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Abstract

Background: Homeostasis of thyroid hormones has significant effects on the cardiovascular system. The aim of this study was to inves-
tigate the association between free triiodothyronine (FT3) and adverse cardiovascular events in patients with acute coronary syndrome
(ACS) who were undergoing percutaneous coronary intervention (PCI). Methods: A total of 1701 patients with ACS undergoing PCI
were included in this study. All patients were divided into three groups according to the tertiles of FT3 level: the lowest tertile (FT3 <4.51
pmol/L), the middle tertile (4.51 pmol/L < FT3 < 4.89 pmol/L) and the highest tertile group (FT3 >4.89 pmol/L). The primary study
endpoint was a composite of major adverse cardiovascular events (MACE), which included all-cause death, ischemic stroke, myocardial
infarction, or unplanned repeat revascularization. Results: During a median follow-up period of 927 days, 349 patients had at least
one event. Compared with patients with the highest tertile, those with the lowest tertile had a significantly higher incidence of MACE,
all-cause death, MI, ischemic stroke and repeat revascularization (all p values < 0.05). In the multivariate Cox regression analysis, the
middle tertile had similar risk of MACE (HR = 0.986, 95% CI 0.728-1.336, p = 0.929) as the highest tertile, but the patients with the
lowest tertile had a 92.9% higher risk of MACE (HR = 1.929, 95% CI 1.467-2.535, p < 0.001). There was a non-linear relationship
between FT3 and MACE and unplanned repeat revascularization (all p values for non-linear association <0.001). Adding the tertiles of
FT3 level into the baseline model yielded a significant improvement in discrimination for predicting MACE (AAUC = 0.013, p =0.025).
Conclusions: A significantly reduced FT3 level was independently associated with a worse prognosis in patients with ACS undergoing
PCIL
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1. Introduction ease (CAD) [2-6]. Serum triiodothyronine (T3), which
is the principal bioactive thyroid hormone for cardiomy-
ocytes, has an effect on myocardial contractility, systemic
vascular resistance and cardiovascular hemodynamics. T3
works mainly through the modulation of the relative pro-
teins coded by target genes in the cardiovascular system
such as myosin heavy chains, sarcoplasmic reticulum pro-
teins, and calcium-activated ATPase (Ca?t-ATPase) [7].
Lower free triiodothyronine (FT3) levels are associated
with a worse prognosis in acute or chronic diseases, for in-
stance, myocardial infarction (MI) and chronic heart failure
(HF) 8,9].

Acute coronary syndrome (ACS), the most severe is-
chemic heart disease, has been recognized as one of the ma-
jor causes of mortality globally and considered to be a seri-
ous public health problem. Despite the increased number of
therapeutic interventions performed in patients with ACS,
such as advanced pharmacotherapy and myocardial reper-
fusion therapy, there is still a significant incidence of major
adverse cardiovascular events in these patients. Identifying
the risk factors that affect the prognosis of ACS patients, is
therefore, of great importance.

Homeostasis of thyroid hormones has a significant im-

pact on the cardiovascular system [1,2]. The abnormalities
of thyroid function, subclinical or overt hypothyroidism and
hyperthyroidism, have been associated with the progres-
sion of atherosclerosis and increased cardiovascular mor-
bidity and mortality in patients with coronary artery dis-

Although previous studies have found that lower FT3
level have a close relationship with major adverse car-
diovascular events (MACE) in ACS patients, the relation-
ship between the level of FT3 and adverse cardiovascular
events in such patients undergoing PCI has not been de-
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fined. Therefore, our study aimed to investigate the associ-
ation between FT3 level and adverse cardiovascular events
in patients with ACS undergoing PCI.

2. Materials and Methods
2.1 Study Population

This study is a retrospective analysis based on a single-
center prospective registry (ChiCTR1800017417). From
June 2016 to November 2017, 1770 ACS patients treated
with PCI were admitted in our cardiovascular center and
consecutively enrolled in the prospective registry. The first
patient was recruited in June 2016 and follow-up was com-
pleted in December 2019. All patients were regularly fol-
lowed through telephone contact by independent personnel.
Four patients were lost during the period of follow-up. We
ultimately included 1701 patients after excluding patients
with thyroid dysfunction, infectious diseases, malignant tu-
mors, previous coronary artery bypass grafting (CABG),
and loss to follow-up.

The primary study endpoint was a composite of major
adverse cardiovascular events (MACE), which consists of
all-cause death, ischemic stroke, myocardial infarction, or
unplanned repeat revascularization. The secondary study
endpoints were each individual component of the MACE.
We choose the most serious endpoint event for endpoint
analysis if >1 event occurred during the follow-up (death
> stroke > myocardial infarction > revascularization). If
stroke, myocardial infarction or revascularization occurred
more than once, the first event was selected. The endpoints
were evaluated by no less than two professional cardiolo-
gists. The study was approved by the institutional review
board of Beijing Anzhen Hospital, Capital Medical Univer-
sity and complied with the Declaration of Helsinki.

2.2 Demographics and Clinical Data

Data on demographics, cardiovascular risk factors,
and medication history were collected by using a standard
questionnaire. Coronary angiographic findings and proce-
dural results were obtained from medical records. Body
mass index (BMI) was calculated as weight (kg) divided
by height (m) squared. Diabetes was diagnosed as typical
symptoms of diabetes and a random plasma glucose >11.1
mmol/L (200 mg/dL), fasting plasma glucose (FPG) >7.0
mmol/L (126 mg/dL), 2-h plasma glucose >11.1 mmol/L
(200 mg/dL) from a 75-g oral glucose tolerance test, and/or
antidiabetic medication use. Blood pressure was recorded
on admission, and hypertension was defined as resting
blood pressure >140/90 mmHg, and/or antihypertension
medication use. Dyslipidemia was defined as total choles-
terol (TC) >5.17 mmol/L (200 mg/dL), triglycerides (TG)
>1.7 mmol/L (150 mg/dL), low density lipoprotein choles-
terol (LDL-C) >3.37 mmol/L (130 mg/dL), high den-
sity lipoprotein cholesterol (HDL-C) <1.03 mmol/L (40
mg/dL), and/or chronic use of lipid-lowering drugs. Periph-
eral arterial disease (PAD) was defined as vascular diseases

correlated with the aorta and arteries except for coronary
vessels confirmed by exercise-related intermittent claudica-
tion, the need for revascularization, reduced or absent pe-
ripheral pulses, angiographic stenosis of more than 50%,
or combinations of these characteristics. The GRACE risk
score was calculated from a range of variables including
age, heart rate, systolic blood pressure (SBP), serum crea-
tinine, heart failure (HF), cardiac arrest at admission, ST-
segment deviation and elevated cardiac enzymes/markers
[10].

2.3 Laboratory Measurements

Blood samples were collected from a cubital vein 12
hours from the time of admission in the fasting state to de-
termine thyroid hormones, lipid profiles and other biochem-
ical parameters, and were measured in the central laboratory
of the Beijing Anzhen Hospital. Thyroid-related hormones,
such as thyroid-stimulating hormone (TSH), FT3 and free
thyroxine (FT4) were measured by the electrochemilumi-
nescent immunoassay method. Serum levels of TG, TC,
LDL-C and HDL-C were measured by enzymatic methods.
Estimated glomerular filtration rate (¢GFR) was calculated
using the Chronic Kidney Disease Epidemiology Collabo-
ration (CKD-EPI) equation. Left ventricular ejection frac-
tion (LVEF) was measured by Doppler echocardiography
by an experienced ultrasound cardiologist.

2.4 Statistical Analysis

Continuous variables were expressed as mean =+ stan-
dard deviation (SD) or median with interquartile range
(IQR). Categorical variables were presented as frequen-
cies with percentages. All patients were divided into three
groups in accordance with the tertiles of FT3 level: the
lowest tertile group (FT3 <4.51 pmol/L), the middle ter-
tile group (4.51 pmol/L < FT3 < 4.89 pmol/L), and the
highest tertile group (FT3 >4.89 pmol/L). The two inde-
pendent samples ¢-test or Mann-Whitney U test was applied
to compare continuous variables between groups, whereas
one-way ANOVA or the Kruskal-Wallis H test was applied
to compare continuous variables among multiple groups.
Chi-squared test or Fisher’s exact test was applied to com-
pare categorical variables. Receiver-operating characteris-
tic (ROC) curve analysis was used to access the incremen-
tal effect of the tertiles of FT3 level for predicting the risk
of MACE, and Delong’s test was applied to compare the
area under the ROC curves (AUC) values. The linear or
no-linear relationship between the FT3 level and MACE or
each component of MACE was confirmed by restricted cu-
bic spline. To further analyze the predictive value of FT3
levels, Kaplan—Meier survival curves was used to show the
cumulative incidence rates of adverse cardiovascular events
among groups, which were then compared with using the
log-rank test. The FT3 level was analyzed as a categori-
cal variable. We performed univariate and multivariate Cox
proportional hazards regression analysis to explore the pre-
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dictive value for the risk of MACE, expressed as hazard
ratio (HR) and 95% confidence interval (CI). A baseline
risk model was established to adjust for the potential con-
founders for predicting the risk of MACE.

Statistical analysis was performed with SPSS (version
24.0; IBM, IL, USA) and R Programming Language (ver-
sion 4.1.0; Vienna, Austria). All probability values were
2-tailed. A p value of <0.05 was considered statistically
significant.

3. Results
3.1 Baseline Characteristics

Fig. 1 shows the flow chart of the study. The aver-
age age of the study patients was 60 £ 11 years, and 77.1%
were males. Table 1 demonstrates the baseline character-
istics of the patient population according to the tertiles of
FT3. Patients with a lower FT3 level were more likely
to be male and older. Patients with lower FT3 levels had
higher rates of diabetes, CKD, PAD, HF, Killip class >2,
and ST-segment elevation myocardial infarction (STEMI),
and lower rates of current smokers, unstable angina (UA),
and complete revascularization. In addition, patients with
lower FT3 levels had higher levels of TSH, high-sensitivity
C-reactive protein (hsCRP), glycosylated hemoglobin and
the GRACE risk score, but had lower LVEF, FT4, TC, and
LDL-C among the 3 groups. In summary, patients with
lower levels of FT3 had more baseline risk profiles.

undergoing percutaneous coronary intervention admitted in

A total of 1770 patients with acute coronary syndrome
our cardiovascular center from Jun 2016 to Nov 2017

Thyroid dysfunction (n=23)
Infectious diseases (n=4)
Malignant tumors (n=11)
Prior CABG (n=31)

[ 1701 eligible patients were enrolled }

Tertiles of FT3

] !

The middle tertlie group The highest tertile group
(4.51 pmol/L < FT3 < 4.89 pmol/L)

The lowest tertile group
(FT3 < 4.51 pmol/L)
(n=562)

(FT3>4.89 pmol/L)
(n=547) (n=592)

Fig. 1. The flow chart of the study.

3.2 Clinical Outcomes and Kaplan-Meier Analysis

During the 927-day (IQR, 927-1109 days) follow-up
period, 349 (20.5%) patients with ACS undergoing PCI de-
veloped MACE, which included 44 (2.6%) all-cause death,
22 (2.6%) ischemic stroke, 41 (2.4%) MI, and 242 (14.2%)
unplanned repeat revascularization. The incidence of ad-
verse events was compared among groups divided by the
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tertiles of the FT3 level. Patients in lowest level of FT3 had
a significantly higher incidence of MACE than the high-
est and middle groups (31.5% versus 15.0% and 15.2%;
chi-square p < 0.001). Compared with the highest FT3
level, the rate of all-cause death, ischemic stroke, MI and
unplanned repeat revascularization increased significantly
in patients with lower FT3 levels (all chi-square p < 0.01)
(Table 2).

Kaplan-Meier curves for survival free of any MACE
and its individual components according to the tertiles of
FT3 levels are shown in Fig. 2. The survival free of MACE
in the lowest FT3 tertile group was significantly lower than
that in the highest and middle groups at follow-up (Fig. 2a,
Log-rank p < 0.001), and the difference was significant in
each component of MACE (Fig. 2b—e, all Log-rank p <
0.01).

3.3 Cox Regression Analysis for MACE

In Cox regression analysis, compared with the highest
tertile, the middle tertile had a similar risk of MACE (HR
=10.986, 95% CI 0.728-1.336), but patients with the lowest
tertile had a 92.9% higher risk of MACE (HR = 1.929, 95%
CI 1.467-2.535, p < 0.001) (Table 3).

A subgroup analysis was performed to further esti-
mate the risk stratification value of FT3 level for MACE
in the study population. The association between decreased
FT3 level and higher risk of MACE was consistent between
several patient characteristics including sex [HR (95% CI),
2.025 (1.006-4.074) Female, p = 0.048 vs. 1.830 (1.351—
2.480) Male, p < 0.001], age [HR (95% CI), 2.267 (1.514—
3.395) for younger, p < 0.001 vs. 1.518 (1.032-2.233)
for elder, p = 0.034], weight [HR (95% CI), 1.656 (1.118—
2.453) for normal weight, p = 0.012 vs. 2.256 (1.531-
3.326) for overweight, p < 0.001], different types of ACS
[HR (95% CI), 1.776 (1.329-2.375) for NSTE-ACS, p <
0.001 vs. 5.444 (1.839-16.113) for STEMI, p = 0.002], hy-
pertension [HR (95% CI), 2.060 (1.439-2.947) for patient
with hypertension, p < 0.001 vs. 1.724 (1.123-2.648) for
patient without hypertension, p = 0.013], DM [HR (95%
CI), 1.868 (1.272-2.742) for patient with DM, p = 0.001
vs. 1.876 (1.247-2.823) for patient without DM, p = 0.003],
LDL-C [HR (95% CI), 1.705 (1.266-2.297) for patient with
LDL-C >1.8 mmol/L, p < 0.001 vs. 3.207 (1.471-6.993)
for patient with LDL-C <1.8 mmol/L, p =0.003] (all p val-
ues for interaction >0.05) (Fig. 3).

3.4 The Relationship between the FT3 Levels and MACE
and Each Component of MACE

Restricted cubic splines were used to investigate the
relationships between FT3 and MACE and each compo-
nent of MACE. Fig. 4 showed a non-linear association be-
tween FT3 and MACE, all-cause death and unplanned re-
peat revascularization (all p values for non-linear associa-
tion <0.001), while FT3 level has a linear relationship with
ischemic stroke and MI. In multivariable analysis, there was
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Table 1. Baseline characteristics of the patient population according to the tertiles of FT3.

o . Tertiles of FT3
Characteristics All patients (n=1701)
Lowest group (n=562) Middle group (n=547) Highest group (n=592) p valve
Demographics
Age-years 60 + 11 62+ 11 59+ 10 58 £ 10 <0.001
Male-n (%) 1312 (77.1) 407 (72.4) 417 (76.2) 488 (82.4) <0.001
BMI-kg/m? 25.7 +3.1 255432 257+ 3.1 259+3.0 0.051
Risk factors
Current smokers-n (%) 756 (44.4) 219 (39.0) 239 (43.7) 298 (50.3) <0.001
Family history of CAD-n (%) 546 (32.1) 177 (31.5) 174 (31.8) 195 (32.9) 0.858
Hypertension-n (%) 1080 (63.5) 368 (64.8) 358 (65.4) 358 (60.5) 0.163
Diabetes-n (%) 787 (46.3) 281 (50.0) 259 (47.3) 247 (41.7) 0.016
Dyslipidemia-n (%) 1366 (80.3) 453 (80.6) 438 (80.1) 475 (80.2) 0.974
CKD-n (%) 52(3.1) 33(5.9) 12 (2.2) 7(1.2) <0.001
Previous MI-n (%) 325 (19.1) 125 (22.2) 101 (18.5) 99 (16.7) 0.052
Past PCI-n (%) 338 (19.9) 119 (21.2) 109 (19.9) 110 (18.6) 0.544
PAD-n (%) 177 (10.4) 78 (13.9) 61 (11.2) 38(6.4) <0.001
Heart Failure-n (%) 118 (6.9) 72 (12.8) 31 (5.7) 15(2.5) <0.001
LVEF (%) 63 +£8 62+9 63 +8 64+ 6 0.002
Killip class >2-n (%) 63 (3.7) 40 (7.1) 18 (3.3) 5(0.8) <0.001
SBP on admission (mmHg) 130 + 17 130 £ 17 130 + 17 129 + 16 0.562
HR on admission (bmp) 69 +9 69 + 10 69 + 10 69 +9 0.979
GRACE risk score 104 + 39 113 £43 103 + 38 96 + 34 <0.001
Type of ACS
UA-n (%) 1261 (74.1) 401 (71.4) 399 (72.9) 461 (77.9) 0.030
NSTEMI-n (%) 222 (13.1) 74 (13.2) 76 (13.9) 72 (12.2) 0.683
STEMI-n (%) 218 (12.8) 87 (15.5) 72 (13.2) 59 (10.0) 0.019
Laboratory measurements
TSH (mIU/L) 2.08 £ 0.99 224 +£1.02 2.08 £+ 0.94 1.94 £ 0.98 <0.001
FT4 (pmol/L) 11.37 £ 1.53 11.00 + 1.55 11.52 £ 1.33 11.59 + 1.61 <0.001
hsCRP (mmol/L) 1.36 (0.65-3.49) 1.68 (0.72-5.05) 1.34 (0.67-3.40) 1.21 (0.55-2.63) <0.001
TG (mmol/L) 1.45 (1.01-2.07) 1.43 (0.98-2.01) 1.43 (1.03-2.10) 1.50 (1.03-2.10) 0.364
TC (mmol/L) 4.15 £ 1.00 4.11 £ 1.00 4.10 + 1.00 4.24 +0.99 0.028
HDL-C (mmol/L) 1.03 £0.23 1.02 +0.25 1.02 +£0.23 1.04 +£0.23 0.078
LDL-C (mmol/L) 2.45 +0.81 2.42 +0.80 2.40 +0.80 2.51+0.82 0.020
FPG (mmol/L) 5.81(5.23-6.94) 5.89(5.26-7.14) 5.78 (5.24-6.83) 5.73 (5.19-6.85) 0.104
Glycosylated hemoglobin (%) 6.1 (5.6-7.1) 6.2 (5.7-7.2) 6.1 (5.5-7.1) 6.0 (5.5-7.0) 0.011
Angiographic findings
LM/three-vessel disease-n (%) 81(4.8) 21(3.7) 30 (5.5) 30 (5.1) 0.358
Two-vessel disease-n (%) 488 (28.7) 140 (24.9) 167 (30.5) 181 (30.6) 0.054
One-vessel disease-n (%) 260 (15.3) 79 (14.1) 86 (15.7) 95 (16.0) 0.606
Proximal LAD stenosis-n (%) 857 (50.4) 286 (50.9) 272 (49.7) 299 (50.5) 0.925
SYNTAX score 21.3 £11.0 21.7 £ 10.6 20.9 + 11.0 21.1 £11.2 0.245
Procedural results
DES-n (%) 1398 (82.2) 455 (81.0) 447 (81.7) 496 (83.8) 0.430
BRS-n (%) 94 (5.5) 36 (6.4) 33 (6.0) 25(4.2) 0.220
Complete revascularization-n (%) 1048 (61.6) 318 (56.6) 349 (63.8) 381 (64.4) 0.011
Medication at discharge
Aspirin-n (%) 1685 (99.1) 552 (98.2) 543 (99.3) 590 (99.7) 0.033
Clopidogrel-n (%) 1563 (91.9) 526 (93.6) 507 (92.7) 530 (89.5) 0.029
Ticagrelor-n (%) 138 (8.1) 36 (6.4) 40 (7.3) 62 (10.5) 0.029
Statins-n (%) 1701 (100.0) 571 (100.0) 571 (100.0) 559 (100.0)
ACEI/ARBs-n (%) 822 (48.3) 299 (53.2) 272 (49.7) 251 (42.4) 0.001
Beta-blockers-n (%) 1193 (70.1) 407 (72.4) 371 (67.8) 415 (70.1) 0.247

The groups were stratified by the tertiles of FT3.
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Fig. 2. Kaplan-Meier curves for no events survival according to the tertiles of FT3. (a) Kaplan-Meier curves for MACE. (b) Kaplan-
Meier curves for All-cause death. (c) Kaplan-Meier curves for ischemic stroke. (d) Kaplan-Meier curves for MI. (e) Kaplan-Meier curves

for Unplanned repeat revascularization.

Table 2. Clinical outcomes in patients based on tertiles of FT3.

Cardiovascular outcomes Lowest group (n=562)  Middle group (n=1547) Highest group (n=592) p valve
MACE 177 (31.5%) 83 (15.2%) 89 (15.0%) <0.001
All-cause death 33 (5.9%) 5(0.9%) 6 (1.0%) <0.001
Nonfatal stroke 14 (2.5%) 4 (0.7%) 4(0.7%) 0.009
Nonfatal MI 24 (4.3%) 7 (1.3%) 10 (1.7%) 0.002
Unplanned repeat revascularization 106 (18.9%) 67 (12.2%) 69 (11.7%) 0.001

The groups were stratified by the tertiles of FT3.
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Table 3. Cox regression analysis for MACE.

Univariate analysis

Multivariate analysis

Variables
HR (95% CI) p value HR (95% CI) p value
MACE

FT3 tertiles

Highest group Ref Ref

Middle group 0.999 (0.741-1.348)  0.997  0.986 (0.728-1.336)  0.929

Lowest group 2.275(1.763-2.935) <0.001  1.929 (1.467-2.535) <0.001
Age 1.007 (0.997-1.017)  0.172  0.995(0.977-1.013)  0.589
Sex 1.036 (0.804-1.334)  0.784  0.874 (0.640-1.194)  0.397
Current smoking 1.144 (0.927-1.411)  0.210 1.248 (0.970-1.605)  0.085
Hypertension 1.065 (0.855-1.326)  0.576 1.172 (0.907-1.515)  0.224
Diabetes 1.549 (1.254-1.913) <0.001  1.373(1.099-1.716)  0.005
Dyslipidemia 1.333 (1.002-1.774)  0.049  0.758 (0.539-1.067) 0.112
HF 1.903 (1.369-2.645)  <0.001  1.438 (0.912-2.267) 0.118
CKD 2.729 (1.771-4.204)  <0.001  1.841(1.143-2.967)  0.012
Previous MI 1.507 (1.186-1.915)  <0.001  0.935(0.697-1.253)  0.651
Past PCI 1.553 (1.227-1.966) <0.001  1.608 (1.213-2.132)  0.001
Types of ACS

UA Ref Ref

NSTEMI 1.160 (0.857-1.571) 0337  0.977 (0.597-1.599)  0.926

STEMI 1.025 (0.747-1.408)  0.877  0.964 (0.456-2.036)  0.923
GRACE risk score 1.003 (1.000-1.005)  0.052  0.999 (0.991-1.006) 0.711
TG 1.110 (1.051-1.173)  <0.001  1.049 (0.980-1.121)  0.166
HDL-C 0.379 (0.235-0.611)  <0.001  0.438 (0.237-0.810)  0.009
LDL-C 1.185(1.049-1.338)  0.006 1.229 (1.070-1.411) 0.004
hsCRP 1.034 (1.019-1.049) <0.001  1.019 (1.001-1.037)  0.041
TSH 1.187 (1.078-1.307)  <0.001  1.104 (0.995-1.226)  0.063
FT4 0.861 (0.801-0.924)  <0.001  0.889 (0.824-0.960)  0.003
Complete revascularization  0.416 (0.337-0.515) <0.001  0.576 (0.453-0.733)  <0.001
SYNTAX score 1.035(1.026-1.044)  <0.001  1.025(1.014-1.037)  <0.001
Medication at discharge

Aspirin 0.242 (0.129-0.454)  <0.001  0.454 (0.233-0.882)  0.020

ACEI/ARBs 1.139 (0.923-1.405)  0.224 0.911 (0.716-1.158) 0.444

Beta-Blockers 0.769 (0.617-0.958)  0.019  0.653 (0.519-0.822)  <0.001

The groups were stratified by the tertiles of FT3.

a non-linear association between FT3 and MACE and un-
planned repeat revascularization (all p values for non-linear
association <0.01), while FT3 level has a linear relationship
with all-cause death, ischemic stroke and MI (Fig. 5).

3.5 Incremental Value of FT3 Level for Predicting MACE

The baseline risk model included risk factors such
as age, sex, current smoking, hypertension, diabetes, dys-
lipidemia, HF, CKD, previous MI, past PCI, types of
ACS, GRACE risk score, TG, HDL-C, LDL-C, hs-CRP,
hTSH, FT4, complete revascularization, SYNTAX score,
and medication at discharge (aspirin, ACEI/ARB, Beta-
Blockers). The addition of the tertiles of FT3 level has a
significant incremental effect on baseline tables for predict-
ing the risk of MACE (AUC: baseline risk model, 0.732 vs.
baseline risk model + FT3 level, 0.745, AAUC = 0.013, p
for comparison = 0.025 by Delong’s test) (Fig. 6).

4. Discussion

The present study retrospectively investigated the pre-
dictive value of FT3 levels for adverse cardiovascular
events in ACS patients undergoing PCI. The major find-
ings are: (1) compared with the highest level of FT3, those
with lower FT3 levels had a significantly higher incidence
of MACE; (2) decreased FT3 levels were an independent
predictor of poor prognosis; (3) there was a non-linear as-
sociation between FT3 level and MACE, and unplanned
repeat revascularization, but not with all cause death, is-
chemic stroke and MI; (4) the additional prognosis value of
the baseline risk model was found after adding the tertiles
of each FT3 level.

Thyroid hormone has a direct effect on the cardiac,
and is an important regulator of cardiac function and hemo-
dynamics [2]. Thyroid hormones affect cardiac status: (1)
by direct genomic actions on cardiomyocytes via binding to
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Fig. 3. Association between FT3 levels and the risk of MACE in overall and subgroups. Hazard ratio (HR) was calculated by mul-
tivariate Cox regression analysis. The analysis was performed after adjusting for variates including age, gender, BMI, current smoking,
hypertension, DM, dyslipidemia, HF, CKD, previous MI, past PCI, Type of ACS, GRACE risk score, TG, HDL-C, LDL-C, hs-CRP,
TSH, FT4, complete revascularization, SYNTAX score, medication at discharge (aspirin, ACEI/ARBs, Beta-blockers). Red vertical

solid line represents the HR value of 1.
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Fig. 4. Restricted spline curves for the associations of FT3 with MACE and each component of MACE in patients with ACS
undergoing PCI in univariate analysis. The red lines represent the hazard ratio, and the shaded area represents the 95% confidence
intervals (CI). (a) Association of FT3 with MACE. (b) Association of FT3 with All-cause death. (c) Association of FT3 with ischemic
stroke. (d) Association of FT3 with MI. (e) Association of FT3 with Unplanned repeat revascularization.
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Fig. 5. Restricted spline curves for the associations of FT3 with MACE and each component of MACE in patients with ACS
undergoing PCI in multivariate analysis. The analysis was performed after adjusting for variates including age, gender, BMI, current
smoking, hypertension, DM, dyslipidemia, HF, CKD, previous MI, past PCI, Type of ACS, GRACE risk score, TG, HDL-C, LDL-C,
hs-CRP, TSH, FT4, complete revascularization, SYNTAX score, medication at discharge (aspirin, ACEI/ARBs, Beta-blockers). The red
lines represent the hazard ratio, and the shaded area represents the 95% confidence intervals (CI). (a) Association of FT3 with MACE. (b)
Association of FT3 with All-cause death. (¢) Association of FT3 with ischemic stroke. (d) Association of FT3 with MI. (e) Association
of FT3 with Unplanned repeat revascularization.
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Fig. 6. Receiver operating characteristic curves evaluating incremental effect of FT3 beyond baseline risk model. The baseline
risk model includes age, sex, current smoking, hypertension, diabetes, dyslipidemia, HF, CKD, previous MI, past PCI, types of ACS,
GRACE risk score, TG, HDL-C, LDL-C, hs-CRP, hTSH, FT4, complete revascularization, SYNTAX score, medication at discharge
(aspirin, ACEI/ARB, Beta-Blockers).
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nuclear receptors, which regulates the expression of target
genes encoding sodium/potassiumtransporting ATPases, a-
myosin heavy chain and sarcoplasmic/endoplasmic retic-
ulum calcium ATPase 2 (SERCA?2), and negatively regu-
lates the transcription of S-myosin heavy chain and phos-
pholamban (PLN); (2) by non-genomic actions on the ion
channels for sodium, potassium and calcium and influence
various intracellular pathways of cardiomyocytes and vas-
cular smooth-muscle cells, which determines cardiovascu-
lar haemodynamics, and cardiac contractility [7,11-14]. T3
and T4 are the two main iodinated hormones that are se-
creted by thyroid gland, and both can generate biological
effects by combining the thyroid hormone receptors. There
is a tenfold greater affinity of the thyroid hormone recep-
tors for T3 compared to T4 [2,15]. Therefore, T3 is uni-
versally regarded as the biologically active form of thyroid
hormone.

Thyroid hormone metabolism disorders increase the
risk of CAD and cardiovascular death, therefore evaluation
of FT3 levels may benefit to identify patients who are sus-
ceptible to cardiovascular disease [16—18]. Therefore, as-
sessment of FT3 levels has important clinical significance
for risk stratification and individualized treatment of such
patients.

Previous studies have found that patients with overt
hyperthyroidism present with hyperdynamic circulation,
such as increased cardiac preload and contractility, de-
creased systemic vascular resistance, increased heart rate,
increased systolic blood pressure and pulmonary hyperten-
sion, while overt hypothyroidism is associated with a reduc-
tion in cardiac output and cardiac contractility, decreased
heart rate, increased peripheral vascular resistance, dys-
lipidemia, and atherosclerotic plaque development and in-
stability [1,4,5,11]. Both overt hyperthyroidism and hy-
pothyroidism are significantly associated with a higher in-
cidence of adverse cardiovascular events [19-22]. Even
CAD patients with mild thyroid dysfunction and subclin-
ical hyperthyroidism may also experience adverse cardio-
vascular events, such as supraventricular tachyarrhythmias,
especially atrial fibrillation [23], and subclinical hypothy-
roidism is a strong indicator for the risk of atherosclero-
sis and myocardial infarction [1,24,25], both of which may
markedly increase cardiovascular morbidity and mortality.

Several studies have shown a significant correlation
between FT3 levels and adverse cardiovascular events.
Lower FT3 levels have been correlated with HF, lower
LVEF and serum biomarkers of myocardial injury, such as
troponin T (¢TnT) and N-terminal pro-brain natriuretic pep-
tide (NT-proBNP) [26,27]. Lymvaios et al. [28] found a
significant correlation of low T3 with impaired ventricu-
lar function in patients with acute MI (AMI), and that T3
levels appear to be an independent predictor of late func-
tional recovery. In addition, D. H. Kim ef al. [29] reported
that in STEMI patients, the degree of transmural involve-
ment accessed by contrast-enhanced cardiac magnetic res-
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onance (CMR) imaging is strongly correlated with T3 lev-
els. Chang ef al. [30] demonstrated that low FT3 levels
was an independent indicator of long-term worse progno-
sis in STEMI patients undergoing PCI. Other studies also
found that low T3 levels have been correlated with short
and long-term mortality in STEMI patients undergoing PCI
[9,31]. Similar to patients with STEMI, NSTE-ACS pa-
tients with low FT3 levels had an increased risk of mortal-
ity during 1-month and 1-year follow-up [17]. Furthermore,
reverse T3 (rT3) was independently associated with 1-year
mortality [32]. In most of the above studies, PCI was not
performed in all the study populations; therefore, whether
PCI combined with the FT3 level improves the prognos-
tic value of the baseline risk factors is controversial. Our
study is unique in that all patients received PCI, and there-
fore allowed us to assess the prognostic value of the FT3
level and its incremental effect on risk stratification based
on traditional risk factors in these patients.

In the study, we found that low FT3 has an impact
on cardiovascular system and clinical outcomes. However,
there are a large number of factors contributing to low FT3,
such as demographic factors (age, gender and BMI [33—
36])), lifestyle factors (alcohol consumption [37]), diet (soy-
based food [38,39], olive oil [40]), exercise [41,42], pollu-
tants (chemicals and heavy metals) [43]. We also found that
age, gender and BMI, which were all associated with low
FT3, were significantly different from MACE. Besides, af-
ter multivariate analysis, decreased FT3 levels were an in-
dependent predictor of poor prognosis.

Rapid down-regulation of the thyroid hormone system
in patients with acute myocardial ischemia might be of great
help to reducing oxygen demands on the myocardium. Sev-
eral studies confirmed that the function of pituitary gland
and the release of TSH could directly affected by cytokines,
such as Interleukin-6 (IL-6), tumor necrosis factor-a. (TNF-
«), and interferon-y (INF-v) [44—46]. L. Friberg, S et al.
[47] prospectively revealed that patients with angina had
lower T3 levels, smaller infarctions, and higher levels of C-
reactive protein and interleukin 6 (IL-6). The low T3 syn-
drome might be a beneficial and physiological adaptation
to early stress response of the ACS [48,49]. However, this
view has been questioned in the past several years, and low
T3 syndrome may not only be an adaptive response to car-
diovascular diseases [50]. There are several possible mech-
anisms. First, T3 was the major thyroid hormone. Low
T3 or FT3 in patients with low T3 syndrome can lead to
the progression of cardiovascular diseases, worsen cardiac
structure and function, and increased the risk of mortality
[46,51]. Second, low T3 syndrome remains an independent
prognostic factor in cardiovascular patients even after the
adjustment of traditional risk factors. These results indi-
cate that there is a direct link between low T3 syndrome
and mortality risk in these patients rather than an adap-
tive response [52]. Third, clinical and experimental studies
have reported that in cardiovascular patients or animal mod-


https://www.imrpress.com

els, T3 treatment can produce a beneficial effect on cardiac
function [53,54]. Finally, previous studies revealed that de-
creased thyroid levels might have existed before the infarc-
tion occurred [47]. This suggests that there is a relationship
between the alteration of T3 levels and cardiovascular dis-
eases. Lower T3 levels depress cardiac function, and car-
diovascular diseases may result in lower T3 levels. As a re-
sult, a persistent down-regulation of thyroid function might
be maladaptive in cardiovascular patients. Several studies
have shown that ACS patients diagnosed with the low T3
syndrome have poorer cardiovascular outcomes [31,55,56].

Previous studies have demonstrated that lower FT3
levels have adverse prognostic value for ACS patients un-
dergoing PCI. Therefore, incorporating assessment and in-
tervention of thyroid function into long-term management
might be beneficial to these patients. F. Forini et al. [54]
found that long-term L-T3 replacement in a rat model after
MI reduces the infarct size by 50% and prevents the pro-
gression to HF. K. K. Henderson et al. [57] revealed that
T3 treatment to euthyroid levels improves systolic function,
and tends to improve diastolic function in an animal model
of myocardial infarction-induced HF. In clinical studies,
J. D. Klemperer et al. [58] found that raising serum T3
concentration in patients undergoing coronary artery by-
pass surgery improves cardiac function, but there was no
significant difference in outcomes. A double-blind, ran-
domized, placebo-controlled trial found that treatment with
T3 in children after cardiopulmonary bypass operation im-
proves myocardial function [53]. A recent RCT found that
compared with placebo, patients with subclinical hypothy-
roidism and acute MI treated with Levothyroxine did not
improve LVEF during a 52-week follow-up period [59].
The therapeutic mechanisms of action of TH are not well
studied in humans, but in vitro and in vivo disease mod-
els have provided important knowledge of its repair and
regeneration properties. The TH signaling pathway is a
universally conserved pathway with pleiotropic effects that
regulates biological development, metabolism and home-
ostasis, as well as having an important effect in tissue re-
pair/regeneration. Indeed, a growing number of experi-
mental and clinical studies suggest that TH may be criti-
cal for recovery after injury. Katzeff H L ef al. [60] re-
vealed that T3 can activate Akt signaling in rat cardiomy-
ocytes, which protects myocytes against serum starvation-
induced cell death, and also found that T3 supplementa-
tion protected myocytes against ischemic-induced apopto-
sis, which may be mediated by Akt signaling [61]. In an is-
chemia/reperfusion model, Pantos et al. [62] demonstrated
that T3 administration had an anti-apoptotic effect associ-
ated with lower levels of p38 mitogen-activated protein ki-
nase (MAPK). Several studies illustrated that L-T3 ther-
apy increases the expression of hypoxia-inducible factor-
la (HIF-1¢) and mitochondrial transcription factor A (mt-
TFA), which have an important role in maintaining cell
survival during myocardial ischemia, attenuating left ven-
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tricular remodeling and preserving post-MI cardiac perfor-
mance [63—65]. Inhibits the expression of thyroid hormone
receptors (TRs) can activate to normal and facilitate the
adult transcriptional phenotype under pathological condi-
tions by administrating TH, which might be relevant to ther-
apeutic interventions [66,67]. In addition, TH appears to
regulate the differentiation of cardiac cells (e.g., regula-
tion of contractile proteins and protein kinases, cytoskele-
tal orientation and cell geometry) and the cellular response
to stress [68—70]. Whether T3 supplementation can ben-
efit patients with ACS undergoing PCI and the therapeutic
mechanism of TH are still unknown. The Thyroid Hormone
Replacement therapy in ST elevation myocardial infarction
(THiRST) trial, an ongoing RCT, was designed to further
evaluate the effect of T3 treatment in patients with AMI
[65], and the results of this study are noteworthy. Future
RCTs will be designed to further evaluate the effect of T3
treatment in patients with ACS.

Limitations

This study retrospectively demonstrated the predictive
value of FT3 levels for adverse cardiovascular events in
ACS patients undergoing PCI, and demonstrated that FT3
levels are a useful predictor in clinical practice and have
a positive impact on the traditional risk factors-based risk
stratification. There are several limitations. (1) This was a
single-center, observational study with strict exclusion cri-
teria, and a relatively small number of patients. Some key
data were collected from medical records, so the potential
confounders and selections bias could not be completely
adjusted, which might limit the application of our results.
(2) The FT3 level was measured only once in the present
study and the alteration of FT3 levels during follow-up were
not known, which may have a greater predictive value for a
poor prognosis. (3) Our study does not include rT3 and cy-
tokines, which may diminish its potential correlations. (4)
We only analyzed the correlation between FT3 levels and
adverse cardiovascular events; other related indicators such
as TT3, TT4, FT4, rT3, and the FT3/FT4 ratio might also
have some potential influence for cardiovascular events. (5)
There are many factors associated with low FT3, we just an-
alyzed a few of them in this observational study.

5. Conclusions

In ACS patients undergoing PCI, the present study re-
vealed that decreased FT3 levels was significantly associ-
ated with a worse prognosis. There was a non-linear asso-
ciation between FT3 and MACE, all-cause death and un-
planned repeat revascularization. The addition of FT3 lev-
els to the baseline risk model significantly improved the
ability for risk prediction. Additional large scale random-
ized studies are needed to confirm whether FT3 levels have
a positive effect on improving clinical outcomes.

&% IMR Press


https://www.imrpress.com

Abbreviations

FT3, free triiodothyronine; BMI, body mass index;
CAD, coronary artery disease; CKD, chronic kidney dis-
ease; MI, myocardial infarction; PCI, percutaneous coro-
nary intervention; PAD, peripheral artery disease; LVEF,
left ventricular ejection fraction; SBP, systolic blood pres-
sure; HR, heart rate; GRACE, global registry of acute coro-
nary events; ACS, acute coronary syndrome; UA, unsta-
ble angina pectoris; MI, myocardial infraction; NSTEMI,
non-ST segment elevation myocardial infarction; STEMI,
ST segment elevation myocardial infarction; TSH, thyroid
stimulating hormone; FT4, free thyroxine; hsCRP, high-
sensitivity C-reactive protein; TG, triglycerides; TC, total
cholesterol; HDL-C, high-density lipoprotein-cholesterol;
LDL-C, low-density lipoprotein-cholesterol; FPG, fasting
plasma glucose; LM, left-main; LAD, left anterior de-
scending; SYNTAX, SYNergy between percutaneous coro-
nary intervention with TAXus and cardiac surgery; DES,
drug eluting stent; BRS, bioresorbable scaffold; ACEI, an-
giotensin converting enzyme inhibitor; ARB, angiotensin
II receptor blocker; MACE, major adverse cardiovascu-
lar events; eGFR, estimated glomerular filtration rate; HR,
hazard ratio; CI, confidence interval; Ref, reference.

Author Contributions

Conceptualization, ZQY and QYS; methodology,
ZQY, XTM and JL; software, ZQY; validation, QXL, YFW
and XLL; formal analysis, ZQY and ZJW; investigation,
DMS; resources, ZJW; data curation, ZQY and XTM;
writing—original draft preparation, ZQY; writing—review
and editing, ZF and ZJW; supervision, HS and ZJW; project
administration, ZF and ZJW; funding acquisition, ZJW and
YJZ. All authors have read and agreed to the published ver-
sion of the manuscript.

Ethics Approval and Consent to Participate

This study was conducted in accordance with the
guidelines of the Declaration of Helsinki and approved by
the institutional review board of Beijing Anzhen Hospi-
tal, Capital Medical University (Ethic approval number:
2016034x). Given the retrospective nature of this study,
the requirement for informed consent was waived.

Acknowledgments

We would like to express our gratitude to all those who
helped us during the writing of this manuscript, and thanks
to all the peer reviewers for their opinions and suggestions.

Funding

Project funded by National Key Research and De-
velopment Program of China (2017YFC0908800, Yu-Jie
Zhou), Beijing Municipal Administration of Hospitals’
Mission plan (SML20180601, Yu-Jie Zhou), China Post-
doctoral Science Foundation (2021M692253, Xiao-Teng

&% IMR Press

Ma), Beijing Postdoctoral Research Foundation (2021-ZZ-
023, Xiao-Teng Ma), Beijing Municipal Health Commis-
sion (Jing 19-15, Hua Shen), Beijing Municipal Health
Commission (2022-2-1052, Zhi-Jian Wang).

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Klein I, Danzi S. Thyroid Disease and the Heart. Circulation.
2007; 116: 1725-1735.

[2] Jabbar A, Pingitore A, Pearce SHS, Zaman A, Iervasi G, Razvi S.
Thyroid hormones and cardiovascular disease. Nature Reviews
Cardiology. 2017; 14: 39-55.

[3] Rodondi N, den Elzen WP, Bauer DC, Cappola AR, Razvi S,
Walsh JP, ef al. Subclinical hypothyroidism and the risk of coro-
nary heart disease and mortality. Journal of the American Med-
ical Association. 2010; 304: 1365—-1374.

[4] De Leo S, Lee SY, Braverman LE. Hyperthyroidism. The
Lancet. 2016; 388: 906-918.

[5] Chaker L, Bianco AC, Jonklaas J, Peeters RP. Hypothyroidism.
The Lancet. 2017; 390: 1550—-1562.

[6] RazviS, Jabbar A, Pingitore A, Danzi S, Biondi B, Klein I, ez al.
Thyroid Hormones and Cardiovascular Function and Diseases.
Journal of the American College of Cardiology. 2018; 71: 1781—
1796.

[7] Klein I, Ojamaa K. Thyroid Hormone and the Cardiovascular
System. New England Journal of Medicine. 2001; 344: 501—
509.

[8] Passino C, Pingitore A, Landi P, Fontana M, Zyw L, Clerico A,
et al. Prognostic Value of Combined Measurement of Brain Na-
triuretic Peptide and Triiodothyronine in Heart Failure. Journal
of Cardiac Failure. 2009; 15: 35-40.

[9] Lazzeri C, Sori A, Picariello C, Chiostri M, Gensini GF, Valente
S. Nonthyroidal illness syndrome in ST-elevation myocardial in-
farction treated with mechanical revascularization. International
Journal of Cardiology. 2012; 158: 103—104.

[10] Fox KAA, Dabbous OH, Goldberg RJ, Pieper KS, Eagle KA,
Van de Werf'F, et al. Prediction of risk of death and myocardial
infarction in the six months after presentation with acute coro-
nary syndrome: prospective multinational observational study
(GRACE). British Medical Journal. 2006; 333: 1091.

[11] Cooper DS, Biondi B. Subclinical thyroid disease. The Lancet.
2012;379: 1142-1154.

[12] He H, Giordano FJ, Hilal-Dandan R, Choi DJ, Rockman HA,
McDonough PM, et al. Overexpression of the rat sarcoplasmic
reticulum Ca2+ ATPase gene in the heart of transgenic mice ac-
celerates calcium transients and cardiac relaxation. Journal of
Clinical Investigation. 1997; 100: 380-389.

[13] Kaasik A, Paju K, Vetter R, Seppet EK. Thyroid hormones
increase the contractility but suppress the effects of beta-
adrenergic agonist by decreasing phospholamban expression in
rat atria. Cardiovascular Research. 1997; 35: 106—112.

[14] Holt E, Sjaastad I, Lunde PK, Christensen G, Sejersted OM.
Thyroid Hormone Control of Contraction and the Ca2+-
ATPase/phospholamban Complex in Adult Rat Ventricular My-
ocytes. Journal of Molecular and Cellular Cardiology. 1999; 31:
645-656.

[15] Samuels HH, Tsai JS, Casanova J, Stanley F. Thyroid Hormone
Action in vitro characterization of solubilized nuclear receptors
from rat liver and cultured gh1 cells. Journal of Clinical Investi-
gation. 1974; 54: 853-865.

[16] Iervasi G. Association between Increased Mortality and Mild

11


https://www.imrpress.com

[17]

[18]

[19]

(20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

12

Thyroid Dysfunction in Cardiac Patients. Archives of Internal
Medicine. 2007; 167: 1526—-1532.

Yazict S, Kirig T, Ceylan US, Terzi S, Erdem A, Atasoy 1, et al.
Relation of Low T3 to one-Year Mortality in Non-ST-Elevation
Acute Coronary Syndrome Patients. Journal of Clinical Labora-
tory Analysis. 2017; 31: €22036.

Cikrikcioglu MA, Elik I, Hursitoglu M, Erkal H, Cakirca M,
Kurt T, et al. The Prevalence of Low T3 with Arrhythmia and
Heart Failure in Patients with Acute Coronary Syndrome. The
Endocrinologist. 2010; 20: 23-26.

Kim HJ, Kang T, Kang MJ, Ahn HS, Sohn SY. Incidence and
Mortality of Myocardial Infarction and Stroke in Patients with
Hyperthyroidism: a Nationwide Cohort Study in Korea. Thy-
roid. 2020; 30: 955-965.

Dekkers OM, Horvath-Puho E, Cannegieter SC, Vandenbroucke
JP, Serensen HT, Jorgensen JOL. Acute cardiovascular events
and all-cause mortality in patients with hyperthyroidism: a
population-based cohort study. European Journal of Endocrinol-
ogy. 2017; 176: 1-9.

Chang C, Chien Y, Lin P, Chen C, Wu M. Nonthyroidal Illness
Syndrome and Hypothyroidism in Ischemic Heart Disease Pop-
ulation: a Systematic Review and Meta-Analysis. the Journal of
Clinical Endocrinology & Metabolism. 2020; 105: 2830-2845.
Zhang M, Sara JDS, Matsuzawa Y, Gharib H, Bell MR, Gu-
lati R, et al. Clinical outcomes of patients with hypothyroidism
undergoing percutaneous coronary intervention. European Heart
Journal. 2016; 37: 2055-2065.

Selmer C, Olesen JB, Hansen ML, Lindhardsen J, Olsen A-S,
Madsen JC, et al. The spectrum of thyroid disease and risk of
new onset atrial fibrillation: a large population cohort study.
British Medical Journal. 2012; 345: ¢7895.

Hak AE, Pols HAP, Visser TJ, Drexhage HA, Hofman A, Witte-
man JCM. Subclinical Hypothyroidism is an Independent Risk
Factor for Atherosclerosis and Myocardial Infarction in Elderly
Women: the Rotterdam Study. Annals of Internal Medicine.
2000; 132: 270-278.

Ertugrul O, Ahmet U, Asim E, Gulcin HE, Burak A, Murat A,
et al. Prevalence of Subclinical Hypothyroidism among Patients
with Acute Myocardial Infarction. ISRN Endocrinology. 2011;
2011: 810251.

Wang W-y, Tang Y-d, Yang M, Cui C, Mu M, Qian J, et al. Free
triiodothyronine level indicates the degree of myocardial injury
in patients with acute ST-elevation myocardial infarction. Chi-
nese Medical Journal. 2013; 126: 3926-3929.

Zhang B, Peng W, Wang C, Li W, Xu Y. A Low fT3 Level as
a Prognostic Marker in Patients with Acute Myocardial Infarc-
tions. Internal Medicine. 2012; 51: 3009-3015.

Lymvaios I, Mourouzis I, Cokkinos DV, Dimopoulos MA,
Toumanidis ST, Pantos C. Thyroid hormone and recovery of
cardiac function in patients with acute myocardial infarction: a
strong association? European Journal of Endocrinology. 2011;
165: 107-114.

Kim DH, Choi D, Kim H, Choi S, Kim B, Chung J, et al. Pre-
diction of infarct severity from triiodothyronine levels in patients
with ST-elevation myocardial infarction. The Korean Journal of
Internal Medicine. 2014; 29: 454.

Chang X, Zhang S, Zhang M, Wang H, Fan C, Gu Y, et al. Free
triiodothyronine and global registry of acute coronary events risk
score on predicting long-term major adverse cardiac events in
STEMI patients undergoing primary PCI. Lipids in Health and
Disease. 2018; 17: 234.

Ozcan KS, Osmonov D, Toprak E, Gungor B, Tatlisu A, Ek-
mekci A, et al. Sick euthyroid syndrome is associated with poor
prognosis in patients with ST segment elevation myocardial in-
farction undergoing primary percutaneous intervention. Cardi-
ology Journal. 2014; 21: 238-244.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Friberg L, Drvota V, Bjelak AH, Eggertsen G, Ahnve S. Asso-
ciation between increased levels of reverse triiodothyronine and
mortality after acute myocardial infarction. The American Jour-
nal of Medicine. 2001; 111: 699-703.

Bano A, Chaker L, Plompen EPC, Hofman A, Dehghan A,
Franco OH, et al. Thyroid Function and the Risk of Nonalco-
holic Fatty Liver Disease: the Rotterdam Study. The Journal of
Clinical Endocrinology & Metabolism. 2016; 101: 3204-3211.
Song Q, Chen X, Su Y, Xie Z, Wang S, Cui B. Age and Gender
Specific Thyroid Hormones and Their Relationships with Body
Mass Index in a Large Chinese Population. International Journal
of Endocrinology and Metabolism. 2019; 17: €66450.

De Pergola G, Ciampolillo A, Paolotti S, Trerotoli P, Giorgino
R. Free triiodothyronine and thyroid stimulating hormone are
directly associated with waist circumference, independently of
insulin resistance, metabolic parameters and blood pressure in
overweight and obese women. Clinical Endocrinology. 2007;
67: 265-269.

Taylor PN, Richmond R, Davies N, Sayers A, Stevenson K,
Woltersdorf W, et al. Paradoxical Relationship between Body
Mass Index and Thyroid Hormone Levels: a Study Using
Mendelian Randomization. The Journal of Clinical Endocrinol-
ogy & Metabolism. 2016; 101: 730-738.

Gruppen EG, Kootstra-Ros J, Kobold AM, Connelly MA, Touw
D, Bos JHJ, et al. Cigarette smoking is associated with higher
thyroid hormone and lower TSH levels: the PREVEND study.
Endocrine. 2020; 67: 613-622.

Duncan AM, Underhill KEW, Xu X, LaValleur J, Phipps WR,
Kurzer MS. Modest Hormonal Effects of Soy Isoflavones in
Postmenopausal Women*. The Journal of Clinical Endocrinol-
ogy & Metabolism. 1999; 84: 3479-3484.

Mittal N, Hota D, Dutta P, Bhansali A, Suri V, Aggarwal N, et
al. Evaluation of effect of isoflavone on thyroid economy & au-
toimmunity in oophorectomised women: a randomised, double-
blind, placebo-controlled trial. Indian Journal of Medical Re-
search. 2011; 133: 633-640.

Zupo R, Castellana F, Panza F, Lampignano L, Murro I, Di Noia
C, et al. Adherence to a Mediterranean Diet and Thyroid Func-
tion in Obesity: A Cross-Sectional Apulian Survey. Nutrients.
2020; 12: 3173.

Ciloglu F, Peker I, Pehlivan A, Karacabey K, Ilhan N, Saygin
O, et al. Exercise intensity and its effects on thyroid hormones.
Neuroendocrinology Letters. 2005; 26: 830-834.

Loucks AB, Heath EM. Induction of low-T3 syndrome in exer-
cising women occurs at a threshold of energy availability. Amer-
ican Journal of Physiology-Regulatory, Integrative and Compar-
ative Physiology. 1994; 266: R817-R823.

Babi¢ Leko M, Gunjaca I, Plei¢ N, Zemunik T. Environmental
Factors Affecting Thyroid-Stimulating Hormone and Thyroid
Hormone Levels. International Journal of Molecular Sciences.
2021; 22: 6521.

Warner MH, Beckett GJ. Mechanisms behind the non-thyroidal
illness syndrome: an update. Journal of Endocrinology. 2010;
205: 1-13.

Bartalena L, Brogioni S, Grasso L, Rago T, Vitti P, Pinchera A,
et al. Interleukin-6: a marker of thyroid-destructive processes?
The Journal of Clinical Endocrinology & Metabolism. 1994; 79:
1424-1427.

Kimura T, Kanda T, Kotajima N, Kuwabara A, Fukumura Y,
Kobayashi I. Involvement of circulating interleukin-6 and its
receptor in the development of euthyroid sick syndrome in pa-
tients with acute myocardial infarction. European Journal of En-
docrinology. 2000; 143: 179-184.

Friberg L, Werner S, Eggertsen G, Ahnve S. Rapid down-
regulation of Thyroid Hormones in Acute Myocardial Infarc-
tion. Archives of Internal Medicine. 2002; 162: 1388-1394.

&% IMR Press


https://www.imrpress.com

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Amsterdam EA, Wenger NK, Brindis RG, Casey DE, Gani-
ats TG, Holmes DR, et al. 2014 AHA/ACC Guideline for the
Management of Patients with Non—ST-Elevation Acute Coro-
nary Syndromes. Journal of the American College of Cardiol-
ogy. 2014; 64: e139—e228.

Iervasi G, Pingitore A, Landi P, Raciti M, Ripoli A, Scarlattini
M, et al. Low-T3 Syndrome. Circulation. 2003; 107: 708-713.
Arambam P, Kaul U, Ranjan P, Janardhanan R. Prognostic
implications of thyroid hormone alterations in acute coronary
syndrome—a systematic review. Indian Heart Journal. 2021; 73:
143-148.

Katzeff HL, Powell SR, Ojamaa K. Alterations in cardiac con-
tractility and gene expression during low-T3 syndrome: preven-
tion with T3. The American Journal of Physiology. 1997; 273:
E951-E956.

Wang B, Liu S, LiL, Yao Q, Song R, Shao X, et al. Non-thyroidal
illness syndrome in patients with cardiovascular diseases: a sys-
tematic review and meta-analysis. International Journal of Car-
diology. 2017; 226: 1-10.

Bettendorf M, Schmidt KG, Grulich-Henn J, Ulmer HE, Hein-
rich UE. Tri-iodothyronine treatment in children after cardiac
surgery: a double-blind, randomised, placebo-controlled study.
The Lancet. 2000; 356: 529-534.

Forini F, Lionetti V, Ardehali H, Pucci A, Cecchetti F, Ghanefar
M, et al. Early long-term L-T3 replacement rescues mitochon-
dria and prevents ischemic cardiac remodelling in rats. Journal
of Cellular and Molecular Medicine. 2011; 15: 514-524.
Adawiyah J, Norasyikin AW, Mat NH, Shamsul AS, Azmi KN.
The non-thyroidal illness syndrome in acute coronary syndrome
is associated with increased cardiac morbidity and mortality.
Heart Asia. 2010; 2: 11-14.

Pavlou HN, Kliridis PA, Panagiotopoulos AA, Goritsas CP, Vas-
silakos PJ. Euthyroid Sick Syndrome in Acute Ischemic Syn-
dromes. Angiology. 2002; 53: 699-707.

Henderson KK, Danzi S, Paul JT, Leya G, Klein I, Samarel AM.
Physiological replacement of T3 improves left ventricular func-
tion in an animal model of myocardial infarction-induced con-
gestive heart failure. Circulation: Heart Failure. 2009; 2: 243—
252.

Klemperer JD, Klein I, Gomez M, Helm RE, Ojamaa K, Thomas
SJ, et al. Thyroid Hormone Treatment after Coronary-Artery By-
pass Surgery. New England Journal of Medicine. 1995; 333:
1522-1527.

Jabbar A, Ingoe L, Junejo S, Carey P, Addison C, Thomas H, et
al. Effect of Levothyroxine on Left Ventricular Ejection Fraction
in Patients with Subclinical Hypothyroidism and Acute Myocar-

&% IMR Press

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

dial Infarction. Journal of the American Medical Association.
2020; 324: 249-258.

Kuzman J, Gerdes A, Kobayashi S, Liang Q. Thyroid hormone
activates Akt and prevents serum starvation-induced cell death
in neonatal rat cardiomyocytes. Journal of Molecular and Cellu-
lar Cardiology. 2005; 39: 841-844.

Chen Y, Kobayashi S, Chen J, Redetzke RA, Said S, Liang Q,
et al. Short term triiodo-I-thyronine treatment inhibits cardiac
myocyte apoptosis in border area after myocardial infarction in
rats. Journal of Molecular and Cellular Cardiology. 2008; 44:
180-187.

Pantos C, Mourouzis I, Saranteas T, Clavé G, Ligeret H, Noack-
Fraissignes P, et al. Thyroid hormone improves postischaemic
recovery of function while limiting apoptosis: a new therapeutic
approach to support hemodynamics in the setting of ischaemia-
reperfusion? Basic Research in Cardiology. 2009; 104: 69-77.

Eckle T, Kohler D, Lehmann R, El Kasmi KC, Eltzschig HK.
Hypoxia-Inducible Factor-1 is Central to Cardioprotection. Cir-
culation. 2008; 118: 166-175.

Pantos C, Mourouzis I, Tsagoulis N, Markakis K, Galanopou-
los G, Roukounakis N, et al. Thyroid hormone at supra-

physiological dose optimizes cardiac geometry and improves
cardiac function in rats with old myocardial infarction. Journal
of Physiology and Pharmacology. 2009; 60: 49-56.

Pingitore A, Chen Y, Gerdes AM, lervasi G. Acute myocardial
infarction and thyroid function: New pathophysiological and
therapeutic perspectives. Annals of Medicine. 2012; 44: 745-
757.

Kinugawa K, Yonekura K, Ribeiro RCJ, Eto Y, Aoyagi T, Bax-
ter JD, et al. Regulation of Thyroid Hormone Receptor Isoforms
in Physiological and Pathological Cardiac Hypertrophy. Circu-
lation Research. 2001; 89: 591-598.

Gloss B, Trost S, Bluhm W, Swanson E, Clark R, Winkfein R,
et al. Cardiac ion channel expression and contractile function in
mice with deletion of thyroid hormone receptor alpha or beta.
Endocrinology. 2001; 142: 544-550.

Pantos C, Malliopoulou V, Varonos DD, Cokkinos DV. Thyroid
hormone and phenotypes of cardioprotection. Basic Research in
Cardiology. 2004; 99: 101-120.

Pantos C, Mourouzis I, Xinaris C, Papadopoulou-Daifoti Z,
Cokkinos D. Thyroid hormone and “cardiac metamorphosis™:
Potential therapeutic implications. Pharmacology & Therapeu-
tics. 2008; 118: 277-294.

Pantos C, Xinaris C, Mourouzis I, Perimenis P, Politi E, Spanou
D, et al. Thyroid hormone receptor alpha 1: a switch to cardiac
cell “metamorphosis”? Journal of Physiology and Pharmacol-
ogy. 2008; 59: 253-269.

13


https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Study Population
	2.2 Demographics and Clinical Data
	2.3 Laboratory Measurements
	2.4 Statistical Analysis

	3. Results
	3.1 Baseline Characteristics
	3.2 Clinical Outcomes and Kaplan-Meier Analysis
	3.3 Cox Regression Analysis for MACE 
	3.4 The Relationship between the FT3 Levels and MACE and Each Component of MACE
	3.5 Incremental Value of FT3 Level for Predicting MACE

	4. Discussion
	Limitations 

	5. Conclusions
	Abbreviations
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgments
	Funding
	Conflict of Interest

