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1 | INTRODUCTION

Sudden cardiac death (SCD) is one of the most common etiologies for
cardiac deaths in nonischemic dilated cardiomyopathy (NIDCM)

patients with a reduced left ventricular ejection fraction (LVEF). The
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Background: The association between thyroid-stimulating-hormone (TSH) and prognosis of nonis-
chemic dilated cardiomyopathy (NIDCM) in patients with normal thyroid function remains unclear.
Hypothesis: Our aim was to investigate the association between TSH and major adverse cardio-
vascular events in euthyroid NIDCM patients.

Methods: The original cohort consisted of 216 consecutive euthyroid NIDCM patients, with left
ventricular ejection fraction (LVEF) <35%, who were observed from 2010 to 2013. Patients with
persistent ventricular arrhythmia (VA) histories, amiodarone taken for VA prevention, or on
heart transplant list within 1 year were excluded. A follow-up evaluation was performed, and
VA events, heart failure (HF) exacerbation/heart transplant, cardiac death, or death from any
cause were separately evaluated.

Results: A total of 184 patients were enrolled, and 97.8% (180/184) ultimately received follow-up
evaluations. During the median 4.6-year follow-up, 24 VA events, 28 cardiac deaths, 30 all-cause
deaths, 40 HF exacerbations, and 11 heart transplant events occurred. Serum TSH levels showed
good predictive efficacies for VA events (area under the curve [AUC] = 0.702, 95% confidence
interval [Cl]: 0.629-0.767), and the risk of VA events increased, according to serum TSH quarters,
as determined by Kaplan-Meier analysis (2.2% vs 13.4% vs 21.0% vs 30.0%, Q1-Q4, P = 0.011).
Multivariable Cox analysis showed that patients at the Q4 level of serum TSH (>2.67 mlIU/L) suf-
fered an increased risk of VA events, compared with those at the Q1 level of TSH (hazard ratio
[HR] = 15.88, 95% Cl: 2.01-65.15) or those at the other three quarters (HR = 3.17, 95% CI:
1.38-7.26). However, the Q4 TSH level was not associated with other adverse cardiac events.
Conclusion: An association between TSH levels and the risk of VA events may exist in euthyroid
NIDCM patients.
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clinical application of implantable cardioverter-defibrillators (ICDs) has
reduced the mortality of NIDCM patients with heart failure (HF) and
was strongly recommended for NIDCM patients with a LVEF equal to
or less than 35%, based on the 2008 American College of Cardiology/

American Heart Association/Heart Rhythm Society guidelines for
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device-based therapy.! However, in China, there were only 20% of
patients with a Class | indication for ICD therapy who were available
for an ICD implant, out of whom most were ICD secondary preven-
tion candidates.? A prophylactic ICD implantation for a primary SCD
prevention is far from reaching the guideline recommendations, as an
ICD implantation is still not covered by the national medical insurance
of China. Beyond an ICD implantation, a nondevice therapy for ven-
tricular arrhythmia (VA) prevention is still critically needed.

Thyroid hormone homeostasis is vital for the optimal functioning
of the cardiovascular system. An abnormal thyroid function, whether
it is overt or subclinical, was found to be related to deteriorations that
include HF, cardiac deaths, and all-cause deaths in both ischemic and
nonischemic cardiomyopathy patients.>* However, there has been a
paucity of published data on the relationship between euthyroid func-
tion and major adverse cardiovascular events, especially for NIDCM
patients with severe left ventricular (LV) dysfunction and SCD events.
In the Rotterdam prospective population-based cohort study,” higher
levels of free thyroxine (fT4) in the euthyroid were related to an
increased SCD risk. However, the patients enrolled in this study were
all middle-aged and elderly members of the community population.
Ad(ditionally, when considering the Sudden Cardiac Death in Heart
Failure Trial (SCD-HeFT) study,® an abnormal thyroid function (for
both hypothyroid and hyperthyroid statuses) in HF patients was found
to be associated with a higher mortality, while no differential SCD
risks were observed.

Currently, no previous studies have published data on the associ-
ation of the risks of major adverse cardiovascular events with a
severely impaired LV function in euthyroid NIDCM patients. In order
to fill this gap in the literature, we studied a prospective cohort, in
order to analyze the association between euthyroid thyroid-stimulat-
ing-hormone (TSH) levels and major adverse cardiovascular events.
Our hypothesis was that euthyroid NIDCM patients with an impaired
LV function would be predisposed to different major adverse cardio-

vascular event risks, according to different TSH levels.

2 | MATERIALS AND METHODS

2.1 | Participants

We prospectively screened consecutive NIDCM patients with a LVEF
<35%, according to their echocardiography and normal thyroid func-
tion statuses, between December 2011 and December 2013, at the
Fuwai Hospital in China. Additional inclusion criteria included patients
with an optimal HF medication treatment for at least 3 months; an
age below or equal to 65 years old; a New York Heart Association
(NYHA) class Il or lll classification. A total of 32 patients were
excluded from the cohort on the basis of the following criteria: a
known coexisting obstructive coronary heart disease (including a his-
tory of myocardial infarctions or a history of acute coronary events); a
malignant tumor; a scheduled heart transplant within 1 year; the use
of amiodarone for VAs (patients with amiodarone treatment for atrial
fibrillation, or atrial flutter patients, were not excluded) and an indica-
tion for the secondary prevention of SCD. The medication for the

treatment of HF was based on the current guidelines-directed

management’ and therapy, as well as the physicians' discretion. The
dates of the patients' first evaluations were the time of the initial
echocardiography examinations of each patient.

The ethics committee of the Cardiovascular Institute and Fuwai
Hospital approved this study. All patients signed agreements to the
use of their medical records for medical research, and all authors had
full access to and took responsibility for the integrity of the data and
had agreed to the manuscript as written.

2.2 | Definition

VA events were composited of a composite of SCD or appropriate
ICD discharge, nonfatal ventricular fibrillation, or sustained ventricular
tachycardia.2 SCD was defined as cardiac death occurred in a short
time period (1 hour of symptom onset). ICD appropriate discharge
refers to appropriate shock for sustained ventricular tachyarrhythmia.
Nonsustained ventricular tachycardia (NSVT) was defined as three or
more consecutive ventricular beats at a rate of more than 100 beats
per minute which spontaneously terminates within 30 seconds. Fre-
quent premature ventricular contraction (PVC) was defined as an
average of 10 or more PVCs per hour while monitored.2 Hypertension
and diabetes was defined according to 2009 European Society of
Hypertension hypertension guideline’ and 2010 American Diabetes
Association standards® of medical care in diabetes.

Twelve-hour at least fasting blood samples were drawn and the
serum levels of thyroid hormones were measured by radioimmunoas-
say (RIA) (Immulite 2000; Siemens, Munich, Germany) in the Nuclear
Medicine Department of Fuwai Hospital. The reference intervals of
thyroid hormones in our laboratory are as follows: TSH: 0.55 to
4.78 mlU/L; free triiodothyronine (fT3): 1.79 to 4.09 pg/mL; fT4: 0.8
to 1.88 ng/dL; total triiodothyronine (TT3): 0.65 to 1.91 ng/mL; total
thyroxine (TT4): 4.29 to 12.47 ug/dL. Patients with normal thyroid
function or euthyroid was defined as TSH, fT3, and fT4 all within ref-
erence ranges, and no current levothyroxine or antithyroid drugs

were used.

2.3 | Data collection, clinical follow-up, and
endpoints

Clinical data were obtained through reviewing of medical records. All
baseline data was reviewed and analyzed by two separated physicians.
Echocardiography was evaluated by two experienced echocardiogra-
phy physicians, and LVEF was calculated using the modified Simpson
biplane rule. All patients enrolled were followed up for every 3-month
intervals via clinic or telephone visits (Figure 1). Major adverse cardio-
vascular events were collected by telephone or visiting follow-up and
confirmed by reviewing medical records and household registrations
records from public census department. For patients received ICD or
cardiac resynchronization and implantable cardioverter-defibrillator
(CRT-D) implantation, appropriated shocks were adjudicated by two
experienced electrophysiological physicians blinded to all other clinical
data. Events were classified as appropriate if they were a result of sus-
tained ventricular tachyarrhythmia according to previous established
criteria.t* Successful antitachycardia pacing therapy was not defined

as one VA event in our study because most ventricular tachycardias
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Non-ischemic dilated
cardiomyopathy patients with
echocardiography < 35%
included between Dec. 2010 to
Dec. 2013(N=216)

Excluded:

Coexisted with coronary heart
disease (N=15) ,

sudden cardiac death secondary
prevention participants(N=18),
on recent heart transplant
list(N=5),

with malignant tumor(N=2)

F 3

Non-ischemic heart disease
patients were finally
included(N=184)

Follow up: Every 3
months, by clinic visit
or telephone

Lost during follow up(N=4) I: ¥

Non-ischemic dilated
cardiomyopathy patients finished
the study(N=180)

FIGURE 1 Flow-chat for the inclusion-exclusion of participants in the
present study

that could be successfully treated by antitachycardia pacing are mono-
morphic and relatively nonfatal. Primary endpoint of the study was
VA events, and the principal secondary endpoint was HF exacerbation
hospitalization/heart transplant, cardiac death, or all-cause death,
respectively. The follow-up duration was determined from the echo-
cardiography examination date to the occurrence of an endpoint. If no

endpoints occurred, data was collected until the last visit.

2.4 | Statistical methods

We performed statistical analyses with SPSS version 22.0 (SPSS,
Inc., Chicago, lllinois) and GraphPad Prism 5 (Graphpad Software,
Inc., San Diego, California). Continuous variables were presented
as the mean 4 SD and nominal data are presented as number and
percentages. Baseline characteristics were compared among the
groups using unpaired Student t test or ;(2 tests as appropriate.
Receiver operating characteristics (ROC) curve was constructed to
evaluate the predicting efficacy of TSH on VA events, HF exacer-
bation hospitalization/heart transplant, cardiac death, and all-
cause death risk. Kaplan-Meier (KM) survival curves among the
groups stratified by TSH level were constructed and compared
using the log-rank test. A Cox proportional hazards regression
model was used to evaluate the role of TSH levels as a factor
affecting major adverse cardiovascular events. P value of <0.05

was considered significant.

3 | RESULTS

3.1 | Clinical outcomes

During the median 4.6 years (range, 0.2-7.9 years) follow-up period,
there were 12 patients who received an ICD or a CRT-D, and

14 patients received a cardiac resynchronization therapy pacemaker

(CRT-P) implantation. Fifty-five patients (30.6%) suffered at least one
of the clinical adverse events (including VA events, all-cause deaths,
hospitalizations for HF exacerbation or heart transplants). VA events
occurred in 24 primary prevention patients (13.3%), out of whom
15 suffered an SCD, 5 suffered an appropriate ICD shock, and 5 sur-
vived from a sustained ventricular tachycardia or ventricular fibrilla-
tion. All-cause deaths occurred in 30 patients, and 28 of these deaths
were classified as cardiac deaths. Hospitalizations for HF exacerba-
tions occurred in 40 patients, and 11 patients received a heart

transplant.

3.2 | Baseline characteristic of the study population

Baseline characteristics of the NIDCM population are shown in
Table 1. Patients were divided into four groups, according to the
serum TSH level quarters (Q1-Q4). Patients in the TSH Q4 level were
older, had more manifestations of atrial fibrillation/atrial flutter and
NSVTs, had longer QRS durations, had larger left atriums and left ven-
tricles and had taken more amiodarone, although no statistical signifi-
cance was shown. There were no differences in serum fT3 and fT4
levels, NYHA grades, baseline blood pressures, and medications taken

for chronic HF.

3.3 | Relationship between TSH levels and major
adverse cardiovascular events

Major adverse cardiovascular events were evaluated by ROC and
KM curve analyses, according to the TSH levels. Serum TSH levels
were presented with a good prediction efficacy for VA events (area
under the curve [AUC] = 0.702, 95% confidence interval [Cl]:
0.629-0.767, P < 0.001, Figure 2), while a poor efficacy was shown
for the prediction of hospitalization for HF exacerbations/heart
transplants (AUC = 0.529, 95% Cl: 0.453-0.603), cardiac deaths
(AUC = 0.571, 95% Cl: 0.496-0.645), and all-cause deaths
(AUC = 0.546, 95% Cl: 0.471-0.621). A KM curve analysis was used
to assess the major adverse cardiovascular events at the median
follow-up time point of 4.6 years. Patients with TSH levels in Q4
showed a distinctively higher cumulative risk for VA events than the
other three quarters (2.2% vs 13.4% vs 21.0% vs 30.0%, log-rank
X? =111, P=0.011, Figure 3). For other adverse events, patients
with TSH levels in Q4 showed a relatively higher risk of hospitaliza-
tion for HF exacerbations/heart transplants than those with TSH
levels for Q1 (26.8% vs 20.2% vs 35.1% vs 27.4%, log-rank
X2 =243, P =0.49), cardiac deaths (6.7% vs 15.9% vs 15.7% vs
21.4%, log-rank X2 = 3.89, P = 0.273), and all-cause deaths (9.1% vs
18.0% vs 15.7% vs 21.4%, log-rank X? =3.28, P = 0.35), although no
significant differences were found.

3.4 | TSH categories based on risk models for major
adverse cardiovascular events

Both univariate and multivariate Cox analyses was used to build the
risk model. As shown in Table 2, compared to patients with TSH levels
in Q1, those with TSH levels in Q4 showed a higher risk for VA events
(hazard ratio [HR]: 13.20, 95% Cl: 1.70-62.28), while no similar



LI ET AL Wl LEY 123
TABLE1 Baseline characteristics of NIDCM patients according to TSH quarters
Admission serum TSH level (mIU/L, N = 184)

Variables Q1 (0.55-1.16) Q2 (1.17-1.84) Q3 (1.85-2.67) Q4 (2.68-4.78) P value
Age (years) 35.1+10.1 39.1 + 129 35.7 + 129 405+ 124 0.104
Male (%) 38 (84.4) 39 (86.7) 33(73.3) 33(73.3) 0.228
BMI (kg/m?) 231437 257 +4.5 24.6 +5.1 2524+ 4.5 0.052
Hypertension (%) 17 (37.8) 16 (35.6) 14 (31.1) 9 (20.0) 0.297
Diabetes (%) 6(13.3) 9 (20.0) 3(6.7) 3(6.7) 0.149
AF/AFL (%) 5(11.1) 9 (20.0) 10 (22.2) 10(22.2) 0.479
Frequent PVC (%) 15(33.3) 11 (24.4) 18 (40.0) 18 (40.0) 0.351
NSVT (%) 2(4.4) 2 (4.4) 4(8.8) 6(13.4) 0.314
AVB (Il, %)? 0(0) 0(0) 3(6.7) 1(2.2) 0.114
NYHA class ll (%) 37(82.2) 38 (84.4) 32(71.1) 37(82.2) 0.232
SBP (mm Hg) 108.2 +17.0 1159+ 154 113.2 4+ 18.0 111.2 4+ 14.8 0.159
DBP (mm Hg) 70.6 +£12.3 757 £ 128 724 +15.3 72.8 +14.3 0.386
Heart rate (beats/min) 87 +17 83+ 15 84 +17 80 + 20 0.277
QRS duration (ms) 102.2 +20.1 107.1 +21.6 107.4 +25.8 109.1 + 194 0.565
QTc (ms) 461.9 +42.5 4557 +41.4 449.7 +46.0 454.8 4+ 53.6 0.520
Lab tests
Hemoglobin (g/L) 149.7 £ 16.9 153.9 £ 13.5 150.1 + 15.2 149.1+ 194 0.605
Scr (pmol/L) 89.8 + 38.8 91.1+ 264 89.6 +20.7 91.3+29.0 0.827
NTproBNP (ng/L) 2425.9 + 2159.0 2320.3 + 2174.5 1980.0 + 1321.3 2215.9 + 2106.2 0.776
Free T3 (pg/mL) 2.88 + 0.47 292 £ 049 3.00 + 0.45 2.89 + 045 0.599
Free T4 (ng/dL) 1.31+0.23 1.33 +£0.22 1.38 £ 0.24 1.32 +0.26 0.459
Medication
ACEI/ARB (%) 32(71.1) 39 (86.7) 40 (88.9) 38 (84.4) 0.125
B-Blocker (%) 42 (93.3) 45 (100.0) 45 (100.0) 44 (97.8) 0.106
Spironolactone (%) 45 (100.0) 45 (100.0) 44 (97.7) 44 (97.7) 0.117
Amiodarone (%) 1(2.2) 3(6.7) 6(13.3) 6(13.3) 0.148
Digoxin (%) 41(91.1) 36 (80.0) 35(77.7) 36 (80.0) 0.287
Echo data
LA diameter (mm) 438+7.6 444 + 6.8 446 +7.8 471+ 6.3 0.138
LV diameter (mm) 70.2 £ 9.6 68.0+9.1 677 +7.2 715+ 84 0.116
LVEF (%) 272458 29.7 £ 5.7 293+ 6.6 28.5+ 5.9 0.204
CRT-P (%) 1(2.2) 4(8.7) 4(8.7) 5(10.9) 0.721
ICD/CRT-D (%) 1(0.0) 3(2.9) 4(2.9) 4(0) 0.817

Abbreviations: ACEI/ARB, angiotensin converting enzyme inhibitors or angiotensin Il receptor antagonists; AF/AFL, atrial fibrillation or atrial flutter; AVB,
atrioventricular block; BMI, body mass index; DBP, diastolic blood pressure; CRT-P, cardiac resynchronization therapy pacemaker; DBP, diastolic blood
pressure; Echo, echocardiography; ICD/CRT-D, implantable cardioverter-defibrillator/cardioverter-defibrillator; LA, left atrium; LV, left ventricle; LVEF, left
ventricular ejection fraction; NIDCM, nonischemic dilated cardiomyopathy; NSVT, nonsustained ventricular tachycardia; NT-proBNP, N-terminal pro brain
natriuretic peptide; NYHA, New York heart association; PVC, premature ventricular contraction; QTc, heart rate-adjusted QT; SBP, systolic blood pressure;
Scr, serum creatinine; T3, triiodothyronine; T4, thyroxine; TSH, thyroid stimulating hormone.

@ AVB: second degree or more severe atrioventricular block.

prediction value was found for the other major adverse cardiovascular
events. When age, sex, NSVT history, NYHA class, and LVEF were
adjusted, patients with TSH levels in Q4 suffered a greater number of
VA events (HR 15.88, 95% Cl: 2.01-65.15) than those with TSH levels
in Q1. After adjustments for age, sex, atrial fibrillation or atrial flutter
(AF/AFL) history, NYHA class, and LVEF, patients with TSH levels
were not associated with increased hospitalizations for HF exacerba-
tions/heart transplants, cardiac deaths, or all-cause death risks
(Table 2). Furthermore, the AF/AFL history and low LVEF were inde-
pendent risk factors for cardiac deaths (AF/AFL: HR = 3.84, 95% Cl =
1.69-8.75, P=0.001; LVEF: HR=0.92, 95% Cl=0.86-0.98,

P =0.013) and all-cause deaths (AF/AFL: HR = 4.03, 95% Cl =

1.82-8.94, P =0.001; LVEF: HR =091, 95% Cl=0.86-0.97,
P = 0.008) in NIDCM patients with severe LV dysfunction (Table S1,
Supporting Information).

The risk of adverse cardiovascular events in TSH Q4 patients was
also compared with all other quarters of TSH (Figure S1). Patients in
TSH Q4 were shown to have a higher risk of VA events than other
patients (HR = 3.17, 95% CI = 1.38-7.26, P = 0.006). Additionally, for
other risks of major adverse events, no significant difference was
found in TSH levels of Q4 patients. Furthermore, for the risks of car-

diac deaths and all-cause deaths, atrial fibrillation, or atrial flutter
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FIGURE2 ROC curve for serum TSH and major adverse cardiovascular events. HF, heart failure; ROC, receiver operating characteristics; TSH,

thyroid stimulating hormone; VA, ventricular arrhythmia

history, as well as low LVEF, were also presented as independent risk
factors (Table S2).

4 | DISCUSSION
In the current study, TSH levels in Q4 (>2.67 mlU/L) were associated
with increased relative and absolute risks of VA events in a NIDCM
SCD primary prevention population, with thyroid function within the
normal range. Other risks of adverse outcomes, including hospitaliza-
tions for HF exacerbations/heart transplants and risks of cardiac
death, and all-cause death, did not vary between the different TSH
quarters. This is the first study addressing the association between
TSH and the risk of major adverse cardiovascular events in an SCD

primary prevention population with euthyroid statuses.

4.1 | Thyroid status and adverse cardiac events

Thyroid hormones are important regulators of the entire cardiovascu-
lar system. Directly, a beta-adrenergic positive chronotropic effect,
which is regulated by thyroid hormones, can lead to a hyperdynamic
state, which can increase the cardiac preload and ventricular filling

pressure, thus resulting in the cardiac tachycardia.'? Furthermore,

abnormal thyroid hormone levels (in both hyperthyroid and hypothy-
roid statuses) have been shown to lead to atrial fibrillation'® and QT

1415 which is closely related to SCD events.'®*” Several

prolongation,
earlier studies have evaluated the relationship between thyroid func-
tion and VA risks. However, these studies were focused on the hypo-
thyroid/hyperthyroid statuses (both clinical or subclinical), and the
enrolled population ranged from a general community population®®
and HF patients®'? to diabetic hemodialysis individuals,?° for whom
VA risks were not significantly high when compared to patients with
an indication for ICD primary prevention. In the SCD-HeFT trial® and
Controlled Rosuvastatin Multinational Study in Heart Failure trial,*’
the only two studies that have evaluated thyroid function in an ICD
primary implantation population, abnormal thyroid hormone levels
(both hypo- or hyperthyroid statuses) were related with adverse car-
diac events, with the SCD or ICD therapy statuses not being fully
evaluated. In the current study, the traditional SCD-related risk factors
(including LVEF, NYHA class, atrial fibrillation, age, and NSVT) and sex
were adjusted, and VA events were found to be more prevalent in
TSH Q4 euthyroid patients. We suspect that the risk of VA events
may be lower when TSH is at a lower level, or within the “normal
range”.

Subclinical hypothyroidism-related bradycardia, impaired systolic

function, increased systemic vascular resistance and endothelial
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dysfunction'? may play important roles in the progression of major
adverse cardiovascular events. The SCD-HeFT study® had found that
a subclinical hypothyroid is associated with increased mortality in HF
patients. In the CORONA trial'® and the recently published Seo's
study,?* subclinical hypothyroidism was associated with an increased
risk of composite cardiac death, HF hospitalization and all-cause
death, although this relationship was eliminated when other known
predictors were adjusted. In Wang's?? TSH and dilated cardiomyopa-
thy cohort study, subclinical hypothyroidism was also found to be
associated with increased mortality in a Chinese dilated cardiomyopa-
thy population. However, in this study, all-cause deaths, cardiac

deaths, and HF rehospitalization or heart transplant risks were similar

between the different TSH quarters, which appears to differ from the
studies mentioned previously. These differences might be caused by
the following reasons. First, patients with different TSH quarters
shared similar baseline HF severities, which can be reflected from the
baseline brain natriuretic peptide (BNP) levels and LVEF by an echo-
cardiography. Second, the predictive value of TSH for adverse cardiac
events, such as HF deterioration, may be limited to specific popula-
tions, such as the elderly®® or black populations.?* However, most of
the patients included in this study were young and middle-aged (mean
age: 37.6-years-old), which was much lower than the average age of
the patients in the SCD-HeFT study (mean age: 59.5-years-old),® as
well as the patients in the CORONA trial (mean age: 72.6-years-old)*’
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TABLE2 Major adverse cardiovascular events according to TSH quarters based on cox analysis

Baseline TSH (mlU/L) categories and HR (95% Cl)

Outcome Q1 (0.55-1.16)
Crude model
VA events Ref. (1.0)
HF exacerbation or HTx Ref. (1.0)
Cardiac death Ref. (1.0)
All-cause death Ref. (1.0)
Adjusted model®
VA events Ref. (1.0)
HF exacerbation or HTx Ref. (1.0)
Cardiac death Ref. (1.0)
All-cause death Ref. (1.0)

Q2 (1.17-1.84)

5.42 (0.65-35.19)
0.70 (0.30-1.65)
3.21(0.87-11.84)
2.68(0.84-8.55)

6.95 (0.82-39.10)
0.78 (0.33-1.87)

3.80(0.98-14.59)
3.17 (0.95-10.54)

Q3 (1.85-2.67) Q4 (2.68-4.78)
6.26(0.75-42.03) 13.20 (1.70-62.28)*
1.22(0.57-2.59) 1.20 (0.56-2.57)
2.44 (0.63-9.45) 3.20(0.87-11.85)
1.83(0.54-6.26) 2.41(0.74-7.83)

7.78 (0.93-45.38) 15.88 (2.01-65.15)*
1.47 (0.68-3.20) 1.35(0.61-2.97)
2.46(0.63-9.63) 3.37 (0.90-12.65)
1.85 (0.54-6.39) 2.50(0.76-8.25)

Abbreviations: Cl, confidence interval; HF, heart failure; HTx, heart transplant; NYHA, New York Heart Association; SCD, sudden cardiac death; TSH,

thyroid-stimulating-hormone; VA, ventricular arrhythmia.

2 VA events were adjusted for age, sex, nonsustained ventricular tachycardia, NYHA class, and left ventricular ejection fraction; other adverse events were
adjusted for age, sex, atrial fibrillation or atrial flutter, NYHA class, and left ventricular ejection fraction

*P < 0.05.

population. In addition, all of the people included in this study were
members of the Asian population. Third, all of the enrolled patients
had euthyroid statuses, which was different from the previous studies,
which involved populations with different abnormalities of thyroid
function status.

In addition to our study, the “normal range” of thyroid function
has been challenged in many studies. In the Rotterdam study,’
enrolled community patients over 45-years-old, who had higher free
thyroxine levels within the normal range, had predicted 10-year SCD
risks. In the Interdisciplinary Network Heart Failure study,?® the
euthyroid sick syndrome (involving low circulating triiodothyronine
[T3] levels in patients with normal, or slightly decreased, TSH and T4
concentrations and viewed as an adaptive response to serious clinical
impairments, rather than as a genuine thyroid disease) was observed
as a predictor of a poor prognosis of HF patients. In Christine's meta-
analysis*® that examined 279 000 enrolled individuals, higher free
thyroxine levels in euthyroid individuals were reported as being inde-
pendent risk factors for the incidence of atrial fibrillations. This is
likely because the normal ranges for thyroid hormones were based on
the distributions in apparently healthy populations, which may not
correctly mirror the real thyroid status in specific situations, such as in
the case of a HF state. Chaker>?® had proposed the theory that the
optimal health range for thyroid function should be redefined based
on the risk of cardiovascular disease. In his study, individuals with fT4
levels over the 90th percentile and within the normal range suffered a
higher risk of cardiovascular death. These studies may reveal that, for
patients with specific conditions (eg, in this study, NIDCM patients
with a severely impaired LV function), the “normal” range of thyroid
function should be redefined by the SCD event, or by cardiac
death risk.

4.2 | Amiodarone and thyroid function in NIDCM
patients

Amiodarone, especially at higher doses (> 400 mg/day) in which the

large iodine content of amiodarone increases plasma inorganic iodide

by 40-fold per 24 hours, may increase serum TSH levels.?” Usually,
TSH levels may initially increase, then decrease slightly with small
range fluctuations, after which a relatively higher level is maintained,
which mainly results in a relatively hypothyroid status.® Meanwhile,
for ICD candidates, amiodarone was more easily prescribed for
patients with a high risk for VA, and amiodarone-related TSH
increases may attenuate the predictive value of TSH levels. However,
in this study, only 16 patients took a small dose (200 mg/day) of amio-
darone for a sinus rhythm control (and only for AF/AFL patients).
Additionally, for TSH Q3 and Q4 patients, a similar amiodarone
administration rate did not result in a similar VA risk. Furthermore, in
the multivariable analysis, patients with an atrial fibrillation or an atrial
flutter were also adjusted, and patients with TSH levels in Q4 still suf-
fered a higher VA risk.

LVEF is the main criteria for ICD implantation in NIDCM patients
under the current VA management guidelines.?® Previous studies?”°
have reported that a lower LVEF (LVEF <25% or 30%) may represent
a higher SCD risk. However, this prediction efficacy was more preva-
lent for ischemic heart disease with an LV dysfunction, instead of
NIDCM.28 NSVT is a relatively common finding in patients with struc-
turally abnormal hearts. However, only NSVT in ischemic patients can
predict further mortality.3! For a patient with NIDCM, the prognostic
significance of NSVT is uncertain, and no studies have provided pre-
cise guidance for treatment in this group of patients.>2 In this study,
LVEF and NSVT were not independent risk factors for those NIDCM
patients with a severe dysfunction of the LV in predicting SCD
events.

SCD events always develop immediately, and time is limited in
starting cardiopulmonary resuscitation. Even for SCD primary preven-
tion patients with a class | recommendation, ICD cannot always be
implanted, according to the patient's motivation and economic consid-
erations, among others. Therefore, the identification of modifiable risk
factors is crucial for the identification of certain populations at risk
and is also crucial for screening and prevention. Based on our study,
NIDCM patients with a high VA risk (such as an ICD primary preven-

tion population) had TSH levels maintained within a lower normal
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range, which may decrease the VA risk. It is predicted that, for ICD
implantation patients, TSH levels in lower, normal range may also
decrease unnecessary ICD discharges, although further studies are still
needed to be performed. However, in our study, no specific conclu-
sions on the benefits of thyroid medication can be drawn. A previous
randomized, crossover, placebo-control study®® had shown that an
oral T3 treatment may not be beneficial in patients with a moderate
LV dysfunction (a mean ejection fraction of 43%). Additionally, for
severe LV dysfunction patients, large multicenter trials that document
a definite role of thyroid hormone treatment are still lacking.

Despite strong evidence supporting our results, this study had
several limitations. First, the sample size was relatively small, and the
power for analysis might be slightly limited. However, in this study,
most of the enrolled patients were followed up for at least 3 years,
and there were enough endpoint events for the stratification of the
risks of adverse cardiovascular events. Furthermore, all of the enrolled
NIDCM patients had a severe cardiac dysfunction and met the pri-
mary prevention criteria for an ICD implantation. Additionally, for this
specific group of patients, the normal reference range of thyroid hor-
mone levels might not be suitable. Second, thyroid hormone levels
could change over time, which may attenuate the predictive power of
TSH. However, for HF patients with a thyroid function within the nor-
mal range, very few patients would like to receive a second evaluation
during the course of HF therapy. In this study, we revealed that a
seemingly “normal” thyroid function may not always represent a bet-
ter prognosis, especially for VA events. We recommended that thyroid
function should be routinely re-evaluated for NIDCM patients with a
severe LV dysfunction.

In conclusion, for NIDCM patients with severely impaired LV
function and euthyroid function, serum TSH levels in Q4 (>2.67 mIU/
L) may provide help for the stratification of the risk of VA events.
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