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Background: The aim of this study was to determine the associations between subclinical hypothyroidism (SCH) and long-term
cardiovascular outcomes after coronary artery bypass grafting (CABG) or heart valve surgery (HVS).
Methods: We retrospectively reviewed and compared all-cause mortality, cardiovascular mortality, and cardiovascular events in 461
patients who underwent CABG and 104 patients who underwent HVS.
Results: During a mean±standard deviation follow-up duration of 7.6±3.8 years, there were 187 all-cause deaths, 97 cardiovascular deaths, 127 major adverse cardiovascular events (MACE), 11 myocardial infarctions, one unstable angina, 70 strokes, 30 hospitalizations due to heart failure, 101 atrial fibrillation, and 33 coronary revascularizations. The incidence of all-cause mortality after
CABG was significantly higher in patients with SCH (n=36, 55.4%) than in euthyroid patients (n=120, 30.3%), with a hazard ratio
of 1.70 (95% confidence interval, 1.10 to 2.63; P=0.018) after adjustment for age, sex, current smoking status, body mass index, underlying diseases, left ventricular dysfunction, and emergency operation. Interestingly, low total triiodothyronine (T3) levels in euthyroid patients who underwent CABG were significantly associated with increased risks of all-cause mortality, cardiovascular mortality, and MACE, but those associations were not observed in HVS patients. Both free thyroxine and thyroid-stimulating hormone
levels in euthyroid patients were not related with any cardiovascular outcomes in either the CABG or HVS group.
Conclusion: SCH or low total T3 might be associated with a poor prognosis after CABG, but not after HVS, implying that preoperative thyroid hormonal status may be important in ischemic heart disease patients.
Keywords: Cardiovascular diseases; Heart valve diseases; Cause of death; Prognosis; Hypothyroidism; Thyrotropin; Triiodothyronine

INTRODUCTION
Subclinical hypothyroidism (SCH), which is defined as elevated
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serum thyroid-stimulating hormone (TSH) levels with normal
free thyroxine (fT4) levels, is a very prevalent condition, especially in iodine-rich areas [1,2]. Therefore, concerns have been
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raised regarding the health effects of SCH, and a number of
studies have shown an association between SCH and adverse
clinical outcomes, especially an increased risk of cardiovascular
morbidity or mortality [3-6]. Nonetheless, some inconsistent results have been reported, showing no correlation between TSH
levels and cardiovascular outcomes [3,7-11]. Despite these discrepancies, a meta-analysis showed a modest increase in the
risks of cardiovascular disease (CHD) and mortality in SCH
subjects, particularly among subjects with higher TSH levels
[12,13]. Recently, we also demonstrated a clear association between higher TSH levels and cardiovascular risk among individuals with high cardiovascular risk in both a population-based
prospective study [14] and a meta-analysis [15].
Therefore, morbidity or mortality after cardiac surgery could
be influenced by the presence of SCH, especially in patients
with high cardiovascular risk. In particular, SCH might influence the clinical outcomes of patients who undergo coronary artery bypass grafting (CABG), because their cardiovascular risk
is very high. In this regard, we previously reported that preoperative SCH patients showed a higher incidence of postoperative
atrial fibrillation (Afib) than their euthyroid counterparts [16].
We also have shown that the incidence of postoperative coronary revascularization and non-target lesion revascularization
was significantly higher in patients with SCH than in those with
euthyroid status after 8.2 years of follow-up of a cohort [17].
These results emphasize the possible importance of SCH for
predicting surgical outcomes in these patients. However, in that
study, we did not observe significant differences in all-cause or
cardiovascular mortality in SCH patients after CABG. Moreover, we did not confirm whether the poor outcomes of SCH
patients were specific to CABG or would be similar after other
cardiac surgical procedures in patients whose cardiovascular
risk is not as high. A previous study showed increased postoperative Afib in SCH patients after aortic valve replacement surgery [18], although they did not present long-term outcomes after surgery.
To clarify whether the influence of preoperative SCH on surgical outcomes after cardiac surgery is limited to patients with
high cardiovascular risk and whether it makes a difference in
mortality after surgery, we analyzed long-term outcomes in a
large number of patients who underwent CABG in addition to
the previous cohort, and compared their long-term prognosis to
that of patients who underwent heart valve surgery (HVS).
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METHODS
Study subjects
We retrospectively reviewed 476 patients who underwent CABG
and 109 patients who underwent HVS at Seoul National University Bundang Hospital (SNUBH) from July 2003 to December 2009. The 476 CABG patients included 233 patients from
our previous cohort (195 euthyroid and 38 SCH) and 228 new
patients (200 euthyroid and 28 SCH) who subsequently underwent CABG. Fifteen patients who underwent CABG and 5 patients who underwent HVS were excluded due to a lack of clinical data or loss to follow-up. Finally, 395 euthyroid and 66 SCH
patients were included in the CABG group, while 87 euthyroid
and 17 SCH patients were included in the HVS group. Their
thyroid function was measured within 1 month before surgery,
and no treatment was performed if their fT4 level was normal.
Participants were clustered by preoperative TSH and fT4 levels.
The study was approved by the Institutional Review Board of
SNUBH (B1901/516-105). There was no requirement for informed consent due to the retrospective nature of the study.
Medical histories and anthropometric measurements
We confirmed patients’ underlying diseases, including hypertension, dyslipidemia, diabetes mellitus, cerebrovascular disease, and current smoking via their medical records. We defined
chronic kidney disease according to the National Kidney Foundation criteria, and Afib was diagnosed by 12-lead electrocardiography (ECG) according to the American College of Cardiology (ACC), American Heart Association (AHA), and European
Society of Cardiology (ESC) guidelines published in 2006. We
measured patients’ height and body weight using a scale and
wall-fixed extensimeter.
Cardiac surgery procedures and laboratory assessment
The CABG procedures were conducted by four surgeons (Drs.
K.H.P., J.S.K., J.H.C., and C.L.) as described previously
[16,19]. In CABG, grafting of the left internal thoracic artery to
the left anterior descending artery was performed whenever
possible. Other vessels were revascularized with the right internal thoracic artery, radial artery, gastroepiploic artery, or saphenous vein. Off-pump, on-pump beating, or a conventional strategy for cardiopulmonary bypass (CPB) was chosen in accordance with the patient’s condition. HVS procedures were performed under CPB support utilizing the ascending aorta and bicaval cannulation. Most of the time, moderate hypothermia
(28°C to 32°C) was induced during aortic cross-clamping. Ei-
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ther cold blood or crystalloid cardioplegia was used.
Blood samples were collected at the outpatient clinic within 1
month before surgery or at the admission time for urgent or
emergent surgery. Serum TSH, fT4, and total triiodothyronine
(T3) levels were measured by immunoradioassay using commercial kits (TSH, CIS Biointernational, Gif-sur-Yvette, France;
fT4 and total T3, DiaSorin S.p.A, Saluggia, Italy). Euthyroid
status was defined as normal TSH (range, 0.4 to 4.0 mIU/L) and
fT4 (range, 0.7 to 1.8 ng/dL) levels without any thyroidal drug.
SCH was defined as a TSH level over 4.0 mIU/L with a fT4
level in the normal range. Serum total cholesterol, triglyceride,
and high-density lipoprotein cholesterol levels were measured
using an autoanalyzer (Hitachi 747, Hitachi Ltd., Tokyo, Japan).
Low-density lipoprotein cholesterol levels were estimated as total cholesterol−[high-density cholesterol+(triglycerides/5)] [20].
Colorimetry with an HST 403XE cell counter (Sysmex Corp.,
Kobe, Japan) was used to measure hemoglobin levels. Creatinine and high-sensitivity C-reactive protein were measured by
an autoanalyzer (Hitachi 747).
Follow-up and long-term prognosis
The patients were followed at 1 to 2 weeks and 1, 3, and 6
months after the operation, and every 6 to 12 months later. The
follow-up schedule depended on each patient’s medical and social condition. Long-term prognosis was defined in terms of the
complications that occurred within 3 months after surgery. We
collected data related with all-cause death and major adverse
cardiovascular events (MACEs), comprising cardiovascular
death, nonfatal myocardial infarction (MI), nonfatal stroke, or
hospitalization for heart failure. Cardiovascular death was defined as mortality due to postoperative arrhythmia, acute MI,
cardiogenic shock, heart failure, or cerebrovascular events. Data
were also collected on postoperative outcomes, such as Afib,
unstable angina, and coronary revascularization. We confirmed
all-cause and cardiovascular death by reviewing both patients’
electronic medical records and the mortality records of the National Statistical Office in South Korea in April 2019. Acute MI
was diagnosed by 12-lead ECG and elevated cardiac biomarkers with typical angina symptoms. Unstable angina was defined
by newly appearing typical chest pain or pain aggravation and
positive ECG findings without cardiac biomarker elevation.
Hospitalization due to heart failure was defined as an admission
for at least 12 hours with typical signs of heart failure (dyspnea,
orthopnea, pulmonary, and peripheral edema, jugular venous
distension, pulmonary effusion on X-ray, or related results on
echocardiography). Postoperative Afib was confirmed by the
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patients’ ECG within 3 months after surgery. We defined each
postoperative event based on the ACC, AHA, and ESC practice
guidelines [21-23]. Both CABG and percutaneous coronary intervention were included as postoperative coronary revascularization.
Statistical analysis
Continuous variables are presented as mean±standard deviation, while categorical variables are presented as numbers and
percentages. The patients’ baseline characteristics were analyzed
using the Student t test or chi-square test, as appropriate. Cox
proportional hazards regression models were used to estimate
hazard ratio (HR) and 95% confidence interval (CI) for all-cause
mortality, cardiovascular mortality, MACE, MI, unstable angina,
stroke, hospitalization for heart failure, Afib, and coronary revascularization. We calculated multivariate HRs by adjusting for
age, sex, body mass index (BMI), smoking status, left ventricular dysfunction, emergency operation, and underlying diseases
such as diabetes, hypertension, dyslipidemia, and chronic kidney disease. Survival time was estimated to have lasted from the
date of surgery to death or the last follow-up date. To compare
survival according to thyroid function status before surgery, Kaplan-Meier curves were used and P values were calculated using
the log-rank test. A P<0.05 was considered to indicate statistical
significance. All analyses were performed using SPSS version
25.0 (IBM Corp., Armonk, NY, USA).

RESULTS
Baseline characteristics
The baseline characteristics of the study subjects are shown in
Table 1. Patients’ mean age was higher in the CABG group than
in the HVS group (65.9±9.9 years vs. 60.7±12.3 years), and
the proportion of male patients was also higher (71.4% vs.
45.2%). In addition, CABG patients showed a higher frequency
of conditions related to cardiovascular risk, including a higher
BMI and more underlying diseases such as hypertension, diabetes mellitus, dyslipidemia and chronic kidney disease, than the
patients who underwent HVS. However, more current smokers
were included in the HVS group than in the CABG group.
There were no significant differences in TSH and total T3 levels
between the two groups, while fT4 levels were significantly
higher (although within the normal range) in the HVS group
than in the CABG group. Within the CABG and HVS groups,
there were no significant differences in mean age, sex, or BMI
between euthyroid and SCH patients. Furthermore, within the
Copyright © 2020 Korean Endocrine Society
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Table 1. Baseline Characteristics of Participants
Patients with IHD

Patients with VHD
P valuea

Variable

Total
(n=461)

Euthyroid
(n=395)

SCH
(n=66)

P value

Total
(n=104)

Euthyroid
(n=87)

SCH
(n=17)

P value

Age, yr

65.9±9.9

65.8±9.8

66.4±10.4

0.651

60.7±12.4

60.7±12.3

60.7±12.8

0.994

<0.001

41 (62.1)

0.073

47 (45.2)

43 (49.4)

4 (23.5)

0.064

<0.001

0.996

23.9±3.5

23.9±3.6

24.1±3.2

0.824

<0.050

Male sex

329 (71.4)

288 (72.9)

BMI, kg/m2

24.7±3.0

24.7±3.0

Hypertension

346 (75.1)

293 (74.2)

53 (80.3)

0.219

32 (30.8)

29 (33.3)

3 (17.6)

0.258

<0.001

Diabetes

243 (52.7)

205 (51.9)

38 (57.6)

0.350

11 (10.6)

9 (10.3)

2 (11.8)

1.000

<0.001

Dyslipidemia

181 (39.3)

157 (39.8)

24 (36.4)

0.592

4 (3.8)

3 (3.4)

1 (5.9)

0.516

<0.001

62 (13.5)

50 (12.7)

12 (18.2)

0.243

3 (2.9)

2 (2.3)

1 (5.9)

0.418

0.001

Chronic kidney disease
Cerebrovascular disease

24.7±3.0

88 (19.1)

74 (18.8)

14 (21.2)

0.615

15 (14.4)

14 (16.1)

1 (5.9)

0.456

0.325

Current smoking

110 (23.9)

97 (24.6)

13 (19.7)

0.438

43 (41.3)

40 (46.0)

3 (17.6)

0.034

<0.001

TSH, mIU/L

2.45±1.79

1.91±0.90

5.7±2.3

<0.001

2.61±1.52

2.09±0.91

5.32±1.09

<0.001

0.398

Free T4, ng/dL

1.15±0.22

1.15±0.22

1.15±0.23

0.896

1.22±0.23

1.24±0.22

1.14±0.29

0.132

0.005

Total T3, ng/dL

87.7±42.4

81.7±45.5

97.8±38.6

0.003

83.4±52.2

78.8±55.8

82.1±44.5

0.792

0.449

Hemoglobin, g/dL

13.0±2.0

13.1±2.0

12.6±2.2

0.062

12.8±2.0

12.9±1.9

12.5±2.4

0.457

0.491

Fasting glucose, mg/dL

65.7±66.8

66.2±66.2

62.9±70.9

0.713

35.8±49.7

35.9±50.0

35.3±49.8

0.962

<0.001

5.0±3.4

5.5±3.2

0.215

2.7±3.1

2.7±3.1

2.6±3.4

0.909

<0.001

0.880

179.5±45.5

0.187

0.626

HbA1c, %
Total cholesterol, mg/dL

5.0±2.7
177.3±40.0

177.2±39.2 178.0±45.1

176.8±41.4 192.8±62.5

LDL-C, mg/dL

68.3±52.4

68.8±51.8

65.1±56.0

0.594

55.1±53.5

52.9±51.7

66.5±61.2

0.338

0.021

HDL-C, mg/dL

39.3±19.0

38.8±9.2

42.1±17.7

0.194

34.5±23.3

34.6±22.4

33.6±8.1

0.868

0.049

Triglyceride, mg/dL

0.390

94.3±80.0

97.6±80.5

77.4±77.4

0.342

0.001

CRP, mg/dL

126.0±91.2
1.20±2.69

124.5±88.8 134.9±104.9
1.18±2.78

1.31±2.11

0.737

0.86±1.53

0.88±1.55

0.77±1.48

0.808

0.259

Creatinine, mg/dL

1.42±1.31

1.39±1.29

1.62±1.39

0.186

1.05±0.30

1.04±0.27

1.11±0.43

0.366

<0.001

Values are expressed as mean±standard deviation or number (%).
IHD, ischemic heart disease; VHD, valvular heart disease; SCH, subclinical hypothyroidism; BMI, body mass index; TSH, thyroid-stimulating hormone;
T4, thyroxine; T3, triiodothyronine; HbA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;
CRP, C-reactive protein.
a
P values were analyzed for the difference between the total IHD and VHD patients.

Table 2. Long-Term Cardiovascular Outcomes According to Thyroid Function Status
Outcome
All-cause mortality

Patients with IHD

Patients with VHD

Euthyroid (n=395)

SCH (n=66)

P value

Euthyroid (n=87)

SCH (n=17)

P value

120 (30.3)

36 (54.5)

<0.001

25 (28.7)

6 (35.3)

0.575

Cardiovascular mortality

60 (15.2)

20 (30.3)

0.002

15 (17.2)

2 (11.8)

0.732

MACE

84 (21.2)

18 (27.2)

0.260

23 (26.4)

2 (11.8)

0.351

Hospitalization for heart failure

20 (5.1)

4 (6.1)

0.761

6 (6.9)

0 (0.0)

0.666

Fatal or nonfatal stroke

46 (11.6)

11 (16.7)

0.104

12 (13.8)

1 (5.9)

0.457

Coronary revascularization

27 (6.8)

5 (7.6)

0.792

1 (1.1)

0 (0.0)

1.000

Values are expressed as number (%). P values were analyzed by the log-rank test.
IHD, ischemic heart disease; VHD, valvular heart disease; SCH, subclinical hypothyroidism; MACE, major adverse cardiovascular events.

CABG and HVS groups, underlying diseases and laboratory
parameters also did not show statistically significant differences
Copyright © 2020 Korean Endocrine Society

according to thyroid function status (i.e., between euthyroid and
SCH patients). Serum TSH levels were significantly higher in
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SCH patients than in euthyroid patients, while fT4 levels were
not significantly different according to thyroid function status in
either the CABG or HVS group (Table 1).
Long-term cardiovascular prognosis
During a mean follow-up duration of 7.6±3.8 years, in the
CABG group, there were 156 (33.8%) all-cause deaths, 80
(17.4%) cardiovascular deaths, 112 (24.3%) MACEs, 20 (4.3%)
hospitalizations for heart failure, 91 (19.7%) cases of postoperative Afib, 32 (6.9%) coronary revascularizations, 11 (2.4%) MIs,
and 57 (12.4%) strokes (Table 2). During the same follow-up
period, in the HVS group, there were 31 all-cause deaths (29.8%,
P=0.489 vs. CABG group), 17 cardiovascular deaths (16.3%,
P=0.886 vs. CABG group), 25 MACEs (24.0%, P=0.697 vs.
CABG group), six hospitalizations for heart failure (5.8%, P=
0.809 vs. CABG group), 10 cases of postoperative Afib (9.6%,
P=0.022 vs. CABG group), one coronary revascularization
(1.0%, P=0.007 vs. CABG group), 0 MIs (0.0%, P=0.230 vs.
CABG group), and 13 strokes (12.5%, P=1.000 vs. CABG
group). Except for postoperative Afib and stroke, poor outcomes were more common in the CABG group than in the HVS
group. When we compared those outcomes between SCH and
euthyroid patients, the incidence of all-cause mortality (55.4%
vs. 30.3%, log-rank P<0.001) and cardiovascular mortality
(30.8% vs. 15.2%, log-rank P<0.001) was higher in the SCH
patients in the CABG group. The other outcomes, including
MACE, hospitalization for heart failure, stroke, and coronary
revascularization occurred more frequently in SCH patients
than in euthyroid patients in the CABG group, but the differences were not significant (Table 2). Contrary to the outcomes of
the CABG group, thyroid function status showed no significant
relationships with the incidence of all-cause mortality, cardiovascular mortality, MACE, hospitalization for heart failure,
stroke, or coronary revascularization in HVS patients (Table 2).
Multivariate analysis of the long-term prognosis of SCH
patients
In the CABG group, SCH patients showed a significantly higher
incidence of all-cause mortality than euthyroid patients (HR,
1.95; 95% CI, 1.29 to 2.93; P=0.002) (Table 3, Fig. 1A). The
incidence of cardiovascular mortality was also significantly
higher in SCH patients than in euthyroid patients (HR, 2.30;
95% CI, 1.29 to 4.12; P=0.005). (Table 3, Fig. 1B).
After adjustment for age and sex (model 1), the HR of allcause death after CABG was significantly higher in SCH patients than in euthyroid patients (HR, 2.09; 95% CI, 1.38 to 3.17;
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Table 3. Multivariate Analysis of Hazard Ratios in Subclinical
Hypothyroidism Patients Relative to Euthyroid Patients with
Ischemic Heart Disease
HR

95% CI

P value

Unadjusted

1.95

1.29–2.93

0.002

Model 1

2.09

1.38–3.17

<0.001

Model 2

1.93

1.27–2.93

0.002

Model 3

1.70

1.10–2.63

0.018

Unadjusted

2.30

1.29–4.12

0.005

Model 1

2.43

1.35–4.37

0.003

Model 2

2.25

1.24–4.07

0.007

Model 3

1.95

1.05–3.61

0.035

Unadjusted

1.43

0.77–2.64

0.258

Model 1

1.50

0.80–2.78

0.203

Model 2

1.46

0.78–2.73

0.235

Model 3

1.33

0.69–2.55

0.391

Unadjusted

1.54

0.52–4.55

0.431

Model 1

1.66

0.56–4.92

0.359

Model 2

1.59

0.53–4.79

0.408

Model 3

1.18

0.34–4.13

0.795

Unadjusted

1.27

0.54–3.02

0.586

Model 1

1.23

0.52–2.95

0.639

Model 2

1.23

0.51–2.96

0.653

Model 3

1.21

0.50–2.93

0.674

Unadjusted

1.39

0.54–3.63

0.497

Model 1

1.30

0.50–3.41

0.595

Model 2

1.32

0.50–3.52

0.577

Model 3

1.58

0.59–4.19

0.362

Variable
All-cause mortality

Cardiovascular mortality

MACE

Hospitalization for heart failure

Fatal or nonfatal stroke

Coronary revascularization

Multivariable Cox regression analysis was done. Model 1 adjusted for
age and sex. Model 2 adjusted for the factors in model 1 and additionally adjusted for body mass index, smoking status, history of diabetes,
and hypertension, dyslipidemia, and chronic kidney disease. Model 3
adjusted for the factors in model 2 and additionally adjusted for left
ventricular dysfunction (ejection fraction <40%) and emergent surgery.
HR, hazard ratio; CI, confidence interval; MACE, major adverse cardiovascular events.

P<0.001). We observed that the risk of all-cause death in model
2 (adjusting for BMI, smoking status, and the underlying diseases previously mentioned in addition to the variables in model 1)
was significantly higher in SCH patients than in euthyroid paCopyright © 2020 Korean Endocrine Society
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Fig. 1. Kaplan-Meier curves of cardiovascular outcomes in patients with ischemic heart disease. (A) All-cause mortality in subclinical hypothyroidism (SCH) patients over euthyroid patients. (B) Cardiovascular (CV) mortality in SCH patients over euthyroid patients. (C) All-cause
mortality according to the total triiodothyronine (T3) tertile in euthyroid patients. (D) Cardiovascular mortality according to the total T3 tertile in euthyroid patients. Cox regression analysis was performed. The hazard ratios (HRs) are for SCH patients with euthyroid patients as
references. The HRs are for T3-G1 and T3-G2 patients with T3-G3 as reference. Total T3 tertiles: T3-G1, 0.3 to 83 ng/dL; T3-G2, 85 to 109
ng/dL; T3-G3, 110 to 163 ng/dL. CI, confidence interval.

tients (HR, 1.93; 95% CI, 1.27 to 2.93; P=0.002). After adjusting for the variables in model 3 (model 2 plus left ventricular
dysfunction and emergent surgery), the risk of all-cause deaths
after CABG also remained higher in SCH patients than in euthyroid patients (HR, 1.70; 95% CI, 1.10 to 2.63; P=0.018). Interestingly, the HR of cardiovascular mortality for SCH patients
relative to euthyroid patients who underwent CABG showed a
similar tendency after adjustment for variables. In contrast, the
HRs of MACE, hospitalization for heart failure, strokes, and
coronary revascularization were not significantly different with
and without adjustment for variables (Table 3).
In HVS patients, the HRs of all-cause mortality, cardiovascuCopyright © 2020 Korean Endocrine Society

lar mortality, MACE and stroke in SCH patients relative to euthyroid patients did not significantly increase before and after
adjustment for variables (Supplemental Table S1, Supplemental
Fig. S1).
Subgroup analysis of long-term cardiovascular prognosis
in euthyroid subjects
We conducted a subgroup analysis of euthyroid patients to elucidate the specific effects of thyroid function on postoperative
outcomes after heart surgery. We divided euthyroid patients into
three groups (G1, the lowest tertile; G2, the middle tertile; G3,
the highest tertile) according to total T3, fT4, and TSH levels.
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Table 4. Long-Term Cardiovascular Outcomes According to Total T3 Tertiles in Euthyroid Patients
Patients with IHD (n=395)

Patients with VHD (n=87)

Outcome

T3-G1
(n=125)

T3-G2
(n=130)

T3-G3
(n=126)

P value

T3-G1
(n=27)

T3-G2
(n=27)

T3-G3
(n=27)

P value

All-cause mortality

59 (45.7)

32 (25.4)

23 (18.1)

<0.001

6 (22.2)

7 (29.6)

3 (25.9)

0.729

Cardiovascular mortality

29 (22.5)

19 (15.1)

8 (6.3)

<0.001

5 (18.5)

4 (14.8)

4 (14.8)

0.998

MACE

35 (27.1)

28 (22.2)

17 (13.4)

0.005

8 (29.6)

3 (11.1)

10 (37.0)

0.120

Hospitalization for heart failure

11 (8.5)

6 (4.8)

3 (2.4)

0.083

3 (11.1)

1 (3.7)

2 (7.4)

0.791

Fatal or nonfatal stroke

17 (13.2)

15 (11.9)

12 (9.4)

0.277

3 (11.1)

2 (7.4)

6 (22.2)

0.168

9 (7.0)

11 (8.7)

7 (5.5)

0.549

1 (3.7)

0 (0.0)

0 (0.0)

0.375

Coronary revascularization

Values are expressed as number (%). P values were analyzed by the log-rank test. Total T3 tertiles in patients with IHD: T3-G1, 0.3 to 83 ng/dL; T3-G2,
85 to 109 ng/dL; T3-G3, 110 to 163 ng/dL. Total T3 tertiles in patients with VHD: T3-G1, 0.3 to 80 ng/dL; T3-G2, 83 to 118 ng/dL; T3-G3, 119 to 167
ng/dL.
T3, triiodothyronine; IHD, ischemic heart disease; VHD, valvular heart disease; MACE, major adverse cardiovascular events.

In CABG patients, the incidence of all-cause mortality, cardiovascular mortality, and MACE significantly increased from
the highest total T3 tertile (T3-G3) to the lowest total T3 tertile
(T3-G1) (log-rank test P<0.001, P<0.001, and P=0.005, respectively) (Table 4, Fig. 1C, D). However, the incidence of
hospitalization for heart failure, stroke and coronary revascularization did not change as the total T3 level decreased (Table 4).
On the contrary, there was no correlation between total T3 levels and the incidence of long-term cardiovascular outcomes in
euthyroid patients after HVS (Table 4, Supplemental Fig. S2).
We conducted multivariate analysis according to the total T3
tertile in euthyroid patients with ischemic heart disease. Interestingly, the HR of all-cause mortality in the T3-G1 tertile patients was significantly higher, by over 3-fold, than that in the
T3-G3 tertile group before adjustment (P<0.001). After adjustment in model 1 and model 2, the HRs of the T3-G1 tertile were
2.84 (95% CI, 1.68 to 4.80; P<0.001) and 1.98 (95% CI, 1.13
to 3.46; P=0.017), respectively. However, statistical significance disappeared in model 3 (Table 5). More notably, cardiovascular mortality in the T3-G1 tertile group was more than
4-fold higher than in the T3-G3 tertile patients after CABG,
with an HR of 4.01 (95% CI, 1.60 to 10.05; P=0.003). Furthermore, the T3-G2 tertile patients showed a higher cardiovascular
mortality rate, by over 3-fold, than the T3-G3 tertile patients
(HR, 3.06; 95% CI, 1.22 to 7.67; P=0.017). Moreover, the risk
of cardiovascular mortality in the T3-G1 and T3-G2 tertile patients remained significantly higher (at least 2-fold) than in the
T3-G3 tertile after adjustment in model 1 and 2. However, statistical significance disappeared in model 3 (Table 5). The risk
of hospitalization for heart failure in the T3-G1 tertile was more
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than five times higher than that in the T3-T3 tertile, although the
HR was not significant after adjustment. In contrast, the incidence of MACE, stroke, and coronary revascularization did not
increase with decreasing total T3 levels (Table 5).
However, the long-term outcomes were not significantly affected by the fT4 tertile or TSH tertile in the CABG group or the
HVS group (Supplemental Table S2, Supplemental Figs. S3, S4).

DISCUSSION
In this study, during the mean follow-up period of 7.6 years,
preoperative SCH patients showed higher all-cause mortality
and cardiovascular mortality after CABG than their euthyroid
counterparts. The HR for all-cause mortality was 1.70 after adjustment for covariates. Cardiovascular mortality was also significantly higher, by 1.94-fold, in patients with preoperative
SCH after CABG. Additionally, we found that patients with
lower total T3 levels—even with euthyroid status—showed significantly higher risks for all-cause and cardiovascular death after CABG. Notably, all these associations were only observed in
patients with ischemic heart disease who had high cardiovascular risk, but not in patients with valvular heart disease. These results suggest that preoperative SCH and low total T3 in euthyroid patients are important factors associated with long-term
outcomes after CABG.
Some results have provided support for the possibility that
SCH is a risk factor for CHD. Rodondi et al. [12] reported that
SCH was associated with an increased risk of CHD in their meta-analysis. They also showed a significant positive correlation
between TSH elevation and increased mortality from CHD in
Copyright © 2020 Korean Endocrine Society
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Table 5. Multivariate Analysis of Hazard Ratios in Euthyroid Patients with Ischemic Heart Disease According to Total T3 Tertiles
Variable

Univariate
HR (95% CI)

Model 1
P value

HR (95% CI)

Model 2
P value

Model 3

HR (95% CI)

P value

HR (95% CI)

P value

All-cause mortality
T3-G1

3.02 (1.79–5.10) <0.001

2.84 (1.68–4.80) <0.001

1.98 (1.13–3.46)

0.017

1.67 (0.94–2.97)

0.079

T3-G2

1.60 (0.92–2.79)

1.61 (0.92–2.82)

1.17 (0.65–2.10)

0.592

1.03 (0.57–1.89)

0.912

T3-G3

Reference

0.096

0.097

Reference

Reference

Reference

Cardiovascular mortality
T3-G1

4.01 (1.60–10.05)

0.003

3.85 (1.53–9.68)

0.004

3.32 (1.26–8.79)

0.016

2.47 (0.92–6.65)

0.073

T3-G2

3.06 (1.22–7.67)

0.017

3.04 (1.21–7.68)

0.019

2.68 (1.03–7.02)

0.044

2.05 (0.77–5.48)

0.151

T3-G3

Reference

Reference

Reference

Reference

MACE
T3-G1

1.10 (0.62–1.95)

0.745

1.12 (0.63–2.02)

0.695

1.15 (0.62–2.11)

0.664

1.20 (0.65–2.23)

0.562

T3-G2

0.73 (0.39–1.36)

0.325

0.72 (0.39–1.35)

0.306

0.67 (0.36–1.27)

0.224

0.71 (0.37–1.35)

0.300

T3-G3

Reference

Reference

Reference

Reference

Hospitalization for heart failure
T3-G1

5.09 (1.14–22.80)

0.033

4.04 (0.34–9.35)

0.069

4.05 (0.82–20.08) 0.087

3.80 (0.74–19.44) 0.109

T3-G2

1.91 (0.37–9.86)

0.439

1.79 (0.90–18.15)

0.489

1.78 (0.32–9.96)

1.89 (0.33–10.74) 0.472

T3-G3

Reference

Reference

0.511

Reference

Reference

Fatal or nonfatal stroke
T3-G1

1.40 (0.59–3.30)

0.441

1.44 (0.61–3.41)

0.403

1.34 (0.53–3.44)

0.536

1.17 (0.45–3.07)

0.748

T3-G2

1.24 (0.54–2.82)

0.612

1.21 (0.53–2.76)

0.653

1.25 (0.53–2.96)

0.608

0.96 (0.39–2.37)

0.937

T3-G3

Reference

Reference

Reference

Reference

Coronary revascularization
T3-G1

1.67 (0.66–4.25)

0.279

1.59 (0.62–4.10)

0.337

1.21 (0.44–3.28)

0.711

1.57 (0.56–4.45)

0.393

T3-G2

1.01 (0.37–2.78)

0.987

1.00 (0.36–2.75)

0.992

0.82 (0.29–2.33)

0.709

1.00 (0.34–2.99)

0.993

T3-G3

Reference

Reference

Reference

Reference

Multivariable Cox regression analysis was done. The hazard ratios are for T3-G1 and T3-G2 participants with T3-G3 as reference. Model 1 adjusted for
age and sex. Model 2 adjusted for the factors in model 1 and additionally adjusted for body mass index, smoking status, history of diabetes and hypertension, dyslipidemia, and chronic kidney disease. Model 3 adjusted for the factors in model 2 and additionally adjusted for left ventricular dysfunction
(ejection fraction <40%) and emergent surgery. Total T3 tertiles: T3-G1, 0.3 to 83 ng/dL; T3-G2, 85 to 109 ng/dL; T3-G3, 110 to 163 ng/dL.
T3, triiodothyronine; HR, hazard ratio; CI, confidence interval; MACE, major adverse cardiovascular events.

another meta-analysis of 55,287 adults, particularly in those
with a TSH concentration of 10 mIU/L or greater [12]. Similarly, elevated serum TSH levels significantly increased the risk of
CHD by approximately 20% per one standard deviation in men
in a Korean cohort followed for 10 years [24].
We previously showed that SCH was associated with postoperative Afib within 3 months after CABG [16], and that postoperative Afib in SCH patients after CABG was related to an increased risk of poor postoperative outcomes, particularly coronary revascularization [17]. Although the mechanism is unclear,
TSH itself has been suggested to stimulate the proliferation of
vascular smooth muscle cells, endothelial cell damage, and inCopyright © 2020 Korean Endocrine Society

flammation, leading to atherosclerosis [25-27]. Patients with
SCH also showed increased levels of inflammatory cytokines,
lymphocytes, macrophages, and nitrotyrosine, reflecting endothelial dysfunction, but decreased collagen content in vascular
plaques [27]. In this regard, a previous study suggested that patients with SCH are susceptible to atherogenesis, which may
lead to restenosis.
Importantly, we found that CABG patients with SCH were at
an increased risk of all-cause death and cardiovascular death
during the follow-up period. An association between mortality
and SCH in CABG patients was not observed in our prior studies [16,17]. This discrepancy might reflect the increased number
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of subjects and the data retrieval method. We were able to analyze about twice as many subjects by including new patients, although it resulted in a relatively short follow-up duration of
7.5±3.9 years, compared to the follow-up period of 8.2±4.1
years in our prior study. Moreover, in this study, we collected
patients’ mortality records of the National Statistical Office in
South Korea in addition to the medical records of SNUBH.
Thus, the mortality rate and the cause of death might have been
more accurate than in previous studies, and we were able to
demonstrate that SCH increased the risk of mortality in CABG
patients. Another important finding was that the increased risk
was only observed in patients with a higher risk of CHD. In
HVS patients, the mortality rates were similar regardless of
TSH levels, providing further supporting that the risk associated
with higher TSH levels was not related to cardiac surgery, but to
conditions associated with high cardiovascular risk. Regarding
the associations of thyroid dysfunction in patients undergoing
HVS, Martinez-Comendador et al. [18] reported that SCH was
associated with an increased risk of postoperative Afib in patients undergoing aortic valve replacement, but there were limited data on the long-term outcomes of HVS patients according
to thyroid function. We did not find any significant effects of
SCH on postoperative outcomes in the HVS group, although the
number of subjects might not have been sufficient to fully elucidate the impact of SCH on the long-term prognosis in patients
with HVS.
In the subgroup analysis of euthyroid subjects, there were no
significant differences in long-term outcomes after CABG and
HVS according to the fT4 tertile, whereas the lowest T3 tertile
showed an increased risk of all-cause mortality and cardiovascular mortality, by up to 3- or 4- fold compared with the highest
T3 tertile after adjustment in model 1 and 2. Daswani et al. [28]
showed that the occurrence of CHD was associated with lower
serum free T3 (fT3) levels in the absence of primary thyroid
diseases and acute coronary syndrome. In another Korean cohort study including euthyroid subjects (n=212,456), fT4 and
fT3 levels in euthyroid patients were inversely associated with
the risks of all-cause and cancer mortality [29]. Although in this
study, fT3 levels were not measured and fT4 levels did not show
this tendency, the presence of preoperative lower total T3 levels,
as well as SCH, in CABG patients may be suggested as a poor
prognostic factor affecting long-term cardiovascular outcomes.
Furthermore, it is unclear whether the effects of SCH on longterm outcomes would be reduced by T4 replacement or whether
T3 supplementation is needed instead of T4. More randomized
controlled trials are needed to investigate this question conclu-
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sively.
This study has several strengths. The mortality and cause of
death data were very accurate, because we collected them by
double-checking the data of the National Statistical Office in
South Korea and medical records of SNUBH. In addition, to the
best of our knowledge, this study is the first to evaluate longterm cardiovascular outcomes according to SCH in patients undergoing HVS.
There are also potential limitations of this study. First, serial
follow-up of postoperative thyroid function was not performed;
therefore, we could not distinguish nonthyroidal illness before
surgery from permanent thyroid dysfunction. Second, medical
treatments affecting thyroid function such as amiodarone and
iodine contrast might have been confounding factors in our
study. Lastly, the number of patients with HVS might not have
been sufficient to confirm the effect of thyroid function on postoperative outcomes in this group. Further studies are warranted
to confirm the effects of thyroid function after other types of
cardiac surgery, including HVS.
In conclusion, SCH and low total T3 levels in euthyroid patients were associated with an increased risk of long-term mortality after CABG in patients with ischemic heart disease, in
contrast to HVS patients, who did not show such a tendency.
Preoperative evaluations of thyroid function may be a meaningful marker for long-term cardiovascular outcomes in CABG patients.
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