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ABSTRACT

Acute coronary syndrome (ACS) patients with low triiodothyronine (T3) syndrome 
characterized by low free T3 (fT3) levels with normal thyroxine (T4) and thyroid-
stimulating hormone (TSH) have a higher rate of death. The impact of fT3 on Health 
related quality of life (HRQOL) in patients with ACS is still unknown. 528 ACS patients 
treated with drug-eluting stent (DES) were included in this prospective, observational 
study. Patients were classified into low fT3 group (n=126) and normal fT3 group 
(n=402) according to serum fT3 level. Every patient was prospectively interviewed 
at baseline and 1 year following percutaneous coronary intervention (PCI). HRQOL 
was assessed with the use of the Medical Outcomes Study 36-Item Short-Form Health 
Survey (SF-36). Low fT3 patients had poorer HRQOL than normal fT3 patients both at 
baseline and 1-year follow-up (all p<0.05). During 1-year follow-up, HRQOL scores for 
all patients were significantly higher than baseline. Low fT3 patients had lesser gains 
in physical functioning, bodily pain, general health, vitality, social functioning and role 
emotional (all p<0.05). Generally, low fT3 patients demonstrated less improvement 
in Physical Component Score (PCS) (p=0.008) and Mental Component Score (MCS) 
(p=0.001). The percentage of patients reaching MCID for PCS and MCS was lower in 
low fT3 group than that in normal fT3 group (p<0.001). Multivariate linear regression 
analyses showed that low level of fT3 was an independent risk factor for PCS and 
MCS improvements. In conclusion, a low fT3 level is a predictor of worse HRQOL 
improvement in ACS patients treated with DES.

INTRODUCTION

Acute coronary syndrome (ACS) refers to a 
spectrum of life-threatening cardiac diseases in the world 
including China, and this disease not only increases the 
mortality but also impairs the health-related quality of 
life (HRQOL) [1]. HRQOL is increasing recognized as 
an important endpoint in ACS patients as a result of the 

reduced mortality. Poor HRQOL has been shown to predict 
adverse clinical outcomes [2, 3]. Modern treatments of 
ACS focus not only on improving life expectancy, but 
also on improving HRQOL in the clinical decision-making 
process and in the determination of therapeutic benefit. 
Given the importance of HRQOL, there is a need to 
identify which characteristics are predictors of subsequent 
impairments or improvements in HRQOL.
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Thyroid hormone plays an important role in the 
cardiovascular system [4]. Studies have shown that thyroid 
hormone metabolism changed after acute myocardial 
infarction or cardiac surgery, resulting in low serum 
triiodothyronine (T3) levels despite normal thyroid-
stimulating hormone (TSH) and thyroxine (T4) [5-8]. 
Accumulating studies have found that the thyroid hormone 
level, especially free T3 (fT3), has emerged as a strong 
prognostic determinant in chronic heart failure [9, 10] and 
acute myocardial infarction [11]. ACS patients with low 
level of fT3 have a poorer prognosis [12]. However, the 
relationship between fT3 and HRQOL in ACS patients 
has not been comprehensively studied. The purpose of 
this study is to evaluate the influence of fT3 on long-term 
HRQOL in ACS patients treated with drug-eluting stents 
(DES).

RESULTS

Patient population

A total of 613 consecutive patients were enrolled 
and completed the baseline HRQOL instrument. 528 
(86.1%) patients finally completed the 1-year quality 
of life assessment and were enrolled into our study for 
subsequent analysis. Of them, 402 (76.1%) patients had 
fT3 within the normal range, 126 (23.9%) patients had 
suppressed fT3 values. Fourteen patients died before 
1-year interview. There were no significant differences 
between non-respondents and respondents in terms of 
gender and most baseline characteristics except that non-
respondents were more likely to be younger (62.04 years 
vs. 65.84 years, p=0.015).

Baseline clinical characteristics

The clinical characteristics, angiographic features 
and laboratory parameters of the patients are shown 
in Table 1. Compared to normal fT3 patients, low fT3 
patients were more often female (35.7% vs. 24.6%, 
p=0.023), and less likely to have a history of prior 
percutaneous coronary intervention (PCI) (23.8% vs. 
39.5%, p=0.001). Meanwhile, they were more likely to 
have a history of diabetes (37.3% vs. 30.1%, p=0.043), 
hypercholesterolemia (3.8% vs. 8.7%, p<0.001), and 
multivessel disease (96.8% vs. 73.9%, p<0.001). Fasting 
plasma glucose (6.54±3.77mmol/L vs. 5.88±2.25mmol/L, 
p=0.016), total cholesterol (6.66±3.05 mmol/L vs. 
4.57±2.96 mmol/L, p<0.001), LDL cholesterol (2.63±0.59 
mmol/L vs. 2.47±0.86 mmol/L, p=0.047), apoprotein 
A (Apo A) (0.99±0.10 mmol/L vs. 1.11±0.54 mmol/L, 
p=0.017) and serum creatinine (112.05±40.90 umol/L 
vs. 102.78±37.79 umol/L, p=0.019) were higher in low 
fT3 group. We also found that low fT3 patients had 
lower left ventricular ejection fraction (54.67±9.81% 
vs. 58.66±8.07%, p<0.001) and higher level of pro-B-

type natriuretic peptide (NT-proBNP) than normal fT3 
patients (2130.11±2247.99 pg/ml vs. 847.72±1533.63 pg/
ml, p<0.001), indicating the impaired function of heart. 
TSH in low fT3 group was higher than normal fT3 group 
(1.76±1.51mU/L vs. 1.34±0.67mU/L, p=0.003). There 
were no significant differences in age, blood pressure, 
high sensitive C reactive protein (hsCRP), history of 
hypertension and smoking between the two groups.

Correlation of thyroid hormones with NT-
proBNP and hsCRP

lnNT-proBNP was inversely related to fT3 (r=-
0.443, p<0.001), but was not correlated with fT4 (r=0.052, 
p=0.24) and TSH (r=0.071, p=0.111). No significant 
correlations of lnhsCRP with fT3 (r=-0.068, p=0.125), 
fT4 (r=0.047, p=0.288) and TSH (r=0.055, p=0.209) were 
found.

Outcomes with respect to health-related quality 
of life

The unadjusted mean scores for each SF-36 domain 
are shown in Table 2 and Figure 1. For the overall 
population, HRQOL scores at 1-year follow-up were 
significantly higher than baseline for all dimensions 
of the SF-36 (all p<0.05), with improvements ranging 
from 3.7 points for mental health to 10.8 for physical 
health. (data not shown in Tables). Patients with low 
fT3 had lower scores for all domains of SF-36 both at 
baseline and 1-year follow-up compared with normal 
fT3 patients (all p<0.05). The Cronbach’s α coefficient of 
internal consistency was used to estimate the reliability 
of SF-36 domains. In all cases, Cronbach’s α was 0.83 
for Physical Component Score (PCS) and was 0.87 for 
Mental Component Score (MCS). The value exceeded 
the minimum standard of 0.70. The minimal clinically 
important differences (MCIDs) for PCS and MCS were 
8.18 and 6.02 respectively.

After risk adjustment, low fT3 patients improved to 
a lesser extent than normal fT3 patients for 6 dimensions 
of health, including physical functioning (4.85±9.67 
vs. 9.84±13.99, p=0.012), bodily pain (5.46±30.23 
vs. 18.91±27.35, p<0.001), general health (0.79±12.5 
vs. 5.33±17.705, p=0.010), vitality (0.34±16.57 vs. 
4.00±15.24, p=0.022), social functioning (-3.21±17.31 
vs. 9.82±22.19, p<0.001) and role emotional (1.26±49.90 
vs. 8.13±51.10, p<0.001) independent of demographic 
characteristics (age, sex), comorbid medical conditions 
(hypertension, diabetes, hypercholesterolemia, prior 
PCI, smoking), other clinical factors (number of disease 
vessels, ejection fraction) (showed in Table 3). Generally, 
low fT3 patients demonstrated less improvement in 
PCS (6.03±14.61 vs. 12.22±19.84, p=0.008) and MCS 
(0.37±16.40 vs. 6.35±18.68, p=0.001) compared with 
normal fT3 patients. The improvements of quality of life 
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for PCS and MCS in normal fT3 patients achieved MCID. 
Low fT3 group had lower percentage of patients reaching 
MCID for both PCS (58.7% vs. 76.1%, p<0.001) and 
MCS (46.8% vs. 65.2%, p<0.001) than normal fT3 group 
(Figure 2).

Multivariate linear regression analyses showed that 
female (β=-3.98, 95%CI -7.76 to -0.16, p=0.041), cigarette 
smoking (β=-8.66, 95%CI -13.05 to -4.27, p<0.001), 
diabetes (β=-8.81, 95%CI -13.07 to -4.55, p<0.001), high 

level of NT-proBNP (β=-4.02, 95%CI -8.19 to -0.026, 
p=0.042) and low level of fT3 (β=0.22, 95%CI 0.062 to 
0.382, p=0.007) were the independent risk factors for PCS 
improvement, and cigarette smoking (β=-4.70, 95%CI 
-9.26 to -0.14, p=0.043), diabetes (β-4.24, 95%CI -8.24 to 
-0.24, p=0.038), prior PCI (β=-5.94, 95%CI -8.35 to -3.37, 
p<0.001) and low level of fT3 (β=2.08, 95%CI 1.02 to 
3.13, p<0.001) were the independent risk factors for MCS 
improvement (Table 4).

Table 1: Baseline characteristics according to baseline fT3 level

Characteristics
Normal fT3 Low fT3

P-value
n=402 n=126

Female n (%) 99 (24.6) 45 (35.7) 0.023

Age (years) 68.9±10.1 70.2±10.8 0.181

SBP (mmHg) 132.49±21.77 130.06±14.30 0.234

DBP (mmHg) 75.30±12.46 76.52±11.77 0.323

Prior PCIn (%) 159 (39.5) 30 (23.8) 0.001

Diabetesn (%) 121 (30.1) 47 (37.3) 0.043

Hypertension n (%) 323 (80.3) 100 (79.4) 0.601

Hypercholesterolemia n (%) 35 (8.7) 48 (3.8) <0.001

Cigarette smoking n (%) 122 (30.3) 36 (28.6) 0.738

Left ventricular ejection fraction (%) 58.66±8.07 54.67±9.81 <0.001

No. of diseased vessels n (%)

 1 104 (25.9) 4 (3.2) <0.001

 2 121 (30.1) 27(21.4) <0.001

 3 176 (43.8) 95 (75.4) <0.001

In-hospital laboratory test

 Total cholesterol (mmol/L) 4.57±2.96 6.66±3.05 <0.001

 Triglycerides (mmol/L) 1.63±0.98 1.59±0.89 0.715

 HDL cholesterol (mmol/L) 1.03±0.27 0.98±0.16 0.043

 LDL cholesterol (mmol/L) 2.47±0.86 2.63±0.59 0.047

 ApoA1 (mmol/L) 1.11±0.54 0.99±0.10 0.017

 ApoB (mmol/L) 0.85±0.41 0.79±0.16 0.104

 Fasting plasma glucose (mmol/L) 5.88±2.25 6.54±3.77 0.016

 hsCRP (mmol/L) 9.30±7.69 10.14±7.85 0.516

 NT-proBNP (pg/mL) 847.72±1533.63 2130.11±2247.99 <0.001

 Serum creatinine (umol/L) 102.78±37.79 112.05±40.90 0.019

 fT4 (ng/L) 9.76±1.03 8.43±0.96 0.188

 TSH (mU/L) 1.34±0.67 1.76±1.51 0.003

SBP: systole blood pressure, DBP: diastolic blood pressure, PCI: percutaneous coronary intervention, hsCRP: high 
sensitive C reactive protein, NT-proBNP: N-terminal pro-brain natriuretic peptide, fT3: free T3, fT4: free T4, TSH: thyroid 
stimulating hormone.
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DISCUSSION

The most remarkable result of our study was that 
we found a significant different HRQOL in ACS patients 
with different level of fT3. ACS patients with low fT3 had 
a diminished HRQOL than normal fT3 patients no matter 
at the first time of admission to our hospital or 1 year after 
DES implantation. Meanwhile, our intensive analyses 
showed that low fT3 patients had less improvements 
in physical and mental health after 1 year follow-up 
independent of demographic characteristics (age, sex), 
smoking) and other clinical factors (number of disease 
vessels, ejection fraction). Compared to normal fT3 
patients, low fT3 patients had less likelihood to achieve 
MCID. Multivariate linear regression analyses also 
revealed that low level of fT3 was a predictor of worse 
PCS and MCS improvements after DES implantation. The 
improvements in most dimensions of SF-36 following 1 

year after DES implantation were consistent with other 
studies [13-15].

Low fT3 syndrome is characterized by low fT3 
levels with normal T4 and TSH, which is often accompany 
with chronic or severe disease. Previous studies have 
explored the incidence rate of low fT3 in ACS patients. 
Zhang et al. [12] enrolled a total of 501 patients with acute 
myocardial infarctions and found that 34.1% people had 
a low level of fT3. In a prospective, observational, and 
cross section study enrolled 400 ACS patients, Abdulaziz 
[16] found that low T3 syndrome was noticed in 10.2% 
of critically ill patients. Pfister et al. [17] assessed 615 
consecutive patients hospitalized for cardiovascular 
disease and found 7.1% patients had low-T3 syndrome. 
Our study enrolled more than 500 ACS patients and found 
about 23.9% patients had a low fT3 level, indicating that 
low fT3 is a relatively large proportion in patients with 
coronary artery disease.

Table 2: Unadjusted scores of HRQOL at baseline and 1-year following PCI according to baseline fT3 level

SF-36 Subscale
Normal fT3 Low fT3

P-value
n=402 n=126

Baseline

 PCS 54.66±21.59 41.59±11.97 <0.001

  Physical functioning 64.34±19.22 53.97±19.61 <0.001

  Role physical 41.48±43.55 16.73±21.52 <0.001

  Bodily pain 64.28±26.95 58.73±23.14 0.032

  General health 49.55±17.86 40.63±13.49 <0.001

 MCS 64.99±21.23 55.49±15.69 <0.001

  Vitality 68.04±18.63 58.97±15.68 <0.001

  Social functioning 67.07±23.99 62.52±18.85 0.018

  Role emotional 55.64±44.83 44.71±45.05 0.017

  Mental health 68.22±15.52 59.94±14.36 <0.001

1-year

 PCS 67.89±19.04 46.91±17.40 <0.001

  Physical functioning 73.17±11.74 58.92±16.38 <0.001

  Role physical 53.11±42.58 27.78±39.90 <0.001

  Bodily pain 81.19±18.89 64.19±24.87 <0.001

  General health 53.88±20.41 40.71±13.39 <0.001

 MCS 71.34±17.65 56.86±19.54 <0.001

  Vitality 72.04±17.29 59.30±15.98 <0.001

  Social functioning 77.79±18.28 58.21±21.09 <0.001

  Role emotional 63.76±43.21 44.97±44.29 <0.001

  Mental health 70.37±16.06 62.73±20.21 <0.001

PCS: physical component summary, MCS: mental component summary.
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Figure 1: Unadjusted scores of HRQOL at baseline and 1-year following PCI according to baseline fT3 level.



Oncotarget94585www.impactjournals.com/oncotarget

Thyroid hormone has an essential role in 
cardiovascular homeostasis. Clinical studies have 
revealed that low T3 syndrome had been linked to 
adverse cardiovascular prognosis in patients with 
ACS. Two studies by Özcan et al. [18] and Lazzeri et  
al. [19] involving consecutive ST-segment elevation 
myocardial infarction (STEMI) patients undergoing 
primary percutaneous coronary intervention revealed 
that the low T3 syndrome increased short- and long-
term mortality. Brozaitiene et al. [20] conducted a study 
with patients attending a cardiac rehabilitation program  

after ACS and reported an association of lower fT3 
levels with all-cause mortality. A recent study by Yazıcı 
et al. [21] also found that low T3 is related to increased 
early and late mortality in non ST-segment elevation 
myocardial infarction (NSTEMI) patients. As ACS 
mortality has decreased with improved therapies, the 
patient’s health status has been increasingly recognized 
as a critical outcome. Studies have found an association 
between cardiovascular risk factors such as smoking or 
diabetic and poor physical function [22], but rare studies 
explore the relationship of thyroid function especially low 

Table 3: Adjusted changes in HRQOL according to baseline fT3 level

Score change
Normal fT3 Low fT3

P-value
n=402 n=126

PCS 12.22±19.84 6.03±14.61 0.008

 Physical functioning 9.84±13.99 4.85±9.67 0.012

 Role physical 14.04±38.00 10.63±52.21 0.095

 Bodily pain 18.91±27.35 5.46±30.23 <0.001

 General health 5.33±17.70 0.79±12.5 0.010

MCS 6.35±18.68 0.37±16.40 0.001

 Vitality 4.00±15.24 0.34±16.57 0.022

 Social functioning 9.82±22.19 -3.21±17.31 <0.001

 Role emotional 8.13±51.10 1.26±49.90 <0.001

 Mental health 2.15±14.43 2.79±17.20 0.677

PCS: physical component summary, MCS: mental component summary.

Figure 2: Percentage of patients reaching minimal clinically important difference (MCID) for Physical Component Score 
(PCS) and Mental Component Score (MCS) in patients with low or normal fT3 level.
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fT3 syndrome and HRQOL. A cross-sectional and small 
sample study with 122 coronary artery disease (CAD) 
patients enrolled by Bunevicius et al. demonstrated that 
reduced thyroid hormone availability was associated with 
poor physical and mental components of the HRQOL [23]. 
To our knowledge, this is the first study to examine the 
impact of low T3 syndrome on HRQOL in ACS patients 
who have undergone DES implantation. We choose the 
SF-36 to evaluate health state as it has been the most 
widely used generic measure of HRQOL in medical 
research including CAD [24, 25].

Previous studies have explored the effects of 
thyroid dysfunction including overt and subclinical 
thyroid diseases on the mental and physical health 
[26]. Studies have proved that overt thyroid failure 
was associated with impaired HRQOL [27-29]. The 
relationship between subclinical thyroid disease and 
HRQOL remains controversial. Bell RJ et al. [30] 
enrolled a total of 1423 non-healthcare-seeking women 
and found that subclinical thyroid disease in women 
was not associated with lower well-being or impaired 
health-related quality of life. While Chueire et al. [31] 
found that subclinical thyroid disease increased the risk 
for depression in the elderly. Up to now, studies about 
the influence of low fT3 syndrome on HRQOL especially 
in CAD were lacking. Our study has excluded patients 
with primary thyroid disease to avoid endocrine bias, and 
we found that low fT3 was associated with worse quality 
of life in ACS patients. At 1 year follow-up, low fT3 
patients had less improvements of physical and mental 
health and less likelihood to achieve MCID compared 
to normal fT3 patients, suggesting that low fT3 is an 
independent predictor of worse level of quality of life in 
ACS patients. Our findings were consistent with some 
other studies on patients with other non-thyroidal somatic 
disorders. Bunevicius et al. revealed that lower free T3 
concentrations were associated with shorter survival and 
worse HRQOL across physical and mental health domains 

in primary brain tumor patients [32, 33]. The reduced 
T3 concentration is an independent predictor of greater 
disease severity of brain tumor patients without clinical 
thyroid disorders. They still found that in ischemic stroke 
patients, lower free T3 concentration was an independent 
predictor of poor functional and cognitive outcomes 
assessed by modified Rankin Scale (mRS) and Mini-
Mental State Examination (MMSE) [34]. Our findings 
indicate that the fluctuations of the thyroid hormone 
concentrations in the absence of overt thyroid disease 
could impact the health-status in ACS.

The exact mechanisms of effects of low fT3 on 
HRQOL are likely to be complex. Thyroid hormones 
are known to play an essential role in many biological 
processes in every tissue and could represent a catabolic 
state which had weak muscle strength and a propensity 
to fatigue. Bunevicius et al. documented that lower fT3 
concentrations were associated with increased physical 
fatigue and exertion fatigue in patients with CAD [35]. 
In addition, thyroid hormones are essential in the nervous 
system development of the human brain [36]. A lack of 
thyroid hormones during human brain development could 
lead to irreversible mental retardation and neurological 
deficits [37], thus lead to diminished mental quality of life 
[38]. The sensitivity of brain to fluctuation in the thyroid 
hormone concentration might also be responsible for 
depression in patients with CAD [39].

Our study has several limitations. First, our study 
is a single central trial and the sample size of the study is 
small. Multi-center clinical trials with large sample size 
are demanded. Second, as with any other clinical trial, 
we did not complete follow-up quality-of-life data for all 
of the eligible population. Many patients were excluded 
from the study on the basis of unfavorable anatomy for 
PCI or they refused to participate or physically incapable 
of responding. Third, our results showed only the first year 
of follow-up after PCI, long- term effects are currently 
unknown.

Table 4: Multivariate linear regression analysis for HRQOL changes at 1 year

Variables
PCS MCS

β 95%CI P value β 95%CI P value

Female -3.98 -7.76 ~ -0.16 0.041 1.21 -2.73 ~ 4.91 0.621

Cigarette smoking -8.66 -13.05 ~ -4.27 <0.001 -4.70 -9.26 ~ -0.14 0.043

Diabetes -8.81 -13.07 ~ -4.55 <0.001 -4.24 -8.24 ~ -0.24 0.038

Prior PCI -1.87 -5.65 ~ 1.83 0.336 -5.94 -8.35 ~ -3.37 <0.001

NT-proBNP -4.02 -8.19 ~ -0.026 0.042 -2.872 -7.147~ -1.403 0.283

fT3 0.22 0.062 ~ 0.382 0.007 2.08 1.02~3.13 <0.001

Propensity Score -0.053 -0.103 ~ 0.018 0.101 -0.042 -0.087 ~ 0.012 0.122

PCS: physical component summary, MCS: mental component summary, PCI: percutaneous coronary intervention, NT-
proBNP: N-terminal pro-brain natriuretic peptide, fT3: free T3.
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In conclusion, the incidence of low T3 syndrome 
is prevalent in ACS patients. Low fT3 level was an 
independent predictor of worse HRQOL improvements. 
Considering the association of lower fT3 concentrations 
with adverse clinical outcomes and worse quality of life, 
patients with ACS are recommended to be evaluated for 
low T3 syndrome. Further studies are needed to explore 
whether treatment of low T3 syndrome can improve the 
prognosis and HRQOL of ACS patients.

MATERIALS AND METHODS

Study population

Consecutive patients with a diagnosis of ACS 
(including unstable angina and myocardial infarction with 
or without ST-segment elevation) who were treated with 
DES in Shanghai Ninth people’s hospital were enrolled in 
this study. All patients received PCI under local anesthesia 
and received optimal medical therapy. Between May 2012 
and March 2014, 702 ACS patients were admitted to our 
hospital. 12 patients died in the hospital, 19 patients did 
not implant drug-eluting stent because of disease itself. 21 
patients were excluded because they refused to participate. 
37 Patients with over hyperthyroidism or hypothyroidism, 
subclinical hyperthyroidism or hypothyroidism, thyroid 
hormone replacement therapy and aminodarone therapy 
were also excluded. Finally, a total of 613 patients who 
completed the baseline HRQOL instrument constituted 
the study. All Patients were classified into low fT3 group 
(fT3<2.5 ng/L) and normal fT3 group (2.5 ng/L <FT3<3.9 
ng/L) according to the serum fT3 level.

The study protocol was approved by hospital Ethics 
Committee of the institution and written informed consent 
was obtained in all patients.

Demographic and clinical data

Data on patient demographics (age and sex), clinical 
and angiographic features (Left ventricular ejection 
fraction, blood pressure, number of diseased vessels), 
cardiovascular risk factors (diabetes, hypertension, 
hypercholesterolemia, cigarette smoking), and history of 
prior PCI were obtained through patient interview and 
review of medical records.

Biomarker measurement

All patients had a blood collection after an 
overnight fast during the first 24-48 hours of admission 
before PCI. The serum glucose and lipid profiles were 
measured with Enzymatic colorimetric (HITACHI7170A 
Analyser, Japan). NT-proBNP was measured with electro-
chemiluminescent immunoassay kit (Roche Diagnostics, 
Mannheim, Germany). hsCRP was determined using 
a high-sensitivity ELISA kit (Biocheck Laboratories, 

Toledo, OH). fT3, free T4 (fT4) and TSH, were assessed 
by chemiluminescence (Automatic Chemiluminescence 
Immune Assay System ACS180 with related kits; Bayer, 
Germany). The reference values were as follows: fT3, 2.5–
3.9 ng/L; fT4, 5.8–16.4 ng/L; and TSH, 0.34–5.6 mU/L.

HRQOL evaluation

HRQOL was evaluated with the Short-Form 36 
(SF-36) questionnaire [40] for each study subject always 
by the same trained interviewer who did not know the 
thyroid hormone levels both at the time of enrollment and 
at 1 year follow-up after DES implantation. The baseline 
questionnaires were completed in hospital at the time 
of the initial revascularization procedure, subsequent 
questionnaires were sent by mail or by outpatient clinic. 
For those who did not response to the mailed survey 
more than 2 weeks, we connected them by telephone. 
This general HRQOL instrument was chosen rather 
than more specific tools since it provides an assessment 
of subjects’ own perception of their quality of life as a 
function of their general state of health. SF-36 includes 
36-item scales measuring the following 8 health domains: 
physical functioning, role physical, role emotional, social 
functioning, bodily pain, mental health, vitality, and 
general health. Summary scores are derived by collapsing 
the 8 subscales, each scale ranges from 0 to 100, with a 
higher score corresponding to a better HRQOL. The 8 
specific domains of physical and emotional scores can be 
summarized into 2 main scores: PCS and MCS.

Clinical follow-up

All patients received clinical follow-up at 1 year 
after discharge. Major adverse cardiac events (MACE) 
including death, myocardial infarction (MI), stroke or 
repeat revascularization were recorded through direct 
patient interview in a special outpatient clinic or by 
indirect conversation with patients or their relatives by 
phones.

Statistical analysis

Statistical analysis was performed using the SPSS 
statistical package, version 19.0 (SPSS Inc, USA). 
Continuous variables were expressed as mean ± SD 
and compared with 2-tailed, unpaired student t test. 
Categorical variables were presented as counts and 
frequencies and compared with Chi square test or the 
Fisher’s exact test. The strength of association between 
two continuous variables was evaluated with Pearson 
correlation analysis or Spearman rank order correlation 
test, as appropriate. As NT-proBNP and hsCRP values 
were markedly skewed, they were natural log-transformed 
prior to analysis. The reliability and internal consistency 
of the SF-36 were assessed via Cronbach’s α and the 
Nunnally criterion of 0.7 [41]. The MCID was used to 
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evaluate whether the changes of the SF-36 score would 
be clinically meaningful [42]. The MCID was defined as 
the smallest difference in a score that patients perceived 
as beneficial and that could mandate a change in their 
management [43]. We used a distribution-based method 
to calculate the MCID values for the HRQOL instruments 
and applied the following formula: 1-SM [a change of 1 
standard error of the mean (SEM)] = SD × √ (1-α), where 
α is the Cronbach’s reliability coefficient [44]. A change 
of 1 SEM was empirically demonstrated to correspond 
to the MCID in a previous study using the SF-36, which 
indicates that the 1-SEM criterion can be applied as a 
proxy for a clinically meaningful change.

A propensity score of probability in low fT3 level 
was used to adjust for potential bias between these groups. 
This was accomplished by performing a multivariable 
logistic regression analysis using low fT3 level as the 
dependent variable and entering all demographics, 
physical examination findings, smoking statue and 
clinical accompanying disease that were likely to affect 
the probability of low fT3 level. Stepwise backward 
elimination was employed and the resultant independent 
predictors of low fT3 level were then used to calculate 
the probability of low fT3 level (propensity score). By 
introducing the propensity score into regression adjustment, 
the effect of low fT3 level was estimated by adjustment 
for the impact of background covariates. The bias in the 
background covariates between the two groups could be 
removed by adjustments made with the propensity score.

Multivariate linear regression models were created 
to identify whether the mean change of quality of life of 
low fT3 patients differed from normal fT3 patients. Each 
regression model adjusted for demographic characteristics 
(age, sex), comorbid medical conditions (hypertension, 
diabetes, hypercholesterolemia, prior PCI, smoking), and 
other clinical factors (number of disease vessels, ejection 
fraction). The propensity score was forced into all the 
models as covariate to balance the potential bias. Multiple 
imputation strategy was employed to account for missing 
scores which could potentially produce selection bias from 
survey non-responders. The results of sensitivity analysis 
using imputed data were similar to analytic cohort and 
were not presented in this paper. All tests of significance 
were two-tailed and a P<0.05 was considered significant.
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