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Abstract

Background: Hypothyroidism is known to be associated with adverse clinical outcomes in heart failure. The association
between hypothyroidism and cardiac resynchronization therapy outcomes in patients with severe heart failure is not clear.

Methods: The study included 1316 patients who received cardiac resynchronization therapy between 2002 and 2015.
Baseline demographics and cardiac resynchronization therapy outcomes, including left ventricular ejection fraction, New
York Heart Association class, appropriate implantable cardioverter-defibrillator therapy, and all-cause mortality, were
collected from the electronic health record.

Results: Of the study cohort, 350 patients (26.6%) were classified as the hypothyroidism group. The median duration of
follow-up was 3.6 years (interquartile range, 1.7–6.2 years). Hypothyroidism was not associated with a higher risk of all-
cause mortality in patients receiving CRT for heart failure. The risk of appropriate implantable cardioverter-defibrillator
therapy significantly increased in association with increased baseline thyroid-stimulating hormone level in the entire
cohort (hazard ratio, 1.23 per 5mIU/L increase; 95% CI, 1.01–1.5; P = 0.04) as well as in the hypothyroid group (hazard ratio,
1.44 per 5mIU/L increase; 95% CI, 1.13–1.84; P = 0.004).

Conclusions: CRT improves cardiac function in hypothyroid patients. The ventricular arrhythmic events requiring ICD
therapies are associated with baseline TSH level, which might be considered as an important biomarker to stratify the risk
of sudden death for patients with heart failure and hypothyroidism.

Background
Thyroid hormones regulate cardiac contractility, relaxation
and coronary blood flow. In patients with heart failure
(HF), decreased thyroid function is associated with an
increased risk of hospitalization, adverse cardiovascular
outcomes, and mortality [1, 2]. Previous studies have
shown the beneficial effects of synthetic thyroid hormone

replacement therapy for improving left ventricular func-
tion in patients with HF [3, 4]. Multiple clinical trials have
proven the efficacy of cardiac resynchronization therapy
(CRT) in patients with severe left ventricular systolic dys-
function, mild to severe HF symptoms, and wide QRS
complex [5, 6]. CRT improves free triiodothyronine levels
and the free triiodothyronine/free thyrokine ratio, an effect
that may be important in reversal of cardiac remodeling
[7]. Despite the high incidence of hypothyroidism among
CRT recipients, little is known about the outcomes of
CRT in patients with HF and hypothyroidism. Therefore,
the objective of this study was to determine the effects of
hypothyroidism on clinical outcomes after CRT.
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Method
Study patients
This retrospective cohort study included patients who re-
ceived de novo CRT–defibrillator (CRT-D) or CRT–pace-
maker (CRT-P) at Mayo Clinic between January 2002 and
2015. Indications for CRT were HF symptoms despite op-
timal medical therapy, left ventricular ejection fraction
(LVEF) 35% or less, QRS duration 120 milliseconds or
greater, and NYHA class III-IV (ACCF/HRS/AHA guide-
line [8] or NYHA class I-IV [9]. The following patients
were excluded: 1) those who had device upgrade from
CRT-P or CRT-D; 2) those with hyperthyroidism or a
baseline thyroid-stimulating hormone (TSH) value less
than 0.3 mIU/L; and 3) those who did not agree to the use
of their records for research. The study was approved by
the Mayo Clinic Institutional Review Board.

Baseline evaluation and data collection
All patients were evaluated before CRT. LVEF was
assessed with transthoracic electrocardiography. New
York Heart Association (NYHA) functional class, the
cause of HF, concomitant cardiovascular diseases, and
echocardiographic variables were collected from the elec-
tronic health record. Information regarding medications,
including thyroid replacement therapy (TRT), TSH values,
and history of thyroid function was also assessed. All data
were collected by one cardiologist blinded to the clinical
outcome data. Baseline TSH levels were measured within
3months before CRT. Data on appropriate implantable
cardioverter-defibrillator (ICD) therapy were collected
from the institutional ICD database and device interroga-
tion reports. Survival data were collected from the elec-
tronic health records and the national death and location
database (Accurint, Lexisnexis for Mayo Clinic patients).

CRT implantation and follow-up
US Food and Drug Adminstration–approved, commer-
cially available CRT-Ds or CRT-Ps were implanted in the
pacing suite of Mayo Clinic, Rochester, Minnesota, be-
tween 2002 and 2015. The right ventricular lead and right
atrial lead were positioned conventionally in the right ven-
tricular apex and right atrial appendage, respectively. The
left ventricular lead was placed preferentially in the pos-
terolateral or lateral vein tributary via the coronary sinus.
Patients were monitored overnight. The devices were in-
terrogated, the device pockets were examined, and chest
radiography was performed before the dismissal.
Patients were followed at 12-month after CRT. Response

to CRT was defined as LVEF improvement of more than
5% at the echocardiogram follow-up. All patients were
followed via remote monitoring system and had a device
follow-up report every 3months. On the CRT-D devices,
tachycardia detection and therapy were programmed on a
standard protocol for primary prevention of sudden death.

The antitachycardia pacing was programmed as an initial
therapy followed by high-energy shocks. Appropriate ICD
therapy was defined as antitachycardia pacing or shock de-
livery for sustained ventricular fibrillation or ventricular
tachycardia. Appropriateness of ICD therapies was adjudi-
cated by an electrophysiologist or a specially trained device
nurse on the basis of the stored intracardiac electrogram.

Definition of hypothyroidism and euthyroidism
Hypothyroidism was defined as a documented diagnosis of
hypothyroidism or subclinical hypothyroidism (SH) in the
medical record or a TSH value of 5.0 mIU/L of more be-
fore CRT. The cutoff value of 5.0 mIU/L was determined
by the upper limit of TSH reference range. Euthyroidism
was defined as no documented history of hypothyroidism
or hyperthyroidism in the medical record and a TSH value
of 0.3 mIU/L to 5.0 mIU/L before CRT. Hypothyroidism
was further divided into 2 categories: overt hypothyroidism
(OH) and SH. OH was defined as a documented diagnosis
of hypothyroidism or a baseline TSH value of 20 mIU/L or
more, and SH was defined as a documented diagnosis of
subclinical hypothyroidism or baseline TSH value of 5
mIU/L to 20 mIU/L without a documented diagnosis of
thyroid dysfunction according to previously described
TSH cutoffs and expert reviews [10, 11].

Statistical analysis
Continuous variables are expressed as mean ± SD or me-
dian (25th, 75th percentile). The group comparison was
performed with Student t test or the Wilcoxon rank-sum
test, as appropriate. Categorical variables are presented as
counts and percentages and were compared across groups
using the χ2 test or Fisher exact test, as appropriate.
Kaplan–Meier survival curves were generated, and the log--
rank test was used to assess for differences between the
curves. Univariate and multivariate Cox proportional
hazards regression were used to determine the relationship
between thyroid-related variables and outcomes. The start
time was defined as the date of CRT implantation. The end
time for survival analysis was defined as the date of death
or the last follow-up date if the patient was alive. The end
time for ICD therapy analysis was defined as the date of
first appropriate ICD therapy or the last date of device in-
terrogation if the patient had not received appropriate ICD
detection and therapy. Only one thyroid-related variable
was included in each multivariate model. All variables
in Table 1 as well as CRT response were included in
univariate analysis for prediction of outcomes. Only
those predictors with P < 0.1 in univariate analysis were
further included in the multivariate model as covariates.
All P values were 2-sided, and a P value < 0.05 was con-
sidered to indicate statistical significance. All statistical
analyses were performed using JMP Pro version 10.0.0
(SAS Institute, Inc).
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Results
Baseline characteristics
Of 1316 patients included in the study, 1181 (89.7%) pa-
tients received CRT-D, among whom 979 (82.9%) CRT-
Ds were implanted for primary prevention. Of all the pa-
tients, 350 (26.6%) were categorized as the hypothyroidism
group: 260 had a known diagnosis of hypothyroidism, and
90 had the diagnosis on the basis of their increased TSH
value. In the hypothyroidism group, 85 patients (24.3%)
were categorized as having SH and 265 (75.7%) as having
OH. The baseline patient characteristics are presented in
Table 1. Compared with the euthyroid group, patients
with hypothyroidism were significantly older and were
more likely to be female, to have chronic kidney disease,
and to use amiodarone. There were 254 patients (72.9%)
in the hypothyroidism group but none in the SH group
were receiving TRT. The median baseline TSH value was
2.6 mIU/L (interquartile range, 1.6–4). Patients with
hypothyroidism had significantly higher TSH values than

those with euthyroidism (5.7 ± 5.7mIU/L vs. 2.4 ± 1.1mIU/
L, P < 0.001).

Improvement in HF after CRT
Of 1316 study patients, 826 (62.8%) returned for an in-
clinic follow-up in 12-month to assess CRT response.
The NYHA class improvement in the hypothyroidism
group was significantly less than that in the euthyroid
group (− 0.4 ± 0.8 vs. -0.6 ± 0.8, P = 0.002). The LVEF im-
provement was similar in the hypothyroid and the eu-
thyroid groups (8.3% ± 11.8% vs. 9.3% ± 12.3%, P = 0.32).
The CRT response rate was 51.5% in the hypothyroid
group and 54.1% in the euthyroid group (P = 0.51). For
patients with LBBB, the response rate in hypothyroid
and euthyroid group was 62.5 and 57.8% respectively
(P = 0.46). The NYHA improvement was similar in 2
groups (− 0.6 ± 0.7 vs. -0.7 ± 0.8, P = 0.26). So was the
LVEF improvement (11.9% ± 13.6% vs. 11.3% ± 13.1%,
P = 0.72).

Table 1 Baseline Characteristics

Variable All (n = 1316) Euthyroidism (n = 966) Hypothyroidism (n = 350) P Value

Age, y 69.8 ± 12.2 69.3 ± 12.4 71.2 ± 11.2 0.01

Female 289 (22.0) 184 (19.0) 105 (30.0) < 0.001

CRT-D 1181 (89.7) 867 (89.7) 314 (90.0) 0.87

Primary prevention 979 (82.9) 749 (86.5) 230 (73.0) < 0.001

Hypertension 539 (41.0) 398 (41.2) 141 (40.4) 0.81

Diabetes mellitus 398 (30.2) 297 (30.7) 101 (28.9) 0.54

Chronic kidney disease 357 (27.1) 248 (25.7) 109 (31.2) 0.04

Hyperlipidemia 600 (45.7) 442 (45.7) 158 (45.4) 0.92

Atrial fibrillation history 599 (44.5) 430 (44.5) 169 (48.4) 0.20

ICM 632 (48.0) 462 (47.8) 170 (48.7) 0.77

LBBB 644 (40.1) 491 (52.2) 153 (44.5) 0.02

QRS duration, ms 170.2 ± 28.5 169.5 ± 28.2 172.1 ± 29.4 0.16

NYHA functional class, 1–4 2.8 ± 0.6 2.8 ± 0.6 2.9 ± 0.5 0.64

3–4 892 644 (69.7) 248 (73.6)

2 349 264 (28.6) 85 (25.2)

1 20 16 (1.7) 4 (1.2)

LVEF, % 24.3 ± 6.5 24.2 ± 6.6 24.4 ± 6.6 0.62

TRT 254 (19.3) 0 (0) 254 (72.9) < 0.001

Amiodarone 232 (17.6) 135 (14.0) 97 (27.9) < 0.001

Statin 705 (53.6) 529 (54.7) 176 (50.4) 0.17

Digoxin 539 (41.0) 391 (40.4) 148 (42.4) 0.52

β-blocker 1156 (87.8) 853 (88.2) 303 (86.8) 0.50

ACEI/ARB 1054 (80.1) 781 (80.8) 273 (78.2) 0.31

Aldactone 391 (29.7) 288 (29.8) 103 (29.5) 0.93

Furosemide 886 (67.3) 640 (66.2) 246 (70.5) 0.14

Values are count (%) or mean ± SD
Abbreviations: ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, CRT-D cardiac resynchronization therapy-defibrillator, ICM ischemic
cardiomyopathy, LBBB left bundle branch block, LVEF left ventricular ejection fraction, NYHA New York Heart Association, TRT thyroid replacement therapy
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All-cause mortality
The median duration from the date of CRT implant to the
last follow-up date or the date of death was 3.6 years (inter-
quartile range, 1.7–6.2 years). During the follow up, 618 pa-
tients died. The mean survival duration for these patients
was 3.7 ± 3.0 years. Kaplan–Meier estimates showed a sig-
nificantly higher all-cause mortality in the hypothyroid
group (78.2%) than in the euthyroidism group (67.0%) at
10-year follow-up (P < 0.001) (Fig. 1a). After adjustment for
covariates, neither hypothyroidism nor baseline TSH was
an independent predictor for all-cause mortality (Table 2).
In the hypothyroid group, although the 10 year mortality

rates were lower for SH than for OH (70.2% vs. 80.4%),
there was no statistical difference between the Kaplan-
Meier curves (Fig. 1b, P = 0.59). Baseline TSH value was
not associated with all-cause mortality (P = 0.12).

Appropriate ICD therapy
In 1181 patients who received CRT-D, 270 (22.9%) had a
ventricular tachycardia or ventricular fibrillation event
treated with ICD therapy. Of these patients, 128 (47.4%)
had successful treatment with initial ATP, and 142 (52.6%)
received shock therapy initially or after failed antitachycar-
dia pacing. The median time from CRT-D implantation to
the first therapy was 16.2months (interquartile range, 5.6–
35.6 months). The event rate of appropriate ICD therapy
was similar between the hypothyroidism and euthyroidism
groups (Fig. 1c). Hypothyroidism was not associated with

higher risk of appropriate ICD therapy (P = 0.61). Baseline
TSH value was independently associated with appropriate
ICD therapy (hazard ratio, 1.23 per 5mIU/L increase; 95%
CI, 1.01–1.5; P = 0.04, Table 3).
In the hypothyroid group, the event rate of appropriate

ICD therapy was similar between the SH and OH groups
(Fig. 1d). However, the baseline TSH value was an independ-
ent predictor for appropriate ICD therapy (hazard ratio, 1.44
per 5mIU/L increase; 95% CI, 1.13–1.84; P= 0.004, Table 4).

Amiodarone
In this study, amiodarone was prescribed in 232 patients,
123 for ventricular tachycardia, 11 for atrial fibrillation
and 98 for both ventricular tachycardia and atrial fibrilla-
tion. Amiodarone was prescribed in 135 patients (14.0%)
in the euthyroidism group and in 97 (27.9%) in the
hypothyroidism group (P < 0.001). Kaplan–Meier esti-
mates showed a higher risk of all-cause mortality and ap-
propriate ICD therapy in patients receiving amiodarone
than in those who were not in the entire cohort (both
P < 0.05). In the hypothyroidism group, of the 97 patients
with hypothyroidism who were prescribed amiodarone, 65
(67.0%) were receiving TRT. Patients who were receiving
amiodarone had a higher risk of appropriate ICD therapy
than those who were not receiving it (P = 0.02, Fig. 2).
However, amiodarone was not an independent predictor
for either all-cause mortality or appropriate ICD therapy
(Tables 2, 3 and 4).

Fig. 1 Kaplan–Meier survival comparison in patients with hypothyroidism and euthyroidism (a), and in patients with subclinical (SH) and overt
hypothyroidism (OH) (b); Kaplan–Meier survival free from appropriate implantable cardioverter-defibrillatory (ICD) therapy in patients with
hypothyroidism and euthyroidism (c) and in patients with SH and OH (d)
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Discussion
Our study had 2 main findings: 1) hypothyroidism is not as-
sociated with a higher risk of all-cause mortality in patients
receiving CRT for HF, and 2) baseline TSH level is an inde-
pendent predictor for appropriate ICD therapy. This is the
first study to show that in patients who have HF, TSH level
is associated with ventricular arrhythmic events after CRT.

Hypothyroidism and CRT outcomes
The prevalence of hypothyroidism in patients with HF is 4
to 24% [2]. Our study showed a higher incidence of
hypothyroidism than previous reports. Hypothyroidism is
associated with adverse effects on cardiac output, cardiac
contractility, and vascular resistance [12]. A decrease in the
thyroid hormone level may result in endothelial dysfunc-
tion, vascular smooth muscle cell apoptosis, atherosclerosis
or ischemic heart disease, and cardiac atrophy with cham-
ber dilatation by sarcomere lengthening [13–15]. One study
showed that a decrease in the thyroid hormone level is pro-
portional to the severity of HF symptoms [16]. These path-
ophysiologic factors may diminish an optimal response to

CRT. In this study, the hypothyroidism group had less im-
provement in NYHA class than the euthyroidism group,
yet the improvement in LVEF was similar between the two
groups at 1-year follow-up.
Hypothyroidism is associated with a higher mortality rate,

cardiovascular events, and progression of chronic kidney
disease and diabetes [1, 2, 10, 17–19]. Similarly, Chen’s
study found that a low-normal free triiodothyronine level
was associated with HF rehospitalization and overall mor-
tality in euthyroid patients with HF receiving CRT [20]. In
contrast, similar risk of all-cause mortality was found in our
patients with hypothyroidism or euthyordism. This might
be explained by the similar CRT response rate between
them, implying the effectiveness and importance of CRT
for patients with HF and hypothyroidism.

Subclinical hypothyroidism
OH is associated with increased cardiovascular risks,
whereas the risk with SH is still controversial [10, 21].
There is no consensus on whether SH warrants treatment
[22]. One important reason for the controversy is that

Table 2 Univariate and Multivariate Cox Regression Models to Identify Predictors for All-Cause Mortality in All Patients

Variable Univariate Analysis Multivariate Analysisa Multivariate Analysisb

HR 95% CI P Value HR 95% CI P Value HR 95% CI P Value

Age 1.04 1.04–1.05 < 0.001 1.04 1.03–1.06 < 0.001 1.04 1.03–1.06 < 0.001

Female 0.54 0.44–0.68 < 0.001 0.73 0.52–1.04 0.09 0.77 0.53–1.12 0.18

CRT-D 0.71 0.56–0.91 0.007 0.72 0.47–1.12 0.14 0.74 0.45–1.22 0.23

Hypertension 0.97 0.83–1.14 0.73

Diabetes mellitus 1.49 1.26–1.76 < 0.001 1.77 1.35–2.31 < 0.001 1.84 1.35–2.49 < 0.001

Chronic kidney disease 2.46 2.09–2.89 < 0.001 1.47 1.12–1.93 0.006 1.45 1.07–1.98 0.02

Hyperlipidemia 0.99 0.85–1.16 0.94

Atrial fibrillation 1.33 1.13–1.55 < 0.001 1.18 0.91–1.53 0.20 1.07 0.79–1.43 0.67

ICM 2.02 1.71–2.38 < 0.001 1.14 0.86–1.50 0.36 1.15 0.856–1.57 0.37

LBBB 0.70 0.60–0.83 < 0.001 0.75 0.58–0.97 0.03 0.78 0.58–1.05 0.11

QRS duration 1.00 0.99–1.00 0.63

NYHA functional class 1.95 1.66–2.30 < 0.001 1.30 1.01–1.68 0.05 1.24 0.93–1.65 0.14

LVEF 0.99 0.98–1.00 0.064 0.98 0.96–1.00 0.03 0.98 0.96–1.00 0.10

TRT 1.38 1.14–1.67 0.001 1.20 0.71–2.04 0.50 1.43 1.02–2.02 0.04

Amiodarone 1.33 1.09–1.61 0.005 1.20 0.87–1.66 0.27 1.25 0.89–1.76 0.20

Statin 1.05 0.90–1.23 0.54

Digoxin 1.31 1.12–1.54 0.001 1.42 1.10–1.85 0.008 1.46 1.09–1.95 0.01

b-Blocker 0.90 0.71–1.15 0.41

ACEI/ARB 0.67 0.55–0.81 < 0.001 0.86 0.61–1.23 0.41 0.76 0.52–1.11 0.16

Aldactone 1.00 0.84–1.18 0.96

Furosemide 1.36 1.14–1.64 0.001 1.26 0.93–1.71 0.14 1.3 0.91–1.86 0.15

CRT response 0.41 0.32–0.52 < 0.001 0.42 0.32–0.54 < 0.001 0.45 0.33–0.60 < 0.001

Hypothyroidism 1.37 1.15–1.62 < 0.001 1.16 0.72–1.89 0.54 – – –

TSH per 5 mIU/L 1.41 1.29–1.55 < 0.001 – – – 0.94 0.74–1.19 0.60
a Multivariate analysis including Hypothyroidism. b Multivariate analysis including TSH value. Abbreviations as in Table 1. TSH thyroid-stimulating hormone
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observational studies show that TSH tends to increase with
age [23]. While age-based cut-off points for hypothyroidism
not yet been standardized, there might be a danger of over-
treatment, especially in the elderly. A large observational
study has corroborated that TRT may minimize the risk of
coronary heart disease in younger patients (< 70 years) [24].
A recent randomized, double-blind, placebo-controlled
clinical trial found no difference in systolic or diastolic
heart function after TRT compared with placebo in older
adults (≥65 years) with subclinical hypothyroidism [25]. No
comparison about TRT for SH patients was conducted in
this study since no TRT was used for SH. Nevertheless, no
differences were found in the outcomes between patients
with SH and those with OH. Numerous studies have re-
ported improvement in vascular and cardiac function and
arterial stiffness in patients with SH [26, 27]. A meta-
analysis showed a possible relationship between SH and an
increased risk of coronary heart disease mortality compared
with euthyroidism [28]. TRT was observed beneficial in
preventing major adverse cardiovascular and cerebral
events for hypothyroidism patients undergoing percutan-
eous coronary intervention [15]. Therefore, TRT should be
individualized for SH patients, and more considered

especially for those with high coronary heart diseases and
younger age.

Hypothyroidism and ventricular arrhythmia
Hypothyroidism is associated with both supraventricular
and ventricular arrhythmias [29, 30]. QT interval prolonga-
tion and dispersion have been observed in patients with de-
creased thyroid function, which might be responsible for
the increased inhomogeneity of ventricular repolarization
and myocardial vulnerability to ventricular arrhythmia [31,
32]. These changes can be reversed after levothyroxine
treatment [33, 34]. Not surprisingly, our patients with more
severe thyroid dysfunction (higher TSH level) had higher
risk of ventricular arrhythmic events despite CRT, an indi-
cation that ventricular arrhythmia is substantially associated
with systemic diseases and comorbidities in HF, especially
thyroid dysfunction. Indeed, our study is the first to dem-
onstrate an increased baseline TSH level is associated with
increased ventricular tachyarrhythmic events. Furthermore,
the TSH level was an independent predictor for sustained
ventricular arrhythmia. The TSH level might be considered
as an important biomarker to stratify the risk of sudden
death. Female sex was an independent predictor for fewer

Table 3 Univariate and Multivariate Cox Regression Models to Identify Predictors for appropriate ICD therapy in All Patients

Variable Univariate Analysis Multivariate Analysis

HR 95% CI P Value HR 95% CI P Value

Age 0.99 0.98–1.00 0.08

Female 0.41 0.29–0.59 < 0.001 0.45 0.27–0.75 0.002

Primary prevention 0.54 0.40–0.72 < 0.001 0.28 0.10–0.83 0.02

Hypertension 1.04 0.81–1.32 0.78

Diabetes mellitus 1.01 0.78–1.32 0.92

Chronic kidney disease 1.24 0.94–1.63 0.13

Hyperlipidemia 1.09 0.86–1.39 0.48

Atrial fibrillation 1.20 0.94–1.53 0.14

ICM 1.13 0.89–1.44 0.32

LBBB 0.67 0.52–0.85 0.001 0.72 0.50–1.05 0.08

QRS duration 0.997 0.992–1.001 0.17

NYHA functional class 1.16 0.91–1.47 0.24

LVEF 0.98 0.96–1.00 0.02 0.97 0.95–1.01 0.11

TRT 0.97 0.71–1.32 0.84

Statin 1.02 0.80–1.30 0.87

amiodarone 1.62 1.22–2.15 0.001 0.44 0.16–1.27 0.13

Digoxin 1.55 1.22–1.97 < 0.001 1.44 1.00–2.07 0.05

ACEARB 0.77 0.57–1.05 0.09 0.73 0.45–1.18 0.20

Aldactone 1.07 0.82–1.38 0.62

Furosemide 1.30 0.99–1.71 0.06 1.13 0.75–1.70 0.54

CRT response 0.43 0.32–0.59 < 0.001 0.46 0.32–0.68 < 0.001

TSH per 5 mIU/L 1.05 1.02–1.09 0.002 1.23 1.01–1.50 0.04

Abbreviations as in Table 1. TSH thyroid-stimulating hormone
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appropriate ICD therapies in our study, consistent with a
previous report [35].

Amiodarone and hypothyroidism
Amiodarone therapy frequently causes thyroid dysfunction,
most commonly hypothyroidism. This effect is largely re-
lated to the high iodine content of the medication and its
effect on thyroid hormone synthesis and release. Patients
who receive CRT for HF more often receive amiodarone
therapy for control of ventricular or atrial arrhythmia, in
whom hypothyroidism may occur as an adverse drug effect.
As Amiodarone is the most effective drug in controlling
ventricular arrhythmia, TRT is accepted to overcome the
adverse effect. In this study abnormal TSH level were asso-
ciated with worse prognosis regardless of amiodarone usage
or TRT. Moreover, the survival rate was lower in the amio-
darone group than in the non-amiodarone group. However,
amiodarone was not an independent predictor for survival,
suggesting the amiodarone group was more likely to be
sicker, requiring antiarrhythmic drug to control ventricular
or atrial arrhythmia associated with heart failure. Our

finding was in agreement with the finding of previous study
in which patients who took amiodarone for rhythm control
of atrial fibrillation had a higher risk of cardiovascular
hospitalization and mortality rates compared to the rate
control group [36]. Despite amiodarone reducing ICD
shocks according to previous study [37], in our study
the amiodarone group had a higher appropriate ICD
therapy event rate than the non-amiodarone group, a
suggestion of incomplete control of ventricular
arrhythmia in this patient group.

Limitations
This was a single-center retrospective cohort study with-
out a 10 year follow-up schedule and was subject to the
inherent limitations of retrospective study, like the miss-
ing data regarding therapy or TSH level changes during
follow-up. Because triiodothyronine and thyroxine levels
were not available, the thyroid status was assessed only
by documented history and TSH levels. The TSH was
measured only once before CRT implantation, the diag-
nosis of subclinical hypothyroidism may not be accurate.

Table 4 Univariate and Multivariate Cox Regression Models to Identify Predictors for Appropriate ICD Therapy in Patients with
Hypothyroidism

Variable Univariate Analysis Multivariate Analysis

HR 95% CI P Value HR 95% CI P Value

Age 0.99 0.97–1.01 0.42

Female 0.33 0.17–0.64 0.001 1.59 0.66–3.86 0.30

Primary prevention 0.46 0.28–0.74 0.002 0.15 0.02–1.21 0.07

Hypertension 0.85 0.53–1.38 0.52

Diabetes mellitus 0.79 0.45–1.38 0.41

Chronic kidney disease 1.90 1.16–3.11 0.01 1.81 0.95–3.48 0.07

Hyperlipidemia 0.75 0.47–1.22 0.25

Atrial fibrillation 1.18 0.74–1.89 0.48

ICM 1.60 0.98–2.59 0.06 0.99 0.51–1.95 0.98

LBBB 0.74 0.46–1.19 0.22

QRS duration 1.00 0.99–1.01 0.78

NYHA functional class 1.31 0.80–2.17 0.29

LVEF 0.99 0.95–1.03 0.55

TRT 0.74 0.45–1.23 0.25

amiodarone 1.79 1.10–2.89 0.02 0.36 0.05–2.81 0.33

Statin 1.14 0.71–1.83 0.57

Digoxin 1.03 0.64–1.65 0.91

b-Blocker 0.87 0.45–1.65 0.66

ACEI/ARB 0.78 0.45–1.36 0.39

Aldactone 0.68 0.39–1.17 0.16

Furosemide 1.23 0.71–2.11 0.46

CRT Response 0.44 0.24–0.80 0.007 0.58 0.31–1.12 0.11

TSH per 5 mIU/L 1.35 1.12–1.63 0.002 1.44 1.13–1.84 0.004

Abbreviations as in Table 1. TSH thyroid-stimulating hormone
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Finally, the national death and location database was
used for survival analysis, with the limitation of knowing
the cause of deaths.

Conclusion
CRT improves cardiac function in hypothyroid patients.
The ventricular arrhythmic events requiring ICD therap-
ies are associated with baseline TSH level, which might
be considered as an important biomarker to stratify the
risk of sudden death for patients with heart failure and
hypothyroidism.

Ethics approval and consent for publication The study
was approved by the Mayo Clinic Institutional Review
Board. The participants gave their written informed
consent.

Abbreviations
HF: Heart failure; CRT: Cardiac resynchronization therapy; CRT-D: CRT–
defibrillator; CRT-P: CRT–pacemaker; LVEF: Left ventricular ejection fraction;
TSH: Thyroid-stimulating hormone; NYHA: New York heart association;
TRT: Thyroid replacement therapy; ICD: Implantable cardioverter-defibrillator;
SH: Subclinical hypothyroidism; OH: Overt hypothyroidism

Acknowledgements
No acknowledgments.

Authors’ contributions
Mei Yang- design and writing the article. Xuping Li- design the article,
collection of data. John C. Morris III- revising the manuscript critically for
important intellectual content. Liang Jinjun- collection of data. Abhishek J.
Deshmukh- revising the manuscript critically for important intellectual

content. David Hodg-statistical analysis. Yigang Li, MD- revising the manu-
script critically for important intellectual content. Yong-Mei Cha- design and
writing the article. The author(s) read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Consent for publication
This manuscript does not include any individual person’s data.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Cardiology, Shanghai Jiao Tong University School of
Medicine Xinhua Hospital, 1665 Kongjiang Road, Shanghai, China.
2Department of Cardiovascular Diseases, Mayo Clinic, 200 First Street SW,
Rochester, MN, USA. 3Department of Cardiovascular Medicine, The Second
Xiangya Hospital, Central South University, 139 Renminzhong Road,
Changsha, Hunan, China. 4Division of Endocrinology, Diabetes, Metabolism,
and Nutrition, Mayo Clinic, 200 First Street SW, Rochester, MN 55905, USA.
5Department of Cardiology, Renmin Hospital of Wuhan University, Hubei
Zhang Road No. 99, Wuhan, Hubei, China. 6Department of Health Sciences
Research, Mayo Clinic, 4500 San Pablo Road, Jacksonville, FL, USA.

Received: 14 April 2020 Accepted: 30 August 2020

References
1. Hayashi T, Hasegawa T, Kanzaki H, et al. Subclinical hypothyroidism is an

independent predictor of adverse cardiovascular outcomes in patients with
acute decompensated heart failure. ESC heart failure. 2016;3(3):168–76.

Fig. 2 Kaplan–Meier survival according to amiodarone usage in entire cohort (a) and in patients with hypothyroidism (b), Kaplan–Meier survival
free from appropriate implantable cardioverter-defibrillator (ICD) therapy according to amiodarone usage in entire cohort (c) and in patients with
hypothyroidism (d)

Yang et al. BMC Cardiovascular Disorders          (2020) 20:424 Page 8 of 9



2. Ning N, Gao D, Triggiani V, et al. Prognostic role of hypothyroidism in heart
failure: a meta-analysis. Medicine. 2015;94(30):e1159.

3. Goldman S, McCarren M, Morkin E, et al. DITPA (3,5-Diiodothyropropionic
Acid), a thyroid hormone analog to treat heart failure: phase II trial veterans
affairs cooperative study. Circulation. 2009;119(24):3093–100.

4. Pingitore A, Galli E, Barison A, et al. Acute effects of triiodothyronine (T3)
replacement therapy in patients with chronic heart failure and low-T3
syndrome: a randomized, placebo-controlled study. J Clin Endocrinol Metab.
2008;93(4):1351–8.

5. Zareba W, Klein H, Cygankiewicz I, et al. Effectiveness of Cardiac
Resynchronization Therapy by QRS Morphology in the Multicenter
Automatic Defibrillator Implantation Trial-Cardiac Resynchronization Therapy
(MADIT-CRT). Circulation. 2011;123(10):1061–72.

6. Moss AJ, Hall WJ, Cannom DS, et al. Cardiac-resynchronization therapy for
the prevention of heart-failure events. New England J Med. 2009;361(14):
1329–38.

7. Celikyurt U, Agacdiken A, Geyik B, Kozdag G, Vural A, Ural D. Effect of
cardiac resynchronization therapy on thyroid function. Clin Cardiol. 2011;
34(11):703–5.

8. Epstein AE, JP DM, Ellenbogen KA, et al. ACC/AHA/HRS 2008 Guidelines for
Device-Based Therapy of Cardiac Rhythm Abnormalities: a report of the
American College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Writing Committee to Revise the ACC/AHA/NASPE 2002
Guideline Update for Implantation of Cardiac Pacemakers and
Antiarrhythmia Devices) developed in collaboration with the American
Association for Thoracic Surgery and Society of Thoracic Surgeons. J Am
Coll Cardiol. 2008;51(21):e1–62.

9. Epstein AE, DiMarco JP, Ellenbogen KA, et al. 2012 ACCF/AHA/HRS focused
update incorporated into the ACCF/AHA/HRS 2008 guidelines for device-
based therapy of cardiac rhythm abnormalities: a report of the American
College of Cardiology Foundation/American Heart Association task force on
practice guidelines and the Heart Rhythm Society. J Am Coll Cardiol. 2013;
61(3):e6–75.

10. Rodondi N, den Elzen WP, Bauer DC, et al. Subclinical hypothyroidism and
the risk of coronary heart disease and mortality. JAMA. 2010;304(12):1365–
74.

11. Helfand M. Screening for subclinical thyroid dysfunction in nonpregnant
adults: a summary of the evidence for the U.S. Preventive Services Task
Force. Ann Internal med. 2004;140(2):128–41.

12. Francis GS. Pathophysiology of chronic heart failure. Am J Med. 2001;
110(Suppl 7A):37S–46S.

13. Wang P, Xu TY, Guan YF, et al. Vascular smooth muscle cell apoptosis is an
early trigger for hypothyroid atherosclerosis. Cardiovascular Res. 2014;102(3):
448–59.

14. Tang YD, Kuzman JA, Said S, Anderson BE, Wang X, Gerdes AM. Low thyroid
function leads to cardiac atrophy with chamber dilatation, impaired
myocardial blood flow, loss of arterioles, and severe systolic dysfunction.
Circulation. 2005;112(20):3122–30.

15. Zhang M, Sara JD, Matsuzawa Y, et al. Clinical outcomes of patients with
hypothyroidism undergoing percutaneous coronary intervention. Eur Heart
J. 2016;37(26):2055–65.

16. Pingitore A, Iervasi G, Barison A, et al. Early activation of an altered thyroid
hormone profile in asymptomatic or mildly symptomatic idiopathic left
ventricular dysfunction. J Card Fail. 2006;12(7):520–6.

17. Sharma AK, Vegh E, Orencole M, et al. Association of hypothyroidism with
adverse events in patients with heart failure receiving cardiac
resynchronization therapy. Am J Cardiol. 2015;115(9):1249–53.

18. Rhee CM, Brent GA, Kovesdy CP, et al. Thyroid functional disease: an under-
recognized cardiovascular risk factor in kidney disease patients. Nephrol
Dialysis Transplant. 2015;30(5):724–37.

19. Hage M, Zantout MS, Azar ST. Thyroid disorders and diabetes mellitus. J
Thyroid Res. 2011;2011:439463.

20. Chen YY, Shu XR, Su ZZ, et al. A Low-Normal Free Triiodothyronine Level Is
Associated with Adverse Prognosis in Euthyroid Patients with Heart Failure
Receiving Cardiac Resynchronization Therapy. Int Heart J. 2017;58(6):908–14.

21. Tseng FY, Lin WY, Lin CC, et al. Subclinical hypothyroidism is associated
with increased risk for all-cause and cardiovascular mortality in adults. J Am
Coll Cardiol. 2012;60(8):730–7.

22. Surks MI, Ortiz E, Daniels GH, et al. Subclinical thyroid disease: scientific
review and guidelines for diagnosis and management. JAMA. 2004;291(2):
228–38.

23. Waring AC, Arnold AM, Newman AB, Buzkova P, Hirsch C, Cappola AR.
Longitudinal changes in thyroid function in the oldest old and survival: the
cardiovascular health study all-stars study. J Clin Endocrinol Metab. 2012;
97(11):3944–50.

24. Redford C, Vaidya B. Subclinical hypothyroidism: should we treat? Post
Reprod Health. 2017;23(2):55–62.

25. Gencer B, Moutzouri E, Blum MR, et al. The Impact of Levothyroxine on
Cardiac Function in Older Adults with Mild Subclinical Hypothyroidism: a
Randomized Clinical Trial. Am J Med. 2020;133(7):848–56.

26. Ripoli A, Pingitore A, Favilli B, et al. Does subclinical hypothyroidism affect
cardiac pump performance? Evidence from a magnetic resonance imaging
study. J Am Coll Cardiol. 2005;45(3):439–45.

27. Taddei S, Caraccio N, Virdis A, et al. Impaired endothelium-dependent
vasodilatation in subclinical hypothyroidism: beneficial effect of
levothyroxine therapy. J Clin Endocrinol Metab. 2003;88(8):3731–7.

28. Sun J, Yao L, Fang Y, et al. Relationship between subclinical thyroid
dysfunction and the risk of cardiovascular outcomes: a systematic review
and meta-analysis of prospective cohort studies. Int J Endocrinol. 2017;2017:
8130796.

29. Zhang Y, Dedkov EI, Teplitsky D, et al. Both hypothyroidism and
hyperthyroidism increase atrial fibrillation inducibility in rats. Circulation
Arrhythmia electrophysiol. 2013;6(5):952–9.

30. Sairaku A, Nakano Y, Uchimura Y, et al. Increased left atrial pressure in non-
heart failure patients with subclinical hypothyroidism and atrial fibrillation.
Endocrine Connections. 2016;5(3):101–6.

31. Owecki M, Michalak A, Nikisch E, Sowinski J. Subclinical hypothyroidism
influences ventricular repolarization measured by QTc interval. Przeglad
lekarski. 2006;63(4):185–7.

32. Galetta F, Franzoni F, Fallahi P, et al. Changes in heart rate variability and QT
dispersion in patients with overt hypothyroidism. Eur J Endocrinol. 2008;
158(1):85–90.

33. Kweon KH, Park BH, Cho CG. The effects of L-thyroxine treatment on QT
dispersion in primary hypothyroidism. J Korean Med Sci. 2007;22(1):114–6.

34. Unal O, Erturk E, Ozkan H, et al. Effect of levothyroxine treatment on QT
dispersion in patients with subclinical hypothyroidism. Endocrine practice.
2007;13(7):711–5.

35. Santangeli P, Pelargonio G, Dello Russo A, et al. Gender differences in
clinical outcome and primary prevention defibrillator benefit in patients
with severe left ventricular dysfunction: a systematic review and meta-
analysis. Heart Rhythm. 2010;7(7):876–82.

36. Saksena S, Slee A, Waldo AL, et al. Cardiovascular outcomes in the AFFIRM
Trial (Atrial Fibrillation Follow-Up Investigation of Rhythm Management). An
assessment of individual antiarrhythmic drug therapies compared with rate
control with propensity score-matched analyses. J Am Coll Cardiol. 2011;
58(19):1975–85.

37. Piccini JP, Berger JS, O'Connor CM. Amiodarone for the prevention of
sudden cardiac death: a meta-analysis of randomized controlled trials. Eur
Heart J. 2009;30(10):1245–53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Yang et al. BMC Cardiovascular Disorders          (2020) 20:424 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Method
	Study patients
	Baseline evaluation and data collection
	CRT implantation and follow-up
	Definition of hypothyroidism and euthyroidism
	Statistical analysis

	Results
	Baseline characteristics
	Improvement in HF after CRT
	All-cause mortality
	Appropriate ICD therapy
	Amiodarone

	Discussion
	Hypothyroidism and CRT outcomes
	Subclinical hypothyroidism
	Hypothyroidism and ventricular arrhythmia
	Amiodarone and hypothyroidism
	Limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

