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Background. -yroid hormones (TH) are crucial for cardiovascular homeostasis. Recent evidence suggests that acute cardio-
vascular conditions, particularly acute heart failure (AHF), significantly impair the thyroid axis. Our aim was to evaluate the
association of thyroid function with cardiovascular parameters and short- and long-term clinical outcomes in AHF patients.
Methods. We performed a single-centre retrospective cohort study including patients hospitalized for AHF between January 2012
andDecember 2017.We used linear, logistic, and Cox proportional hazard regressionmodels to analyse the association of thyroid-
stimulating hormone (TSH) and free thyroxine (FT4) with inpatient cardiovascular parameters, in-hospital mortality, short-term
adverse clinical outcomes, and long-term mortality. Two models were used: (1) unadjusted, and (2) adjusted for age and sex.
Results. Of the 235 patients included, 59% were female, and the mean age was 77.5 (SD 10.4) years. In the adjusted model, diastolic
blood pressure was positively associated with TSH [β= 2.68 (0.27 to 5.09); p � 0.030]; left ventricle ejection fraction (LVEF) was
negatively associated with FT4 [β= -24.85 (-47.87 to -1.82); p � 0.035]; and a nonsignificant trend for a positive association was
found between 30-day all-cause mortality and FT4 [OR= 3.40 (0.90 to 12.83); p � 0.071]. Among euthyroid participants, higher
FT4 levels were significantly associated with a higher odds of 30-day all-cause death [OR= 4.40 (1.06 to 18.16); p � 0.041]. Neither
TSH nor FT4 levels were relevant predictors of long-term mortality in the adjusted model. Conclusions. -yroid function in AHF
patients is associated with blood pressure and LVEF during hospitalization. FT4 might be useful as a biomarker of short-term
adverse outcomes in these patients.

1. Introduction

-yroid hormones (TH) have several important functions in
the maintenance of cardiovascular homeostasis that have
been extensively demonstrated in numerous experimental
and clinical studies [1, 2]. TH strongly affect cardiac elec-
trophysiology and contractility, vascular resistance, and lipid
metabolism. -erefore, clinical thyroid dysfunction is
known to be responsible for inducing or exacerbating several
cardiovascular diseases, such as atrial or ventricular ar-
rhythmias, hypertension, dyslipidaemia, atherosclerosis, and

heart failure, increasing cardiovascular morbidity and
mortality [1].

In the last decades, there has been a growing body of
evidence supporting subclinical thyroid dysfunction as a
contributor to the increase of cardiovascular risk [3]. Sub-
clinical hypothyroidism, defined biochemically as elevated
serum thyroid-stimulating hormone (TSH) levels and
normal free thyroxine (FT4) and free triiodothyronine (FT3)
levels, has been associated with worsened left ventricular
diastolic function [4]; endothelial dysfunction [5]; and
higher levels of LDL, total cholesterol and triglycerides [6],
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particularly when TSH> 10mIU/L. On the other hand,
subclinical hyperthyroidism, characterized by low serum
TSH and normal FT4 and FT3 levels, has been associated
with a higher risk of developing arrhythmias, such as atrial
fibrillation, endothelial dysfunction, and increased throm-
bogenicity [7, 8]. Even in euthyroid individuals, high-nor-
mal T4 levels are associated with an increased risk of
incident atrial fibrillation [9], heart failure [10], and sudden
cardiac death [11].

-e magnitude of the effects of thyroid dysfunction
depends on the underlying cardiovascular condition of the
patient. Indeed, patients with heart failure may have a lower
tolerance to subtle changes in thyroid function [12]. In this
population, mildly elevated TSH levels are consistently as-
sociated with more severe heart failure and are predictive of
a worse clinical evolution [12–15].

In addition to the impact of TH on the cardiovascular
system, both acute and chronic cardiovascular diseases
modulate the set point of the hypothalamus-pituitary-thy-
roid axis. Several theories have tried to explain the under-
lying cause of these changes [16]. Low-T3 syndrome, defined
as the presence of low FT3 levels with normal levels of TSH
and normal or high-normal FT4 levels [17], has been well
described in patients with critical illnesses, particularly in
hospitalized patients [18]. -is syndrome is common in
patients with acute [19] and chronic heart failure [20, 21] and
has been independently associated with a higher risk of
mortality [22, 23].

Acute heart failure (AHF) is the most common cause of
unplanned hospital admission in patients older than 65 years
[24]. Hospitalization of patients with preexisting heart
failure is a strong prognostic predictor of increasedmortality
[25]. -us, changes in thyroid function during AHF may
substantially contribute to cardiovascular morbidity and
mortality of these patients. However, studies evaluating the
prognostic relevance of TH in patients with AHF are sparse
and have shown conflicting results [26–32]. -erefore, we
aimed to evaluate the association of thyroid function with
clinical, analytical, and echocardiographic parameters dur-
ing AHF hospitalization as well as the predictive value of TH
in these patients.

2. Materials and Methods

2.1. Study Design and Participants. We performed a retro-
spective cohort study evaluating hospitalized patients aged
18 years or older with the primary diagnosis of AHF, as
determined by a specialist in our institution, between Jan-
uary 2012 and December 2017. AHF was defined as a rapid
onset or worsening of symptoms or signs of heart failure
requiring urgent hospital admission for evaluation and
treatment [33]. From the 494 firstly screened, we excluded
patients who were missing TSH measurements within the
first 72 hours of hospitalization (n� 193) or treated with
medications that could interfere with thyroid function as-
sessment, namely, levothyroxine (n� 38), amiodarone
(n� 21), antithyroid medications (methimazole or pro-
pylthiouracil, n� 5), or lithium (n� 2). Two hundred and
thirty-five patients were included in our analysis.

Our study was approved and monitored by the Ethics
Committee of Centro Hospitalar Universitário de São João.

2.2. Clinical and Biochemical Parameters Evaluated. We
collected patients’ demographic, clinical, and analytical in-
formation at the time of hospitalization. We recorded vital
signs evaluated on admission to the emergency department
(heart rate and systolic and diastolic blood pressure). Bio-
chemical parameters measured on admission to the emer-
gency department [serum creatinine, urea, and b-type
natriuretic peptide (BNP)] and thyroid function measure-
ments (TSH and FT4) obtained from blood samples within
the first 72 hours of hospitalization, were collected from
inpatient laboratory databases. Glomerular filtration rate
was estimated using Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula, according to KDIGO
guidelines on chronic kidney disease (CKD) [34, 35].
Euthyroidism was defined by TSH values within the refer-
ence range considered by the laboratory of our centre (0.35
to 4.94 μIU/mL). Left ventricle (LV) ejection fraction and
pulmonary arterial systolic pressure (PASP) were obtained
from echocardiography performed during hospitalization.

-e following medical conditions and comorbidities were
collected: history of chronic heart failure (CHF), valvular
disease, coronary artery disease, hypertension, atrial fibrilla-
tion, diabetes, dyslipidaemia, CKD, chronic obstructive
pulmonary disease (COPD), and smoking status. Body mass
index (BMI) within 12 months prior to hospitalization was
also assessed by reviewing electronic medical records. In-
formation was ascertained based on diagnosis or procedures
using relevant International Classification of Diseases, Ninth
Revision (ICD-9) codes, laboratory results, and records from
the episode of hospitalization and ambulatory visits. We
considered the absence of registries regarding the afore-
mentioned diagnosis as the absence of disease. Heart failure
diagnosis was made by a cardiology or internal medicine
specialist and confirmed by the European Society of Cardi-
ology criteria for the diagnosis of heart failure [33]. Heart
failure was characterized in terms of LV ejection fraction and
NYHA class previous to hospitalization. Coronary artery
disease was defined as the occurrence of angina, prior
myocardial infarction, or prior coronary revascularization.
Diabetes was defined by glycated haemoglobin ≥6.5% during
hospitalization, the use of antihyperglycemic drugs, or was
determined by medical history [36]. Dyslipidaemia was de-
fined by serum low-density lipoprotein (LDL) cholesterol
≥160mg/dL, serum high-density lipoprotein (HDL) choles-
terol <40mg/dL, or serum triglycerides ≥200mg/dL during
hospitalization, the use of lipid-lowering agents, or was de-
termined by medical history [37]. History of hypertension,
valvular disease, atrial fibrillation, CKD, COPD, and smoking
status were determined solely by the patient’s medical history.

2.3. Follow-UpData. Patients were followed from the day of
admission to the date of death or until October 2019. Pa-
tients without complete follow-up were censored at the time
of the last known contact with the hospital.

2 International Journal of Endocrinology



2.4. Study Outcomes. -e prespecified primary endpoints of
the present analysis were as follows: (1) in-hospital death; (2)
30-day postdischarge readmission for AHF; (3) 30-day
postdischarge all-cause death; and (4) all-cause mortality
and cardiovascular mortality. Cardiovascular death was
defined as death attributable to CHF, coronary artery dis-
ease, cerebrovascular events, and other cardiovascular causes
[38].

2.5. Statistical Analysis. Continuous variables are presented
as mean (standard deviation, SD) or median (interquartile
range, IQR), as appropriate. Categorical variables are pre-
sented as percentages. Comparisons between groups were
performed using Student’s t-test.

We used linear regression models unadjusted and ad-
justed for age and sex to analyse the association of TSH and
FT4 with heart rate and blood pressure on admission and
inpatient biochemical and echocardiographic parameters.
BNP and TSH were analysed as continuous variables after
natural logarithmic transformation to normalize their dis-
tribution. Logistic regression models unadjusted and ad-
justed for age and sex were used to evaluate the association of
thyroid function with in-hospital mortality, and 30-day
postdischarge readmission for AHF and all-cause mortality.
-e associations of TH and other baseline characteristics
measured during hospitalization with all-cause mortality
and cardiovascular mortality were assessed using unadjusted
and age- and sex-adjusted Cox proportional hazard re-
gression models. -ese analyses were also performed lim-
iting the cohort to patients with thyroid function within the
reference range.

We considered a two-sided p value <0.05 statistically
significant. Statistical analyses were performed with Stata
software, version 14.1 (StataCorp).

3. Results

3.1. Baseline Population Characteristics. Baseline charac-
teristics of the 235 patients included in the analysis are
shown in Table 1. BMI, LV ejection fraction and NYHA class
prior to hospitalization were available in 42% (n= 98), 86%
(n= 201), and 66% (n= 156) of the cohort, respectively.
Echocardiography during hospitalization was performed on
104 patients. LV ejection fraction quantitatively assessed by
modified Simpson’s rule [39] and PASP were available in
44% (n= 46) and 80% of these patients (n= 83), respectively.
Regarding biochemical data, 83% percent of the patients
(n= 194) had a measurement of FT4.

-e mean age was 77.4 (SD 10.4) years and 59% were
women. -e median length of stay in hospital was 8 (IQR
5-12) days. Ninety-three percent of the patients had a
history of CHF and approximately half of these had an
established LV ejection fraction ≥50%. Forty-six percent
had coronary artery disease, 78% had hypertension, and
57% had diabetes. -e median TSH levels were 1.12 (IQR
0.59–2.11) μIU/mL and the mean FT4 levels in the cohort
were 1.14 (SD 0.27) ng/dL. Eighty-five percent (n � 200) of
the patients were euthyroid on admission.

3.2. Association of 7yroid Status with Cardiovascular
Function on Admission. Associations of thyroid function
with parameters of cardiovascular functionmeasured during
hospitalization are shown in Table 2. Mean diastolic blood
pressure was positively associated with TSH levels, in uni-
variate [β� 2.74 (0.34 to 5.13); p � 0.025] and multivariate
[β� 2.68 (0.27 to 5.09); p � 0.030] regression models. A
nonsignificant trend to a positive association was also
present after restricting the analysis to euthyroid patients
(Table S1). Heart rate and BNP levels were not significantly
associated with TH. Regarding echocardiographic param-
eters, inpatient LV ejection fraction was negatively associ-
ated with FT4 levels, even after adjustments for age and sex
[β� −24.85 (−47.87 to −1.82); p � 0.035]. -is association
was lost after considering solely the euthyroid patients
(Table S1). No association was found between PASP and TH.

Table 1: Clinical characteristics of the patients (n� 235).
Age (years), mean (SD) 77.4 (10.4)
Female sex 58.7
BMI, kg/m2, mean (SD) 27.1 (5.3)
Length of stay in hospital, median (IQR) 8 (5–12)
Comorbidities
History of heart failure 92.8

Classification
LVEF< 40% 39.8
LVEF 40-49% 10.9
LVEF≥ 50% 49.3

NYHA class prior to hospitalization
I 9.0
II 52.6
III 35.9
IV 2.6

Coronary artery disease 45.7
Valvular disease 43.8
Atrial fibrillation 48.7
Hypertension 77.9
Diabetes mellitus 57.0
Dyslipidaemia 82.1
Chronic kidney disease 45.1
COPD 22.6
Current smoker 10.0
Vital signs on admission
Heart rate (bpm), mean (SD) 90.0 (24.8)
Blood pressure (mmHg), mean (SD)

Systolic 131.8 (29.2)
Diastolic 73.5 (18.3)

Inpatient echocardiographic measures
LVEF, %, mean (SD) 36.0 (16.4)
PASP, mmHg, mean (SD) 47.3 (17.6)
Laboratory values on admission
TSH, μIU/mL, median (IQR) 1.12 (0.59–2.11)
Free T4, ng/dL, mean (SD) 1.14 (0.27)
eGFR, mL/min/1.73m2, mean (SD) 47.2 (30.9–67.5)
BNP, pg/mL, median (IQR) 920.2 (477.3–1639.0)
Values are presented as percentages, except when indicated. SD: standard
deviation; BMI: body mass index; IQR: interquartile range; LVEF: left
ventricle ejection fraction; NYHA: New York Heart Association; COPD:
chronic obstructive pulmonary disease; PASP: pulmonary arterial systolic
pressure; TSH: thyroid-stimulating hormone; T4: thyroxine; eGFR: esti-
mated glomerular filtration rate; BNP: B-type natriuretic peptide.
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3.3. Association of 7yroid Status with Short-Term Clinical
Outcomes. Eleven patients (4.7%) died during hospitaliza-
tion. At 30 days after discharge, 51 (21.7%) had been
readmitted for acute decompensation of heart failure and 28
(11.9%) had died. Eighteen (67%) had died from cardio-
vascular causes.

No association was found between TH and in-hospital
death. Patients who were rehospitalized due to heart failure
within 30 days of discharge showed a nonsignificant trend
for higher levels of FT4 in comparison to patients who were
not rehospitalized during this period (p � 0.07, Figure 1).
No difference was perceived regarding TSH levels.

A trend for higher odds of 30-day readmission and all-
cause death with higher FT4 levels was demonstrated in the
univariate logistic regression analysis (Table 3). Also, higher
FT4 levels were significantly associated with higher odds of
30-day cardiovascular death, even after adjustments. After
restricting the analysis to patients with thyroid function
within the reference range, higher FT4 levels were signifi-
cantly associated with higher odds of 30-day all-cause and
cardiovascular death, in both univariate and multivariate
analysis (Table S2).

3.4. Association of Inpatient Parameters with Long-Term
Clinical Outcomes. -e median follow-up period was 349
(IQR 94-1087) days. -e overall mortality rate during this
period was 66% (n� 155). Fifty-two percent (n� 80) of these
patients died from cardiovascular causes. Associations be-
tween parameters measured during hospitalization and
long-term clinical outcomes are shown in Table 4.

Neither TSH nor FT4 levels were associated with an
increased risk of long-term all-cause mortality. Higher
echocardiographic PASP levels were associated with higher
all-cause mortality, in both unadjusted [HR= 1.03 (1.02 to
1.05); p< 0.001] and adjusted [HR= 1.03 (1.02 to 1.05);
p< 0.001] models. After restricting the analysis to euthyroid
patients, both higher BNP and PASP levels, and lower eGFR
levels were associated with a higher risk of all-cause mor-
tality, in the unadjusted and adjusted analysis (Table S3).

-ere was no significant association between TSH or
FT4 levels and cardiovascular mortality. Increased BNP and
PASP levels were associated with a higher cardiovascular
mortality, even after adjustments [HR= 1.35 (1.08 to 1.70);
p � 0.009 and HR= 1.04 (1.02 to 1.06); p< 0.001, respec-
tively]. Similar results were found after restricting the
analysis to euthyroid patients (Table S3).

4. Discussion

In a cohort of patients admitted for AHF, thyroid hormone
levels during hospitalization were shown to be significantly
associated with markers of cardiovascular function, such as
blood pressure and ejection fraction. Our study showed a
consistent positive association between TSH levels and di-
astolic blood pressure. On the other hand, FT4 levels were
negatively associated with inpatient LV ejection fraction.
Also, a positive association between FT4 levels and death
within 30 days from discharge was found among patients
with thyroid function within the reference range. However,
neither TSH nor FT4 levels had shown to be relevant
predictors of long-term mortality.

Table 2: Linear association of thyroid status (TSH and FT4) with cardiovascular function during hospitalization.

TSH (μIU/mL) FT4 (ng/dL)
β (95% CI) p value β (95% CI) p value

Heart rate, bpm
Unadjusted −1.04 (−4.38 to 2.30) 0.539 9.44 (−4.29 to 23.18) 0.177
Model 1a −1.25 (−4.61 to 2.11) 0.465 9.16 (−4.71 to 23.03) 0.194
Blood pressure
Systolic BP, mmHg
Unadjusted 2.15 (−1.71 to 6.01) 0.274 −9.97 (−25.42 to 5.48) 0.205
Model 1a 1.88 (−1.95 to 5.72) 0.334 −8.51 (−24.03 to 7.01) 0.281
Diastolic BP, mmHg
Unadjusted 2.74 (0.34 to 5.13) 0.025 −3.24 (−13.13 to 6.66) 0.519
Model 1a 2.68 (0.27 to 5.09) 0.030 −3.01 (−13.01 to 7.00) 0.554
BNP, pg/mL
Unadjusted model 0.02 (−0.12 to 0.15) 0.828 0.28 (−0.26 to 0.82) 0.305
Model 1a 0.05 (−0.08 to 0.19) 0.439 0.19 (−0.34 to 0.72) 0.478
Echocardiographic measures
LV ejection fraction, %
Unadjusted model −2.16 (−7.30 to 2.98) 0.401 −29.05 (−52.24 to −5.85) 0.016
Model 1a −1.13 (−6.08 to 3.83) 0.649 −24.85 (−47.87 to −1.82) 0.035
PASP, mmHg
Unadjusted model −0.45 (−4.59 to 3.70) 0.830 12.77 (−4.74 to 30.28) 0.150
Model 1a −0.56 (−4.81 to 3.70) 0.795 13.27 (−4.45 to 31.00) 0.140
-e values shown are linear regression coefficients (β) and 95% confidence intervals, estimated by uni- andmultivariate linear regressions, with TSH or FT4 as
the independent variable and heart rate, systolic BP, diastolic BP, BNP, LV ejection fraction, and PASP as dependent variables. TSH and BNP were log-
transformed. TSH: thyroid-stimulating hormone; FT4: free thyroxine; CI: confidence interval; BP: blood pressure; BNP: B-type natriuretic peptide; LV: left
ventricle; PASP: pulmonary arterial systolic pressure. aAdjusted for age and sex.

4 International Journal of Endocrinology



Several studies have demonstrated that the vascular
system is an important target of TH action. TH promote
vasodilation through increased production of nitric oxide by

endothelial cells and relaxation of smooth muscle cells,
mainly mediated by T3 [1]. Indeed, overt and subclinical
hypothyroidism are associated with diastolic hypertension
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Figure 1: Comparison of (a) TSH and (b) FT4 levels in patients hospitalized and nonhospitalized within 30 days from discharge. TSH:
thyroid-stimulating hormone; FT4: free thyroxine.

Table 3: Association of thyroid function (TSH and FT4) with short-term clinical endpoints.

TSH (μIU/mL) FT4 (ng/dL)
OR (95% CI) p value OR (95% CI) p value

In-hospital mortality
Unadjusted model 0.88 (0.50 to 1.55) 0.655 0.77 (0.04 to 13.95) 0.860
Model 1a 0.95 (0.54 to 1.68) 0.854 0.71 (0.04 to 13.40) 0.818

Readmission for heart failure within 30 days
Unadjusted model 1.05 (0.77 to 1.43) 0.739 2.83 (0.84 to 9.50) 0.093
Model 1a 1.08 (0.79 to 1.47) 0.644 2.67 (0.78 to 9.11) 0.118

All-cause mortality within 30 days
Unadjusted model 0.94 (0.64 to 1.37) 0.738 3.30 (0.88 to 12.33) 0.076
Model 1a 0.96 (0.65 to 1.40) 0.823 3.40 (0.90 to 12.83) 0.071

Cardiovascular mortality within 30 days
Unadjusted model 0.97 (0.60 to 1.54) 0.886 6.45 (1.42 to 29.29) 0.016
Model 1a 0.97 (0.60 to 1.57) 0.886 6.58 (1.37 to 31.48) 0.018

-e values shown are odds ratios and 95% confidence intervals, estimated by uni- and multivariate logistic regressions, with TSH or FT4 as the independent
variable and in-hospital mortality, hospital readmission, and all-cause and cardiovascular mortality within 30 days of discharge as dependent variables. TSH
was log-transformed. TSH: thyroid-stimulating hormone; FT4: free thyroxine; OR: odds ratio; CI: confidence interval. aAdjusted for age and sex.

Table 4: Association between inpatient parameters and long-term clinical outcomes.

Unadjusted model Age- and sex-adjusted model
Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

All-cause mortality
TSH (μIU/mL) 1.02 (0.88 to 1.19) 0.791 1.03 (0.88 to 1.19) 0.733
FT4 (ng/dL) 1.40 (0.69 to 2.85) 0.350 1.22 (0.59 to 2.52) 0.599
BNP (pg/mL) 1.16 (0.99 to 1.36) 0.074 1.16 (0.99 to 1.37) 0.070
eGFR 0.99 (0.99 to 1.00) 0.015 0.99 (0.99 to 1.00) 0.105
LV ejection fraction (%) 0.98 (0.96 to 1.01) 0.182 0.98 (0.96 to 1.01) 0.146
PASP (mmHg) 1.03 (1.02 to 1.05) <0.001 1.03 (1.02 to 1.05) <0.001

Cardiovascular mortality
TSH (μIU/mL) 1.02 (0.82 to 1.26) 0.875 1.02 (0.83 to 1.27) 0.823
FT4 (ng/dL) 1.40 (0.53 to 3.71) 0.501 1.33 (0.49 to 3.58) 0.577
BNP (pg/mL) 1.35 (1.08 to 1.69) 0.007 1.35 (1.08 to 1.70) 0.009
eGFR (mL/min/1.73m2) 1.00 (0.99 to 1.01) 0.441 1.00 (0.99 to 1.01) 0.518
LV ejection fraction (%) 0.98 (0.95 to 1.01) 0.268 0.98 (0.94 to 1.01) 0.200
PASP (mmHg) 1.04 (1.02 to 1.06) <0.001 1.04 (1.02 to 1.06) <0.001

TSH and BNPwere log-transformed. CI: confidence interval; TSH: thyroid-stimulating hormone; FT4: free thyroxine; BNP: B-type natriuretic peptide; eGFR:
estimated glomerular filtration rate; LV: left ventricle; PASP: pulmonary arterial systolic pressure.
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[1], and even low-normal thyroid function has been asso-
ciated with higher blood pressure in population-based
studies [40, 41]. In agreement with these findings, our results
suggest that progressively increased levels of TSH, which
suggest a lower thyroid function, are associated with higher
diastolic blood pressure in this specific population.

On the other hand, the negative association between FT4
levels and inpatient LV ejection fraction, a marker of systolic
function, may appear counterintuitive in light of the role of
TH in cardiac function [42, 43]. However, this association
appears to be significant only with FT4 levels above the
reference range, as the significance was lost after restricting
the analysis to euthyroid patients. TH have strong genomic
and nongenomic effects in cardiac electrophysiology, and
hyperthyroid states are linked to increased supraventricular
ectopic activity, particularly in patients with reduced car-
diovascular reserve [44]. -e arrhythmogenic effects of TH
in the high range may thus have contributed to LV dys-
function in the acute phase of heart failure [2].

Our study also suggests that higher FT4 levels may be
predictors of short-term clinical events as a trend to a
positive association between FT4 and short-term read-
mission for acute exacerbated heart failure and 30-day all-
cause and cardiovascular death was found. In fact, the
majority of the patients who died within the first 30 days
after discharge died from cardiovascular causes. -ese as-
sociations became stronger after restricting the analysis to
euthyroid patients. A higher incidence of arrhythmias as
atrial fibrillation with higher FT4 levels may have contrib-
uted to the increased short-term morbidity and mortality
[9, 45].

Nevertheless, other hypotheses may explain the associ-
ation between FT4 levels and short-term adverse clinical
outcomes, particularly among euthyroid patients. Although
both T4 and T3 have biological actions on the cardiovascular
system, T3 is considered the more biologically active hor-
mone [46]. Higher FT4 levels in AHF patients may not
reflect a higher thyroid function but lower peripheral dei-
odination of T4 to T3 by type 1 deiodinase (D1) and type 2
deiodinase (D2) [47]. Reduced activity of D1 and D2 is
hypothesized to be one of the mechanisms contributing to
low-T3 syndrome [48].

Low-T3 syndrome is very likely to be present in a sig-
nificant portion of this sample [19]. Hepatic congestion in
AHF may decrease local D1 activity and consequently FT3
levels [27]. Also, proinflammatory and stress responses may
further contribute to decreasing peripheral conversion of T4
[49–52]. Similarly to patients with CHF [23, 53], patients
hospitalized for AHF with impairment of T4 to T3 con-
version have a worse clinical status [27], as shown by the
increased length of hospital stay, intensive care unit ad-
mission risk [19], and in-hospital mortality [23, 29, 30].

On the other hand, we did not find TSH and T4 to be
independent predictors of long-term cardiovascular and all-
cause mortality, in contrast with other inpatient markers of
heart failure severity, namely, BNP and PASP levels.-yroid
function measurements during hospitalization reflect not
only the baseline thyroid function but also the transient
variation of thyroid function during acute illness. While

these values predict short-term outcomes in AHF, the ab-
sence of long-term predictive value is probably related to the
lack of correlation between thyroid function during the
acute phase and after stabilization in most patients [32, 54].

Earlier studies evaluating the prognostic value of TH in
hospitalized patients with heart failure have shown con-
tradictory results. In some studies, FT3 and total T3 were
found to be independent predictors of all-cause and car-
diovascular mortality [23, 27, 31, 32, 55]. On the other hand,
Hayashi et al. reported TSH levels and subclinical hypo-
thyroidism as better predictors of cardiovascular events and
long-term mortality than FT3 and low-T3 syndrome [26].
Such differences may partially be attributed to the hetero-
geneity in the characteristics of the cohorts and in the blood
sampling timing. Studies measuring TH concentration after
stabilization of the patients may find a thyroid function fully
restored to the baseline [27, 32], in contrast with those
evaluating thyroid function within the first days of admis-
sion [26, 31]. Nevertheless, FT3 seems to be the most
consistent predictor of long-term all-cause and cardiovas-
cular mortality in patients with both acute and chronic heart
failure [12, 22, 55].

Some limitations may be identified in the present study.
First, this is a single-centre retrospective study with a rel-
atively small sample size. We believe that a larger sample size
might have shown more definitive and consistent associa-
tions. Given the small sample size, we only adjusted our
statistical models for the most consistent confounders of the
association between thyroid and cardiac function [32]. TH
were not measured in all patients hospitalized for AHF, as
the decision to measure them was dependent on the clini-
cian’s judgement, introducing a potential confounding by
indication. Furthermore, T3 levels were not evaluated in the
majority of the patients, which could help us define low-T3
syndrome and better understand the peripheral conversion
status. In fact, greater support to our hypothesis, as well as
different and more accurate associations, could have been
found if this hormone was available for analysis. Never-
theless, TSH and FT4 are clinically considered the most
sensitive and robust markers of thyroid function [10, 56].
Lastly, echocardiography was performed in a relatively low
proportion of the patients, which may further increase se-
lection bias.

-e results of our analysis are clinically relevant as they
highlight that variations in the thyroid axis during AHF
hospitalization are associated with cardiovascular function
and markers of heart failure severity. Although progress in
the treatment of CHF during the last decades has consid-
erably reduced the late mortality, patients hospitalized for
heart failure continue to have a mortality and rehospitali-
zation rate within 30 to 60 days after discharge of 15% and
30%, respectively [25, 57]. -us, the identification of bio-
markers that can help stratify patients in accordance with
their risk for short-term outcomes would be helpful to
identify those with an increased need for close monitori-
zation and intensive care. TH measurement might be useful
to identify these patients. It is important to keep in mind that
TH should be interpreted as biological risk factors rather
than direct causal factors. As stated above, the bidirectional
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interrelation between endocrine and cardiac systems makes
it difficult to establish causality.

5. Conclusions

In conclusion, we found that higher FT4 levels during
hospitalization for AHF are associated with worsened sys-
tolic function, as indicated by lower ejection fraction, and
with a trend for higher risk of readmission and all-cause
death within 30 days of discharge. Our findings suggest that
FT4 might be useful as a biomarker of short-term adverse
clinical outcomes. Larger prospective studies exploring the
prognostic and pathophysiological role of TH in AHF and in
the different underlying diseases leading to AHF are needed.
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