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Introduction particularly focusing on thyroid function, which remains
understudied in this context.

Atrial Fibrillation (AF) is a type of supraventricular AF is highly common and can lead to heart failure, stroke

tachycardia characterized by irregular and rapid atrial and even death. Understanding modifiable risk factors can

activation (Anderson et al., 2020). Itis the most prevalent  qtfer opportunities for prevention (Buccelletti et al., 2011).
arrhythmia in clinical practice, with its incidence rising The risk of AF is known to be higher in patients with
over recent decades (Apostol et al., 2019). AF is a  g,pejinical hyperthyroidism, but the relevance of normal
significant public health issue due to its independent thyroid function variations or hypothyroidism to AF
association with increased cardiovascular morbidity and remains unclear (Chaker et al., 2018). This study holds
morl\t/zli!)lgr(el?saeg?(]:%acr);nilfthzg'hzigtlo?r)i.calI focused on the considerable significance within the realms of clinical

y cardiology and endocrinology research, offering novel

Caucasian population in Europe and North America o : o .
(Liu et al. 5087)_ However thepburden of AF in Asia is insights into the association between AF and thyroid
unction within the Asian population (Kim and Kim,

’ ’ functi ithin the Asian populati Ki d Ki

increasing rapidly due to the agin opulation - S
(Bekiarid%u e[: a)ll. 2022). The imgac? og ?AF on 2018). Through a meticulous examination of these
hospitalization, mortality and economic burden in Asian interrelated phenomena, - this research endeavors to
populations is not well understood. To address this gap, a address critical lacunae in current understanding while

Korean hospital database was used to evaluate the AF-  @lso contributing substantively to existing knowledge.
related hospital care burden, as well as the relationship Thyroid function is closely associated with the
between AF and certain blood test results. (Bellew et al,, ~ cardiovascular system (Yamakawa et al., 2021).

understanding of the epidemiology of AF in Asian deficient conditions, can affect vital cardiovascular

populations and elucidate potential risk factors, parameters such as heart rate, blood pressure and blood
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circulation within the vessels (Jabbar et al., 2017).
Investigating thyroid function in AF patients allows for
exploring the interactions between thyroid and
cardiovascular health (Vasilopoulou et al., 2024).

Thyroxine (T4) and Triiodothyronin (T3) represent key
hormones derived from tyrosine and synthesized within the
thyroid gland. Within the bloodstream, thyroxine
predominates as the primary form of thyroid hormone
(Osuna et al., 2017). Through enzymatic action by
deiodinases, thyroxine undergoes conversion into the
biologically active Triiodothyronine (T3). Thyroid-
Stimulating Hormone (TSH) regulates thyroid
hormone secretion, with its production controlled by
Thyrotropin-Releasing Hormone (TRH) from the
hypothalamus, transported to the anterior pituitary
gland (Bielecka-Dabrowa et al., 2009).

Several studies have explored the relationship between
thyroid hormone levels and AF (Meng et al., 2022).
Thyroid  hormones are crucial in  cardiac
electrophysiology, influencing ion channels that maintain
heart rhythm (Fazio, 2004). TSH is a pituitary hormone
that regulates the production and release of thyroid
hormones, making it a crucial biomarker for assessing
thyroid function (Olanrewaju et al., 2024).

TSH has an inverse logarithmic relationship with gree
thyroxine (free T4), making small changes in serum-free
T4 levels result in significant changes in TSH levels
(Razvi et al., 2019). Assessing TSH is a sensitive method
for screening thyroid dysfunction (Soldin et al., 2013).
Overt thyroid disease is linked to atherosclerotic
cardiovascular  disease, indicative ~ of  overt
hypothyroidism due to hypercholesterolemia and elevated
blood pressure (Lee et al., 2011).

In individuals diagnosed with hyperthyroidism, notable
physiological alterations include elevated heart rate and a
heightened propensity for arrhythmias. There is also an
increase in Left Ventricular Mass (LVM), primarily due to
concentric remodeling, correlating with modest systolic
function improvement but often impaired diastolic function
due to slower myocardial relaxation (Kannan et al., 2018).

Various mechanisms may explain the influence of
thyroid hormones on AF risk, such as elevated left atrial
pressure from increased LVM and impaired ventricular
relaxation, ischemic events from high resting heart rate
and increased atrial ectopic activity.

In vitro investigations have revealed that Triiodothyronine
(T3) shortens the repolarization phase of the membrane action
potential and speeds up diastolic repolarization. Consequently,
this phenomenon accelerates the pace of contraction
within cardiac myocytes (Biondi et al., 2002).

Reentry is theorized as a primary mechanism
underlying the onset of AF (Kornej et al., 2020).
Multicircuit wavefronts originating within the atrium
have the potential to disrupt normal sinus rhythm, thereby
establishing a fibrillatory pattern. Hyperthyroidism,
characterized by a shortened Action Potential Duration
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(APD), plays a significant role in this process. APD
dictates the refractory period, thus serving as a pivotal
factor influencing the probability of reentry occurrence
(Arnsdorf and Childers, 1970). This examination
provides insights into the mutual influence of the
thyroid and cardiovascular systems, elucidating how
alterations in thyroid function may impact the
occurrence of AF (Al-Makhamreh et al., 2022).

Both hyperthyroidism and hypothyroidism can impact
cardiac function and overall cardiovascular health. Overt
hyperthyroidism induces a hyperfynamic cardiovascular
state with increased cardiac output and reduced systemic
vascular resistance. This state includes faster heart rate,
enhanced left ventricular  function and higher
supraventricular tachyarrhythmia incidence (Udovcic et al.,
2017). Hypothyroidism exerts various effects on the
hemodynamics of the cardiovascular system, such as
diminished cardiac output and arterial compliance,
heightened systemic vascular resistance, elevated risk of
coronary artery disease and atherosclerosis, reduced
diastolic pressure and increased heart rate (Chaker et al.,
2015). In  contrast,  hyperthyroidism  impacts
cardiovascular hemodynamics (Ahmad et al., 2022). Heart
failure and dilated cardiomyopathy can arise from

hyperthyroidism  and  successful ~ management  of
hyperthyroidism can mitigate the risk of heart failure (Lin et al.,
2021).  Prevention of atrial fibrillation and

thromboembolic events is crucial during hyperthyroidism
treatment (Oztiirk et al., 2020).

Hypothyroidism occurs in about 4% of the population,
becoming more common with age, while hyperthyroidism
affects less than 0.5% (Reddy et al., 2017). Despite
hyperthyroidism's increased AF risk, its incidence in AF
patients is low (0.7-5.2%) (Krahn, 1996).

Studies on TSH levels and AF have shown mixed
results. Some suggest high-normal TSH levels increase
AF risk, while others find no significant correlation.
These conflicting findings highlight the complex
relationship  between thyroid function and AF,
necessitating further exploration (Gammage, 2007).

Buccelletti et al. (2011) conducted TSH tests on all
patients treated in the emergency department over 30 months
and demonstrated that hyperthyroidism manifested in 10%
of patients with new-onset AF (Buccelletti et al., 2011).

Heeringa et al. (2008) found that AF was associated with
TSH levels. When thyroid parameters were within the
normal range, patients with subclinical hyperthyroidism or
even highly normal thyroid function had a significantly
higher risk of developing AF, with a potential threefold
increase in risk (Heeringa et al., 2008).
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Observed that individuals with higher free T4 levels
had an increased risk of developing AF (Anderson et al.,
2020; Chaker et al., 2018).

Reddy et al. (2017) observed no significant association
between AF and normal thyroid function or hyperthyroidism.

Observed that recent-onset AF was commonly
found in patients with abnormal TSH levels (Krahn,
1996; Kim et al., 2018).

Gammage (2007) revealed that patients with AF
exhibited an overall lower level of free T4 in their serum.

Northcote et al. (1986) discovered that treatment for
hyperthyroidism leads to sinus rhythm conversion in as many as
two-thirds of patients. In a prospective trial, the arrhythmia
profile of hyperthyroid patients was examined before,
during and after antithyroid therapy.

Staffurth et al. (1977) demonstrated that AF is more
prevalent in male individuals and in patients with
Triiodothyronine (T3) tozixosis.

This study aimed to investigate whether there is a
marked difference in Thyroid-Stimulating Hormone
(TSH) levels between normal patients and those
diagnosed with AF. Additionally, this study aimed to
determine whether TSH level can predict AF occurrence,
contributing insights into the relationship between thyroid
function and the likelihood of developing AF.

Materials and Methods
Study Design

The Institutional Review Board (IRB) at Dankook
University granted approval for this study (DKU NON-
2023-006). Adhering to the declaration of Helsinki, the
research protocol received ethics committee approval
from Dankook University. As the study utilized
anonymized retrospective data, the requirement for
informed consent was waived.

This study focused on outpatients visiting
cardiovascular hospitals at certified tertiary medical
institutions in Seoul, targeting patients who underwent
blood and electrocardiogram tests before their doctor's
appointment from January to July 2023.

We enrolled 100 patients with Normal Sinus Rhythm
(NSR), reflecting a normal heart rhythm and 100 patients
with AF. Thereafter, a comparative analysis of the blood
test results was performed between these patients.

All 200 patients were assessed using the results
obtained from the MAC 5500 HD (GE Healthcare),
ensuring uniformity in the diagnostic process.

Selection of Participants

In the process of subject selection, pediatric cardiac
interpretations were excluded from consideration, as

cases involving pediatric cardiac assessments need
specialized expertise. Therefore, patients who visited the
pediatric cardiology department and those <15 years old
were excluded from the study. Additionally, in
accordance with Article 2, paragraph 2, of the regulations
on the implementation of bioethics law, individuals under
the age of 18 (including middle and high school students)
were excluded from the study. The final cohort of 200
participants were randomly selected, irrespective of sex
and age. Among the selected patients, individuals with a
history of thyroid disorders or those currently taking
thyroid medications were excluded from the study.

TSH levels, along with pertinent demographic and
clinical data, were gathered from the electronic health

records of eligible patients.
Statistical Evaluation

Descriptive statistics summarized the demographic and
clinical characteristics of both groups. Comparative analysis
was performed to examine the relationship between TSH
levels and AF. Logistic regression models were employed
to adjust for potential confounding variables.

In this study, we set the effect size to 0.3, given that
previous studies on TSH levels between patients with AF
and the general population suggested that a median effect
size of 0.5 standard deviations would be expected. The
significance level (o) was 0.05 and the statistical power
(1-p err prob) was 0.8, indicating an 80% chance of
predicting the relation between high TSH levels and AF.
For simplicity, we used an independent sample t-test to
compare the mean TSH levels between patients with AF
and NSR. Using a sample size calculator, we selected a
power analysis approach.

Results from calculations using the G power 3.1
program indicated that a sample size of 82 patients each
in AF and NSR groups for the ECG test was required for
the study (Fig. 1).
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Fig. 1: Standard normal table of patients sample needed for
the experiment *x-axis: Sample size/y-axis: Effect
size/a: Significance level/1-: Statistical power
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Results

Our hypothesis posited that there is a discernible
difference in TSH levels between patients with AF and
those with NSR.

Among the 82 patients with an NSR, 73 patients had a
TSH value within the normal range (0.41-4.3 ulU/mL),
while six and four exhibited a TSH value lower and higher
than the normal range, respectively (Table 1).

Among the 82 patients with AF, 71 patients had a TSH
level within the normal range (0.41-4.3 ulU/mL).
Additionally, two patients exhibited a TSH value lower
than the normal range, whereas 10 had a TSH value higher
than the normal range (Fig. 2) AF and NSR (Fig. 3).

Table 1: Distribution of patients with NSR and AF

Standard
N Average deviation  SE average
Patients
with NSR 82 1.88 1.27 0.14
Patients
with AF 82 2.48 1.91 0.21

TSH(ulU/mL)

-~ ~ ~ ~
o0 0

HoE B BHBBBH
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B NSR | Afib

Fig. 2: Distribution of patients with NSR and AF

Normal Distribution Curves for TSH Levels

— NSR
— Afib

Density

6
TSH Level

Fig. 3: Normal distribution curves for TSH Levels
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Discussion

The analysis of the data suggests that there is not a
substantial ~difference between the two groups.
Examination of key statistical measures, including the
Standard Deviation (SD) and Standard Error (SE),
indicates comparable levels of variability within both
patient groups. Despite efforts to discern meaningful
distinctions, particularly in light of the small sample size,
the findings do not provide compelling evidence of a
significant disparity between the groups. These results
highlight the nuanced nature of the data and underscore
the importance of considering factors such as sample size
and variability in interpreting group differences.

Anderson et al. (2020) revealed that elevated levels of
free T4 were associated with a higher risk of AF and a
higher free T4 level within the normal reference range was
predictive of an increased risk of AF. Heeringa et al.
(2008) indicated that individuals with high-normal
thyroid function within the normal range of thyroid
parameters had an elevated risk of AF.

Krahn (1996) demonstrated that patients with recent
onset atrial fibrillation often exhibit abnormal TSH
levels. The study prompts inquiries regarding the
effectiveness of thyroid function testing in individuals
with recent onset atrial fibrillation. Consequently, the
study concluded that there is an association between
atrial fibrillation and TSH levels.

An examination of existing literature highlights the
frequent occurrence of AF in patients with TSH levels
deviating from the normal range of thyroid parameters.
Therefore, individuals with thyroid dysfunction may be
more susceptible to AF. Based on these observations, we
have carefully examined the data, including consideration
of SD and SE, it was observed that while patients with AF
tended to have a higher prevalence of TSH levels beyond
the normal range, the difference was not substantial. With
a calculated p-value of 0.018 (<0.05), we considered this
difference statistically significant. However, given the
modest effect size and the overlap in variability between
groups as indicated by SD and SE, the clinical
significance of this difference may be limited. Therefore,
while a statistical association between abnormal TSH
levels and the presence of AF was detected, the magnitude
of this association may not be clinically meaningful in our
study population.

Our study has several limitations. First, the sample size
was small. Conducting a study with only 164 participants
restricted the ability to confidently establish significant
differences in TSH levels between individuals with NSR
and those with AF. The small sample size posed
challenges to draw definitive conclusions regarding the
observed differences. Second, because our study was
observational, it was not possible to establish direct causal
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relationships based on these findings. Because
administrative registers were used, important clinical
factors affecting outcomes, such as Body Mass Index
(BMI), smoking status and thyroid autoantibody levels
were not part of the analysis. This limitation prevents us
from accounting for potential confounding variables and
hinders our ability to draw definitive conclusions
regarding causation. Third, while there is evidence
suggesting an association between thyroid function and
AF, particularly in the context of subclinical
hyperthyroidism, there remains uncertainty about the
relationship between variations in normal thyroid function
or subclinical hypothyroidism and AF. This represents a
research gap in understanding the full spectrum of thyroid
function and its impact on AF development. Lastly, we
acknowledge that our study was unable to identify
patients with new-onset AF who were not diagnosed at a
hospital and were treated by their primary care physicians,
nor could we include patients with paroxysmal AF, which
introduces the possibility of detection bias. To mitigate
these limitations, we restricted our research to patients
with a documented history of AF on previous ECG
examinations and a confirmed diagnosis of AF.

Given the limited sample size of the study and its
observational nature without clinical parameters
correlated with the outcomes, addressing these limitations
requires further investigations with a larger and more
diverse sample. Expanding the sample size and
incorporating additional clinical parameters would
enhance the robustness of this study, providing more
comprehensive insights into the relationship between AF
and thyroid dysfunction.

Given that our study was conducted at a single
institution over a limited duration, further research
involving a larger and more diverse patient population
from multiple institutions is needed. Expanding the scope
to include data from various healthcare settings over
extended periods could provide a more comprehensive
understanding of the relationship between thyroid
parameters and AF. This multi-institutional approach
contributes to the generalizability and external validity of
the findings.

Conclusion

Based on the outpatient data collected from patients,
we compared TSH levels between patients with AF and
those with NSR. Our findings indicate that individuals
with AF tended to have a TSH level that deviated more
from the normal range than the TSH level in individuals
with NSR. These results suggest a potential association
between AF and thyroid dysfunction. Drawing on the
insights from previous studies and the findings of our
study, it can be concluded that patients with AF are more
susceptible to thyroid dysfunction.
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This study focused on thyroid function tests in patients
with AF. The results of TSH are crucial for a comprehensive
evaluation of the health status of individuals with AF.
These findings provide essential information for the
establishment of integrated treatment plans that consider
interactions with the cardiovascular system.

Based on these results, we identified a potential link
between TSH and AF, which may aid in understanding
the pathophysiological mechanisms and contribute to
improved AF management.

Acknowledgment

Thank you to the publisher for their support in the
publication of this research article. We are grateful for the
resources and platform provided by the publisher, which
have enabled us to share our findings with a wider
audience. We appreciate the effort.

Funding Information

The authors have not received any financial support or
funding to report.

Author’s Contributions

Ji Yeon Chang: Performed experiments, analyzed data,
evaluated outcomes of experiments and composed manuscript.

Seung Hee Hong: Prepared figures and drafted
manuscript.

Jae Kyung Kim: Conceptualized and devised
research, revised and modified the manuscript and
sanctioned the final version of the manuscript.

Ethics

The Institutional Review Board (IRB) at Dankook
University granted approval for this study (DKU NON-
2023-006). Adhering to the declaration of Helsinki, the
research protocol received ethics committee approval
from Dankook University. As the study utilized
anonymized retrospective data, the requirement for
informed consent was waived.

Disclaimers

The authors bear sole responsibility for the content and it
may not necessarily reflect the official views of the institution.

Data Availability

Data used in this study are not publicly accessible due
to privacy or ethical constraints. Access to the data can be
granted to verified researchers upon request through
communication with the corresponding author.



Ji Yeon Chang et al. / American Journal of Biochemistry and Biotechnology 2024, 20 (3): 243.249

DOI: 10.3844/ajbbsp.2024.243.249

References

Ahmad, M., Reddy, S., Barkhane, Z., Elmadi, J., Satish
Kumar, L., & Pugalenthi, L. S. (2022).
Hyperthyroidism and the Risk of Cardiac

Arrhythmias: A Narrative Review. Cureus, 14(4),
€24378. https://doi.org/10.7759/cureus.24378
Al-Makhamreh, H., Al-Ani, A., Alkhulaifat, D., Shaban,
L., Salah, N., Almarayaty, R., Al-Huneidy, Y., &
Hammoudeh, A. (2022). Impact of thyroid disease in
patients with atrial fibrillation: Analysis from the
JoFib registry. Annals of Medicine and Surgery, 74,
103325. https://doi.org/10.1016/j.amsu.2022.103325
Anderson, J. L., Jacobs, V., May, H. T., Bair, T. L.,
Benowitz, B. A., Lappe, D. L., Muhlestein, J. B.,
Knowlton, K. U., & Bunch, T. J. (2020). Free
thyroxine within the normal reference range predicts
risk of atrial fibrillation. Journal of Cardiovascular
Electrophysiology, 31(1), 18-29.
https://doi.org/10.1111/jce.14183
Apostol, M., Keeran, M., Klempf, N., McCoskey, V.,
Ernst, A. A., Weiss, S. J., & Sarangarm, D. (2019).
Thyroid stimulating hormone testing in ED
evaluation of patients with atrial fibrillation and
various psychiatric diagnoses. The American Journal
of Emergency Medicine, 37(6), 1114-1117.
https://doi.org/10.1016/j.ajem.2018.08.076
Arnsdorf, M. F., & Childers, R. W. (1970). Atrial
Electrophysiology in Experimental Hyperthyroidism
in Rabbits. Circulation Research, 26(5), 575-581.
https://doi.org/10.1161/01.res.26.5.575
Baumgartner, C., Da Costa, B. R., Collet, T.-H., Feller,
M., Floriani, C., Bauer, D. C., Cappola, A. R,
Heckbert, S. R., Ceresini, G., Gussekloo, J., den
Elzen, W. P. J., Peeters, R. P., Luben, R., Volzke, H.,
Dorr, M., Walsh, J. P., Bremner, A., lacoviello, M.,
Macfarlane, P., ... Rodondi, N. (2017). Thyroid
Function Within the Normal Range, Subclinical
Hypothyroidism and the Risk of Atrial Fibrillation.
Circulation, 136(22), 2100-2116.
https://doi.org/10.1161/circulationaha.117.028753
Bekiaridou, A., Kartas, A., Moysidis, D. V., Papazoglou,
A. S., Baroutidou, A., Papanastasiou, A., &
Giannakoulas, G. (2022). The bidirectional
relationship of thyroid disease and atrial fibrillation:
Established knowledge and future considerations.
Reviews in Endocrine and Metabolic Disorders,
23(3), 621-630. https://doi.org/10.1007/s11154-022-
09713-0
Bellew, S., Moman, R., Lohse, C., Hess, E., & Bellolio,
M. (2015). Validation of a Decision Rule for
Selective TSH Screening in Atrial Fibrillation.
Western Journal of Emergency Medicine, 16(1),
195-202.
https://doi.org/10.5811/westjem.2014.11.23490

248

Bielecka-Dabrowa, A., Mikhailidis, D. P., Rysz, J., &
Banach, M. (2009). The mechanisms of atrial
fibrillation in hyperthyroidism. Thyroid Research,
2(1), 1-7. https://doi.org/10.1186/1756-6614-2-4

Biondi, B., Palmieri, E. A., Lombardi, G., & Fazio, S.
(2002). Effects of Thyroid Hormone on Cardiac
Function - The Relative Importance of Heart Rate,
Loading Conditions and Myocardial Contractility in
the Regulation of Cardiac Performance in Human
Hyperthyroidism.  The Journal of Clinical
Endocrinology and Metabolism, 87(3), 968-974.
https://doi.org/10.1210/jcem.87.3.8302

Buccelletti, F., Carroccia, A., Marsiliani, D., Gilardi, E.,
Silveri, N. G., & Franceschi, F. (2011). Utility of
routine thyroid-stimulating hormone determination
in new-onset atrial fibrillation in the ED. The
American Journal of Emergency Medicine, 29(9),
1158-1162.
https://doi.org/10.1016/j.ajem.2010.06.010

Chaker, L., Bianco, A. C., Jonklaas, J., & Peeters, R. P.
(2018). Hypothyroidism and hypertension: fact or
myth? — Authors’ reply. The Lancet, 391(10115), 30.
https://doi.org/10.1016/s0140-6736(17)33321-4

Chaker, L., Heeringa, J., Dehghan, A., Medici, M., Visser,
W. E., Baumgartner, C., Hofman, A., Rodondi, N.,
Peeters, R. P., & Franco, O. H. (2015). Normal
Thyroid Function and the Risk of Atrial Fibrillation:
the Rotterdam Study. The Journal of Clinical
Endocrinology and Metabolism, 100(10), 3718-3724.
https://doi.org/10.1210/jc.2015-2480

Fazio, S. (2004). Effects of Thyroid Hormone on the
Cardiovascular System. Recent Progress in Hormone
Research, 59(1), 31-50.
https://doi.org/10.1210/rp.59.1.31

Gammage, M. D. (2007). Association Between Serum
Free Thyroxine Concentration and Atrial Fibrillation.
Archives of Internal Medicine, 167(9), 928-934.
https://doi.org/10.1001/archinte.167.9.928

Heeringa, J., Hoogendoorn, E. H., Van Der Deure, W. M.,
Hofman, A., Peeters, R. P., Hop, W. C. J., Den Heijer,
M., Visser, T. J., & Witteman, J. C. M. (2008). High-
Normal Thyroid Function and Risk of Atrial
Fibrillation. Archives of Internal Medicine, 168(20),
2219-2224.
https://doi.org/10.1001/archinte.168.20.2219

Jabbar, A., Pingitore, A., Pearce, S. H. S., Zaman, A,
lervasi, G., & Razvi, S. (2017). Thyroid hormones
and cardiovascular disease. Nature Reviews
Cardiology, 14(1), 39-55.
https://doi.org/10.1038/nrcardio.2016.174

Kannan, L., Shaw, P. A., Morley, M. P., Brandimarto, J.,
Fang, J. C., Sweitzer, N. K., Cappola, T. P., &
Cappola, A. R. (2018). Thyroid Dysfunction in Heart
Failure and Cardiovascular Outcomes. Circulation:
Heart Failure, 11(12), e005266.
https://doi.org/10.1161/circheartfailure.118.005266


https://doi.org/10.7759/cureus.24378
https://doi.org/10.1016/j.amsu.2022.103325
https://doi.org/10.1111/jce.14183
https://doi.org/10.1016/j.ajem.2018.08.076
https://doi.org/10.1161/01.res.26.5.575
https://doi.org/10.1161/circulationaha.117.028753
https://doi.org/10.1007/s11154-022-09713-0
https://doi.org/10.1007/s11154-022-09713-0
https://doi.org/10.5811/westjem.2014.11.23490
https://doi.org/10.1186/1756-6614-2-4
https://doi.org/10.1210/jcem.87.3.8302
https://doi.org/10.1016/j.ajem.2010.06.010
https://doi.org/10.1016/s0140-6736(17)33321-4
https://doi.org/10.1210/jc.2015-2480
https://doi.org/10.1210/rp.59.1.31
https://doi.org/10.1001/archinte.167.9.928
https://doi.org/10.1001/archinte.168.20.2219
https://doi.org/10.1038/nrcardio.2016.174
https://doi.org/10.1161/circheartfailure.118.005266

Ji Yeon Chang et al. / American Journal of Biochemistry and Biotechnology 2024, 20 (3): 243.249

DOI: 10.3844/ajbbsp.2024.243.249

Kim, D., Yang, P.-S., Jang, E., Yu, H. T., Kim, T.-H.,
Uhm, J.-S., Kim, J. Y., Pak, H.-N., Lee, M.-H.,
Joung, B., & Lip, G. Y. H. (2018). Increasing trends
in hospital care burden of atrial fibrillation in Korea,
2006 through 2015. Heart, 104(24), 2010-2017.
https://doi.org/10.1136/heartjnl-2017-312930

Kim, W., & Kim, E. J. (2018). Heart Failure as a Risk
Factor for Stroke. Journal of Stroke, 20(1), 33-45.
https://doi.org/10.5853/j0s.2017.02810

Kornej, J., Bérschel, C. S., Benjamin, E. J., & Schnabel,
R. B. (2020). Epidemiology of Atrial Fibrillation in
the 21% Century. Circulation Research, 127(1), 4-20.
https://doi.org/10.1161/circresaha.120.316340

Krahn, A. D. (1996). How Useful Is Thyroid Function
Testing in Patients With Recent-Onset Atrial
Fibrillation? Archives of Internal Medicine, 156(19),
2221-2224.
https://doi.org/10.1001/archinte.1996.00440180083
010

Lee, Y. K., Kim, J. E., Oh, H. J., Park, K. S., Kim, S. K.,
Park, S. W., Kim, M. J., & Cho, Y. W. (2011). Serum
TSH Level in Healthy Koreans and the Association
of TSH with Serum Lipid Concentration and
Metabolic Syndrome. The Korean Journal of Internal
Medicine, 26(4), 432.
https://doi.org/10.3904/kjim.2011.26.4.432

Lin, Y.-S., Tsai, H.-Y., Lin, C.-Y., Wu, V. C.-C., Chen,
T.-H., Yang, T.-Y., Aboyans, V., & Chen, M.-C.
(2021). Risk of Thromboembolism in Non-Valvular
Atrial Fibrillation with or Without Clinical
Hyperthyroidism. Global Heart, 16(1), 45.
https://doi.org/10.5334/gh.871

Liu, T., Li, G, Li, L., & Korantzopoulos, P. (2007).
Association Between C-Reactive Protein and
Recurrence of Atrial Fibrillation After Successful
Electrical Cardioversion. Journal of the American
College of Cardiology, 49(15), 1642-1648.
https://doi.org/10.1016/j.jacc.2006.12.042

Meng, X., Wang, X.-L., Zhang, Z., Zhang, K., Gao, J.,
Zheng, J., Wang, J.-J., Liu, Y., Yang, J., Li, C,
Zheng, Y.-T., Shao, C., Wang, W.-Y., & Tang, Y.-D.
(2022). Association Between Thyroid Dysfunction
and Incidence of Atrial Fibrillation in Patients with
Hypertrophic Obstructive Cardiomyopathy.
Frontiers in Endocrinology, 13, 875003.
https://doi.org/10.3389/fend0.2022.875003

Northcote, R. J., MacFarlane, P., Kesson, C. M., &
Ballantyne, D. (1986). Continuous 24-hour
electrocardiography in thyrotoxicosis before and
after treatment. American Heart Journal, 112(2),
339-344.
https://doi.org/10.1016/0002-8703(86)90272-3

249

Olanrewaju, O. A., Asghar, R., Makwana, S., Yahya, M.,
Kumar, N., Khawar, M. H., Ahmed, A., Islam, T.,
Kumari, K., Shadmani, S., Ali, M., Kumar, S., Khatri,
M., Varrassi, G., & Mohamad, T. (2024). Thyroid
and Its Ripple Effect: Impact on Cardiac Structure,
Function and Outcomes. Cureus, 16(1), e51574.
https://doi.org/10.7759/cureus.51574

Osuna, P. M., Udovcic, M., & Sharma, M. D. (2017).
Hypothyroidism and the Heart. Methodist DeBakey
Cardiovascular Journal, 13(2), 60.
https://doi.org/10.14797/mdcj-13-2-60

Oztiirk, S., Kayacioglu, 1., Sensoz, Y., Ozdemir, K., &
Oztiirk, 1. (2020). Efficiency of Thyroid Function
Test in the Prediction of Atrial Fibrillation Following
Open Heart Surgery. Journal of the College of
Physicians and Surgeons Pakistan, 30(7), 740-744.
https://doi.org/10.29271/jcpsp.2020.07.740

Razvi, S., Bhana, S., & Mrabeti, S. (2019). Challenges in
Interpreting Thyroid Stimulating Hormone Results in
the Diagnosis of Thyroid Dysfunction. Journal of
Thyroid Research, 2019, 1-8.
https://doi.org/10.1155/2019/4106816

Reddy, V., Taha, W., Kundumadam, S., & Khan, M. (2017).
Atrial fibrillation and hyperthyroidism: A literature
review. Indian Heart Journal, 69(4), 545-550.
https://doi.org/10.1016/j.ihj.2017.07.004

Soldin, O. P., Chung, S. H., & Colie, C. (2013). The Use
of TSH in Determining Thyroid Disease: How Does
It Impact the Practice of Medicine in Pregnancy?
Journal of Thyroid Research, 2013, 1-8.
https://doi.org/10.1155/2013/148157

Staffurth, J. S., Gibberd, M. C., & Fui, S. N. (1977).
Arterial embolism in thyrotoxicosis with atrial
fibrillation. BMJ, 2(6088), 688—690.
https://doi.org/10.1136/bmj.2.6088.688

Udovcic, M., Pena, R. H., Patham, B., Tabatabai, L., &
Kansara, A. (2017). Hypothyroidism and the Heart.
Methodist DeBakey Cardiovascular Journal, 13(2),
55. https://doi.org/10.14797/mdcj-13-2-55

Vasilopoulou, A., Patsiou, V., Bekiaridou, A.,
Papazoglou, A. S., Moysidis, D. V., Spaho, M.,
Zergioti, M., Kostakakis, D., Kyriakideli, M.-E.,
Lampropoulou, C.-l., Kartas, A., Samaras, A,
Baroutidou, A., Tzikas, A., Ziakas, A, &
Giannakoulas, G. (2024). Prognostic implications of
thyroid disease in patients with atrial fibrillation.
Heart and Vessels, 39(2), 185-193.
https://doi.org/10.1007/s00380-023-02341-x

Yamakawa, H., Kato, T. S., Noh, J. Y., Yuasa, S.,
Kawamura, A., Fukuda, K., & Aizawa, Y. (2021).
Thyroid Hormone Plays an Important Role in Cardiac
Function: From Bench to Bedside. Frontiers in
Physiology, 12, 606931.
https://doi.org/10.3389/fphys.2021.606931


https://doi.org/10.1136/heartjnl-2017-312930
https://doi.org/10.5853/jos.2017.02810
https://doi.org/10.1161/circresaha.120.316340
https://doi.org/10.1001/archinte.1996.00440180083010
https://doi.org/10.1001/archinte.1996.00440180083010
https://doi.org/10.3904/kjim.2011.26.4.432
https://doi.org/10.5334/gh.871
https://doi.org/10.1016/j.jacc.2006.12.042
https://doi.org/10.3389/fendo.2022.875003
https://doi.org/10.1016/0002-8703(86)90272-3
https://doi.org/10.7759/cureus.51574
https://doi.org/10.14797/mdcj-13-2-60
https://doi.org/10.29271/jcpsp.2020.07.740
https://doi.org/10.1155/2019/4106816
https://doi.org/10.1016/j.ihj.2017.07.004
https://doi.org/10.1155/2013/148157
https://doi.org/10.1136/bmj.2.6088.688
https://doi.org/10.14797/mdcj-13-2-55
https://doi.org/10.1007/s00380-023-02341-x
https://doi.org/10.3389/fphys.2021.606931

