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Introduction 

Subclinical hypothyroidism (SCH) is an endocrine 
disease characterized by elevated levels of thyroid-
stimulating hormone (TSH), while free thyroxine 
(fT4) levels are preserved within normal limits. (1) 
Although SCH is more common in older 
individuals and women, it can also be seen in the 
young population. (2) In patients diagnosed with 
SCH, hormone therapy is recommended if 
symptoms are or the TSH level is above 10 
µIU/mL. In contrast, drug therapy is not 
recommended in patients without symptoms. (3) 
SCH is associated with cardiovascular disease and 
mortality. (4) Therefore, it is essential to regularly 
monitor individuals diagnosed with SCH and 
closely monitor cardiovascular risk factors. 

Total atrial conduction time (TACT) reflects atrial 
conduction time and can be measured 

echocardiographically. Long TACT is associated 
with arrhythmias, particularly atrial fibrillation. 
(5,6) 

Epicardial adipose tissue (EAT) is a metabolically 
highly active adipose tissue between myocardial 
tissue and visceral pericardium. EAT is associated 
with cardiovascular diseases. EAT has also been 
shown to be increased in SCH patients. (7) 

There are not enough studies investigating the 
relationship between EAT and TACT in SCH 
patients. Therefore, investigation of these 
parameters associated with adverse cardiovascular 
outcomes may allow early detection of 
cardiovascular risks in SCH patients, and timely 
measures may be taken.  

This study examined the association between 
TACT and EAT in patients diagnosed with SCH. 

ABSTRACT 

Subclinical hypothyroidism (SCH) is characterized by elevated thyroid -stimulating hormone (TSH) levels with normal free 
thyroxine (fT4) levels. It is associated with increased cardiovascular risk, necessitating regular monitoring of cardiovascular 
parameters. 
This study investigated the relationship between total atrial conduction time (TACT) and epicardial adipose tissue (EAT) in 
patients diagnosed with SCH, aiming to identify potential cardiovascular risks. 
An observational cross-sectional study was conducted at Van Yüzüncü Yıl University from January 2024 to January 2025. 
Fifty-four patients with SCH (TSH levels 5.0-10 µIU/mL, normal fT4) were compared to fifty-four healthy controls. 
Echocardiographic measurements, including EAT thickness and TACT, were obtained.  
No significant differences were found between groups regarding age, gender, and various laboratory parameters. TSH 
levels were significantly higher in the patient group 7.39±1.29 µIU/mL compared to control s 2.33±0.93 µIU/mL, p=0.001; 
EAT 6.74±0.96 mm vs. 4.73±0.41 mm, p=0.001 and TACT 122±8.70 ms vs. 87.8±5.33 ms, p=0.001 were also significantly 
elevated in SCH patients. A strong positive correlation was observed between EAT and TACT (r=0.895, p=0.001) as w ell 
as between TSH and both EAT and TACT (r=0.701, p=0.001;  r=0.822, p=0.001).  
SCH patients exhibit significantly increased EAT and TACT levels compared to healthy controls, indicating a heightened 
risk for adverse cardiovascular outcomes. The strong correlation between TSH, EAT, and TACT underscores the 
importance of monitoring TSH levels and suggests that proactive management of SCH may mitigate cardiovascular risks.  

Keywords: Subclinical hypothyroidism, total atrial conduction time, epicardial adipose tissue, cardiovascular risk, 
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Materials and Method 

This observational cross-sectional study was 
designed according to the Strobe guidelines. 
Between January 2024 and January 2025, patients 
who were followed up in the Van Yuzuncu Yil 
University medical faculty endocrinology clinic 
diagnosed with subclinical hypothyroid and 
referred to our cardiology outpatient clinic were 
included. The study was conducted in accordance 
with the principles stated in the Declaration of 
Helsinki. The approval of the Van Yüzüncü Yıl 
University Ethics Committee numbered 
16.08.2023/08 was obtained. 

Study Population and Protocol: Patients with a 
diagnosis of subclinical hypothyroidism with 
serum TSH levels between 5.0-10 µIU/mL and 
free T4 (fT4) levels within the normal range and 
without any symptoms were referred to our 
cardiology outpatient clinic at Van Yüzüncü Yıl 
University endocrinology outpatient clinic. Fifty-
four consecutive patients diagnosed with SCH 
were included in the study. Fifty-four healthy 
individuals were matched in terms of age and 
gender. Individuals with regular thyroid function 
tests without any chronic disease were selected. 

- Patient Recruitment Criteria: - Patients between 
18-60 years of age, - consented patients - 
Exclusion Criteria: - hyperthyroidism, - 
hypertension, - coronary artery disease, - heart 
failure (EF<50%) or NYHA 3-4 patients, - 
diabetes mellitus, - chronic renal failure, - history 
of stroke, - atrial fibrillation, - severe valvular 
disease, - patients receiving thyroid hormone 
therapy or medications that may affect the 
cardiovascular system (such as beta-blockers, 
calcium channel blockers, diuretics), - pregnant 
and lactating patients, - patients with active 
infections or hospitalization in the last 6 months 

Data collection 

 EAT thickness was measured as the space 
between the right ventricular apex and the 
visceral pericardium at end-systole, as 
reported in the literature. (8) Figure 1 

 TACT was measured from the onset of 
the p wave to the peak of the velocity a' 
obtained via tissue Doppler imaging. (9) 
Figure 2 

 Echocardiographic data, EAT thickness, 
TACT, and laboratory findings were 
recorded. Transthoracic echocardiograms 
were performed by an experienced 
cardiologist unaware of the patient's 
clinical information. Standard 

echocardiographic measurements were 
taken based on the current guidelines (10). 
PW Doppler transmitral inflow velocities 
were obtained as the early (E) and late (A) 
mitral inflow velocities during diastole, 
and the E/e' ratio was calculated after 
measuring the early (e’) velocity by tissue 
Doppler imaging. 

Statistical Analysis 

Sample Size: In the study, Epicardial adipose tissue 
(EAT) was considered as primarily outcome variable. 
Standard deviation (σ) for EAT ranged from 0.3 to 
1.1. Thus, it was considered as 0.7 in the present 
study. Effect size was assumed 0.3 and 1.96 of Z 
value was used for the 0.05 type I error rate. Based on 
this information and according to the equation of 
sample size calculation (n= Z2 σ2 /d2), the minimum 
sample size was computed as 21. 

Descriptive statistics for the continuous variables 

were presented as Mean  Standard deviation; while 
numbers and percentages for categorical variables. 
Independent t-test was performed to compare the 
patient and control groups for the studied variables. 
The Pearson correlation coefficient was utilized to 
determine the linear relationship between EAT and 
TACT values. In addition, Regression analysis was 
performed for EAT and TACT by considering TSH 
as independent (explanatory) variable. Statistical 
significance level was considered as 5% and SPSS 
(ver: 26) statistical package program was used for 
calculations. 

Results 

Echocardiographic and laboratory parameters 
between groups are compared in Table 1. No 
statistically significant differences were found 
between of the groups in terms of age, male ratio, 
smoking, BMI, lipid panel, glucose, hemoglobin, 
hematocrit, WBC, platelet, LVEF, eGFR, mitral 
E/A, IVRT, DT, LAVi, fT4 values. TSH values 
were statistically significant at 7.39±1.29 µIU/mL 
and 2.33±0.93 µIU/mL in the patient group and 
control group, respectively (p=0.001). Among 
echocardiography parameters, mitral lateral E/e' 
was 8.06±1.26 in the patient group and 7.56±1.38 
in the control group, which was statistically 
significant; p=0.049. EAT and TACT values were 
significantly higher in the patient group, 
6.74±0.96 mm vs 4.73±0.41 mm, p=0.001; 
122±8.70 ms vs 87.8±5.33 ms, p=0.001, 
respectively. 

 Pearson correlation analysis demonstrated a 
statistically significant correlation between EAT  
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Table 1: Descriptive statistics and comparison results for the considered variables 

 Patient Control p-value 

Male, n (%) 12 (22) 11 (20) 0.816 

Smoking, n (%) 11 (20) 12 (22) 0.816 

 Mean ± SD Mean ± SD  

Age 42±6.4 41±5.5 0.771 

Glucose, mg/dL 87.6±5.2 87.4±4.8 0.818 

eGFR, mL/second 98.6±6.17 99.3±6.21 0.525 

Hemoglobin, mg/dL 13.4±1.92 13.4±1.62 0.966 

Hematocrit, % 40.7±5.47 41.0±4.92 0.754 

White blood cell count (WBC), 10³/mm³ 8.11±1.62 8.07±1.20 0.896 

Platelet count, 10³/mm³ 223±44.4 223±41.0 0.946 

Body mass index (BMI), kg/m² 26.3±3.27 25.9±2.94 0.472 

LDL cholesterol, mg/dL 113±32.9 107±27.9 0.272 

HDL cholesterol, mg/dL 42.7±10.8 46.1±8.30 0.068 

Triglyceride, mg/dL 170±88.3 168±80.2 0.890 

Epicardial adipose tissue (EAT), mm 6.74±0.96 4.73±0.41 0.001 

Ejection fraction (EF), % 62.6±1.93 62.5±1.16 0.857 

Mitral inflow E/A 1.20±0.18 1.20±0.09 0.901 

Mitral lateral E/e’ 8.06±1.26 7.56±1.38 0.049 

Mitral septal E/e’ 9.30±1.30 8.85±1.50 0.102 

Isovolumic relaxation time (IVRT), ms 89.2±7.85 87.6±5.71 0.210 

Deceleration time (DT), ms 197±23.0 197±21.9 0.884 

Total atrial conduction time (TACT), ms 122±8.70 87.8±5.33 0.001 

fT4, ng/dL 1.10±0.15 1.08±0.16 0.669 

TSH, µIU/mL 7.39±1.29 2.33±0.93 0.001 

LAVi, mL/m² 29.2±2.33 28.9±1.54 0.447 

Abbreviations: eGFR: estimated glomerular filtration rate; E/A: ratio of the early and late velocities E/e’: ratio of 
the early velocities; fT4: free thyroxine; TSH, µIU/mL: thyroid stimulating hormone, micro-international units per 
milliliter; LAVi: left atrial volume index; SD: Standard Deviation  

 

Table 2: Brief results of Linear regression analysis for EAT and TACT 

  Dependent variables: EAT Dependent variables: TACT 

 Coefficient  Standard Error p Coefficient  Standard Error p 

Constant 4.203  0.173 0.001 78.180  2.048 0.001 

TSH 0.031  0.003 0.001 5.442  0.366 0.001 

R2 0.242 0.001 0.457 0.001 

 

and TACT, r=0.895 and p=0.001, and was shown 
in Figure 3. 

Pearson correlation analysis showed a statistically 
significant correlation of TSH values between 
EAT and TACT; r=0.701, p=0.001; r=0.822 
p=0.001, respectively, and was shown in Figure 4. 

Pearson correlation analysis with EAT and TACT 
according to gender showed no statistically 
significant relationship: p=0.414 and p=0.590, 
respectively. 

In linear regression analysis, the effect of TSH 
values on EAT and TACT values was statistically 
significant, as shown in Table 2. 

Discussion 

Our study found that the values of EAT, TACT, 
and mitral lateral E/e’ were significantly higher in 
SCH patients. The high EAT, TACT, and mitral 
E/e’ values  are fundamental in showing that SCH  
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Fig. 1. Epicardial adipose tissue is shown with a red 
arrow 

 

 
Fig. 2. The total atrial conduction time measurement 
is shown as a red arrow 

 

patients face the risk of adverse cardiovascular 
outcomes even without symptoms.  

The study by Udovcic et al. (11), which examined 
the effects of SCH on cardiovascular diseases, 
showed that the risk of heart failure may increase. 
Similarly, Nakanishi et al. (12), showed that left 
atrial reserve and conduction functions in SCH 
patients were impaired, which may increase the 
risk of heart failure. The mitral lateral E/e' values, 
indicators of diastolic function, were higher in 
SCH patients, which is consistent with the existing 
literature. 

EAT values were significantly higher in SCH 
patients. Clossa et al. (7) showed in their review 
that in SCH patients, EAT thickness was 
increased, which may be associated with 
cardiovascular risk. Korkmaz et al. (13), showed 
that EAT increased in patients with SCH, and a 
positive correlation was found between EAT and 
TSH. Our study also found a strong correlation 
between EAT and TSH.  These results show the 
importance of closely monitoring TSH and EAT 
thickness, which are closely associated with 
cardiovascular diseases in SCH patients. 

 
Fig. 3. Pearson correlation analysis between EAT and 
TACT 

 

TACT time was significantly higher in SCH 
patients. In the review by Singh et al. (14), SCH 
was associated with atrial fibrillation. In Irdem et 
al. (15), diastolic dysfunction, and atrial 
conduction times were evaluated in pediatric 
patients with SCH. These values were higher in 
SCH patients. These results are also compatible 
with our results. Also, our study found a positive 
correlation between EAT and TACT. Canpolat et 
al. (16) reported a positive correlation between 
EAT and TACT time in patients diagnosed with 
atrial fibrillation.  Ernault et al. (17) showed that 
EAT increased arrhythmias. Therefore, both EAT 
and TACT are closely related to arrhythmias. The 
fact that both values are increased in SCH patients 
creates a strong basis for the occurrence of 
arrhythmias and indicates potential targets for 
preventing arrhythmias. 

One of the important results of our study is that 
there is a significant correlation between TSH 
values and EAT and TACT. In the review study 
by Redford et al.(18) reported that high TSH 
levels may increase cardiovascular risks in SCH 
patients. Inoue et al. (19) also showed that high 
TSH levels increased the risk of all-cause 
mortality. Bielecka-Dabrowa et al. (20), reported 
in their review that high TSH levels were 
associated with diastolic dysfunction and increased 
the risk of heart failure in SCH patients. This 
positive correlation between TSH levels and EAT 
and TACT values reveals the importance of close 
monitoring of TSH levels and initiating hormone 
therapy at the appropriate time in SCH patients. 
Indeed, the meta-analysis of Liu et al. (21) showed 
that left ventricular diastolic and systolic functions 
could be improved with levothyroxine treatment 
initiated at the appropriate time in SCH patients. 

Study Limitations and Strengths: Our sample 
size is not satisfactory to generalize our findings 
to the general population. Large-scale studies help
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Fig. 4. Pearson correlation analysis of TSH between EAT and TACT  

 

us better understand the effects of SCH on 
cardiovascular outcomes. TSH levels were 
measured only once. Monitoring changing TSH 
levels over time would have allowed us to assess 
better the changes in EAT, TCAT, and cardiac 
functions. EAT and TACT values were measured 
by transthoracic echocardiography. Using 
different measurement methods or devices may 
affect the consistency of the results. In our study, 
patients had no follow-up period. Therefore, we 
could not observe whether arrhythmic problems 
or cardiovascular diseases occurred in patients.  

The strength of our study was that SCH patients 
did not have any chronic disease or cardiovascular 
disease. Therefore, a study design was realized 
with a very homogeneous population without the 
possible effects of comorbidities. 

This study demonstrates that SCH patients have 
significantly increased EAT and TACT levels 
compared to healthy controls, suggesting an 
increased risk for adverse cardiovascular 
outcomes. Monitoring EAT and TACT values in 
SCH patients might help to detect patients at 
elevated risk for cardiovascular complications.  
Furthermore, the positive correlation between 
TSH, EAT, and TACT emphasizes the importance 
of TSH monitoring in this patient group. These 
findings suggest that a proactive approach to SCH 
management should be adopted. Further research 
is needed to establish the clinical importance of 
EAT and TACT in this patient group's follow-up 
and treatment processes. 
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