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Free triiodothyronine to free
thyroxine ratio as a marker of
poor prognosis in euthyroid
patients with acute coronary
syndrome and diabetes after
percutaneous
coronary intervention
Shen Wang, Yue Wang, Shuaifeng Sun, Fadong Li,
Wenxin Zhao, Xinjian Li, Maomao Ye,
Yufei Niu and Xiaofan Wu*

Department of Cardiology, Beijing Anzhen Hospital, Capital Medical University, Beijing, China
Objectives: In recent years, the free triiodothyronine/free thyroxine (FT3/FT4)

ratio, a new comprehensive index for evaluating thyroid function, which could

reflect thyroid function more stably and truly than serum thyroid hormone level,

has been demonstrated to correlate with the risks of diabetes and cardiovascular

disease in euthyroid adults. However, the correlation between thyroid hormone

sensitivity and long-term prognosis in euthyroid patients with acute coronary

syndrome (ACS) and diabetes after percutaneous coronary intervention (PCI)

remains unclear.

Methods: A total of 1,786 euthyroid patients with ACS who successfully

underwent PCI at Beijing Anzhen Hospital from August 2021 to April 2022

were included in our study, which was divided into three groups according to

tertiles of thyroid hormone sensitivity index. Cox regression, Kaplan–Meier, and

receiver operating characteristic analyses were applied to analyze the

associations between the FT3/FT4 ratio with ACS and diabetes after PCI.

Results: Our analysis indicated that a lower level of FT3/FT4 ratio in euthyroid

patients with acute coronary syndrome (ACS) and diabetes after PCI showed

significantly higher incidences of major adverse cardiac and cerebrovascular

events (MACCE) when compared with a higher level of FT3/FT4 ratio. After

adjusting for other covariates, patients with a lower level of FT3/FT4 ratio were

negatively associated with the risk of MACCE than those with a higher level of

FT3/FT4 ratio (adjusted OR =1.61, 95% CI 1.05–2.47, P = 0.028). In subgroup

analyses, individuals were stratified by age, sex, BMI, ACS type, hypertension, and

dyslipidemia, showing that there were no significant interactions between the

FT3/FT4 ratio and all subgroups for MACCE. In addition, the FT3/FT4 ratio
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performed better on ROC analyses for cardiac death prediction [area under the

curve (AUC), 0.738].

Conclusion: A reduced level of FT3/FT4 ratio was a potential marker of poor

prognosis in euthyroid patients with ACS and diabetes after PCI.
KEYWORDS

FT3/FT4 ratio, prognosis, acute coronary syndrome, percutaneous coronary
intervention, diabetes
Introduction

Recent research studies show that more than seven million

people worldwide are newly diagnosed with acute coronary

syndromes (ACS) each year, and about 5% of people with ACS

die before they are discharged from the hospital (1, 2). In patients

with ACS, the risk of all-cause in-hospital death of patients with

diabetes is twice that of patients without diabetes. Moreover,

patients with ACS with diabetes have worse long-term prognosis

than patients with ACS alone. The risk of major adverse cardiac and

cerebrovascular events (MACCE) was 1.5 times that of those

without diabetes, and long-term mortality was 50% higher in ACS

patients with diabetes than in non-diabetic patients (3, 4). Studies

also found that patients with diabetes have a higher ratio of high-

risk plaques (or vulnerable plaques) in culprit lesions and non-

culprit lesions for ACS than those without diabetes, the same as a

worse long-term prognosis (5, 6).

Previous studies have also found that coronary heart disease

and diabetes are closely related to thyroid hormone.

Hyperthyroidism, hypothyroidism, and subclinical thyroid

diseases are related to MACCE of cardiovascular system diseases

(7–10). The potential mechanisms may include cellular

inflammatory responses, vascular endothelial cell damage,

dyslipidemia, atherosclerosis, and cardiac dysfunction (11, 12).

Recently, the ratio of free triiodothyronine (FT3) to free thyroxine

(FT4), as an indirect index reflecting the conversion of T4 to T3

and the peripheral deiodinase activity (13, 14), can better reflect

the real thyroid function status than the serum levels of thyroid

function indicators, including thyroid-stimulating hormone

(TSH), triiodothyronine (TT3), thyroxine (TT4), FT3, and FT4.

Moreover, it has been gradually confirmed that it is associated

with the risk of hypertension, cardiovascular disease, pre-diabetes,

diabetes, metabolic syndrome, renal insufficiency, and residual

cholesterol levels in euthyroid patients (9–12, 15, 16). A lower

FT3/FT4 ratio is related to an adverse prognosis in different

cohorts with myocardial infarction with nonobstructive

coronary arteries (MINOCA) and CAD (17). However, the

correlation between the FT3/FT4 ratio and long-term prognosis

in euthyroid patients with ACS and diabetes after PCI remains

unclear. Therefore, the objective of this prospective study is to
02
assess the potential relationship between the FT3/FT4 ratio and

poor prognosis in euthyroid patients with ACS and diabetes after

PCI. It is expected to provide some clinical reference value for the

prevention, screening, and improvement of the prognosis of

the disease.
Method

Study population

This prospective cohort study enrolled 1,786 euthyroid patients

with ACS and diabetes who successfully underwent PCI, and only

the culprit lesion was performed at Beijing Anzhen Hospital from

August 2021 to April 2022. Patients who were classified under the

following criteria were excluded: (1) infectious disease, (2) blood

diseases, (3) malignant neoplasms, (4) liver and kidney diseases,

(5) pregnant or lactating women, (6) other drugs that can affect

thyroid function, such as amiodarone, (7) patients who had a

history of thyroid disease, taking thyroid drugs, or thyroid

surgery and who have not received thyroid function tests, and (8)

history of hypothalamus or pituitary disease. This prospective

cohort study follows the principles of the Declaration of Helsinki.

All participants signed a written informed consent. Blood samples

were collected in the morning after overnight fasting and tested on

the same day using standard laboratory methods in the central

laboratory. The thyroid function profile was measured

quantitatively by direct chemiluminescence method (ADVIA

Centaur, Siemens, USA), including serum FT3, FT4, and TSH,

which was performed in the morning after admission. The normal

reference intervals of our hospital were as follows: FT3, 3.28 to 6.47

pmol/L; FT4, 7.64 to 16.03 pmol/L; and TSH, 0.49 to 4.91 mIU/L.

Euthyroid is defined as circulating TSH level; FT3 and FT4 are

within the reference range. The WHO hypertension guidelines

define the initial diagnosis of hypertension as systolic blood

pressure greater than 140 mmHg or diastolic blood pressure of

not less than 90 mmHg (18). Diabetes was defined as fasting blood

glucose ≥7.0 mmol/L, 2-h plasma glucose ≥11.1 mmol/L, or having

a diabetic history (19). Dyslipidemia was diagnosed by medical

history or having low-density lipoprotein (LDL) cholesterol ≥3.4
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mmol/L, high-density lipoprotein cholesterol<1.0 mmol/L, or

triglyceride ≥1.7 mmol/L (20).
Study endpoints and follow-up

Clinical follow-up was conducted by a skilled clinician through

outpatient or telephone visits. All patients were followed for an

average of 16 months. A group of clinical cardiologists made a joint

decision on the classification of the endpoint events. The primary

endpoint was major adverse cardiac and cerebrovascular events

(MACCE), including all-cause death, nonfatal myocardial

infarction (MI), revascularization, and nonfatal stroke. The

secondary endpoints included cardiac death, hospitalization for

heart failure (HF), unstable angina (UA), and each component of

MACCE. All deaths are considered cardiac deaths unless a non-

cardiac cause is established. Revascularization was defined as

unplanned revascularization (PCI or CABG) associated with the

target lesion. A stroke is defined as any sudden, focal, or global

neurological impairment caused by cerebral ischemia or bleeding

that lasts for more than 24 h or results in death (with CT or MRI

imaging evidence).
Statistical analysis

Continuous variables that fit the normal distribution were

presented as mean ± standard deviation, and correlations between

continuous variables were evaluated using Pearson product

difference analysis (Pearson r) or Spearman rank correlation

analysis (Spearman r). Continuous variables that are not normally

distributed are described by the median of the quartile interval.

Categorical variables were represented by percentiles, and

correlations were analyzed using chi-square tests. Kaplan–Meier

method was used to construct a survival curve, and log-rank test
Frontiers in Endocrinology 03
was used to compare the differences between groups. Univariate

and multivariate Cox proportional hazard regression were used to

evaluate the relationship between FT3/FT4 ratio levels and

prognosis. The screening of confounding factors in the

multivariate Cox proportional hazards model was mainly based

on statistically significant clinical variables after univariate Cox

regression analyses (P < 0.05). Then, we also incorporated

confounding variables (age, gender, and BMI) that may affect the

clinical prognosis of ACS into the model to obtain more accurate

HR results as much as possible. Cox model 1 was the unadjusted

model; model 2 was adjusted by confounding factors including age

and sex; and model 3 was further adjusted for BMI, ACS

classification (UA or NSTEM or STEMI), hypertension, and

dyslipidemia. The area under the curve (AUC) is defined using

receiver operating characteristic curve (ROC) analysis. A two-tailed

P-value of <0.05 was statistically significant. R version 4.2.3. and

SPSS version 25.0 (SPSS, Chicago, IL, USA) were used to perform

statistical analysis.
Results

Patients’ baseline characteristics

The patients were divided into three groups according to the

decrease in FT3/FT4 ratio (tertile 1: FT3/FT4 ≥0.45, n = 595; tertile

2: 0.39 ≤ FT3/FT4 <0.45; n = 594; tertile 3: FT3/FT4 <0.39; n = 597)

(Figure 1). In Table 1, the proportions of patients who were older,

had hypertension, and were female are significantly higher in the

lowest FT3/FT4 tertile, as well as the level of BMI and HbA1c (all

p < 0.05). The three groups did not exhibit any statistically

significant differences in terms of MI, PCI, CABG, LDL-C, LVEF,

creatinine levels, and drug utilization (all p > 0.05). We also

collected and analyzed the PCI data of patients in the three

groups and found that there was no statistical difference in terms
FIGURE 1

Study flowchart.
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of multi-vessel lesions, lesion types, number of stents, and so on

(Supplementary Table S1).
Relationship between the FT3/FT4 index
and clinical endpoint events

In Table 2, 148 euthyroid patients with ACS developed MACCE

(31 died, 17 had nonfatal MI, 18 had a nonfatal stroke, and 100 suffered

from revascularization) during the median follow-up time of 16

months; meanwhile, 125 patients were hospitalized for unstable

angina, and 20 patients were hospitalized for heart failure. The group

with a lower FT3/FT4 ratio had a significantly higher incidence of

MACCE, and it increased with decreasing FT3/FT4 tertiles (6.1%,

8.4%, and 10.4%; p = 0.025). Patients with lower levels of FT3/FT4 ratio

were associated with a significantly higher incidence of long-term
TABLE 1 Baseline characteristics of the study population grouped by
FT3/FT4 ratio.

Q1
(n = 595)
(fT3/fT4
≥ 0.45)

Q2
(n = 594)
(0.39 ≤

fT3/fT4
< 0.45)

Q3
(n = 597)
(fT3/fT4
< 0.39)

P

Age, year 58.15 ± 9.27 60.37 ± 9.40 63.35 ± 9.69 <0.001

Male 468(78.7) 433 (72.9) 386 (64.7) <0.001

Hypertension 418 (70.3) 416 (70.0) 461 (77.2) 0.007

Diabetes 595 (100) 594 (100) 597 (100) 1.0

Hyperlipidemia 517 (86.9) 512 (86.2) 481 (80.6) 0.004

Current smoking 167 (28.1) 194 (32.7) 152 (25.5) 0.508

Prior-PCI 229 (38.5) 208 (35.0) 196 (32.8) 0.120

Prior-MI 103 (17.3) 90 (15.2) 95 (15.9) 0.590

Prior-CABG 16 (2.7) 17 (2.9) 16 (2.7) 0.977

Prior stroke 41 (6.9) 49 (8.2) 65 (10.9) 0.045

PAD 23 (3.9) 16 (2.7) 23 (3.9) 0.448

LVEF, % 61.09 ± 7.41 61.33 ± 6.99 59.68 ± 9.23 0.322

BMI, kg/m2 26.70 ± 3.32 26.06 ± 3.39 25.78 ± 2.94 <0.001

CR, mmol/L
81.43
± 40.04

82.38
± 22.60

85.36
± 65.89

0.124

eGFR, ml/min/
1.73 m2

86.02
± 17.37

88.45
± 17.77

82.24
± 20.61

0.430

GLU, mmol/L 8.31 ± 3.13 8.29 ± 3.57 8.69 ± 9.43 0.380

HbA1C, % 7.38 ± 1.24 7.35 ± 1.22 7.39 ± 1.21 0.029

TG, mmol/L 1.94 ± 1.18 1.86 ± 1.78 1.68 ± 1.11 0.578

TC, mmol/L 4.12 ± 1.10 4.02 ± 1.06 3.95 ± 1.03 0.695

HDL, mmol/L 1.00 ± .022 1.01 ± 0.25 1.04 ± 0.26 0.002

LDLC, mmol/L 2.22 ± 0.86 2.16 ± 0.83 2.08 ± 0.81 0.925

Hs-CRP 2.65 ± 5.62 2.46 ± 4.48 3.78 ± 9.41 0.312

TT4, nmol/L
111.79
± 20.57

117.37
± 21.34

123.66
± 21.30

0.178

TT3, nmol/L 1.51 ± 0.29 1.42 ± 0.27 1.48 ± 5.33 0.702

TSH, mIU/L 2.01 ± 1.00 1.91 ± 0.93 1.83 ± 0.95 0.558

FT3, pmol/L 4.98 ± 0.51 4.69 ± 0.45 4.33 ± 0.48 0.002

FT4, pmol/L 9.99 ± 1.12 11.26 ± 1.08 12.58 ± 1.44 0.414

ACS 0.006

UAP 534 (89.7) 521 (87.7) 495 (82.9)

NSTEMI 44 (7.4) 45 (7.6) 64 (10.7)

STEMI 17 (2.9) 28 (4.7) 38 (6.4)

SGLT2 inhibitor 283 (47.6) 305 (51.3) 293 (49.1) 0.303

Canagliflozin 24 (4.0) 23 (3.9) 25 (4.2) 0.652

Empagliflozin 24 (4.0) 21 (3.5) 21 (3.5) 0.504

(Continued)
TABLE 1 Continued

Q1
(n = 595)
(fT3/fT4
≥ 0.45)

Q2
(n = 594)
(0.39 ≤

fT3/fT4
< 0.45)

Q3
(n = 597)
(fT3/fT4
< 0.39)

P

Dapagliflozin 235 (39.5) 261 (43.9) 247 (41.4) 0.332

Metformin 290 (48.7) 314 (52.9) 302 (50.6) 0.224

Alpha
glucosidase
inhibitor

180 (30.3) 192 (32.2) 202 (33.8) 0.172

Sulfonylurea 78 (13.1) 80 (13.5) 93 (15.6) 0.843

No-sulfonylurea 12 (2.0) 12 (2.0) 14 (2.3) 0.238

Thiazolidinedione 7 (1.2) 10 (1.7) 8 (1.3) 0.434

DDP4 inhibitor 53 (8.9) 69 (11.6) 59 (9.9) 0.570

GLP1
receptor agonist

22 (3.7) 16 (2.7) 11 (1.8) 0.291

Insulin 165 (27.7) 154 (25.9) 189 (31.7) 0.189

Aspirin 584 (98.2) 584 (98.3) 585 (98.0) 0.517

Clopidogrel 366 (61.5) 374 (63.0) 392 (65.7) 0.355

Ticagrelor 229 (38.5) 220 (37.0) 205 (34.3) 0.355

Statin 593 (99.7) 593 (99.8) 594 (99.5) 1.0

ACEI/ARB 222 (37.3) 247 (41.6) 266 (44.6) 0.715

b-
receptor blockers

392 (65.9) 402 (67.7) 397 (66.5) 0.801

CCB 216 (36.3) 230 (38.7) 221 (37.0) 0.024
frontie
Values are presented as mean standard deviation or number (%). eGFR was calculated
according to the CKD-EPI formula.
PCI, percutaneous coronary intervention; MI, myocardial infarction; CABG, coronary artery
bypass grafting; HF, heart failure; CKD, chronic kidney dysfunction; PAD, peripheral artery
disease; LVEF, left ventricular ejection fraction; BMI, body mass index; CR, creatinine; eGFR,
estimated glomerular filtration rate; GLU, glucose; TG, total cholesterol; TC, total
triglycerides; LDLC, low-density lipoprotein cholesterol; FT3, free triiodothyronine; FT4,
free thyroxine; TSH, thyroid-stimulating hormone; T3, total triiodothyronine; T4, total
thyroxine; ACS, acute coronary syndrome; UAP, unstable angina pectoris; STEMI, ST-
elevation myocardial infarction; NSTEMI, non-elevation myocardial infarction; ACEI,
angiotensin-converting enzyme inhibitors; DDP4, dipeptidyl peptidase 4; ARB, angiotensin
II receptor blockers; CCB, calcium channel blocker; GLP-1, glucagon-like peptide-1.
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MACCE, cardiac death, all-cause death, and hospitalization for HF (all

P < 0.05), while the rate of nonfatal MI, nonfatal stroke,

revascularization, and hospitalization for UA was not statistically

different between the three groups (Table 2). Figure 2 presents the

results of the restricted cubic splines and shows a dose–response

relationship between the FT3/FT4 ratio and risk of MACCE (non-

linear P = 0.855). In addition, the Kaplan–Meier curve shows that the

cumulative incidence of MACCE was significantly higher in patients

with a lower FT3/FT4 ratio tertile and increased incrementally across

tertiles of the FT3/FT4 ratio (log-rank p = 0.030) (Figure 3). The

cumulative survival curves of the primary and secondary endpoints for

the overall population also showed similar results (log-rank P < 0.05 for

MACCE, cardiac death, and all-cause death) (Figure 4).

Cox regression analyses were used to estimate the association

between the FT3/FT4 ratio and outcomes. The screening of
Frontiers in Endocrinology 05
confounding factors in the multivariate Cox proportional hazards

model was mainly based on statistically significant clinical variables

after univariate Cox regression analyses, and the results showed four

statistically significant variables [BMI, ACS classification (UA or

NSTEM or STEMI), hypertension, and dyslipidemia]. Then, we also

incorporated confounding variables (age and gender) that may affect

the clinical prognosis of ACS into the model to obtain more accurate

HR results as much as possible. In our study, renal failure, anemia,

LVEF, and so on were not statistically significant in the univariate Cox

regression. Multivariate Cox proportional hazard regression analysis

showed that the FT3/FT4 ratio remained significant after adjusting for

confounding factors, regardless of whether they were categorical or

continuous variables. Compared with patients in the highest FT3/FT4

tertile, the increased risk of MACCE after adjustment for age and sex

was 1.40 (95% CI: 0.90–2.12) in the middle (Q2) and 1.71 (95% CI:

1.10–2.65) in the lowest tertile (Q3), and after multivariate adjustment

it was 1.38 (95% CI: 0.90–2.12) in the middle (T2) and 1.61 (95% CI:

1.05–2.47) in the lowest tertile (Q3), respectively (Table 3). At ROC

analysis, the cutoff of FT3/FT4 that maximized the sensitivity and

specificity for MACCE prediction in all patients was identified as 0.40.

In total, 1,059 patients (59.3%) had a ratio above the cutoff value. The

incidence of MACCE was 6.9% and 10.3% (p < 0.001) in patients with

FT3/FT4 above and below the cutoff, respectively (HR 1.42, 95% CI:

1.02–1.99, p = 0.03) (Figure 5).
Subgroup analysis

The association between the FT3/FT4 ratio and MACCE was

examined in the subgroup analysis according to age (>65 or ≤65 years),

sex (male or female), BMI (≥25.0 or <25.0 kg/m2), ACS type (UA or

non-UA), hypertension (yes or no), and hyperlipidemia (yes or no).

There was no statistically significant interaction between age, sex, BMI,

ACS type, hypertension, hyperlipidemia, and FT3/FT4 ratio (all P-

values for interaction ≥0.05). A lower FT3/FT4 (<0.40) remained a risk

factor in subsets of patients stratified by age, sex, BMI, ACS type,

hypertension, and hyperlipidemia (all p < 0.05) (Figure 5), suggesting
TABLE 2 Clinical outcomes in ACS patients based on tertiles of FT3/
FT4 ratio.

Events

Q1 (fT3/
fT4 ≥

0.45)
(n = 595)

Q2 (0.39
≤ fT3/fT4
< 0.45)

(n = 594)

Q3 (fT3/
fT4 <
0.39)

(n = 597)

P

MACCE 36 (6.1%) 50 (8.4%) 62 (10.4%) 0.025

All-cause death 5 (0.8%) 8 (1.3%) 18 (3.0%) 0.011

Cardiac death 3 (0.5%) 3 (0.5%) 15 (2.5%) 0.001

Nonfatal MI 2 (0.3%) 7 (1.2%) 8 (1.3%) 0.160

Nonfatal stroke 5 (0.8%) 4 (0.7%) 9 (1.5%) 0.312

Revascularization 26 (4.4%) 38 (6.4%) 36 (6.0%) 0.269

Hospitalization
for HF

5 (0.8%) 2 (0.3%) 13 (2.2%) 0.008

Hospitalization
for UA

42 (7.1%) 45 (7.6%) 38 (6.4%) 0.713
FIGURE 2

Multivariable-adjusted HR for MACCE based on restricted cubic
splines for the FT3/FT4 ratio. The blue lines represent references for
HR, and the blue areas represent 95% CI. HR was adjusted for age,
sex, BMI, ACS classification, hypertension, and dyslipidemia in the
multivariate model. MACCE, major adverse cardiac and
cerebrovascular events; HR, hazard ratio; CI, confidence interval;
BMI, body mass index; ACS, acute coronary syndrome.
FIGURE 3

Kaplan–Meier curves for major adverse cardiac and cerebrovascular
events according to tertiles of FT3/FT4 ratio.
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TABLE 3 Risk of primary and secondary outcomes according to FT3/FT4 ratio in the three Models.

Model 1 Model 2 Model 3

Outcomes HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

FT3/FT4 ratio as a categorical variable

MACCE

Q1 Reference – Reference – Reference –

Q2 1.43 (0.92, 2.23) 0.117 1.40 (0.90, 2.19) 0.141 1.378 (0.90, 2.12) 0.146

Q3 1.80 (1.17, 2.76) 0.007 1.71 (1.10, 2.65) 0.017 1.61 (1.05, 2.47) 0.028

P for trend 0.171 0.260 0.338

All-cause death

Q1 Reference – Reference – Reference –

Q2 1.61 (0.52, 4.96) 0.405 1.42 (0.46, 4.42) 0.541 1.40 (0.46, 4.32) 0.554

Q3 3.67 (1.35, 9.95) 0.011 2.66 (0.95, 7.44) 0.063 2.44 (0.87, 6.83) 0.091

P for trend 0.023 0.112 0.146

Cardiac death

Q1 Reference – Reference – Reference –

Q2 1.00 (0.20, 4.98) 0.998 0.89 (0.18, 4.47) 0.889 0.89 (0.18, 4.43) 0.885

Q3 5.09 (1.47, 17.67) 0.010 3.75 (1.04, 13.51) 0.044 3.44 (0.95, 12.49) 0.060

P for trend 0.002 0.012 0.016

Nonfatal MI

Q1 Reference – Reference – Reference –

(Continued)
F
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FIGURE 4

Cumulative survival curves for the primary and secondary endpoints in the three groups.
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that the prognostic effect of FT3/FT4 ratio was not affected by clinically

relevant demographic or traditional risk factors.
Predictive value of the FT3/FT4 ratio
for MACCE

Receiver operating characteristic curves show the predictive

value of the FT3/FT4 ratio (AUC 0.573, 95% CI: 0.526–0.620,

p < 0.003). The FT3/FT4 ratio showed a better value of cardiac

death than MACCE in euthyroid patients with ACS combined with

diabetes after PCI (AUC: 0.738, 95% CI: 0.635–0.842,

p < 0.001) (Figure 6).
Discussion

This study is the first prospective cohort study that examined

the association between FT3/FT4 ratio and 16-month prognosis in
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euthyroid patients with ACS and diabetes successfully undergoing

PCI. It demonstrated that (1) a decreased peripheral sensitivity to

the thyroid hormone index of FT3/FT4 ratio was independently

associated with an increased risk of 16-month MACCE and (2) the

FT3/FT4 ratio might be a valuable prognostic marker for the

identification and management of high-risk individuals in this

specific patient population.

The prevalence rate of ACS and diabetes was as high as 24%–

30%, and the risk of in-hospital and long-term major adverse

cardiovascular events and complications was significantly higher

than that of patients without diabetes (5, 6). Some previous

retrospective studies with a small sample have found that the

proportion of ACS patients with thyroid dysfunction is about

20%–30% (7, 21). As is known to all, the rates of heart failure,

nonfatal reinfarction, unplanned repeat revascularization, and all-

cause or cardiac mortality are high in ACS patients with thyroid

dysfunction, including hyperthyroidism, hypothyroidism, and even

subclinical thyroid disease (7, 8, 22). However, in euthyroid patients

with normal serum thyroid function indexes, it is very critical to
TABLE 3 Continued

Model 1 Model 2 Model 3

Outcomes HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Nonfatal MI

Q2 3.54 (0.73, 17.09) 0.116 3.41 (0.70, 16.60) 0.129 3.35 (0.69, 16.22) 0.133

Q3 4.03 (0.85, 19.04) 0.079 3.80 (0.78, 18.43) 0.098 3.38 (0.69, 16.57) 0.134

P for trend 0.668 0.747 0.011

Nonfatal stroke

Q1 Reference – Reference – Reference –

Q2 0.80 (0.21, 3.00) 0.740 0.77 (0.20, 2.89) 0.696 0.79 (0.21, 2.98) 0.731

Q3 1.806 (0.602, 5.421) 0.292 1.69 (0.55, 5.26) 0.362 1.80 (0.58, 5.56) 0.310

P for trend 0.145 0.169 0.154

Unplan revascularization

Q1 Reference – Reference – Reference –

Q2 1.50 (0.90, 2.50) 0.124 1.52 (0.91, 2.55) 0.112 1.50 (0.91, 2.48) 0.112

Q3 1.40 (0.84, 2.36) 0.199 1.44 (0.85, 2.46) 0.177 1.42 (0.84, 2.39) 0.187

P for trend 0.895 0.906 0.847

FT3/FT4 ratio as a continuous variable

MACCE 0.03 (0.00–0.34) 0.004 0.04 (0.00–0.49) 0.011 0.05 (0.01–0.57) 0.016

All–cause death 0.00 (0.00–0.03) 0.001 0.00 (0.00–0.36) 0.021 0.00 (0.00–0.50) 0.028

Cardiac death 0.00 (0.00–0.00) 0.000 0.00 (0.00–0.03) 0.003 0.00 (0.00–0.04) 0.004

Nonfatal MI 0.00 (0.00–1.23) 0.057 0.00 (0.00–1.86) 0.072 0.00 (0.00–5.70) 0.134

Nonfatal stroke 0.01 (0.00–8.67) 0.180 0.01 (0.00–13.37) 0.216 0.01 (0.00–11.08) 0.192

Unplan revascularization 0.17 (0.01–2.74) 0.211 0.15 (0.01–2.65) 0.196 0.15 (0.01–2.75) 0.203
The patients were divided into three groups according to the decrease of FT3/FT4 ratio (Q1, tertile 1: FT3/FT4 ≥ 0.45, n = 595; Q2, tertile 2:0.39 ≤ FT3/FT4 < 0.45; n = 594; Q3, tertile 3: FT3/FT4 <
0.39; 2.28, n = 597). Model 1 was the unadjusted model. Model 2 included sex and age. Model 3 included age, sex, BMI, ACS classification (UA or NSTEM or STEMI), hypertension, and
dyslipidemia in the multivariate Cox analysis.
Bold represents P value <0.05.
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evaluate real thyroid function, identify thyroid dysfunction, and

explore its relationship with the prognosis of ACS with

diabetes (23).

Previous studies have found that a single measure of thyroid

function does not adequately explain the relationship between the

thyroid system and cardiovascular disease risk and show

inconsistent results (22, 24, 25). In recent studies, indices of

thyroid hormone sensitivity have been further explored in

association with the risks of hypertension, cardiovascular disease,

pre-diabetes, diabetes, metabolic syndrome, frailty, renal

insufficiency, and residual cholesterol level in euthyroid patients

(9–12, 15, 16, 26). Moreover, a higher FT3/FT4 value is correlated

with a greater sensitivity of the peripheral tissue to thyroid hormone
Frontiers in Endocrinology 08
(11, 27). Brozaitiene et al. demonstrated that the FT3/FT4 ratio

could serve as a valuable predictor of long-term outcomes of CAD

patients undergoing PCI. However, this study did not measure the

FT3 levels and other thyroid hormones during the acute stage of

coronary syndromes (22). Yu et al. showed that the FT3/FT4 ratio

was an independent predictor of 12-month all-cause mortality in

euthyroid patients with AMI undergoing PCI, and its prognostic

performance was comparable to that of the GRACE score.

Nevertheless, some patients’ thyroid function was tested following

exposure to iodinated contrast media due to emergency PCI, which

may affect the resulting authenticity (28). Gao et al. first found that a

decreased FT3/FT4 ratio was an independent predictor of poor

outcomes in euthyroid patients with MINOCA (17). However, the
FIGURE 5

Association between FT3/FT4 ratio and the risk of major adverse cardiac and cerebrovascular events (MACCE) in overall and subgroups. Subgroup
analysis showing the incidence and risk of MACCE in patients with FT3/FT4 ratio above and below the cut-off value of 0.40, which was identified
with maximum Youden index in all ACS patients for MACCE prediction. The hazard ratio (HR) was calculated by multivariate Cox regression analysis.
The vertical dotted line indicated the HR value of 1. BMI, body mass index; UA, unstable angina, CI, confidence interval.
FIGURE 6

Receiver operating characteristic curves showing the predictive value of the FT3/FT4 ratio using Cox regression in major adverse cardiac and
cerebrovascular events and cardiac death.
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correlation between sensitivity to thyroid hormone and long-term

prognosis in euthyroid patients with ACS and diabetes after PCI

remains unclear.

The present study, for the first time, found that the FT3/FT4 ratio

was associated with 16-month MACCE [MACCE for the lower FT3/

FT4 ratio group (FT3/FT4 <0.40) vs. the higher FT3/FT4 ratio group

(FT3/FT4 ≥0.40): 10.3% vs. 6.9%, log-rank test: p = 0.028] in

euthyroid patients with ACS complicated with diabetes undergoing

PCI. Multivariate Cox proportional hazard regression analysis

showed that the FT3/FT4 ratio remained significant after adjusting

for confounding factors, regardless of whether they were categorical

or continuous variables. The results of the subgroup analysis

demonstrated that the prognostic impact of the FT3/FT4 ratio

remained consistent across clinically relevant demographic and

traditional risk factors. In summary, the FT3/FT4 ratio serves as a

valuable clinical indicator for predicting long-term adverse outcomes

in euthyroid patients with ACS and diabetes undergoing PCI, and it

aids in effective risk stratification for these individuals.

Most studies on the mechanism of thyroid dysfunction leading

to a poor prognosis of cardiovascular diseases focus on dyslipidemia

caused by hypothyroidism (29). Other studies have found that

dysfunction of endothelial cells, macrophages, and vascular

smooth muscle cells (VSMCs) is associated with hypothyroidism

(30, 31). However, whether and how hypothyroidism affects

inflammation and the immune system in the context of

atherosclerosis has not been fully elucidated. The decrease in the

FT3/FT4 ratio reflects the abnormal conversion of T4 to T3 during

acute or chronic myocardial injury (26, 32). Previous studies have

found that low T3 syndrome may represent a hormone homeostasis

escape response, which means that it is a beneficial and

physiological adaptation mechanism by reducing myocardial

metabolic demand and preventing arrhythmia in the early stress

stage of acute ischemic events (33, 34). However, recent studies

found that a lower FT3/FT4 ratio has worse effects on the

cardiovascular system by reducing cardiac contractility and

increasing vascular resistance, and a persisting downregulated

thyroid system after ACS might become maladaptive because of

the loss of the positive effects of T3 on the cardiovascular system

(35). However, despite this relationship, there are further

experimental and randomized controlled investigations to

confirm the value and underlying biological mechanisms between

the FT3/FT4 ratio and poor prognosis in this population.

On the other hand, there are several possible mechanisms

involved in thyroid hormones affecting glucose metabolism as

follows: (a) reduced half-life of insulin caused by an increasing

rate of degradation and enhancing the release of biologically

inactive insulin precursors in hyperthyroidism (36, 37),

(b) increased intestinal glucose absorption mediated by excess

thyroid hormones (38, 39), and (c) thyroid hormones raise

GLUT-2 (the glucose transporter in the liver), leading to

increased glucose output and abnormal glucose metabolism (40).

Although the relationship between FT3/FT4 ratio and diabetes has

been demonstrated, the specific regulatory mechanisms remain

unknown (16).

This study has several limitations. Firstly, this study was a

single-center observational study with potential confounding
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factors and selection bias. Secondly, as recommended by the

guidelines, thyroid function tests are not repeated within 2–12

weeks to rule out transient forms of thyroid dysfunction (41).

Thirdly, thyroid function was not further assessed during follow-

up to identify new thyroid diseases and explore the relationship

between FT3/FT4 ratio variation rate and outcome. Finally, there

were relatively few AMI patients in ACS patients undergoing PCI in

this study.
Conclusions

The FT3/FT4 ratio demonstrated an independent association

with MACCE in euthyroid patients with ACS and diabetes

undergoing PCI. Therefore, it is recommended to monitor the

FT3/FT4 ratio while intensifying the management of traditional

cardiovascular risk factors.
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