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Abstract

Aims Altered thyroid hormone metabolism characterized by a low triiodothyronine (T3), so-called low-T3 syndrome, is a
common finding in patients with severe systemic diseases. Additionally, subclinical thyroid dysfunction, defined as abnormal
thyroid stimulating hormone (TSH) and normal thyroxine (T4), causes left ventricular dysfunction. Our objective was to identify
the prevalence and prognostic impact of low-T3 syndrome and subclinical thyroid dysfunction in patients with acute decom-
pensated heart failure (ADHF).

Methods and results We examined 274 ADHF patients who were not receiving thyroid medication or amiodarone on admission
(70±15years, 156 male), who underwent thyroid function tests. Euthyroidism was defined as TSH of 0.45 to 4.49mIU/L; subclinical
hypothyroidism as TSH of 4.5 to 19.9mIU/L; and subclinical hyperthyroidism as TSH< 0.45mIU/L, with normal free T4 level for the
last two. Additionally, low-T3 syndrome was defined as free T3< 4.0pmol/L among euthyroidism subjects. On admission, 188
patients (69%) showed euthyroidism, 58 (21%) subclinical hypothyroidism, 5 (2%) subclinical hyperthyroidism, and 95 (35%) low-
T3 syndrome. Cox proportional hazards models revealed that higher TSH, but not free T3 and free T4, was independently associated
with composite cardiovascular events, including cardiac death and re-hospitalization for heart failure. Indeed, subclinical
hypothyroidism was an independent predictor (hazard ratio: 2.31; 95% confidence interval: 1.44 to 3.67; P< 0.001), whereas
low-T3 syndrome and subclinical hyperthyroidism were not.

Conclusions Subclinical hypothyroidism on admission was an independent predictor of adverse cardiovascular outcomes in
ADHF patients, suggesting a possible interaction between thyroid dysfunction and the pathophysiology of ADHF.
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Introduction

Heart failure is one of the most common causes of hospitalization
and death, with an increasing trend in the number of patients
living with heart failure.1 It has been acknowledged that several
comorbid conditions and biomarkers are associated with disease
progression and outcome in heart failure.2 Indeed, because the
thyroid hormones increase heart rate and cardiac contractility
and decrease systemic vascular resistance, both overt hyper-

and hypothyroidism can be a cause of heart failure. Therefore,
the American College of Cardiology/American Heart Association
guidelines for the diagnosis and management of heart failure in
adults recommend measurement of thyroid function.3

A low triiodothyronine (T3) concentration in nonthyroidal
illness, so-called low-T3 syndrome, is considered to be an
adaptive compensatory mechanism and a beneficial response
to preserve energy consumption, and the magnitude of the
change in T3 concentration varies according to the severity
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of the illness.4 It has been reported that low-T3 syndrome
was also observed in patients with heart failure, and that im-
pairment of thyroxine (T4) to T3 conversion was found to be
proportional to the clinical severity of heart failure.5,6

Furthermore, it has been reported that the impaired concen-
tration recovers to the baseline after adequate therapy for
heart failure.7 Several studies indicated that low-T3
syndrome was an independent prognostic factor in patients
with heart failure.8–10

Meanwhile, subclinical thyroid dysfunction is defined bio-
chemically as altered thyroid stimulating hormone (TSH) but
normal thyroid hormones levels. Although thyroid hormones
show normal levels, the cardiovascular alterations, such as
left ventricular (LV) diastolic dysfunction and endothelial dys-
function, which have been reported in overt hypothyroidism
have also been observed in patients with subclinical hypothy-
roidism.11 Additionally, the prognostic impact of subclinical
hypothyroidism has been reported in patients with heart
failure,10,12 although the results were inconsistent.

As described above, it should be noted that lower thyroid
hormones concentrations are observed in patients with more
severe heart failure, and that lowered thyroid hormones con-
centrations return to the baseline when the patient recovers
from a decompensated state of heart failure, and that the
magnitude of the change is proportional to the severity of
heart failure. Accordingly, its prognostic impact may also
differ with the phase of heart failure. In previous studies of
low-T3 syndrome and subclinical thyroid dysfunction in pa-
tients with heart failure, thyroid hormones concentrations
have been measured in the chronic or stable phase of heart
failure. However, the prevalence and prognostic impact of ab-
normal thyroid function in an acute decompensated phase of
heart failure have not been investigated.

We, therefore, examined the prevalence and prognostic
impact of low-T3 syndrome and subclinical thyroid dysfunc-
tion in patients with acute decompensated heart failure
(ADHF).

Methods

Study population

From October 2007 to July 2012, 401 patients were hospital-
ized with ADHF in the National Cerebral and Cardiovascular
Center. Diagnoses of heart failure were retrieved from the
medical records and validated using the modified Framing-
ham criteria.13 Among the 401 patients, 74 patients (18%)
who did not receive thyroid function tests (TSH, free T4,
and free T3 levels) on admission were excluded. Further-
more, 53 patients taking thyroid medication [antithyroid drug
(n = 2) or thyroxine replacement (n = 31)] or amiodarone
(n = 28) were excluded. Finally, 274 patients were enrolled.

This study was approved by the ethics committee of the
National Cerebral and Cardiovascular Center, and patients
gave informed consent.

Thyroid hormone sampling and definition of
subgroups of thyroid function

Thyroid hormones were measured immediately after sampling.
Electrochemiluminescence Immunoassay (ECLIA) (Cobas® 8000
<e602>; Roche Diagnostics, Japan) was used for the analysis
of TSH, free T3, and free T4 in our institution’s laboratory.
The normal reference intervals in our laboratory are: free T3,
4.0 to 7.1 pmol/L (2.6 to 4.6 pg/mL), and free T4, 14.2 to
23.2pmol/L (1.1 to 1.8 ng/dL).

The association between thyroid function on admission
and cardiovascular events was examined. Thyroid function
was analyzed as continuous variables using the data of free
T3, free T4, and TSH, and as categorical variables. For categor-
ical analysis, patients were assigned to the following groups
using free T4 and TSH levels, using a common definition of
subclinical thyroid dysfunction based on expert reviews and
prior reports:14,15 euthyroidism defined as TSH of 0.45 to
4.49mIU/L; subclinical hypothyroidism defined as TSH of 4.5
to 19.9mIU/L with normal free T4; subclinical hyperthyroid-
ism defined as TSH< 0.45mIU/L with normal free T4; overt
hypothyroidism defined as TSH> 4.49mIU/L with decreased
free T4; overt hyperthyroidism defined as TSH< 0.45mIU/L
with elevated free T4. Those who did not fulfill these defini-
tions were assigned to ‘undetermined’. Additionally, using
free T3 level, low-T3 syndrome was defined as TSH of 0.45
to 4.49mIU/L with decreased free T3. For free T3 and free
T4, we used our institution’s cutoffs because free T3 and free
T4 measurements show greater intermethod variation than
do TSH assays.16,17

Data collection and follow-up

Patients underwent standardized evaluation including detailed
medical history (comorbid conditions and medication), physical
examination, blood chemistry, 12-lead electrocardiogram, and
chest X-ray on admission. Estimated glomerular filtration rate
(eGFR) was calculated using the Modification of Diet in Renal
Disease equation: eGFR (mL/min/1.73m2) = 186 × [plasma
creatinine]�1.154 × [age]�0.203 × [0.742 if female] × [1.212 if
black].18 LV ejection fraction and LV dimensions were
estimated by echocardiography in a stable state of heart failure
after therapy for heart failure during hospitalization. Cardiac
death and re-hospitalization for heart failure were assessed
as cardiac events after admission for ADHF. The primary
endpoint of this study was composite cardiovascular events,
defined as cardiac death and re-hospitalization for heart failure.
Cardiac death was defined as death attributable to ventricular
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arrhythmia or congestive heart failure. Follow-up information
was retrospectively obtained from medical records.

Statistical analysis

Statistical analyses were performed using JMP10 (SAS Insti-
tute, Cary, NC, USA). A P value less than 0.05 was considered
statistically significant. The results were presented as mean
± SD, median values with their respective 25th and 75th per-
centiles, or number (%). Continuous variables were compared
using unpaired Student’s t-test or ANOVA followed by
Tukey’s post-test as appropriate. B-type natriuretic peptide
(BNP), free T3, free T4, and TSH levels were analyzed as con-
tinuous variables after natural logarithmic transformation to
normalize their distribution. Categorical variables were com-
pared among subgroups using chi-squared test or Fisher’s ex-
act test as appropriate. Long-term survival was estimated by
Kaplan–Meier analysis, and differences in survival were
assessed using the log-rank test. Univariate and multivariate
Cox proportional hazards regression models were con-
structed to investigate baseline data as predictors of compos-
ite cardiovascular events. Receiver-operating characteristic
(ROC) curves were used to examine the performance charac-
teristics of the indices of thyroid function. Area under the
curve (AUC) and 95% confidence of the ROC curves were cal-
culated to provide a measure of the accuracy of the indices of
thyroid function to predict composite cardiovascular events.

Results

Baseline characteristics of patients and prevalence
of abnormal thyroid function in ADHF patients

Baseline characteristics of patients divided by free T4 and TSH
levels are presented in Table 1. Among 274 patients, 188
patients (69%) showed euthyroidism and 58 (21%) showed
subclinical hypothyroidism. Patients included in other criteria
of thyroid function were not common (Figure 1).

No differences were found regarding age, sex, systolic
blood pressure, LV ejection fraction, and plasma BNP among
the groups. Compared with euthyroidism patients, subclini-
cal hypothyroidism patients had a lower prevalence of
ischemic heart disease and hypertension, higher prevalence
of atrial fibrillation and diuretic (loop and/or thiazide) use,
lower heart rate, and higher total bilirubin level. Thyroid
hormones concentrations, free T3 and free T4 levels, were
similar between patients with subclinical hypothyroidism
and euthyroidism.

Among 188 euthyroidism patients, 95 patients (35% of the
whole population) showed decreased free T3 (<4.0 pmol/L)
and 93 patients showed normal free T3 (4.0–7.1 pmol/L)
(Figure 1). Baseline characteristics of patients with low-T3

syndrome on admission are shown in Table 2. Compared with
patients with normal free T3, low-T3 syndrome patients were
older and had lower levels of eGFR, hemoglobin, and triglyc-
erides, but a higher level of C-reactive protein.

Impact of thyroid function indices on predicting
cardiovascular events

The mean duration of follow-up was 31.8 ± 21.7months.
During the follow-up period, 27 (10%) patients died of heart
disorders, including 6 in-hospital deaths and 21 deaths after
discharge. Among the patients, 20 patients died of heart
failure and 7 patients died of ventricular arrhythmia. Addi-
tionally, 86 (32% of discharged patients) patients were re-
hospitalized for heart failure.

In univariate Cox regression analysis, a high TSH level was
significantly associated with an elevated risk of composite
cardiovascular events (hazard ratio: 1.34 per 1SD increment
in log-transformed TSH value; 95% confidence interval: 1.09
to 1.64; P = 0.006), whereas free T3 and free T4 levels were
not. In multiple Cox regression analysis adjusting for age,
heart rate, eGFR, and hemoglobin, the prognostic impact of
TSH level persisted (Table 3). In the present patient popula-
tion, ROC curve analysis indicated that TSH on admission
had modest ability to predict composite cardiovascular
events (AUC = 0.651; 95% confidence interval: 0.579 to
0.718). A cutoff level of TSH of ≥4.39mIU/L best predicted
composite cardiovascular events, with sensitivity of 47%
and specificity of 81%. The test’s positive and negative pre-
dictive values were 56% and 74%, respectively.

Fifty (27%) euthyroidism patients, 34 (59%) subclinical hy-
pothyroidism, 8 (47%) overt hypothyroidism, and 1 (50%)
overt hyperthyroidism had adverse cardiovascular events.
No adverse cardiovascular events were observed in patients
with subclinical hyperthyroidism. In the present study, we ex-
amined the prognostic impact of subclinical hypothyroidism,
compared with euthyroidism. Figure 2 displays the Kaplan–
Meier plots of groups with euthyroidism and subclinical hy-
pothyroidism. The survival rate of patients with subclinical
hypothyroidism was lower than that of patients with
euthyroidism (log-rank: χ2 = 15.99; P< 0.001). In multivariate
Cox proportional hazards regression among variables includ-
ing age, heart rate, eGFR, and hemoglobin, patients with sub-
clinical hypothyroidism showed a 2.31-fold higher risk of
composite cardiovascular events when compared with
euthyroidism patients (Table 3, hazard ratio: 2.31; 95% confi-
dence interval:1.44 to 3.67; P< 0.001).

We also examined the prognostic significance of low-T3
syndrome. As demonstrated in the Kaplan–Meier plots of
groups with normal free T3 and low-T3 syndrome, the sur-
vival rate was comparable between patients with normal free
T3 and low-T3 syndrome (Figure 3).
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Figure 1 Prevalence of the abnormality of thyroid function and low-T3 syndrome among euthyroidism subjects.

Table 2 Baseline characteristics in subjects with normal free T3 and low-T3 syndrome

Normal free T3 Low-T3 syndrome
TSH, mIU/L 0.45–4.49 0.45–4.49
Free T3, pmol/L 4.0–7.1 <4.0

(n=93) (n=95) P value

Age, years 66± 15 74± 14 <0.001
Female sex 34 (38) 45 (47) 0.177
Body mass index 24.0±3.7 23.1±4.1 0.138
Etiology of heart failure
Ischemic heart disease 10 (11) 17 (18) 0.238
Idiopathic dilated cardiomyopathy 15 (16) 17 (18) 0.720
Hypertensive heart disease 11 (12) 17 (18) 0.252
Valvular heart disease 32 (34) 32 (34) 0.866
Others 25 (27) 12 (13) 0.007

Comorbidity
Atrial fibrillation 42 (45) 47 (49) 0.554
Hypertension 52 (56) 67 (71) 0.038
Diabetes mellitus 25 (27) 29 (31) 0.581
Dyslipidemia 35 (38) 32 (34) 0.572

Medication on admission
ACEI and/or ARB 46 (49) 42 (44) 0.471
Beta blocker 40 (43) 36 (38) 0.475
Spironolactone or eplerenone 33 (35) 24 (25) 0.127
Diuretic (loop or thiazide) 54 (58) 58 (61) 0.676
Statin 17 (18) 21 (22) 0.514

Systolic blood pressure on admission, mmHg 129±29 135±32 0.177
Diastolic blood pressure on admission, mmHg 75±22 80± 20 0.118
Heart rate on admission, bpm 84±26 96± 27 0.002
LV ejection fraction, % 42±17 39± 17 0.253
LV diastolic dimension, mm 57±12 57± 11 0.805
LV systolic dimension, mm 44±15 44± 14 0.846
Laboratory parameters on admission
TSH, mIU/L 2.11 (1.27–3.07) 1.92 (1.03–2.94) 0.346
Free T3, pmol/L 4.45 (4.15–4.76) 3.23 (2.76–3.53) <0.001
Free T4, pmol/L 18.02 (16.73–19.31) 16.73 (15.44–19.31) 0.006
Serum blood urea nitrogen, mg/dL 21± 13 23± 10 0.453
Serum creatinine, mg/dL 1.00± 0.46 1.07± 0.47 0.336
eGFR, mL/min/1.73m2 84.9± 31.6 75.6± 32.3 0.047
Serum sodium, mmol/L 140±4 139±4 0.059
Hemoglobin, g/dL 12.8±2.3 12.0±2.0 0.007
Serum total bilirubin, mg/dL 1.0± 0.4 1.1± 0.9 0.300
Serum uric acid, mg/dL 7.2± 2.3 7.0± 2.6 0.535
Serum C-reactive protein, mg/dL 0.21 (0.08–0.41) 0.63 (0.19–1.89) <0.001
Serum total cholesterol, mg/dL 166±43 162±42 0.497
Serum triglyceride, mg/dL 109±60 83± 47 0.003
Serum HDL cholesterol, mg/dL 45± 14 47± 22 0.508
Serum LDL cholesterol, mg/dL 105±35 96± 34 0.131
BNP, pg/mL 605 (221–1180) 627 (253–1381) 0.076

Binary data are presented as number (%); continuous variables are presented as mean (SD) or median (interquartile range). Abbreviations
are as in Table 1.
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Discussion

We demonstrated that the presence of subclinical hypothy-
roidism on admission for ADHF was an independent predictor
of long-term adverse cardiovascular events including cardiac
death and re-hospitalization for heart failure, although the
presence of low T3 concentration on admission was not.
These findings suggest that measurements of thyroid hor-
mones concentrations could be useful for early risk stratifica-
tion of patients with ADHF.

Subclinical hypothyroidism is characterized by a high serum
TSH concentration with normal levels of serum T4 (and T3).15

Thyroid hormones are regulated via a feedback loop of TSH
and thyroid releasing hormone. As long as the regulation

system is preserved, an increase in TSH level indicates
deficiency of circulating thyroid hormones. Therefore, TSH is
a sensitive indicator of thyroid status. The prevalence of sub-
clinical hypothyroidism has been reported to be between 4
and 20% of community-based populations,19,20 and subclinical
hypothyroidism is an independent risk factor for coronary
heart disease,21 heart failure,15,22 and cardiac death23 in
community-based populations, whereas a large population
study of Danish National Patient Registry has demonstrated
that risk of major adverse cardiovascular events and develop-
ing heart failure was not elevated in patients with subclinical
hypothyroidism.24

A few previous studies examining the prognostic impact of
subclinical hypothyroidism in patients with heart failure have
been reported. Although, they have apparently shown inconsis-
tent results, it is noteworthy that the study endpoints differed
among the studies. For example, Iacoviello et al. demonstrated
that a higher TSH level was independently associated with a
higher incidence of composite outcomes including death, ur-
gent heart transplantation, or hospitalization because of wors-
ening heart failure.12 On the other hand, Frey et al. reported
that subclinical hypothyroidism was not associated with all-
cause death, 42% of which comprised non-cardiac deaths.10

In the present study, we demonstrated that a higher TSH level
and the presence of subclinical hypothyroidism were indepen-
dent predictors of composite cardiovascular events including
cardiac death and hospitalization for worsening heart failure.
Considering these results, higher TSH level or the presence of
subclinical hypothyroidism might be associated with higher in-
cidence of cardiac events, rather than non-cardiac death, sug-
gesting that a close relationship between the thyroid and
cardiovascular system could exist in patients with heart failure.

During severe systemic illness, the alteration of thyroid
hormones levels is also affected by the factors other than
the hypothalamic-pituitary-thyroid axis. More than 80% of
T3, which is considered to be the biologically active form
of thyroid hormones, derives from peripheral conversion of
the prohormone T4 via a reaction catalyzed by 5'-
monodeiodinases in organs such as the liver, kidney, and
skeletal muscle.25,26 It has been reported that a decrease
in 5'-monodeiodination leads to low serum T3 concentration
in patients with any severe systemic illness, including acute
myocardial infarction,27 and chronic heart failure.8 Besides
the deiodination of T4, the alterations in thyroid hormones
binding to serum proteins and T4 transport to T3-producing
tissues are involved in such transient changes in plasma
concentrations of free thyroid hormones.28–30 Proinflamma-
tory cytokines such as interleukin-6 (IL-6) and tumor necrosis
factor-α (TNF-α), inducing the release of IL-6, are considered
to contribute to the transient change in the thyroid
hormones levels. Administration of IL-6 and TNF-α into
healthy subjects reproduces alterations in both peripheral
and central thyroid hormones similar to low-T3 syn-
drome.31,32 Actually, the increase of plasma IL-6 and TNF-α

Figure 3 Kaplan–Meier survival curves for composite cardiovascular
events for patients with normal free T3 and low-T3 syndrome.

Figure 2 Kaplan–Meier survival curves for composite cardiovascular
events for patients with euthyroidism and subclinical hypothyroidism.
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is observed in patients with heart failure and associated with
poor prognosis.33,34 Therefore, the transient increase in pro-
inflammatory cytokines in ADHF patients gives rise to tempo-
rary changes in peripheral, and central thyroid hormones not
only via the hypothalamic-pituitary-thyroid axis but possibly
also because of a direct negative effect of the cytokines on
both hypothalamic and/or pituitary levels.35

T3 level alters with the severity and stage of the illness via
the mechanisms described above; T3 becomes lower as the ill-
ness becomes more severe, probably in order to suppress sys-
temic energy consumption, and returns to the baseline as the
illness resolves.7,36 Actually, in a previous report, subclinical
thyroid dysfunction at discharge had normalized spontane-
ously six months after discharge in four fifths of patients hos-
pitalized for heart failure,10 suggesting the presence of the
transient subclinical thyroid dysfunction in the course of heart
failure. In the extremely severe stage of heart failure, periph-
eral T4 to T3 conversion would be more strongly suppressed,
and subsequently plasma TSH level might increase via a feed-
back loop of the hypothalamic-pituitary-thyroid axis. There-
fore, elevated TSH level on admission of ADHF patients
might indicate that the patients were in the very severe or
life-threatening systemic state in the ADHF phase.

Frey et al. reported that low-T3 syndrome is an indepen-
dent prognostic factor in patients with ADHF.10 However,
we demonstrated that low-T3 syndrome was not associated
with composite cardiovascular events in ADHF patients. The
difference in the timing of evaluating thyroid function may
account for the inconsistent results. As described above, the
temporal alteration of thyroid hormones levels exists in the
clinical course of heart failure.10 In the stable phase of heart
failure, lowered T3 level may indicate the intrinsic severity of
heart failure, so that low-T3 syndrome might have a poor
prognosis. On the other hand, lowered T3 level in the acute
decompensated phase may reflect temporal hemodynamic
deterioration that could be restored by adequate therapy.
Therefore, the discrepancy in the prognostic impact might
be demonstrated between the studies.

We demonstrated that TSH level on admission was an inde-
pendent prognostic marker in ADHF patients, and had modest
ability to predict adverse outcomes. Although some indicators, in-
cluding sodium and BNP levels, are considered to be useful to
predict cardiac events, it has been reported that few indicators
evaluated at the decompensated stage are independent prognos-
tic markers. For example, a high BNP level at discharge is

generally considered to be a strong independent marker of death
or re-admission for heart failure.37,38 However, the prognostic im-
pact of BNP level on admission on ADHF appears to be weak and
is less than that of BNP level at discharge after appropriate treat-
ment for ADHF. Indeed, BNP level on admission was not a prog-
nostic marker of cardiovascular events in our study. In contrast,
the present study indicated that higher TSH level on admission
for ADHF was independently associated with adverse cardiovas-
cular events after discharge. Thus, TSH level could be a practical
indicator to stratify the risk of future adverse cardiovascular
events, even in the early stage of treatment for ADHF.

Our study has several limitations. First, this was an observa-
tional study with a retrospective design. Second, in view of the
nature of the study design, we cannot infer cause-effect relation-
ship between thyroid hormones and heart failure, suggesting that
this study cannot be used to support the clinical benefit of re-
placement therapy with thyroid hormones. Third, although we
demonstrated that the presence of subclinical hypothyroidism
at admission was a predictor of worse prognosis in the present
study, we cannot determine whether a raise of TSH level on ad-
mission for ADHF had been preexisting before developing ADHF,
or arose in this ADHF phase. In other words, we cannot mention
the main pathophysiology of worse prognosis: preexisting sub-
clinical thyroid dysfunction and/or the acute exacerbation of
heart failurewhich causes severe general condition and instability
of the hypothalamic-pituitary-thyroid axis. TSH level before hospi-
talization or after discharge, as well as anti-thyroid peroxidase an-
tibodies, may be useful to refer to the point, although we do not
have sufficient information on them. Prospective follow-up stud-
ies are needed to further elucidate this issue.

Conclusions

We demonstrated that the presence of subclinical hypothy-
roidism on admission for ADHF was an independent predictor
of adverse cardiovascular events. Elevated TSH level could
serve as a promising marker to predict cardiovascular events
in ADHF patients.
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