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Background: Recent studies have focused on the association between thyroid function within normal range
and cardiovascular diseases, especially on free triiodothyronine (FT3) levels. This study aims to evaluate
the effects of normal FT3 level on new-onset atrial fibrillation (AF) in patients with surgical coronary
revascularization.

Methods: The patients who underwent surgical coronary revascularization were enrolled in the
retrospective study. Thyroid function was tested after an overnight fast on the first morning of
hospitalization. Serum FT3 level was divided into quartile groups within the normal range. Hazards ratios
(HRs) of FT73 level for AF were analyzed by COX proportional hazard model.

Results: This study included 503 patients with a mean [standard deviation (SD)] age of 63 (9) years, and
396 (78.73%) were male. Post-operative AF (POAF) occurred in 120 (23.86%) patients at a median of two
days after surgical coronary revascularization. The cumulating incidence of AF was significantly higher in the
FT3 quartile 1 (Q1) group especially in older patients as evidenced by Kaplan-Meier analysis. Additionally,
the patients who experienced AF had longer hospital stays, the same result was also found in the FT3 QI
group. Further study demonstrated that low-normal FT3 was an independent predictor of POAF [HR =1.52,
95% confidence interval (CI): 1.01, 2.28, P=0.045].

Conclusions: Low-normal FT3 is associated with an increased risk of POAF and is an independent
predictor of POAF. Patients who experienced AF have longer hospital stays. The findings may help to

identify patients with surgical coronary revascularization at a higher risk for the development of AF.
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Introduction ventricular arrhythmia, mortality and health-care costs (2,3).
It is important to identify patients at high risk of developing

New-onset atrial fibrillation (AF) is the most common AF following surgical coronary revascularization.

complications after coronary artery bypass graft (CABG) Thyroid function abnormalities are intimately correlated
with a reported incidence of 20-40% (1). Post-operative AF with cardiovascular diseases. Thyroid hormone consists
(POATF) is associated with increased stroke, life-threatening of thyroxine (T4) and triiodothyronine (T3), and the
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cardiomyocytes does not convert T4 to T3. In other
word, T3 is the bioactive form of thyroid hormone
for cardiomyocytes and plays an important role in
cardiovascular regulation (4). Hypothyroidism has been
found to be linked to an increased incidence of POAF in
a prospective study (5). Even in euthyroid subjects with
normal serum thyroid-stimulating hormone (TSH), free-
triiodothyronine (FI3), free-thyroxine (FT'4), high-normal
FT4 concentrations have been shown to be associated with
increased risk of AF (6).

More importantly, recent studies have focused on the
role of FT3 level within the normal range in cardiovascular
diseases and the long-term prognosis. Low-normal FT3
level aggravated cardiac dysfunction and was associated
with poor prognosis in euthyroid patients with heart failure
(7,8). Recent study reported that both high and low FT3
levels were associated with AF recurrence after catheter
ablation (9). Additionally, T3 administration in patients
before CABG improved cardiac output but did not alter the
requirement of standard postoperative therapy (10).

Until now, no studies have been published about the
impact of normal FT3 levels on POAF. Accordingly,
this study aims to assess the relationship between serum
FT3 levels within the normal range and the risk of AF
following surgical coronary revascularization. We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-1646/rc).

Highlight box

Key findings

* Low-normal free triiodothyronine (FT3) is an independent
predictor of post-operative atrial fibrillation (POAF) after model
adjustment. The hospital stays of patients who developed POAF
were longer.

What is known and what is new?

* Recent studies have focused on the association between thyroid
function within normal range and cardiovascular diseases,
especially on FT3 levels.

® This study aims to evaluate the effects of normal FT3 level on
new-onset atrial fibrillation (AF) in patients with surgical coronary

revascularization.

What is the implication, and what should change now?

* The findings may help to identify patients with surgical coronary
revascularization at a higher risk for the development of AF
and provide clinical significance in thyroid function before the

operation and even redefinition of the optimal reference range.
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Methods
Participants

From January 2017 through October 2022, 503 eligible
patients who underwent surgery coronary revascularization,
including off-pump CABG and one-stop hybrid coronary
revascularization, were retrospectively enrolled in our
study. We excluded the patients with abnormal thyroid
function, prior thyroid disease, abnormal electrolyte, atrial
arrhythmia, valvular disease and cardiac pacemaker. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by the institutional ethics committee of Beijing Chaoyang
Hospital, Capital Medical University (No. 2019-ke-372)
and individual consent for this retrospective analysis was
waived.

Thyroid function

We evaluated thyroid function by measuring serum FT3,
FT4 and TSH levels. Pre-operative thyroid function was
tested on the first day of hospitalization. Serum FT3 level
was divided into quartile groups. The normal range of FT3
level was 2.3-4.2 pg/mL.

Clinical data collection and AF diagnosis

Data on patients’ baseline characteristics including age,
gender, body mass index (BMI), previous medical history
including diabetes mellitus, hypertension and myocardial
infarction, echocardiography indicators like left atrial
diameter (LAD), left ventricular end-diastolic diameter
(LVEDD), left ventricular end-systolic diameter (LVESD)
and left ventricular ejection fraction (LVEF), post-
operative factors including hemoglobin Alc (HbAlc),
brain natriuretic peptide (BNP), post-operative ratio of
neutrophile and lymphocyte (post N/L), cardiac troponin
I (¢TNI), lactate dehydrogenase (LDH) and pre-operative
ratio of neutrophile and lymphocyte (pre-N/L) were
collected by trained clinicians. The diagnostic POAF was
the disappearance of P wave instead of f wave indicated
by electrocardiograph monitoring within seven days after
surgical coronary revascularization.

Statistical analysis

SPSS software version 26.0 (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis in this study. Figures
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were created using GraphPad Prism 9.4 (La Jolla, CA,
USA). Continuous data that conformed to normal
distribution were presented as mean * standard deviation
(SD) and analyzed by independent Student’s 7-test while
the median interquartile range (IQR) was used for non-
normal distribution and performed by non-parametric test.
Numerous normally distributed variables were analyzed
by One-way analysis of variance (ANOVA) test followed
by the Bonferroni post hoc test and the Kruskal-Wallis H test
were used for nonparametric tests of multiple independent
samples. Categorical variables were shown as percentages and
were analyzed using Chi-squared tests or Fisher exact tests.
Pearson correlation test was used to analyze the correlation
between FT73 levels and age. Receiver operating characteristic
(ROC) curve analysis was performed to identify the cutoff
value. Kaplan-Meier curves were used to determine AF-free
events. Univariate and multivariate regression analyses were
performed to evaluate the value of FT3 level in POAF. A P

value <0.05 was considered significant.

Results
Baseline characteristics of enrolled participants

A total of 503 patients (396 men and 107 women) were
enrolled in this study. New-onset AF occurred in 120
patients (23.86%) which happened at day 2 (IQR, 2, 3). The
participants were divided into two groups according to the
occurrence of AF (Table 1). Age, post-operative laboratory
parameters including BNP and LDH were significantly
higher in the AF group compared with the non-AF group (all
P<0.05). It was reported that LAD independently associated
with AF following CABG (11). Consistently, the present
study revealed that LAD was markedly bigger in the AF
group (38.83+4.91 vs. 37.13+4.28 mm, P=0.001). Cardiac
function showed by LVEF was worse in patients with AF
[59% (IQR, 42%, 68%) vs. 64% (IQR, 58.25%, 68%),
P=0.01]. AF patients showed longer hospital stays [23 (IQR,
20, 29) vs. 21 (IQR, 17, 25) days; P<0.001]. No significant
differences were observed in gender, BMI, thyroid function
and serum lipid levels.

Characteristics of patients according to FT3 quartile

We further divided participants into four groups according
to serum FT3 levels. Baseline characteristics of subgroups
according to the quartile range of FT3 among those with
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normal FT3 levels are shown in 7izble 2. Among patients
with normal range of FT3 levels, we performed the analysis
of the low-normal FT3 group [the lowest quartile of FT3
levels, quartile 1 (Q1)] with those of remaining patients
(quartiles 2—4) in addition to comparisons among the
four quartiles. The FT3 Q1 group included older age
(65.41+8.24 vs. 61.78+8.64 years), lower BMI (25.02+3.59
vs. 25.85+3.06 kg/m’) and fewer male patients (69.41%
vs. 83.48%) than F13 Q2-4 group (all P<0.05). More
importantly, the occurrence of AF was markedly higher
in the Q1 group compared with the Q2-4 group (31.18%
vs. 20.12%, P=0.006). Additionally, longer hospital stays
were observed in the Q1 group [23 (IQR, 19, 28.5) vs.
21 (IQR, 17, 25) days, P=0.001]. Free T4 level in the Q1
group was lower than those in the Q2—4 group. Patients
in the FT3 Q1 group had a worse cardiac function,
showed by decreased LVEF and increased BNP and
severe inflammatory response showed by inflammatory
biomarker LDH (all P<0.05). There were no differences in
hypertension and cardiac structure parameters between the
QI group and Q24 group.

Accumulating incidence of AF in quartiles of FT3 level by
using Kaplan-Meier analysis

The lower FT3 group (FT3 Q1) had higher AF occurrence
in all patients. A big data analysis suggested that F'T'3 levels
were significantly decreased with age (12). Another study
demonstrated a decrease of FT4 conversion to FT3 with
age, indicating that the observation may be part of the
aging process (13). The present study reported that serum
FT3 levels were negatively correlated with age (r=-0.24,
P<0.001). Thus, we further performed subgroup analysis
based on age and found that the incidence of AF was
markedly increased in FT3 QI group in older patients (age
>65 years). However, we further conducted the interaction
test and the results showed that there was no significant
interaction in age and FT3 in multivariable regression
analysis [HR =1.27, 95% confidence interval (CI): 0.59,
2.67, P=0.54]. The above results revealed that patients with
lower FT3 levels had a significantly higher AF occurrence,
especially in older patients (Figure I).

Clinical predictors of AF in patients with normal thyroid
function

Based on the above results, ROC analysis was performed to
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Table 1 Baseline characteristics of patients grouped by AF occurrence

Hua et al. Association of FT3 and POAF

Characteristics All (n=503) Non-AF (n=383) AF (n=120) P value
Demographic data
Age, years 63.01+8.67 62.09+8.80 65.93+7.56 <0.001
Male 396 (78.73) 304 (79.37) 92 (76.67) 0.53
BMI, kg/m® 25.57+3.27 25.72+3.32 25.07+3.07 0.054
Hypertension 345 (68.59) 261 (68.15) 84 (70.00) 0.70
Diabetes mellitus 196 (38.97) 153 (39.95) 43 (35.83) 0.42
Previous myocardial infarction 36 (7.16) 26 (6.79) 10 (8.33) 0.57
Smoke 282 (56.06) 218 (56.92) 64 (53.33) 0.49
Blood laboratory parameters
FT3, pg/mL 2.96+0.38 2.97+0.37 2.90+0.39 0.07
FT4, ng/dL 1.20+0.19 1.20+£0.19 1.20+0.18 0.91
TSH, ulU/mL 1.85[1.22, 2.80] 1.77 [1.28, 2.71] 1.64 [1.06, 2.80] 0.55
HbA1c, % 6.75+1.39 6.75+1.44 6.75+1.21 0.99
Uric acid, pmol/L 323.98+105.80 327.79+103.84 312.07+111.31 0.16
Creatinine, pmol/L 88.32+38.48 87.71+41.46 90.28+26.95 0.52
Hcy, mmol/L 16 [13, 20] 16 [13, 21] 19[15, 22] 0.07
Lipoprotein (a), mg/dL 9.1 [4.9, 19.43] 8.8 [4.70, 17.58] 8.20 [4.40, 17.10] 0.82
BNP, pg/mL 131 [54.09, 315] 115.50 [47.25, 316.80] 207 [72, 498] 0.007
Pre-N/L 2.24[1.68,2.91] 2.06 [1.62, 2.89] 2.38[1.65, 3.14] 0.54
Post-N/L 7.6[5.42,12.17] 6.98 [5.23, 11.30] 7.80 [5.20, 12.17] 0.70
cTNI, ng/mL 0.73[0.28, 2.50] 0.80[0.27, 2.76] 1.02 [0.47, 6.93] 0.059
LDH, U/L 204 [170, 257] 191 [166, 239.25] 236 [205, 296] <0.001
Echocardiography
LAD, mm 37.54+4.49 37.13+4.28 38.83x+4.91 0.001
LVEDD, mm 49 [46, 53] 48.5 [45, 52] 51 [46, 56] 0.09
LVESD, mm 31 [28, 36] 31 [28, 35] 33 [29, 43] 0.033
LVEF, % 63 [56, 68] 64 [58.25, 68] 59 [42, 68] 0.01
Hospital stays, days 21 [18, 26] 2117, 25] 23 [20, 29] <0.001

Data are presented as mean + standard deviation or median [interquartile range] or n (%). AF, atrial fibrillation; BMI, body mass index;
FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; HbA1c, hemoglobin Alc; Hcy, homocysteine; BNP,
brain natriuretic peptide; pre-N/L, preoperative ratio of neutrophile and lymphocyte; post-N/L, post-operative ratio of neutrophile and
lymphocyte; cTNI, cardiac troponin I; LDH, lactate dehydrogenase; LAD, left atrial diameter; LVEDD, left ventricular end-diastolic diameter;
LVESD, left ventricular end-systolic diameter; LVEF, left ventricular ejection fraction.

identify the cutoff value of age, LAD, LVESD and LVEEF.
In univariate analysis, lower FT3, age >65 years, LAD
>42.5 mm, LVEF <60.5%, LVESD >37.5 mm, BNP and
LDH were significantly associated with POAF (7able 3).

After adjusting the model, low-normal FT3 remained an
independent predictor of POAF. Moreover, age >65 years,
LAD >42.5 mm and LDH were also independent predictors
of POAF (Table 3, Figure 2).
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Figure 1 The accumulated incidence of POAF in quartiles of FT3 level. (A) POAF free survival in all patients according to FT3

Q1-4 groups. (B) POAF free survival in all patients in FT3 Q1 group and Q24 group. (C) POAF free survival in younger (age <65 years)

patients according to FT3 Q1-4 groups. (D) POAF free survival in younger (age <65 years) patients based on FT3 Q1 group and

Q2-4 group. (E) POAF free survival in older (age >65 years) patients according to FT3 Q1-4 groups. (F) POAF free survival in older (age

>65 years) patients based on FT3 Q1 group and Q2—4 group. AF, atrial fibrillation; FT3, free triiodothyronine; POAF, post-operative atrial

fibrillation; Q1-4, quartiles 1-4.

Discussion

In the present study, FT3 level in Q1 (£2.8 pg/mL) was
associated with an increased risk of POAF and was an
independent predictor of POAF, with thyroid function
within the normal range. The hospital stays of patients who
occurred AF were longer. Serum FT73 level was negatively
correlated with age.

POAF is the common complication in patients following
CABG. It has been reported that POAF is associated with
an increased risk of poor prognosis (3). It is important to

© Journal of Thoracic Disease. All rights reserved.

identify risk factors of POAF in order to better prevent
POAF.

Thyroid dysfunction has a great influence on
cardiovascular diseases. It is well known that AF is a
recognized manifestation of the hyperthyroid state (14).
Recent studies have demonstrated that hypothyroidism led
to AF. In animal study, hypothyroidism leads to increased
AF vulnerability due to shortening of atrial effective
refractory period and the fact that thyroid replacement
therapy could maintain cardiac electrophysiology and
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Table 3 Univariate and multivariable COX regression analysis
Univariate Multivariable
Variables
HR 95% CI P value HR 95% ClI P value

Lower FT3 (2.3-2.8 pg/mL) 1.61 1.12,2.31 0.009 1.52 1.01,2.28 0.045
Age =65 years 1.79 1.24,2.58 0.002 1.57 1.05,2.35 0.029
LAD >42.5 mm 2.63 1.75, 3.96 <0.001 1.97 1.23,3.17 0.005
LVEF <60.5% 1.75 1.22,2.50 0.002 1.42 0.88, 2.30 0.15
LVESD >37.5 mm 1.97 1.34,2.89 0.001 1.27 0.74,2.19 0.38
BNP 1.001 1.000, 1.001 0.014 1.000 0.999, 1.000 0.74
LDH 1.002 1.001, 1.004 <0.001 1.002 1.001, 1.004 0.001
HbA1c 0.99 0.87,1.14 0.91 1.002 0.84,1.20 0.98
Creatinine 1.001 0.997, 1.005 0.56 0.997 0.99, 1.005 0.42

HR, hazard ratio; Cl, confidence interval; FT3, free triiodothyronine; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; LVESD,

left ventricular end-systolic diameter; BNP, brain natriuretic peptide; LDH, lactate dehydrogenase; HbA1c, hemoglobin Alc.

Adjusted HR (95% ClI) P value

Lower FT3 J e 1.52 (1.01, 2.28) 0.045
Age =65 years 1 — 1.57 (1.05, 2.35) 0.029
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BNP T 1.000 (0.999, 1.000) 0.74
LDH A 1.002 (1.001, 1.004) 0.001
HbA1c }—+—< 1.002 (0.84, 1.20) 0.98
Creatinine ‘f 0.997 (0.99, 1.005) 0.42

L 1 1

0 1 4

Figure 2 Forest plot of multivariate COX regression analysis. FT3, free triiodothyronine; LAD, left atrial diameter; LVEE, left ventricular
ejection fraction; LVESD, left ventricular end-systolic diameter; BNP, brain natriuretic peptide; LDH, lactate dehydrogenase; HbAlc,

hemoglobin Alc; HR, hazard ratio; CI, confidence interval.

prevent structural remodeling with hypothyroidism (15,16).
Moreover, hypothyroidism was found to be associated with an
increased risk of AF following cardiac injury (5). Particularly,
increasing clinical studies have focused on the association
between thyroid function within the normal range and
AF. Anderson et al. reported that higher FT4 levels within
the normal range were associated with the increased risk
of AF (17). A prospective study of 477 individuals found
that high-normal TSH level had higher incidence of atrial
tachyarrhythmia recurrence after catheter ablation of
AF (18). Additional prospective cohort study found that
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low T3 syndrome was correlated with poor prognosis
in heart failure patients (8). Previous systematic review
demonstrated that preoperative factors including older age,
creatinine level, worse cardiac function, hypertension and
perioperative factors like perfusion time, use of inotropes
and re-operation were associated with the risk of POAF
following CABG (19). Other study monitored the dynamic
levels of FT3 and found that decreased tendency in FT3
values was prominent on the postoperative second day,
which is the most common day for arrhythmia following
cardiac surgery (20). Interestingly, CABG-related euthyroid
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sick syndrome exerted detrimental effects on in-hospital
adverse cardiovascular outcomes (21). Recently, off-pump
CABG and one-stop hybrid coronary revascularization
become the common effective ways of surgical coronary
revascularization, which avoid the negative effects of
cardiopulmonary bypass.

Thus, the present study aimed to investigate the
association between preoperative thyroid function within
the normal range, and POAF in patients with surgical
coronary revascularization. This study excluded abnormal
thyroid function in order to control potential confounders.
There were 503 patients enrolled in this study. AF
occurred in 120 patients (23.68%) which was consistent
with the previous study (22). In addition, the patients who
experienced AF had longer hospital stays. Low F13 level
predicted POAF in patients with CABG while the study did
not confine normal FT3 level (23). Considering the fact that
normal thyroid function is correlated with cardiovascular
diseases, the present study explored the association between
normal thyroid hormone levels and POAF following
surgical coronary revascularization and help to provide a
basis on redefinition of the optimal reference range. Our
study observed that the incidence of AF was significantly
higher in FT3 Q1 group. Other study found that decreased
tendency in FT3 values was prominent on the postoperative
second day (20), our study also reported that AF occurred
at day 2. These results indicated that lower FT3 level was
strongly associated with AF.

To make the HR comparable, the continuous predictor
variables were dichotomized for age, LAD, LVESD and
LVEF. Analysis of big data derived from normal thyroid
function test showed that FT3 levels were significantly
decreased with age (12). Our study also found that serum
FT3 level was negatively correlated with age (r=-0.24,
P<0.001) and patients in FT3 Q1 was older than Q2—4 group
(65.41+8.24 vs. 61.78+8.64, P<0.001). Advancing age was
associated with a step-wise increased prevalence of AF (24).
The present study also revealed that age >65 years was an
independent predictor of POAF, which was similar with the
reports of Seo et al. (19). Further study was performed to
evaluate the association between FT73 level and POAF based
on age. The results demonstrated that low-normal FT'3 was
significantly associated with increased risk of AF, especially
in older patients. Univariate analysis revealed that F13 in
QI was a predictor of POAF. After adjusting for the factors
that significantly in univariate analysis, multivariable COX
analysis showed that FT3 in Q1 was still an independent
predictor of POAF. In addition, a systematic review reported
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that intraoperative factors like perfusion time and use of
inotropes were associated with AF following CABG (19), our
study involved postoperative factors including inflammatory
and myocardial injury markers which reflex operative-
related status in the study and found that postoperative
LDH level was also independently associated with increased
risk of POAF following surgical coronary revascularization.

In a randomized double-blind study, FT3 supplementation
increased cardiac output and decreased the incidence
of POAF after cardiac operations in 5 days, but did not
decrease POAF at day first (10,25). Additionally, intravenous
T3 did not change hemodynamic variables (26). In clinical
practice, preoperative FT3 supplementation in patients with
low-normal FT3 concentration is in debate and needs to be
identified by large randomized cohort studies.

POATF is correlated with poor prognosis in euthyroid
patients after CABG. Our study demonstrated that the
occurrence of AF was high in low-normal FT3 group. And
patients with AF had longer hospital stays. Interestingly,
the longer hospital stays were observed in FT3 Q1 group.
Furthermore, a recent study reported that low FT3 was an
independent predictor of all-cause mortality in heart failure
patients (27). Based on the above results, long-term follow-
up is needed to be performed in this study to evaluate the
association between normal thyroid function and prognosis
in patients with surgery coronary artery revascularization.

This study has several limitations. Not all patients
admitted to the hospital had thyroid function test, patients
who did not have the evaluation of thyroid function
were excluded in this study, which leads to the relatively
smaller sample size. The present study did not analyze the
association between FT3 level and long-term prognosis
in patients with surgical coronary revascularization.
Additionally, the dynamic postoperative FT3 levels should
be tested and future studies were needed to explore the
therapeutic effects of FT3 administration in patients with
surgical coronary revascularization.

Conclusions

FT3 level in Q1 (£2.8 pg/mL) is associated with an
increased risk of POAF and is an independent predictor
of POAF, with thyroid function within the normal range.
Moreover, the hospital stays of patients who developed AF
were longer. Serum FT3 level was negatively correlated
with age and hospital stays. These findings provide clinical
significance in thyroid function before the operation and
even redefinition of the optimal reference range.
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