higher than that in the second quartile. Subjects 
with TSH > 10 mIU/L had a more than twofold increase in 
mortality [12]. Finally, a recent meta-analysis of prospective 
cohort studies has shown that SCH is associated with an 
increased risk of CHD-related events, CHD mortality and 
HF events, especially in individuals with TSH levels ≥ 10.0 
mIU/L [13, 14].

In contrast to the aforementioned findings, investigators 
from the Leiden 85-plus study reported data from a prospec-
tive, observational population-based study in 599 individuals 
aged 85 through 89 years who were followed for a mean of 

Fig. 1   Forest plots of Heart Failure (HF) events in Subclinical Hypo-
thyroidism vs. Euthyroidism adapted from Gencer B, Collet TH, Vir-
gini V, et al. Thyroid Studies C. Subclinical thyroid dysfunction and 
the risk of heart failure events: an individual participant data analysis 

from 6 prospective cohorts. Circulation 2012;126:1040–1049 [8]. CI 
confidence interval, HR hazard ratio age- and gender-adjusted HRs 
and their 95% CI are represented by squares. Squares to the right of 
the solid lines indicate increased risk of HF events
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3.7 years. Controversially, increasing levels of TSH were 
associated with a lower mortality rate that remained after 
adjustments were made for baseline disability and health 
status. The abnormally high TSH levels could be linked to a 
lower metabolic rate and perhaps to caloric restriction as a 
result of this state [15]. However, such observational results 
should be interpreted with caution as other alterations in the 
oldest age group are also—and counterintuitively—associ-
ated with better survival, such as high blood pressure and 
high cholesterol.

In patients admitted for acute HF, Hayashi et al. [14] 
have recently shown that SCH is an independent predictor 
of adverse CV outcomes, suggesting a possible interac-
tion between thyroid dysfunction and the pathophysiology 
of this state [14]. In light of the foregoing findings, it is 
somewhat disappointing to learn that the 2016 European 
Society of Cardiology (ESC) guidelines for the manage-
ment of HF mention only that both hypothyroidism and 
hyperthyroidism may precipitate acute HF. Accordingly, 
TSH should be assessed in all newly diagnosed patients 
with acute HF. The impact of different TSH levels is not 
discussed in the HF guideline [16].

Table 1   Definitions of selected parameters of cardiac function used in text

Parameter of cardiac function Definition Relevant references

Augmentation index (AI) It is determined from either a directly measured or a derived central arte-
rial pressure waveform proposed as a measure of aortic stiffness and 
wave reflection, AI is the percentage of central pulse pressure attribut-
able to the secondary systolic pressure rise produced by the overlap of 
the forward and reflected pressure waves

[32, 36]

Pulse wave velocity (PWV) It is the velocity at which the arterial pulse propagates through the circula-
tory system. PWV is used clinically as a measure of arterial stiffness. It 
is easy to measure invasively and non-invasively in humans, it is highly 
reproducible and has a strong correlation with cardiovascular events and 
all-cause mortality

[32, 34]

Isovolumetric relaxation time (IVRT) It is an interval in the cardiac cycle, from the aortic component of the sec-
ond heart sound, that is, closure of the aortic valve, to the onset of filling 
by opening of the mitral valve

[20, 21, 28, 29]

Pulsed wave tissue Doppler imaging (PWTDI) This technique uses the Doppler principle to assess the ventricular wall 
motion velocity by positioning the sample volume within the myocar-
dium

[20, 21]

E/A ratio The E/A ratio represents the ratio of peak velocity blood flow in early dias-
tole (the E wave) to peak velocity flow in late diastole caused by atrial 
contraction (the A wave) assessed by PW Doppler

[17]

e’
a’

The e′ (e prime) represents the early diastolic filling velocity and the a′ (a 
prime) the late diastolic filling velocity using tissue Doppler of the mitral 
annulus

[17, 35]

Myocardial precontraction time (PCTm) It is the time from the onset of ECG QRS complex to the beginning of the 
mitral annular peak systolic velocity

[20]

Myocardial contraction time (CTm) It is the time from the beginning to the end of the mitral annular peak 
systolic velocity

[20]

Preejectional period (PEP) It is a delay from the Q wave of the QRS complex to the aortic valve open-
ing; PEP is the interval from the onset of ventricular depolarisation to the 
beginning of aortic ejection

[20, 55]

Left ventricular ejection time (LVET) It represents the interval from beginning to termination of aortic flow [20]
Myocardial performance index (Tei index) It is an index that incorporates both systolic and diastolic time intervals 

in expressing global systolic and diastolic ventricular function. Systolic 
dysfunction prolongs preejection (isovolumetric contraction time) and 
shortens the LVET. Both systolic and diastolic dysfunction result in 
abnormality in myocardial relaxation which prolongs the IVRT

[54, 55, 58]

Cardio-ankle vascular index (CAVI) CAVI reflects the stiffness of the aorta, femoral artery, tibial artery and 
involves measurement of brachial, ankle PWV and blood pressure. It is 
obtained by recording the distance from the level of the aortic valve to 
the measuring point (for example the ankle) and the time delay between 
the closing of the aortic valve to the detected change in arterial pressure 
wave at the set point

[35]
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Subclinical hypothyroidism and diastolic 
dysfunction

Previous studies have documented the role of diastolic dys-
function in the development and progression of HF with 
preserved ejection fraction (HFpEF) [17–19]. Although 
there is no clear evidence that SCH causes clinical heart 
disease [16], changes in thyroid status in SCH are asso-
ciated with changes in several cardiac parameters mani-
fested by left ventricular dysfunction at rest and systolic 
dysfunction on effort. Vitale et al. [20] conducted a study 
with 40 women: 20 healthy and 20 with established SCH 
(mean TSH > 10 mIU/L over 6 months). They underwent 
standard Doppler and pulsed wave tissue Doppler imaging 
(PWTDI). Standard Doppler showed an increase in LV 
preejection period (PEP), preejection period/LV ejection 
time ratio (PEP/LVET) and isovolumetric relaxation time 
(IVRT) in SCH (r = 0.35; p < 0.05; Table 1). By PWTDI 
analysis, the adjusted myocardial precontraction time/
myocardial contraction time ratio (PCTm/CTm) was posi-
tively associated with TSH (r = 0.32; p < 0.05), as well 
as the adjusted myocardial relaxation time (RTm) at the 
level of the posterior septum (r = 0.40; p < 0.01). In the 
whole population, IVRT, PCTm, and RTm were nega-
tively related to FT4 (Table 1) [20]. Similarly Zoncu et al. 
demonstrated in a study with 32 subjects with classical 
Hashimoto’s thyroiditis (69% with TSH > 3 mU/mL) that 
PWTDI indices were delayed in diastolic relaxation and 
decreased in the compliance to the ventricular filling [21].

Case–control studies found patients with SCH to have 
prolonged IVRT, increased peak atrial filling velocity (A 
wave), and a diminished ratio of peak velocity flow in early 
diastole (E wave) to peak velocity flow in late diastole 
caused by atrial contraction (E/A ratio) [17]. In the afore-
mentioned Cardiovascular Health Study [6] 3044 adults 
with ≥ 65 years underwent a mean 12-year-follow-up and 
changes in the cardiac function over 5 years. Participants 
with TSH ≥ 10.0–19.9 mIU/L who were untreated by thy-
roxine replacement had a greater incidence of HF events 
compared to euthyroid participants (41.7 vs. 22.9/1000 
person-years, p = 0.01), but rates were similar for those 
with TSH between 4.5 and 9.9 mIU/L. Echocardiography 
was obtained on 70.6% of participants after 5 years; In the 
more pronounced SCH subgroup (TSH ≥ 10 mIU/L) there 
was a larger increase in LV mass (+ 21 vs. +4 g, p = 0.04). 
Peak E velocity decreased more than in euthyroid partici-
pants (− 0.10 vs. −0.01 m/s, p = 0.005), which might be 
related to the gain in LV mass over time and progressive 
impairment of LV relaxation [22, 23]. The higher early 
diastolic filling velocity reflects increased left atrial pres-
sure (LAP) and diastolic dysfunction. Nonetheless CV 
abnormalities have been shown to regress with l-thyroxine 
therapy [24–26]. Other studies have controversially shown 

that cardiac structure and function remain overall normal 
in SCH [26].

Pathogenical mechanisms linking subclinical 
hypothyroidism to diastolic dysfunction

Endothelial dysfunction and arterial stiffness

Central aortic stiffness is augmented in many patients with 
HF and some researchers have assumed a relationship of 
arterial stiffness and early diastolic dysfunction in middle-
aged and elderly populations [27, 28]. Differences in cen-
tral aortic stiffness are also present in HFpEF patients in 
the absence of other parameters of diastolic function, as 
assessed by PWTDI, and correlate with LV mass and B-type 
natriuretic (BNP) levels, highlighting the potential contribu-
tion of abnormal pulsatile load and arterio-ventricular cou-
pling (interaction of arterial stiffness, systolic and diastolic 
function) to the development of HF. However, this mecha-
nism is not yet completely understood [28, 29]. Increased 
arterial stiffness is involved in the development of diastolic 
dysfunction via impairment of coronary blood supply as a 
consequence of a reduced diastolic blood pressure, induction 
of cardiac hypertrophy or, incremented cardiac stiffening 
[29]. Moreover, aortic stiffness leads to an increase in after-
load, which itself strengthens the pulse pressure, resulting in 
higher oxygen consumption. A reduction in diastolic blood 
pressure leads as well to diminished myocardial perfusion. 
In summary, diastolic relaxation is deranged in case of ele-
vated afterload [30, 31].

The decline in global endothelial function is associated 
with parameters of arterial stiffness—increased aortic stiff-
ness assessed via pulsed wave velocity (PWV) and augmen-
tation index (AI) (Table 1) [32]. Stiffness of large arteries 
and central haemodynamics, on the other hand, are influ-
enced by endothelial function and support findings describ-
ing the importance of nitric oxide (NO) in the regulation 
of large artery stiffness in vivo [32]. SCH may be directly 
associated with endothelial dysfunction and impaired coro-
nary flow reserve through specific molecular pathways in 
endothelial cells, by affecting NO production and by facili-
tating increased degradation of vasodepressor intermediates 
[33]. Several studies have demonstrated cellular, subcellular 
and intercellular transformation in patients with HFpEF, for 
instance, cytokine-mediated dysfunction of myocyte strain 
and defects of myofibroblasts with resulting left ventricular 
fibrosis. However, the disturbed arterio-ventricular coupling 
is one of the main factors for developing left ventricular 
failure in patients with HFpEF [31]. In addition, reduced car-
diac preload has been shown via cardiac magnetic resonance 
imaging (MRI) in patients with SCH together with increased 
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afterload [2]. After a period of T4 therapy in these patients, 
the haemodynamic alterations were well reversible.

Another parameter for the assessment of arterial stiffen-
ing and a predictor for the presence of CHD is brachial-
ankle PWV. Significantly elevated values of brachial-ankle 
PWV have interestingly been reported in patients with SCH 
[34]. Masaki et al. conducted a cross-sectional study of 83 
patients with untreated SCH and compared them with 83 
randomly selected controls from health check-ups to assess 
the relationship of thyroid hormone level to cardio-ankle 
vascular index (CAVI) (Table 1) and left ventricular diastolic 
function. When compared with the control group, patients 
with SCH had significantly higher values of N-terminal pro-
BNP (NT-proBNP), C-reactive protein (CRP), and CAVI 
as well as lower e′ values. In the SCH group, CAVI was 
significantly associated with NT-proBNP, CRP and e′. These 
findings suggest that SCH may be a risk factor for CV events 
related to arterial stiffening and left ventricular diastolic dys-
function [35]. Owen et al. revealed that arterial stiffness is 
increased in SCH and improves with l-thyroxine therapy, 
which may be beneficial, whereas myocardial functional 
reserve was similar to controls and remained unaltered after 
treatment (Fig. 2) [36].

Apoptotic‑derived extracellular microparticles

The pathogenesis of diastolic dysfunction might be influ-
enced by TSH stimuli for apoptotic-derived microparticles. 
In this context, it is important to understand extracellular 

microparticles (EMPs). EMPs are microvesicles with sizes 
ranging between 50 and 1000 nm released from plasma 
membranes of different cell types, such as endothelial 
cells, mononuclear cells or platelets. Such EMPs are 
released upon specific (e.g. cytokine stimulation, apop-
totic agents, mononuclear cooperation, coagulation) and 
non-specific (shear stress) stimuli [39]. EMPs transport 
microribonucleic acid (miRNA), active molecules, hor-
mones, peptides, regulator proteins and other substances, 
thereby mediating cell-to-cell cross-talk [37]. Their role is 
not entirely clear, but they seem to take part in endothelial 
reparation, tissue injury, and vascular remodelling [38]. 
The different patterns of circulating EMPs in CV diseases 
including HF suggest that impaired EMP phenotypes are 
potentially available for risk stratification in patients with 
CV and metabolic disease [39, 40]. In this context, circu-
lating EMPs may function as novel biological markers for 
endothelial injury, vascular tone disorders, and vascular 
aging, which may demonstrate the impact of SCH in CV 
disease progression. However, it remains controversial 
whether or not a causal role of EMP patterns in patients 
with HF with SCH exists [41]. An example of this contro-
versy is that it is still unknown if circulating EMPs found 
in peripheral blood cause injury to the endothelium and 
worsening HF and whether they are the result of disease 
progression in response to endothelial dysfunction and 
vascular disintegrity [42]. The results of the study of Bere-
zin et al. suggest that SCH in patients with HF might be 
associated with an impaired release pattern of circulating 
EMPs with a predominantly increased number of apop-
totic-derived microparticles [43]. In cohort of 388 patients 
with HF, 53 of whom had SCH, the presence of SCH was 
associated with an impaired pattern of circulating EMPs 
with predominantly increased number of apoptotic-derived 
microparticles [44].

Systemic inflammation

Apart from EMPs, some evidence points towards a strong 
involvement of systemic inflammation associated with 
diastolic dysfunction, which may also impact the remod-
elling process [45, 46]. Gupta et al. found TSH levels to be 
positively correlated with inflammatory markers such as 
CRP, interleukin-6 (IL-6), and erythrocyte sedimentation 
rate (ESR) in patients with SCH. They were significantly 
higher in SCH, subsequently increasing with disease pro-
gression and in the absence of treatment [47]. These find-
ings (elevated levels of CRP and IL-6) are in line with 
those reported by Vaya et al. and Taddai et al. [48, 49]. 
The interaction between SCH and LV diastolic dysfunction 
are presented in Fig. 3.

Fig. 2   Indices of central arterial stiffness in SCH patients before and 
after 6 months of l-thyroxine [36]. AG augmentation gradient (mm 
Hg), AI augmentation index (percent), AIc corrected augmentation 
index (percent). Significance levels: *p < 0.0001, before treatment, 
compared with post treatment for AI; •p < 0.05, pre-treatment, com-
pared with post treatment for AG; Ʌp < 0.001, pre-treatment, com-
pared with controls, for AI; □p < 0.001, pre-treatment, compared 
with post treatment for AIc; ■p < 0.002, pre-treatment, compared 
with controls for AIc
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The impact of subclinical hypothyroidism 
on systolic function

The impact of SCH on left ventricular systolic function is 
more contentious than that on diastolic function. As dis-
cussed earlier, SCH can represent a risk factor for the pro-
gression of chronic HF. SCH may induce cardiac remod-
elling by influencing the expression of genes involved in 
calcium handling and contractile properties of myocardio-
cytes [50] but also through tissue changes (e.g. collagen 
alteration, dehydration, myocardial fibre orientation or cap-
illary distribution) [25, 51].

SCH may also favour the blossoming of substrate con-
ditions, such as dyslipidaemia and atherogenesis, which 
implicate in the progression of chronic HF. Examining the 
prevalence of CHD in subjects with and without SCH, Walsh 
et al. found a higher risk of CHD in patients with SCH. This 
ratio prevailed even after adjustment for standard CV risk 
factors, sex and age. Since CHD is arguably one of the most 
common causes of HF, the potential contribution of thyroid 
abnormality to the development of HF is evident [52]. Pesic 
et al. examined 120 patient, 60 with SCH and 60 healthy 
individuals to assess the metabolic syndrome components. 
The following indices were statistically significantly higher 
in SCH subjects: body mass index, diastolic blood pressure, 
total cholesterol, triglycerides and basal insulin level [53].

Few studies have investigated the effects of SCH on left 
ventricular systolic function. Ilic et al. reported that the LV 
mass index of patients with SCH was elevated before and also 
after replacement therapy as compared to controls. Besides, 
global LV function estimated by the myocardial performance 
index (Tei index) (Table 1) was impaired and the LV systolic 

function was lessened in SCH patients as compared to con-
trols. Additionally, SCH participants had enlarged right ven-
tricular (RV) wall thickness and impaired RV diastolic and 
global function [54]. Some researchers presented results indi-
cating that LV ejection fraction was unchanged among SCH 
patients [55–58].

Impaired LV diastolic function at rest may be an important 
cause of systolic dysfunction on effort in patients with SCH. 
The increase in heart rate in response to exercise reduces LV 
diastolic filling time [59]. Under physiologic conditions, this 
effect is counterbalanced by an improvement in diastolic func-
tion. In this context, a slowed rate of LV relaxation in patients 
with SCH could critically undermine ventricular filling dur-
ing exercise and together with altered vascular reactivity yield 
LV systolic dysfunction [59]. The first assessment of cardiac 
function on effort in patients with SCH has been performed 
by Bell et al. using radionuclide ventriculography. They dem-
onstrated that the restoration of euthyroidism by l-thyroxine 
administration—compared to pre-treatment values—induced a 
small but significant rise in the peak exercise LV ejection frac-
tion, although there was no change at rest or during moderate 
effort [60]. Kahaly et al. revealed that the oxygen pulse (oxy-
gen uptake per heart beat), an index assumed to represent LV 
stroke volume, was also reduced both at the anaerobic thresh-
old and at maximal exercise, and the work rate was diminished 
at the anaerobic threshold in untreated patients [61].

Fig. 3   The interaction between 
subclinical hypothyroidism and 
left ventricular diastolic dys-
function. TNF-α tumour necro-
sis factor α, IL-6 interleukin 6, 
CRP C-reactive protein, ESR 
erythrocyte sedimentation rate
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Subclinical hypothyroidism as a therapeutic 
target

As discussed above, thyroid hormone dysfunction can 
result in altered ventricular contractility and relaxation 
dynamics as well as compromised cardiac function. These 
considerations have important clinical implications in that 
thyroid dysfunction represents one of the few potentially 
reversible causes of HF [55, 62]. Unfortunately, there is 
a paucity of evidence on the beneficial effects of thy-
roxine hormone replacement on CV mortality outcomes 
in patients with SCH [63]. Also, the clinical relevance 
of measuring and treating supra-normal TSH levels in 
newly diagnosed patients with HFpEF requires further 
study [41].

The available evidence suggests that several cardiac 
function parameters are normalised in patients treated for 
SCH. l-thyroxine in SCH decreased the ratio between 
PEP and LV ejection time in 46 adults [55] and improved 
cardiac preload and contractility in 30 women [2]. Nev-
ertheless, these studies are limited by their small sample 
size, short duration, non-standardised definitions of SCH 
or echo measurements [11]. The effects of thyroid hor-
mone supplementation was further prospectively evalu-
ated in a double-blind, randomised, placebo-controlled, 
parallel-group trial in 737 subjects who were at least 
65 years of age with SCH in the TRUST trial (Thyroid 
Hormone Replacement for Subclinical Hypo-Thyroidism) 
[64]. In this study, SCH was defined as having TSH levels 
between 4.5 and 20 mIU/L, with free T4 levels still within 
the normal range. A total of 368 patients were assigned to 
receive l-thyroxine and 369 patients to receive placebo. 
The authors found no difference in the mean change at 
1 year in the Hypothyroid Symptoms score and the Tired-
ness score between the l-thyroxine and the control group. 
The incidence of serious adverse events of special interest 
(atrial fibrillation, HF, fracture, or new diagnosis of oste-
oporosis) was similar in the two groups. l-thyroxine pro-
vided no apparent benefit in older persons with SCH. It is 
worth to notice that observational studies show that TSH 
tends to increase with age, which seems to be a physiolog-
ical process and a marker of advancing age rather than a 
pathological development [64, 65]. There might be a dan-
ger of SCH overdiagnosis, especially in the elderly, but 
age-based cut-off points have not yet been standardised. 
In the context of the TRUST trial it is worth to see the 
potential outcomes of the use of thyroxine to treat SCH 
in younger population [65–67]. For that matter a large 
observational study of the UK General Practice Research 
Database has corroborated that l-thyroxine may minimise 
the risk of CHD in younger patients (< 70 years) [3].

Conclusion

Patients with SCH are presently often classified into 2 
groups: those with mild SCH in whom TSH is mildly 
increased (TSH 4.5–9.9 mIU/L) and those with a more 
severe dysfunction when TSH is ≥ 10 mIU/L. A slightly 
increased serum TSH might not always reflect mild thyroid 
hormone deficiency but rather different reference values 
at different ages [68]. Thus, cut-off limits for age and age-
adjusted serum TSH levels should be accounted for during 
l-thyroxine replacement therapy [69].

In 2005, a consensus panel from the American Asso-
ciation of Clinical Endocrinologists, the American Thy-
roid Association and the Endocrine Society recommended 
against replacing thyroid hormones if TSH is < 10 mIU/L 
but that treatment was reasonable if TSH is > 10 mIU/L 
[70]. Cooper and Biondi recommend on the other hand to 
treat patients with mild SCH, but only in those < 75 years 
[71]. Otherwise treatment should be individualised [72]. 
It has also not been determined which patients are likely 
to progress to overt hypothyroidism.

Thyroid dysfunction emerges as a comorbidity of HF. 
It is noteworthy that the current recommendations stem 
from endocrinological, yet not cardiological guidelines. 
We encourage that a subset of SCH patients, in which the 
treatment may warrant overall benefit, should be contem-
plated, foremost those with hypertension, hyperlipidaemia, 
atherosclerosis, arterial stiffness, CHD and early or estab-
lished diastolic dysfunction.

Compliance with ethical standards 

Conflict of interest  On behalf of all authors, the corresponding author 
states that there are no conflicts of interest.

References

	 1.	 Surks MI, Ortiz E, Daniels GH et al (2004) Subclinical thyroid 
disease. JAMA 291:228–243

	 2.	 Ripoli A, Pingitore A, Favilli B et al (2005) Does subclinical 
hypothyroidism affect cardiac pump performance? Evidence 
from a magnetic resonance imaging study. J Am Coll Cardiol 
45:439–445

	 3.	 Redford C, Vaidya B (2017) Subclinical hypothyroidism: should 
we treat? Post Reprod Health 23:55–62

	 4.	 Störk S, Handrock R, Jacob J et al (2017) Epidemiology of heart 
failure in Germany: a retrospective database study. Clin Res 
Cardiol 106(11):913–922

	 5.	 Rodondi N, Newman AB, Vittinghoff E et al (2005) Subclinical 
hypothyroidism and the risk of heart failure, other cardiovascu-
lar events, and death. Arch Intern Med 165:2460–2466

	 6.	 Biondi B (2012) Mechanisms in endocrinology: Heart failure 
and thyroid dysfunction. Eur J Endocrinol 167(5):609–618



232	 Clinical Research in Cardiology (2019) 108:225–233

1 3

	 7.	 Rodondi N, den Elzen WP, Bauer DC et al (2010) Subclinical 
hypothyroidism the risk of coronary heart disease mortality. 
JAMA 304(12):1365–1374

	 8.	 Gencer B, Collet TH, Virgini V et al (2012) Thyroid Studies 
C. Subclinical thyroid dysfunction and the risk of heart failure 
events: an individual participant data analysis from 6 prospec-
tive cohorts. Circulation 126:1040–1049

	 9.	 Chaker L, Bianco AC, Jonklaas J, Peeters RP (2017) Hypothy-
roidism. Lancet 390:1550–1562

	10.	 Parretti H, Okosieme O, Vanderpump M (2016) Current recom-
mendations in the management of hypothyroidism: developed 
from a statement by the British Thyroid Association Executive. 
Br J Gen Pract 66:538–540

	11.	 Floriani C, Gencer B, Collet TH, Rodondi N (2018) Subclinical 
thyroid dysfunction and cardiovascular diseases: 2016 update. 
Eur Heart J 14(7):503–507 39(

	12.	 Chen S, Shauer A, Zwas DA, Lotan C, Keren A, Gotsman I 
(2014) The effect of thyroid function on clinical outcome in 
patients with heart failure. Eur J Heart Fail 16(2):217–226

	13.	 Gencer B, Collet TH, Virgini V, Auer R, Rodondi N (2013) 
Subclinical thyroid dysfunction and cardiovascular outcomes 
among prospective cohort studies. Endocr Metab Immune Dis-
ord Drug Targets 13:4–12

	14.	 Hayashi T, Hasegawa T, Kanzaki H et al (2016) Subclinical 
hypothyroidism is an independent predictor of adverse cardio-
vascular outcomes in patients with acute decompensated heart 
failure. ESC Heart Fail 3:168–176

	15.	 Gussekloo J, van Exel E, de Craen AJ, Meinders AE, Frölich M, 
Westendorp RG (2004) Thyroid status, disability and cognitive 
function, and survival in old age. JAMA 292:2591–2599

	16.	 Ponikowski P, Voors AA, Anker SD et al (2016) 2016 ESC 
Guidelines for the Diagnosis and Treatment of Acute and 
Chronic Heart Failure. Rev Esp Cardiol (Engl Ed 69:1167

	17.	 Lam CS, Lyass A, Kraigher-Krainer E et al (2011) Cardiac 
dysfunction and noncardiac dysfunction as precursors of heart 
failure with reduced and preserved ejection fraction in the com-
munity. Circulation 124:24–30

	18.	 Hammoudi N, Laveau F, Helft G et al (2017) Low level exercise 
echocardiography helps diagnose early stage heart failure with 
preserved ejection fraction: a study of echocardiography versus 
catheterization. Clin Res Cardiol 106(3):192–201

	19.	 Morbach C, Buck T, Rost C et  al (2018 Feb) Point-of-care 
B-type natriuretic peptide and portable echocardiography for 
assessment of patients with suspected heart failure in primary 
care: rationale and design of the three-part Handheld-BNP 
program and results of the training study. Clin Res Cardiol 
107(2):95–107

	20.	 Vitale G, Maurizio G, Gelsy AL et al (2002) Left ventricular 
myocardial impairment in subclinical hypothyroidism assessed by 
a new ultrasound tool: pulsed tissue Doppler. J Clin Endocrinol 
Metab 87:4350–4355

	21.	 Zoncu S, Pigliaru F, Putzu C et al (2005) Cardiac function in 
borderline hypothyroidism: a study by pulsed wave tissue doppler 
imaging. Eur J Endocrinol 152:527–533

	22.	 Biondi B, Fazio S, Palmieri EA et al (1999) Left ventricular dias-
tolic dysfunction in patients with subclinical hypothyroidism. J 
Clin Endocrinol Metab 84:2064–2067

	23.	 Rodondi N, Bauer DC, Cappola AR et  al (2008) Subclini-
cal thyroid dysfunction, cardiac function, and the risk of heart 
failure. The Cardiovascular Health study. J Am Coll Cardiol 
52:1152–1159

	24.	 Biondi B, Palmieri EA, Lombardi G, Fazio S (2002) Effects of 
subclinical thyroid dysfunction on the heart. Ann Intern Med 
137:904–914

	25.	 Biondi B, Palmieri EA, Lombardi G, Fazio S (2002) Subclinical 
hypothyroidism and cardiac function. Thyroid 12:505–510

	26.	 Arem R, Rokey R, Kiefe C, Escalante DA, Rodriguez A (1996) 
Cardiac systolic and diastolic function at rest and exercise in 
subclinical hypothyroidism: effect of thyroid hormone therapy. 
Thyroid 6:397–402

	27.	 Weber T, O’Rourke MF, Ammer M, Kvas E, Punzengruber C, 
Eber B (2008) Arterial stiffness and arterial wave reflections are 
associated with systolic and diastolic function in patients with 
normal ejection fraction. Am J Hypertens 21:1194–1202

	28.	 Desai AS, Mitchell GF, Fang JC, Creager MA (2009) Central 
aortic stiffness is increased in patients with heart failure and pre-
served ejection fraction. J Card Fail 15:658–664

	29.	 Kang S, Fan HM, Li J et al (2010) Relationship of arterial stiffness 
and early mild diastolic heart failure in general middle and aged 
population. Eur Heart J 31:2799–2807

	30.	 Paglia A, Sasso L, Pirozzi F et al (2014) Arterial wave reflections 
and ventricular–vascular interaction in patients with left ventricu-
lar systolic dysfunction. Int Heart J 55:526–532

	31.	 Lüers C, Trippel TD, Seeländer S et al (2017) Arterial stiff-
ness and elevated left ventricular filling pressure in patients at 
risk for the development or a previous diagnosis of HF-A sub-
group analysis from the DIAST-CHF study. J Am Soc Hypertens 
11(5):303–313

	32.	 McEniery CM, Wallace S, Mackenzie IS et al (2006) Endothe-
lial function is associated with pulse pressure, pulse wave veloc-
ity, and augmentation index in healthy humans. Hypertension 
48:602–608

	33.	 Lee SW, Cho KI, Kim HS, Heo JH, Cha TJ (2015) The impact 
of subclinical hypothyroidism or thyroid autoimmunity on coro-
nary vasospasm in patients without associated cardiovascular 
risk factors. Korean Circ J 45(2):125. https​://doi.org/10.4070/
kcj.2015.45.2.125

	34.	 Nagasaki T, Inaba M, KumedaY et al (2005) Increased pulse wave 
velocity in subclinical hypothyroidism. J Clin Endocrinol Metab 
91:154–158

	35.	 Masaki M, Komamura K, Goda A et al (2014) Elevated arterial 
stiffness and diastolic dysfunction in subclinical hypothyroidism. 
Circ J 78(6):1494–1500

	36.	 Owen PJ, Rajiv C, Vinereanu D, Mathew T, Fraser AG, Lazarus 
JH (2006) Subclinical hypothyroidism, arterial stiffness, and myo-
cardial reserve. J Clin Endocrinol Metab 91(6):2126–2132

	37.	 Mause SF, Weber C (2010) Microparticles: protagonists of a novel 
communication network for intercellular information exchange. 
Circ Res 107(9):1047–1057

	38.	 Distler JH, Huber LC, Gay S, Distler O, Pisetsky DS (2006) 
Microparticles as mediators of cellular cross-talk in inflamma-
tory disease. Autoimmunity 39(8):683–690

	39.	 Nozaki T, Sugiyama S, Sugamura K et al (2010) Prognostic value 
of endothelial microparticles in patients with heart failure. Eur J 
Heart Fail 12(11):1223–1228

	40.	 Yong PJ, Koh CH, Shim WS (2013) Endothelial microparticles: 
missing link in endothelial dysfunction? Eur J Prev Cardiol 
20(3):496–512

	41.	 Berezin AE, Kremzer AA, Martovitskaya YV, Samura TA, 
Berezina TA (2015) The association of subclinical hypothyroid-
ism and pattern of circulating endothelial-derived microparti-
cles among chronic heart failure patients. Res Cardiovasc Med 
4(4):e29094

	42.	 Berezin AE, Kremzer AA, Martovitskaya YV et al (2015) The 
predictive role of circulating microparticles in patients with 
chronic heart failure. BBA Clin 3:18–24

	43.	 Berezin AE, Kremzer A, Berezina T, Martovitskaya Y (2016) The 
signature of circulating microparticles in heart failure patients 
with metabolic syndrome. J Circ Biomark 5:1849454416663659

	44.	 Berezin AE, Kremzer AA, Martovitskaya YV, Samura TA, 
Berezina TA (2016) Pattern of circulating endothelial-derived 
microparticles among chronic heart failure patients with 

https://doi.org/10.4070/kcj.2015.45.2.125
https://doi.org/10.4070/kcj.2015.45.2.125


233Clinical Research in Cardiology (2019) 108:225–233	

1 3

dysmetabolic comorbidities: the impact of subclinical hypothy-
roidism. Diabetes Metab Syndr 10(1):29–36

	45.	 Paulus WJ, Tschope C (2013) A novel paradigm for heart failure 
with preserved ejection fraction: comorbidities drive myocardial 
dysfunction and remodeling through coronary microvascular 
endothelial inflammation. J Am Coll Cardiol 62:263–271

	46.	 Maaten JM, Damman K, Verhaar MC et al (2016) Connecting 
heart failure with preserved ejection fraction and renal dysfunc-
tion: the role of endothelial dysfunction and inflammation. Eur J 
Heart Fail 18:588–598

	47.	 Gupta G, Sharma P, Kumar P, Itagappa M (2015) Study on sub-
clinical hypothyroidism and its association with various inflam-
matory markers. J Clin Diagn Res 9(11):BC04–B6

	48.	 Vaya A, Gimenez C, Sarnago A et al (2014) Subclinical hypo-
thyroidism and cardiovascular risk. Clin Hemorheol Microcirc 
58:1–7

	49.	 Taddei S, Caraccio N, Virdis A et al (2006) Low grade systemic 
inflammation causes endothelial dysfunction in patients with 
hashimato’s thyroiditis. J Clin Endocrinol Metab 91:5076–5082

	50.	 Dillmann WH (1990) Biochemical basis of thyroid hormone 
action in the heart. Am J Med 88:626–632

	51.	 Türemen EE, Çetinarslan B, Sahin T, Cantürk Z, Tarkun I (2011) 
Endothelial dysfunction and low grade chronic inflammation in 
subclinical hypothyroidism due to autoimmune thyroiditis. Endocr 
J 58:349–354

	52.	 Walsh JP, Bremner AP, Bulsara MK et al (2005) Subclinical thy-
roid dysfunction as a risk factor for cardiovascular disease. Arch 
Intern Med 165:2467–2472

	53.	 Pesic MM, Radojkovic D, Antic S, Kocic R, Stankovic-Djordjevic 
D (2015) Subclinical hypothyroidism: association with cardiovas-
cular risk factors and components of metabolic syndrome. Bio-
technol Biotechnol Equip 29:157–163

	54.	 Ilic S, Tadic M, Ivanovic B, Caparevic Z, Trbojevic B, Celic V 
(2013) Left and right ventricular structure and function in sub-
clinical hypothyroidism: the effects of one-year levothyroxine 
treatment. Med Sci Monit 10:19:960–968

	55.	 Monzani F, Di Bello V, Caraccio N et al (2001) Effect of levothy-
roxine on cardiac function and structure in subclinical hypothy-
roidism: a double blind, placebo-controlled study. J Clin Endo-
crinol Metab 86(3):1110–1115

	56.	 Mishra TK, Routray SN, Das S, Behera M (2005) Left ventricu-
lar dysfunction in patients with subclinical hypothyroidism and 
its reversibility after hormone therapy. J Assoc Physicians India 
53:943–946

	57.	 Aghini-Lombardi F, Di Bello V, Talini E et al (2006) Early tex-
tural and functional alterations of left ventricular myocardium in 
mild hypothyroidism. Eur J Endocrinol 155:3–9

	58.	 Iqbal A, Schirmer H, Lunde P et al (2007) Thyroid stimulating 
hormone and left ventricular function. J Clin Endocrinol Metab 
92:3504–3510

	59.	 McDermott MM, Feinglass J, Sy J, Gheorghiade M (1995) Hos-
pitalized congestive heart failure patients with preserved versus 
abnormal left ventricular systolic function: Clinical characteristics 
and drug therapy. Am J Med 99:629–635

	60.	 Bell GM, Todd WT, Forfar JC et al. End-organ responses to thy-
roxine therapy in subclinical hypothyroidism. Clin Endocrinol 
(Oxf) 22:83–89

	61.	 Kahaly GJ (2000 Aug) Cardiovascular and atherogenic aspects of 
subclinical hypothyroidism. Thyroid 10(8):665–679

	62.	 Kirchhof G, Lindner JF, Achenbach S et al (2018 Mar) Strati-
fied prevention: opportunities and limitations. Report on the 1st 
interdisciplinary cardiovascular workshop in Augsburg. Clin Res 
Cardiol 107(3):193–200

	63.	 Störk S, Handrock R, Jacob J et al (2017) Treatment of chronic 
heart failure in Germany: a retrospective database study. Clin Res 
Cardiol 106(11):923–932

	64.	 Stott DJ, Rodondi N, Kearney PM, TRUST Study Group (2017) 
Thyroid Hormone Therapy for Older Adults with Subclinical 
Hypothyroidism. N Engl J Med 376:2534–2544

	65.	 Vadiveloo T, Donnan PT, Murphy MJ, Leese GP (2013) Age- and 
gender-specific TSH reference intervals in people with no obvious 
thyroid disease in Tayside, Scotland: the Thyroid Epidemiology, 
Audit, and Research Study (TEARS). J Clin Endocrinol Metab 
98:1147–1153

	66.	 Waring AC, Arnold AM, Newman AB, Buzkova P, Hirsch C, Cap-
pola AR (2012) Longitudinal changes in thyroid function in the 
oldest old and survival: the cardiovascular health study all-stars 
study. J Clin Endocrinol Metab 97:3944–3950

	67.	 Surks MI, Boucai L (2010) Age- and race-based serum thyrotropin 
reference limits. J Clin Endocrinol Metab 95:496–502

	68.	 Surks MI, Hollowell JG (2007) Age-specific distribution of serum 
thyrotropin and antithyroid antibodies in the U.S. population: 
implications for the prevalence of subclinical hypothyroidism. J 
Clin Endocrinol Metab 92:4575–4582

	69.	 Biondi B, Wartofsky L (2014) Treatment with thyroid hormone. 
Endocr Rev 35:433–512

	70.	 Gharib H, Tuttle RM, Baskin HJ, Fish LH, Singer PA, McDermott 
MT (2005) Subclinical thyroid dysfunction: a joint statement on 
management from the American Association of Clinical Endocri-
nologists, the American Thyroid Association, and the Endocrine 
Society. J Clin Endocrinol Metab 90:581–585

	71.	 Cooper DS, Biondi B (2012) Subclinical thyroid disease. Lancet 
379:1142–1154

	72.	 Rhee SS, Pearce EN (2011) Update: Systemic Diseases and the 
Cardiovascular System (II). The endocrine system and the heart: 
a review. Rev Esp Cardiol 64:220–231


	Subclinical hypothyroidism and the development of heart failure: an overview of risk and effects on cardiac function
	Abstract
	The scale and significance of subclinical hypothyroidism in the context of heart failure events and mortality
	Subclinical hypothyroidism and incidence of heart failure

	Definitions of selected parameters of cardiac function used in the text are presented in Table 1
	Thyroid dysfunction in patients with HF
	Subclinical hypothyroidism and diastolic dysfunction

	Pathogenical mechanisms linking subclinical hypothyroidism to diastolic dysfunction
	Endothelial dysfunction and arterial stiffness
	Apoptotic-derived extracellular microparticles
	Systemic inflammation

	The impact of subclinical hypothyroidism on systolic function
	Subclinical hypothyroidism as a therapeutic target
	Conclusion
	References


