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Abstract
Background: Hypothyroidism and hyperthyroidism are as-
sociated with marked changes in cardiac structure and func-
tion. However, the association of thyroid function within the 
normal range with cardiac structure and function in the 
general population remains uncertain. Methods: Eight hun-
dred thirty-five subjects aged ≥45 years from the EPIPorto 
cohort (evaluation between 2006 and 2008) were cross-sec-
tionally analyzed. We excluded participants with TSH, free 
T4 (FT4), or free T3 (FT3) outside of the reference range or 
with self-reported cardiovascular or thyroid disease. Cardiac 
structure and function were evaluated by echocardiogra-

phy. We used linear regression models unadjusted and ad-
justed for sex and age (model 1), and sex, age, BMI, diabetes, 
hypertension, and smoking (model 2). Nonlinear associa-
tions were assessed using restricted cubic splines. Results: 
The mean age was 61.5 years (SD 10.5); 61.1% of the patients 
were women. In the adjusted model 2, heart rate was posi-
tively associated with FT3; diastolic blood pressure was pos-
itively associated with TSH; LV end-diastolic and end-systol-
ic volumes were inversely associated with TSH, and ejection 
fraction was nonlinearly associated with FT3, with higher 
ejection fractions near the limits of the reference range. Left 
ventricle (LV) posterior wall thickness was nonlinearly asso-
ciated with FT4 in the adjusted model 1, with a greater thick-
ness near the limits of the reference range. Regarding dia-
stolic function, no significant associations were observed in 
adjusted models. Conclusions: Thyroid function within the 
reference range was associated with heart rate, blood pres-
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sure, cardiac structure, and function. Increasing thyroid 
function (lower TSH, higher FT4, or higher FT3) was associ-
ated with a higher heart rate, a lower diastolic blood pres-
sure, and larger LV volumes. LV wall thickness and ejection 
fraction had a U-shaped association with thyroid hormones.

© 2020 European Thyroid Association
Published by S. Karger AG, Basel

Introduction

Cardiovascular disease is the leading cause of death 
worldwide. Traditional risk factors, including diabetes, 
dyslipidemia, and hypertension, contribute significantly 
to the development of cardiovascular disease [1]. Inten-
sive treatment of these risk factors is associated with an 
important reduction of the risk of cardiovascular events 
[2–4]. However, even after correcting these risk factors, 
many patients still have a significant residual risk, high-
lighting the importance of understanding other mecha-
nisms of cardiovascular dysfunction [5, 6].

Thyroid hormones play a critical role in cardiovascu-
lar system development and homeostasis [7]. Both overt 
hypothyroidism and hyperthyroidism contribute to a 
high risk of atherosclerotic disease and heart failure [8–
10]. Even subclinical thyroid dysfunction is known to in-
crease the cardiovascular risk, with both subclinical hy-
pothyroidism and hyperthyroidism being associated with 
heart failure and atherosclerotic disease [11–15]. Further-
more, subclinical hyperthyroidism has been associated 
with an increased incidence of cardiac arrhythmias, par-
ticularly atrial fibrillation [15, 16], and subclinical hypo-
thyroidism has been linked to an increased risk of hyper-
tension [17, 18].

While the effects of overt and subclinical thyroid dys-
function on cardiac function have been well characterized 
[19, 20], the association of thyroid hormone levels within 
the reference range with cardiac function remains uncer-
tain. Therefore, we aimed to evaluate the association be-
tween thyroid function within the reference range and 
cardiac function in the general population.

Materials and Methods

Study Design and Participants
The EPIPorto study is a population-based cohort study [21], on-

going for > 20 years, with the main aim of assessing the determinants 
of health in the adult population of Porto, Portugal. For the baseline 
evaluation (1999–2003), 2,485 persons were randomly selected and 
have been repeatedly evaluated over time. Between October 2006 
and July 2008, participants aged 45 years or older were eligible to 

undergo a systematic evaluation of parameters of cardiac structure 
and function, which included a cardiovascular clinical history, a 
physical examination, a detailed anthropometric evaluation, collec-
tion of fasting blood samples, and a transthoracic echocardiogram. 
Among the 2,048 cohort members in the eligible age range at that 
time, 134 (6.5%) had died, 198 (9.7%) refused reevaluation, and 580 
(28.3%) were lost to follow-up. We further excluded 301 patients 
with a previous myocardial infarction, percutaneous or surgical re-
vascularization, a prior cardiac surgery, significant (moderate to se-
vere) valvular heart disease, a history of thyroid disease, or treatment 
with drugs that interfere with thyroid function, as well as those with-
out serum available for determination of thyroid function or with 
TSH, free thyroxine (FT4), or free triiodothyronine (FT3) outside of 
the reference range (0.35–4.94 μIU/mL for TSH, 0.70–1.48 ng/dL for 
FT4, and 1.71–3.71 pg/mL for FT3). Eight hundred thirty-five par-
ticipants were included in our analysis.

Thyroid Function Measurements
TSH, FT3, and FT4 were measured in serum samples stored at 

–80   ° C by an electrochemiluminescence immunoassay using an 
Abbott Architect i2000 analyzer (Abbott Diagnostics). It has been 
previously shown that TSH and thyroid hormones can be analyzed 
reliably in frozen stored samples [22]. 

Table 1. Clinical and echocardiographic characteristics of the 
study sample

Age, years 61.5±10.5
Females 61.1
BMI 27.4±4.6
Diabetes mellitus 11.3
Dyslipidemia 47.8
Hypertension 54.8
Current smokers 14.7
Treatment with β-blockers 6.6
Heart rate, bpm 63.4±9.7
Blood pressure, mm Hg

Systolic 132.9±19.6
Diastolic 78.3±11.3

LA volume, mL/m2 28.5±9.6
LV geometry

Septum, mm 8.6±1.5
Posterior wall, mm 7.9±1.2
LV mass, g/m2 79.1±18.3
LVEDV, mL/m2 66.0±16.0
LVESV, mL/m2 26.6±8.9

Systolic function
Ejection fraction, % 60.5±6.2

Diastolic function
Mitral E/A ratio 0.97±0.32
Deceleration time, ms 235.8±53.6
E’ velocity, cm/s 10.6±3.2
E/E’ ratio 7.3±2.6

Values are presented as means ± SD or percents. The total 
number of patients is 835. LVEDV, LV end-diastolic volume; 
LVESV, LV end-systolic volume.
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Echocardiographic Evaluation and Blood Pressure Evaluation
All echocardiography studies were acquired by 1 of 4 cardiolo-

gists, using the same equipment (Hewlett-Packard Sonos 5500). 
Images were stored for later offline analysis by 2 experienced car-
diologists who were blinded to clinical data. Cardiac chamber di-
mensions and volumes and left ventricular (LV) mass were in-
dexed to body surface area. Diastolic function was assessed by 
measuring mitral inflow velocities (E-wave, A wave, and E/A ratio) 
and the E-wave deceleration time and the isovolumetric relaxation 
time using pulsed-wave Doppler in the apical 4-chamber view. Ve-
locities were recorded at end expiration and averaged over 3 con-
secutive cardiac cycles. Pulsed-wave tissue Doppler velocities were 
acquired at end expiration, in the apical 4-chamber view, on the 
lateral side of the mitral annulus, measuring early diastolic (E’) and 
late diastolic (A’) velocities and estimating the E/E’ ratio accord-
ingly. Systolic function was evaluated by ejection fraction calcula-
tion using the modified biplane Simpson rule.

Blood pressure was determined by 2 measurements separated 
by at least 5 min after a 10-min rest. When the difference between 
measurements was larger than 5 mm Hg for systolic or diastolic 
blood pressure, a third measurement was taken and the mean of 
the 2 closest values was considered. 

Comorbidities and Clinical Definitions
BMI was calculated as weight in kilograms divided by the 

square of height in meters. Hypertension was defined as a systolic 
blood pressure ≥140 mm Hg or a diastolic blood pressure ≥90 mm 
Hg at the time of the visit [23] or as use of antihypertensive drugs. 
Diabetes was defined as a fasting blood glucose level ≥126 mg/dL 
[24], a self-reported history of diabetes, or use of diabetes medica-
tions. Dyslipidemia was defined as low-density lipoprotein choles-
terol ≥160 mg/dL, triglycerides ≥200 mg/dL, high-density lipo-
protein cholesterol < 40 mg/dL [25], or use of lipid-lowering drugs.

Statistical Analysis
We used linear regression models to evaluate the associations 

of TSH, FT4, and FT3 (independent variables) with heart rate, 
blood pressure, cardiac structure, and cardiac function parameters 
(dependent variables). These associations were evaluated in unad-
justed models and adjusted models for sex and age (model 1) and 
for sex, age, BMI, diabetes, hypertension, and current smoking 
(model 2). These variables were included as potential confounders 
due to their known effects on thyroid function [26, 27] and car-
diac function [28]. Participants treated with β-blockers were ex-
cluded from analyses of heart rate, blood pressure, and cardiac 
function. As previous studies have shown some similar cardiac 
manifestations in participants with hypothyroidism and hyperthy-
roidism [29], we also assessed nonlinear associations using re-
stricted cubic splines with 3 knots at the 10th, 50th, and 90th per-
centiles [30]. This approach allows the identification of changes in 
cardiac structure or function that occur with both increasing and 
decreasing thyroid function within the normal range.

Continuous variables are presented as means (±SD). Categori-
cal variables are presented as percentages. Comparisons between 
groups were made using t tests and the χ2 test. Two-sided p < 0.05 
was considered statistically significant. Statistical analyses were 
performed using Stata software, version 14.2 (StataCorp).

Results

Study Population
A total of 835 participants (510 women and 325 men) 

were included in our analysis after applying the inclu-
sion and exclusion criteria. Participants who were ex-

Table 2. Linear association of thyroid function with heart rate and blood pressure

TSH (μIU/mL) FT4 (ng/dL) FT3 (pg/mL)

β (95% CI) p value β (95% CI) p value β (95% CI) p value

Heart rate (bpm)
Unadjusted –0.35 (–1.79 to 1.09) 0.634 2.98 (–2.32 to 8.28) 0.270 1.52 (–0.26 to 3.30) 0.094
Model 1a –0.76 (–2.20 to 0.68) 0.303 2.42 (–2.87 to 7.71) 0.370 1.86 (0.08 to 3.64) 0.041
Model 2b –0.75 (–2.17 to 0.67) 0.299 1.38 (–3.83 to 6.60) 0.603 1.99 (0.23 to 3.75) 0.026
Blood pressure (mm Hg)
Systolic

Unadjusted 0.58 (–2.32 to 3.49) 0.693 7.67 (–3.00 to 18.36) 0.159 –0.15 (–3.73 to 3.43) 0.935
Model 1a 0.42 (–2.32 to 3.16) 0.763 1.69 (–8.35 to 11.74) 0.741 2.90 (–0.48 to 6.27) 0.093
Model 2b 0.14 (–2.15 to 2.43) 0.906 –1.99 (–10.38 to 6.40) 0.642 1.99 (–0.84 to 4.81) 0.168

Diastolic
Unadjusted 1.77 (0.10 to 3.44) 0.038 1.11 (–5.06 to 7.28) 0.724 1.03 (–1.03 to 3.10) 0.328
Model 1a 1.88 (0.19 to 3.57) 0.029 1.62 (–4.59 to 7.83) 0.609 0.81 (–1.29 to 2.90) 0.450
Model 2b 1.54 (0.10 to 2.98) 0.036 0.41 (–4.88 to 5.69) 0.880 –0.06 (–1.84 to 1.72) 0.948

The values shown were estimated by multiple linear regression, with TSH, FT4, or FT3 as independent variable and heart rate, sys-
tolic blood pressure, and diastolic blood pressure as dependent variables, adjusting for several variables as stated. TSH was log-trans-
formed. Participants treated with β-blockers were excluded from heart rate and blood pressure analyses. Statistically significant asso-
ciations are shown in bold. a Adjusted for age and sex. b Adjusted for age, sex, BMI, hypertension, diabetes, and current smoking.

Downloaded from Bioscientifica.com at 05/16/2023 03:01:54PM
via free access



Thyroid Hormones and Cardiac Function 153Eur Thyroid J 2021;10:150–160
DOI: 10.1159/000508407

cluded or lost to follow-up did not differ from those 
included at baseline regarding sex, BMI, or smoking 
status,  but  they  were  older  and  had  a  higher  prev-
alence of comorbidities (online suppl. Table 1, see  
online  Supplementary  Materials).   The  general  char-
acteristics and echocardiographic findings of the in-
cluded population are shown in Table 1. The mean age 
was 61.5 years (SD 10.5) years. Eleven percent of the 
participants had diabetes mellitus, nearly half had dys-
lipidemia (47.8%), and more than half had hyperten-
sion (54.8%). 

Association of Thyroid Function with Heart Rate and 
Blood Pressure
The associations of thyroid function with heart rate 

and blood pressure in univariable and multivariable anal-
ysis are shown in Table 2. We observed that heart rate 

increased significantly with increasing FT3 levels after 
adjustment for age and sex (model 1) and further adjust-
ment for potential confounding factors of BMI, hyperten-
sion, diabetes, and smoking (model 2). Regarding blood 
pressure, mean diastolic blood pressure was positively as-
sociated with TSH levels both in univariate and in multi-
variate regression models.

Association of Thyroid Function with Cardiac 
Structure
Concerning cardiac structure (Table 3), both LV end-

diastolic and end-systolic volumes were found to be in-
versely associated with TSH levels in the unadjusted and 
adjusted regression models. In addition, analysis by re-
stricted cubic splines (Fig. 1) showed U-shaped associa-
tions between FT3 levels and LV cavity volumes in unad-
justed and adjusted models.

Table 3. Linear association of thyroid function with cardiac structure

TSH (μIU/mL) FT4 (ng/dL) FT3 (pg/mL)

β (95% CI) p value β (95% CI) p value β (95% CI) p value

LA volume (mL/m2)
Unadjusted –0.81 (–2.19 to 0.57) 0.250 2.42 (–2.72 to 7.57) 0.356 –2.44 (–4.16 to –0.72) 0.006
Model 1a –1.06 (–2.41 to 0.29) 1.123 0.56 (–4.47 to 5.58) 0.828 –1.38 (–3.08 to 0.32) 0.112
Model 2b –1.16 (–2.52 to 0.20) 0.095 0.71 (–4.35 to 5.76) 0.783 –1.60 (–3.31 to 0.11) 0.066
LV geometry
Septum (mm)

Unadjusted –0.06 (–0.26 to 0.15) 0.593 0.65 (–0.11 to 1.42) 0.095 –0.26 (–0.52 to –0.003) 0.048
Model 1a 0.003 (–0.19 to 0.20) 0.970 0.30 (–0.42 to 1.02) 0.406 –0.07 (–0.31 to 0.18) 0.582
Model 2b 0.01 (–0.18 to 0.19) 0.953 0.17 (–0.51 to 0.84) 0.627 –0.15 (–0.38 to 0.08) 0.203

Posterior wall (mm)
Unadjusted –0.01 (–0.18 to 0.16) 0.883 0.40 (–0.22 to 1.02) 0.207 –0.09 (–0.30 to 0.12) 0.389
Model 1a 0.05 (–0.11 to 0.21) 0.528 0.12 (–0.46 to 0.70) 0.678 0.06 (–0.13 to 0.26) 0.525
Model 2b 0.04 (–0.11 to 0.18) 0.630 0.00 (–0.53 to 0.53) 1.000 0.00 (–0.18 to 0.18) 0.999

LV mass (g/m2)
Unadjusted –2.00 (–4.61 to 0.60) 0.132 9.48 (–0.17 to 19.13) 0.054 –3.57 (–6.82 to –0.31) 0.032
Model 1a –1.28 (–3.75 to 1.18) 0.307 5.17 (–3.93 to 14.26) 0.265 –1.16 (–4.27 to 1.94) 0.463
Model 2b –1.31 (–3.70 to 1.07) 0.281 2.93 (–5.88 to 11.74) 0.514 –1.71 (–4.72 to 1.29) 0.264

LVEDV (mL/m2)
Unadjusted –4.38 (–6.67 to –2.09) <0.001 0.20 (–8.38 to 8.78) 0.963 0.44 (–2.44 to 3.32) 0.766
Model 1a –3.55 (–5.81 to –1.29) 0.002 0.36 (–8.07 to 8.79) 0.934 0.23 (–2.64 to 3.09) 0.877
Model 2b –3.70 (–5.98 to –1.42) 0.001 0.34 (–8.13 to 8.82) 0.936 0.03 (–2.85 to 2.91) 0.984

LVESV (mL/m2)
Unadjusted –2.46 (–3.74 to –1.18) <0.001 1.39 (–3.40 to 6.17) 0.570 0.53 (–1.08 to 2.13) 0.521
Model 1a –2.03 (–3.29 to –0.76) 0.002 1.38 (–3.33 to 6.08) 0.566 0.49 (–1.11 to 2.09) 0.551
Model 2b –2.03 (–3.30 to –0.75) 0.002 1.36 (–3.40 to 6.11) 0.575 0.43 (–1.18 to 2.05) 0.597

The values shown were estimated by multiple linear regression, with TSH, FT4, or FT3 as the independent variable and cardiac struc-
ture parameters as dependent variables, adjusting for several variables as stated. TSH was log-transformed. LVEDV, LV end-diastolic 
volume; LVESV, LV end-systolic volume. Statistically significant associations are shown in bold. a Adjusted for age and sex. b Adjusted 
for age, sex, BMI, hypertension, diabetes, and current smoking.
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Negative correlations of FT3 levels with left atrium 
(LA) volume (β = –2.44, range –4.16 to –0.72; p = 0.006) 
and parameters of LV geometry, specifically septum 
thickness (β = –0.26, range –0.52 to –0.003; p = 0.048) and 
LV mass (β = –3.57, range –6.82 to –0.31; p = 0.032), were 
also found, but these were not verified after adjustment 
in models 1 and 2. 

Analysis of FT4 levels by restricted cubic splines with 
septum thickness, posterior wall thickness, and LV mass 
(Fig.  2) showed only a nonlinear relationship between 
FT4 and LV posterior wall thickness, with the higher val-
ues of posterior wall thickness among participants with 
higher and lower FT4 levels within the reference range. 
However, this association was not significant after adjust-
ments in model 2. 

Association of Thyroid Function with Systolic and 
Diastolic Function
Linear regression analysis between thyroid function 

and systolic and diastolic functions are shown in Table 
4. Concerning systolic function, TSH levels were posi-
tively associated with ejection fraction (β = 0.96, range 
0.03–1.89; p = 0.042). This association was no longer 
significant after adjustments in models 1 and 2. On the 
other hand, analysis between FT3 levels and ejection 
fraction by restricted cubic splines (Fig.  1) showed a 
strong nonlinear association between these variables (p 
for nonlinearity = 0.001), with a higher ejection fraction 
in extreme FT3 levels within the reference range. These 
associations remained significant after adjustments in 
both models.

Unadjusted Model 1 Model 2

p value = 0.039
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Fig. 1. Restricted cubic splines analysis of the continuous relationship between FT3 and LV end-diastolic volume 
(LVEDV), LV end-systolic volume (LVESV), and ejection fraction. Participants treated with β-blockers were ex-
cluded from these analyses. Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, BMI, hypertension, 
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In diastolic function, FT3 levels were positively corre-
lated with E’ velocity (β = 0.80; range 0.21–1.39; p = 0.008), 
unlike FT4 levels, which were negatively correlated with 
this variable (β = –2.76, range –4.52 to –0.99; p = 0.002) 
as well as with the mitral E/A ratio (β = –0.22, range –0.39 
to –0.04; p = 0.015). Deceleration time increased signifi-
cantly with increasing FT4 levels (β = 29.58, range 0.43–
58.74; p = 0.047). All of these associations were no longer 
significant after adjustments in models 1 and 2.

Discussion

In a population-based sample, thyroid hormone levels 
within the reference range were significantly associated 
with heart rate, blood pressure, and cardiac structure and 

function. Our study shows robust positive associations 
between FT3 levels and heart rate, as well as between TSH 
levels and diastolic blood pressure, which suggests that 
increasing thyroid hormone levels are associated with a 
higher heart rate and a lower diastolic blood pressure. At 
a structural level, the inverse association found between 
TSH levels and LV end-systolic and end-diastolic vol-
umes also indicates that an increase in thyroid function is 
associated with larger LV cavity volumes. On the other 
hand, nonlinear associations of FT4 and FT3 with LV wall 
thickness and LV ejection fraction, respectively, suggest 
that thyroid hormone concentrations near the extremes 
of the reference range are associated with a greater wall 
thickness and a higher ejection fraction.

Previous studies evaluating the association of thyroid 
hormones with cardiac function have shown contradic-
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tory results. Pearce et al. [31] evaluated the association of 
TSH with LV structure and function in the Framingham 
Heart Study. There were no significant associations be-
tween TSH and LV mass, LV wall thickness, LA, or LV 
systolic function. However, TSH < 0.5 mU/L was associ-
ated with improved LV contractility, as assessed by echo-
cardiographic LV fractional shortening, among women, 
but this parameter is no longer recommended in clinical 
practice [31]. In that study, associations of T4 and T3 with 
cardiac function were not assessed.

In a study of 318 participants with hypertension (mean 
age in the euthyroid group: 68 years; 10% with heart fail-
ure), Iida et al. [32] described that thyroid hormones 
within the normal reference range were positively associ-
ated with LV mass index. On the other hand, in a sample 
restricted to participants aged between 35 and 55 years 
without hypertension or cardiovascular disease, Roef et 
al. [33] showed that higher thyroid hormone levels with-
in the normal range were associated with heart rate and 
smaller LV cavity sizes but not with wall thickness after 

adjustment for blood pressure. In this study, thyroid hor-
mone levels were positively associated with early and late 
ventricular filling, in contrast to our findings. 

The differences between studies are probably related 
to the populations evaluated. While the study by Roef et 
al. [33] included only young and healthy participants, the 
study by Iida et al. [32] was restricted to older hyperten-
sive individuals. On the other hand, our study represents 
a particularly important segment of the population. As we 
evaluated participants aged 45 years or older with a pro-
portion of hypertension, diabetes, and dyslipidemia rep-
resentative of the general population, our study better 
represents the population usually targeted for cardiovas-
cular preventive interventions. 

Thyroid hormones modulate cardiac function through 
genomic and nongenomic mechanisms [8, 33, 34]. T3 is 
the active form of thyroid hormones and it is responsible 
for most cardiovascular effects. In humans, type 2 deio-
dinase is expressed in the heart and allows local conver-
sion of T4 to T3 [8]. TSH level is as a sensitive marker of 

Table 4. Linear association of thyroid function with systolic and diastolic function

TSH (μIU/mL) FT4 (ng/dL) FT3 (pg/mL)

β (95% CI) p value β (95% CI) p value β (95% CI) p value

Systolic function
Ejection fraction (%)

Unadjusted 0.96 (0.03 to 1.89) 0.042 –1.42 (–4.86 to 2.01) 0.416 –0.44 (–1.59 to 0.71) 0.449
Model 1a 0.78 (–0.16 to 1.71) 0.103 –1.44 (–4.87 to 2.00) 0.412 –0.45 (–1.61 to 0.71) 0.556
Model 2b 0.76 (–0.18 to 1.70) 0.111 –1.47 (–4.92 to 1.98) 0.404 –0.36 (–1.52 to 0.80) 0.543

Diastolic function
Mitral E/A ratio

Unadjusted –0.01 (–0.04 to 0.05) 0.831 –0.22 (–0.39 to –0.04) 0.015 0.03 (–0.02 to 0.09) 0.240
Model 1a 0.01 (–0.03 to 0.05) 0.676 –0.09 (–0.25 to 0.06) 0.247 –0.03 (–0.02 to 0.02) 0.293
Model 2b 0.01 (–0.03 to 0.05) 0.617 –0.08 (–0.23 to 0.07) 0.296 –0.02 (–0.07 to 0.03) 0.393

Deceleration time (ms)
Unadjusted 1.26 (–6.63 to 9.16) 0.451 29.58 (0.43 to 58.74) 0.047 –2.00 (–11.75 to 7.74) 0.687
Model 1a 1.57 (–5.94 to 9.07) 0.682 15.11 (–12.54 to 42.77) 0.284 5.48 (–3.81 to 14.76) 0.248
Model 2b 2.15 (–5.32 to 9.61) 0.573 15.92 (–11.54 to 43.38) 0.255 3.83 (–5.41 to 13.07) 0.416

E’ velocity (cm/s)
Unadjusted –0.02 (–0.50 to 0.46) 0.941 –2.76 (–4.52 to –0.99) 0.002 0.80 (0.21 to 1.39) 0.008
Model 1a 0.08 (–0.33 to 0.49) 0.699 –1.29 (–2.79 to 0.21) 0.091 0.07 (–0.44 to 0.58) 0.787
Model 2b 0.09 (–0.32 to 0.49) 0.674 –1.13 (–2.62 to 0.35) 0.134 0.12 (–0.38 to 0.62) 0.634

E/E’ ratio
Unadjusted 0.20 (–0.17 to 0.56) 0.287 1.26 (–0.08 to 2.60) 0.065 –0.41 (–0.85 to 0.04) 0.074
Model 1a 0.04 (–0.29 to 0.37) 0.824 0.45 (–0.77 to 1.66) 0.471 0.01 (–0.40 to 0.42) 0.980
Model 2b 0.04 (–0.28 to 0.37) 0.789 0.23 (–0.96 to 1.42) 0.701 –0.02 (–0.42 to 0.38) 0.911

The values shown were estimated by multiple linear regression, with TSH, FT4, or FT3 as the independent variable and cardiac func-
tion parameters as dependent variables, adjusting for several variables as stated. TSH was log-transformed. Participants treated with 
β-blockers were excluded from systolic function and diastolic function analyses. Statistically significant associations are shown in bold. 
a Adjusted for age and sex. b Adjusted for age, sex, BMI, hypertension, diabetes, and current smoking.
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thyroid function as TSH secretion increases with decreas-
ing thyroid hormone levels. However, some studies have 
suggested that TSH may also have direct effects on heart 
and vessels [35–37]. In the myocardium, thyroid hor-
mone stimulates channels and transporters involved in 
calcium fluxes, improving both contraction and relax-
ation. Thyroid hormone also improves myocardial relax-
ation through upregulation of sarcoplasmic reticulum 
calcium-activated ATPase (SERCA2) and Na+/K+-
ATPase, and downregulation of phospholamban [8, 34]. 
On the other hand, thyroid hormones directly induce 
myocardial hypertrophy through activation of PI3K/
AKT/mTOR and GK3β signaling pathways [8]. While the 
direct effects of thyroid hormones on diastolic function 
may be more marked in younger healthier individuals 
(like the population studied by Roef et al. [33]), the hy-
pertrophic effects of thyroid hormones may be more 
marked in the elderly hypertensive population (like the 
population studied by Iida et al. [32]). In our population, 
neither diastolic function nor LV mass was linearly asso-
ciated with thyroid hormone levels. Interestingly, both 
subclinical hypo- and hyperthyroidism are associated 
with diastolic dysfunction and myocardial hypertrophy, 
probably through different mechanisms [38, 39]. In our 
study, FT4 was nonlinearly associated with LV wall thick-
ness. The fact that associations of FT4 with LV wall thick-
ness were no longer significant after adjustment for mod-
el 2 suggests that some of the thyroid hormone effects on 
the LV mass may be mediated by effects on hypertension 
or the glycemic profile. These nonlinear associations of 
FT4 with LV wall thickness highlight that the hypertro-
phic effects of low and high thyroid hormone levels may 
extend to the normal reference range of thyroid hor-
mones. The absence of associations with diastolic func-
tion suggests that the known direct effects of thyroid hor-
mones on cardiac relaxation may be opposed by detri-
mental effects on myocardial hypertrophy.

The nonlinear association of FT3 with LV ejection 
fraction is probably the result of 2 different mechanisms. 
While the increase in LV ejection fraction with increasing 
FT3 above the median is probably the consequence of the 
positive inotropic effects of thyroid hormones, the in-
crease in LV ejection fraction with FT3 below the median 
may be related to the increase in diastolic filling time with 
decreasing heart rate [40].

Studies in patients with hypo- and hyperthyroidism 
have shown that heart rate and blood pressure are strong-
ly associated with of thyroid dysfunction [29, 40]. While 
patients with overt hypothyroidism usually have brady-
cardia and a high diastolic blood pressure, patients with 

overt hyperthyroidism usually have tachycardia and in-
creased systolic blood pressure [40, 41]. Our results sug-
gest that, even within the normal range, variations of thy-
roid function have a relevant effect on heart rate and blood 
pressure, which has also been suggested by previous stud-
ies [17, 42]. Overt and subclinical hyperthyroidism has 
also been associated with an increased risk of cardiac ar-
rhythmias [43–45] and with volume overload [46]. In the 
Rotterdam Study, Chaker et al. [47, 48] found that increas-
ing thyroid function was associated with a higher risk of 
atrial fibrillation in euthyroid participants and a higher 
risk of sudden cardiac death. The tachycardic effects ap-
pear to be dependent on direct cardiac electrophysiologi-
cal effects [49–51] and β-adrenergic stimulation [52], 
while the volume overload is probably mediated by pe-
ripheral vasodilation with compensatory activation of the 
renin-angiotensin-aldosterone axis and increased renal 
reabsorption of sodium and water [46]. These effects may 
be observed even within the normal range as suggested by 
our findings of an increased heart rate with higher FT3 
and an association of lower TSH levels with a lower dia-
stolic blood pressure and with higher LV cavity volumes.

Atherosclerotic risk is also thought to be influenced by 
variations of thyroid hormones within the normal range. 
Both low and high-normal thyroid functions have been 
associated with atherosclerotic disease in several popula-
tion-based cohorts. In the HUNT study, Asvold et al. [53, 
54] found that higher TSH levels were associated with a 
higher risk of coronary heart disease mortality, but only 
in women. On the other hand, a recent meta-analysis did 
not find an association between TSH levels and coronary 
heart disease events and mortality [55]. However, a U-
shaped association between FT4 within the normal range 
and the risk of coronary events was present. A more ath-
erogenic lipid profile with lower FT4 levels may explain 
the higher cardiovascular risk with a low-normal thyroid 
status [56]. In another study, Bano et al. [57] showed that 
a higher FT4 level was associated with a higher risk of 
subclinical and clinical atherosclerosis. A procoagulant 
state linked to a high-normal thyroid function may be a 
possible mechanism to explain this association [58]. Oth-
er plausible mechanism would be related to the increasing 
workload of the heart due to an increased heart rate and 
myocardial hypertrophy [41].

The results of our analysis are clinically relevant as 
they highlight that, even within the normal range, thyroid 
hormones strongly modulate cardiovascular function. 
The use of detailed echocardiography data in a sample 
representative of the general population is a strength of 
our study, as previous studies that evaluated the associa-
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tion of thyroid hormones with echocardiographic param-
eters focused on specific subpopulations [32, 33]. Fur-
thermore, the identification of a U-shaped association of 
thyroid hormones with wall thickness and ejection frac-
tion is important as it highlights that both normal-low 
and normal-high thyroid hormones are associated with a 
higher ejection fraction and a greater wall thickness. In 
those treated with levothyroxine the risk of adverse car-
diovascular outcomes may increase both with under-
treatment and with overtreatment [59]. The clinical im-
pact of small changes in thyroid hormones within the 
normal range concerning cardiovascular outcomes is still 
not clear. Although some authors have suggested the use 
of different targets within the normal range according to 
the clinical context [60], the evidence for such approach 
is scarce. Furthermore, treatment with levothyroxine is 
usually associated with higher T4 and lower T3 levels 
compared with the general population [46], which may 
not completely restore the euthyroid state [61]. Further 
studies, ideally randomized clinical trials, are needed to 
evaluate the potential cardiovascular benefits of individu-
alized targets and the effects of the combination of T4/T3 
treatment in participants treated with thyroid hormones. 

Regarding the limitations of our study, the cross-sec-
tional design limits our ability to make causal inferences. 
We cannot exclude that residual confounding (including 
drugs and unmeasured comorbidities) or loss to follow-
up of participants initially included in this cohort may 
have influenced our results. Furthermore, we must high-
light that we evaluated the association of thyroid function 
within the normal range with cardiac function at a popu-
lation level. Thyroid function has an important interindi-
vidual variation that may have decreased our ability to 
detect significant associations [62]. Prospective studies 
are needed to evaluate the effects of intraindividual varia-
tions of thyroid hormone levels. As we only evaluated 
participants who were 45 years or older, our results may 
not be applicable to younger individuals. Regarding the 
assessment of echocardiography data, we did not evaluate 
intraobserver or interobserver variability. However, all of 
the cardiologists involved in this study had extensive ex-
perience in echocardiography and worked at the same in-
stitution, and a detailed procedure protocol was discussed 
between the team, prior to the start of the study, to har-
monize the methodology and the measurements. Finally, 
we only evaluated free thyroid hormone concentrations. 
Although only the free fraction is considered biologically 
active [63, 64], we cannot exclude that different associa-
tions could have been found if we had evaluated total thy-
roid hormone concentrations. 

In conclusion, variations of thyroid function within 
the reference range are associated with heart rate, blood 
pressure, cardiac structure, and cardiac function in the 
general population. Our results suggest that increasing 
thyroid function (lower TSH, higher FT4, or higher FT3) 
is associated with a higher heart rate, a lower diastolic 
blood pressure, and larger LV cavity volumes. On the oth-
er hand, both LV wall thickness and LV ejection fraction 
have a U-shaped association with thyroid hormones, with 
a greater wall thickness and a higher ejection fraction near 
the extremes of the normal range of thyroid hormone 
concentrations.
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