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Abstract

Atrial fibrillation (AF) is often accompanied by thyroid disease (THD). This study aimed to explore the relationship between
THD and the occurrence of significant clinical outcomes in patients with AF. This post hoc analysis utilized data from the
MISOAC-AF trial (NCT02941978), which enrolled hospitalized patients with AF. Patients were categorized based on their
THD history into hyperthyroidism, hypothyroidism, or euthyroidism. Cox regression models were employed to calculate
unadjusted and adjusted hazard ratios (aHRs). The primary outcomes of interest included all-cause mortality, cardiovascular
death, and hospitalizations during the follow-up period. The study included 496 AF patients (mean age 73.09 +11.10 years)
with available THD data, who were followed-up for a median duration of 31 months. Among them, 16 patients (3.2%) had
hyperthyroidism, 141 (28.4%) had hypothyroidism, and 339 (68.4%) had no thyroid disease. Patients with hypothyroidism
exhibited higher rates of hospitalization during follow-up (aHR: 1.57, 95% CI 1.12 to 2.20, p =0.025) compared to the
euthyroid group. Elevated levels of thyroid-stimulating hormone (TSH) were correlated with an increased risk of cardiovas-
cular mortality (aHR: 1.03, 95% CI 1.01 to 1.05, p=0.007) and hospitalizations (aHR: 1.06, 95% CI 1.01 to 1.12, p=0.03).
Conversely, lower levels of triiodothyronine (T3) were associated with higher risks of all-cause mortality (aHR: 0.51, 95%
CI0.31to 0.82, p=0.006) and cardiovascular mortality (aHR: 0.42, 95% CI 0.23 to 0.77, p=0.005). Among patients with
AF, hypothyroidism was associated with increased hospitalizations. Furthermore, elevated TSH levels and decreased T3
levels were linked to higher cardiovascular and all-cause mortality risks, respectively.
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33% worldwide [1]. Thyroid disease greatly contributes to
an increased risk of AF occurrence [2—4] as it is known that
the cardiac muscle is involved in systemic endocrine regula-
tion [5].Therefore, current research studies investigating the
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connection of heart disease with endocrine disorders such as
thyroid disease are searching for a potential causative patho-
physiologic relation [6, 7].

In fact, the significance of serum thyroid hormone level
fluctuation for AF recurrence is studied [8], while T3 lev-
els, specifically, have been linked to myocardial ischemia
recovery [9, 10]. Evidence suggests that, primarily, overt
and occult hyperthyroidism are associated with AF trigger-
ing, increasing its incidence by up to twofold when com-
pared to euthyroid patients [11-13]. Hypothyroidism, whose
involvement to arrhythmias such as AF is unclear to date,
appeared to be indirectly related to its occurrence through
its contribution to the progression of various cardiovascular
diseases [14]. Moreover, an animal-based study investigated
the effects of thyroid hormone levels on arrhythmogenesis
in thyroidectomized rats and showed that hypothyroidism,
similarly to hyperthyroidism, may increase AF vulnerability
[15].

Regarding the impact of thyroid disease (THD) coexist-
ence in AF, studies have shown that the clinical course was
partially similar in terms of stroke and bleeding risk [16, 17].
However, there are contradictory data regarding the clini-
cal implications of hypothyroidism regarding mortality and
other cardiovascular outcomes.

The aim of this retrospective post hoc analysis was to
investigate the association of the THD spectrum with hard
clinical outcomes in patients with AF discharged from a car-
diology in-hospital unit.

Methods
Study design

This study constitutes a post hoc analysis of patients enrolled
in the MISOAC-AF trial [18] (Motivational Interviewing to
Support Oral AntiCoagulation adherence in patients with
non-valvular Atrial Fibrillation, ClinicalTrials.gov identi-
fier: NCT02941978), a prospective, two-armed, single-
center, randomized controlled trial that aimed to address the
effect of a motivational-educational intervention on patients’
adherence to oral anticoagulation therapy. The study was
conducted in the cardiology department of AHEPA Uni-
versity Hospital of Thessaloniki, Greece, and a thorough
analysis of the design, selection criteria, and the results have
been published previously [19]. Participants were recruited
in this clinical trial between December 2015 and June 2018
after providing their written, informed consent. The follow-
up was completed in April 2020. The data for analysis were
collected from patient—physician interviews, electronic hos-
pital records, and the Greek National General Health Insur-
ance System.
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In this study, patients were included if they were aged
over 18 years and had available data on their thyroid pro-
file (TSH, T3, T4, or thyroid status). Based on their thy-
roid profile, AF patients were divided into three groups:
hyperthyroidism, hypothyroidism, and euthyroidism. Fur-
ther comparisons were made based solely on the serum
TSH, T3, and T4 levels separately. Participants with miss-
ing data were excluded. The study complied with the ethi-
cal principles of Good Clinical Practice and the Declara-
tion of Helsinki [20] and was approved by the Aristotle
University ethics committee.

Definition of covariates

AF was defined as previously recorded in medical his-
tory or new-onset AF occurring during hospitalization.
The latter concerned irregular heart rhythm for more than
30 s, without detectable P waves, captured by a 12-lead
electrocardiogram or a 24-h Holter monitor. Euthyroidism
was defined as normal thyroid function with normal serum
TSH (0.35-4.5 mIU/mL) and T4 (12-30 pmol/L) levels
[21].

Overt hyperthyroidism was characterized by low serum
concentration of TSH (< 0.35 mIU/mL) and elevated levels
of T3 and/or T4 hormones. The diagnosis of overt hypo-
thyroidism was made when serum TSH levels are abnor-
mally high (> 4.5 mIU/mL) and levels of T4 are lower than
normal [22]. T3 levels were defined as normal if they were
between 0.9 and 2.8 (nmol/L).

Stroke was defined as a permanent, focal, neurologi-
cal deficit confirmed by imaging modalities. Transient
ischemic attack was defined as new neurologic symptoms
or deficit lasting less than 24 h with no new infarction on
neuroimaging (if available). Cardiovascular death (CVD)
was defined as a death related to cardiac cause or stroke.
All data collection was based on the standard definitions
as defined in the study.

Study outcomes

The primary outcome was all-cause mortality, and the sec-
ondary outcomes of interest were CVD and hospitaliza-
tions (any cause, AF-related and HF-related). CVD was
defined as sudden cardiac death or death due to other car-
diovascular causes such as acute myocardial infarction,
heart failure, or stroke. AF and HF-related hospitalizations
were assessed separately. Patients were followed-up until
death occurred or until April 2020. The vital status of all
patients was verified through the Greek Civil Registration.
Other clinical events were ascertained via telephonic or
in-person interviews.
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Statistical analysis

Continuous variables were summarized with means and
standard deviations (SDs), while categorical variables
were presented using frequencies and percentages. The
baseline characteristics were compared between the three
groups of the participants with either one-way analysis of
variance (ANOVA) for continuous variables or Pearson Chi-
square test for categorical variables as a part of a three-way
cross-tabulation. Univariate Cox regression analysis was
performed to assess the impact of thyroid status, T3, T4,
or TSH levels on the outcomes of interest and unadjusted
hazard ratios (HRs) were acquired. Variables univariately
associated with the outcome of interest (i.e., gender, age in
years, BMI, history of major bleeding, history of chronic
kidney disease (CKD), and history of stroke) were inserted
as covariates in the multivariate Cox proportional hazard
models to obtain adjusted HRs (aHRs) for the investigated
outcomes. The maximum number of independent variables
that could be included in the final model was determined by
the rule of one predictor variable for ten events of interest.
Therefore, multivariate analysis for hyperthyroidism was not
feasible due to the small number of events in a restricted
group sample size. Survival analysis was also executed
with Kaplan—Meier curves to analyze time-to-event data
for patients with hypothyroidism compared to euthyroid
patients, and log-rank tests were performed. The level of sig-
nificance was set to a=5% (p value <0.05) while performing
the analyses. The results are displayed with the correspond-
ing 95% confidence intervals (CI). Data management and
statistical analysis were performed using SPSS version 27
(SPSS Inc., Chicago, Illinois) software, Stata v15.1 (Stata-
Corp, College station, Texas, United States) packages and R
Statistical Software (v4.3.0; R Core Team 2023).

Results
Baseline characteristics and follow-up

Of the 1113 patients of the MISOAC-AF study, 496 patients
(mean age 73 + 11 years; 54% male) had available data on
thyroid status and were included in this post hoc analysis.
A total of 16 patients (3.2%) had a history of hyperthyroid-
ism, 141 (28.4%) had a history of hypothyroidism, and 339
(68.4%) had no history of thyroid disease. Baseline charac-
teristics stratified by thyroid status are displayed in Table 1.
Generally, there was homogeneity among groups regarding
demographic characteristics and medical history. The major-
ity of euthyroid patients were males, while more women
with AF had concomitant hypothyroidism. Persistent or per-
manent AF seemed to be the most prevalent types among

patients with thyroid disease (16.1%), followed by paroxys-
mal AF or atrial flutter (13.3%).

The median time interval between patient enrollment and
the last date of follow-up was 31 months (interquartile range
10 to 52 months). During follow-up, death from any cause
occurred in 200 (40.3%) patients, while the majority (72%)
was due to cardiovascular causes. Among them, 134 (67%)
were euthyroid patients, 62 (31%) had hypothyroidism, and
4 (2%) patients had hyperthyroidism.

Patients with AF and comorbid hypothyroidism

Univariate and multivariate Cox regression analyses are
displayed in Fig. 1. Multivariate Cox regression analysis
indicated that patients with hypothyroidism had signifi-
cantly higher hospitalization rates (Fig. 2A) during follow-
up (aHR: 1.57,95% CI 1.12 to 2.20, p=0.025 by log-rank
test) compared to those with no history of thyroid disease.
More specifically, hypothyroidism was associated with
an increased risk of hospitalizations due to heart failure
(aHR: 3.17, 95% CI 1.61 to 6.24, p=0.0027 by log-rank
test, Fig. 2B) and hospitalizations related with AF compli-
cations, such as stroke, major and non-major bleeding and
AF recurrence (aHR: 1.77, 95% CI 1.09-2.87, p=0.026 by
log-rank test, Fig. 2C). There were no statistically significant
differences between the two groups of patients (hypothyroid-
ism and euthyroidism) regarding all-cause death, CVD, and
stroke.

Patients with AF and comorbid hyperthyroidism

During follow-up, there were no statistically significant dif-
ferences between patients with a history of hyperthyroidism
and those with no history of thyroid disease regarding the
outcomes of interest: all-cause mortality (unadjusted HR:
0.56, 95% CI 0.21 to 1.52, p=0.261), risk of CVD (unad-
justed HR: 0.59, 95% CI 0.18 to 1.85, p=0.366), and hos-
pital admission rates (unadjusted HR: 0.79, 95% CI 0.35 to
1.79, p=0.58).

AF patients and TSH levels

The HRs generated from the univariate and multivari-
ate Cox regression analyses are displayed in Fig. 3. The
multivariate analysis resulted in increased risk of CVD
(aHR: 1.03, 95% CI 1.01 to 1.05, p=0.007) in patients
with higher TSH levels compared to those with normal or
low TSH levels. High TSH levels were, also, significantly
correlated with hospitalizations during follow-up (aHR:
1.06,95% CI 1.01 to 1.12, p=0.03), including those due to
heart failure (aHR: 1.18, 95% CI 1.03 to 1.35, p=0.014).
No significant differences were noted regarding all-cause
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Table 1 Baseline characteristics
of patients with AF categorized
by thyroid status

N Euthyroidism
(n=339)

Hypothyroid-
ism (n=141)

Hyperthyroid- p value
ism (n=16)

Age, mean + SD*
Gender

Male

Female
Smoking, n (%)
Alcohol consumption, n (%)
Coronary artery disease, n (%)
Pulmonary disease, n (%)
Heart failure, n (%)
Chronic kidney disease, n (%)

Acute myocardial infraction, n (%)

Angina, n (%)
History of PCI® or CABGS, n (%)
PCL n (%)
CABG, n (%)
Both, n (%)
Congenital heart disease, n (%)
Hypertension, n (%)
Diabetes mellitus, 7 (%)
Vascular disease, n (%)
AF%- subtypes
First diagnosed AF
Paroxysmal AF or atrial flutter

Persistent AF or permanent AF

496  7291+11.66  73.26+9.93  7525+891 p=0.697
496 p*<0.001

268 210 (61.9%) 51 (36.1%) 7 (43.7%)
228 129 (38.0%) 90 (63.8%)  9(56.2%)
494 185(54.5%)  76(53.9%)  7(43.7%) p=0.835
494 116 34.2%)  41(29.0%)  5(31.2%) p=0.578
490 145 (42.7%)  38(269%)  6(37.5%) p=0.013
495 61 (17.9%) 24 (17.0%) 3 (18.7%) p=0971
494 155 (45.7%)  75(53.1%)  8(50.0%) p=0271
495 49 (14.4%) 22(15.6%)  1(6.2%) p=0.594
495 88 (25.9%) 24 (17.0%) 2 (12.5%) p=0.068
495 71 (20.9%) 20 (14.1%) 1 (6.2%) p=0.102
495 p=0.005

47 (13.8%) 13 (9.2%) 5(31.2%)

41 (12.0%) 4 (2.8%) 1(6.2%)

24 (7.0%) 11 (7.8%) 0 (0.0%)
495 10 (2.9%) 4 (2.8%) 1(6.2%) p=0.746
495 270 (79.6%)  113(80.1%)  15(93.7%)  p=0.379
495  112(33.0%)  44(312%)  6(37.5%) p=0.866
495 178 (52.5%)  64(453%)  7(43.7%) p=0.348
496 p=0.069

44 (12.9%) 11 (7.8%) 0 (0.0%)

104 (30.6%) 59 (41.8%) 7 (43.7%)

191 (563%)  71(503%) 9 (56.2%)

P values that are reported in bold format were identified as statistically significant (<0.05)

P* refers to the significant difference between males and females regarding the euthyroidism and hypothy-

roidism categories

48D standard deviation

®PCI percutaneous coronary intervention

°CABG coronary artery bypass graft

4AF atrial fibrillation

mortality (aHR:1.32, 95% CI 0.96 to 1.81, p=0.081) in
relation to the levels of TSH hormone.

AF patients and T3 levels

Lower T3 levels were correlated with higher all-cause
mortality rates (aHR: 0.51, 95% CI 0.31 to 0.82, p=0.006)
and higher risk of CVD (aHR: 0.42, 95% CI 0.23 to 0.77,
p=0.005). Furthermore, lower T3 levels were associ-
ated with higher hospitalization admission rates due to
heart failure (aHR: 0.17, 95% CI 0.04 to 0.72, p=0.017).
Results of the univariate and multivariate Cox regression
analysis are depicted in Fig. 4.
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AF patients and T4 levels

Univariate Cox regression analysis showed no statisti-
cally significant relationship between T4 levels and the
outcomes of interest: all-cause mortality (unadjusted
HR: 0.98, 95% CI 0.92 to 1.04, p=0.639), risk of CVD
(unadjusted HR: 0.96, 95% CI 0.89 to 1.04, p=0.411),
risk of stroke (unadjusted HR: 0.84, 95% CI 0.68 to 1.04,
p=0.122), hospitalization due to heart failure (unadjusted
HR: 1.01, 95% CI 0.93 to 1.08, p=0.828), hospitalization
due to AF recurrence (unadjusted HR: 1.03, 95% CI 0.99
to 1.07, p=0.109), and hospitalization related to compli-
cations of AF (unadjusted HR: 1.01, 95% CI 0.97 to 1.06,
p=0.439).
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Study outcomes Unadjusted

Adjusted

HR 2 (95% Cl) P value HR (95% CI ) P value
All-cause death 1.31(0.97-1.78) 0.072 1.32(0.96-1.81) * 0.081
Cardiovascular death 1.41(0.99-2.01) 0.051 1.43 (0.99-2.07) - 0.053
Major bleeding 2.55(0.76-8.56) 0.127 2.88(0.83-9.94) . . 0.093
Stroke 1.61(0.73-3.52) 0.231 1.64(0.73-3.65) . 0.227
Any hospitalization event 1.43 (1.04-1.97) 0.027 1.57 (1.12-2.20) . 0.008
Any myocardial Infarction-related hospitalization (STEMI, NSTEMI €) 1.68 (0.31-9.02) 0.543 2.06 (0.35-11.97) . 0.418
Any heart failure hospitalization 2.57(1.35-4.89) 0.004 3.17 (1.61-6.24) . s <0.001
Any AF-related hospitalization ¢ 1.67 (1.05-2.64) 0.028 1.77 (1.09-2.87) . 0.019
Any hospitalization due to AF -recurrence 1.21(0.65-2.28) 0.537 1.25 (0.64-2.44) . 0.499

HR: Hazard Ratio

. Cl: Confidence Intervals

STEMI: ST-elevation myocardial infraction, NSTEMI: non-ST-elevation myocardial infraction
. Stroke, major/nonmajor bleeding, AF recurrence, arrhythmia

AF: Atrial Fibrillation

papoe

Fi

Discussion

In this observational post hoc analysis of the MISOAC-AF,
almost one-third of hospitalized patients with AF had thy-
roid dysfunction. Hypothyroidism was associated with a
57% higher possibility of hospitalization compared to euthy-
roid AF patients, while there was a TSH level-dependent risk
of CVD and HF-related hospitalization. Higher TSH levels
were related to greater risk compared to normal and lower
levels. Furthermore, lower T3 levels were correlated with a
greater risk of all-cause death and CVD. These results add
to the existing evidence regarding AF and comorbid hypo-
thyroidism as they indicate that both hypothyroidism and
isolated higher TSH levels may affect AF clinical course.
In more detail, our statistical analysis pertaining to hospi-
talizations indicated a threefold increase in the risk of hos-
pitalizations due to heart failure in patients with comorbid
hypothyroidism. These findings are in line with previous
relevant literature [23] and further imply that hypothyroid-
ism may contribute to heart failure progression as it can
lead to a reduction in the E/A ratio and myocardial diastolic
dysfunction [24]. In the Penn Heart Failure Study, a large
prospective cohort of 1365 ambulatory patients with a broad
spectrum of heart failure [25], thyroid dysfunction dem-
onstrated a significant association with clinically relevant
outcomes, both at baseline and longitudinally. Specifically,
higher TSH and lower T3 were each associated with more
severe symptoms of heart failure at baseline and increased
risk of all-cause mortality. Moreover, as in other previous
studies, we found that hypothyroidism was correlated with
an increased incidence of AF-related hospitalizations [26,
27]. Although it has been controversial [8, 28], this finding

g.1 Univariate and multivariate analysis for patients with AF and comorbid hypothyroidism

adds to the consideration that not only hyperthyroidism, but
hypothyroidism as well may predispose to more frequent
AF recurrences.

Furthermore, the association of higher TSH levels with
the risk of CVD highlights its possible key role to cardiovas-
cular disease [29]. In fact, since TSH is the main biomarker
for the diagnosis of subclinical hypothyroidism and there
is conflicting existing data regarding its clinical course and
management, the above association underscores the impor-
tance of further investigating the optimal TSH levels in con-
junction with an individual’s clinical profile. This is par-
ticularly relevant when considering hormonal substitution
in subclinical thyroid conditions as TSH levels may serve
as an independent predictor in patients with comorbid car-
diovascular diseases [30, 31].

Regarding T3 levels, it was seemed that lower T3 was
correlated with all-cause and cardiovascular mortality and in
patients with AF. In that context, other studies have reported
that higher T3 concentration may be cardioprotective [32].
Also, the protective role of T3 hormone in heart failure
course has already been discussed by existing literature
[33-35]; this was evident in this study as well, since lower
serum T3 levels in multimorbid AF patients were associ-
ated with a higher hospital admission rate especially due to
heart failure. Nevertheless, our analysis did not yield any
statistically significant relationship between T4 levels and
all outcomes of interest.

Concerning hyperthyroidism, this post hoc analysis
suggested no statistically significant association with the
outcomes of interest. However, the relationship between
hyperthyroidism and cardiovascular disease has been
previously well described [36], and it is well known that

@ Springer
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Fig.2 Kaplan—Meier analysis survival curves for the occurrence of A. any hospitalization, B. any heart failure-related hospitalization, C. any
AF-related hospitalization event between AF patients with euthyroidism and hypothyroidism

hyperthyroidism contributes to the development of new-
onset arrhythmias [37] and especially AF [12—-40]. Admit-
tedly, this controversy between our results and well-estab-
lished literature may arise from the small number of patients
with overt hyperthyroidism who participated in the study.

@ Springer

Therefore, the sample size was not adequate to replicate the
previously reported results.

Overall, although our findings should be considered in
the context of our moderate sample size, they support the
view that overt and subclinical hypothyroidism influence
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Study outcomes Unadjusted Adjusted

HR 2(95% Cl) P value HR (95% CI ®) P value
All-cause death 1.31(0.97-1.78)  0.018 1.32(0.96-1.81) . , 0.081
Cardiovascular death 1.03 (1.01-1.04)  0.002 1.03 (1.01-1.05) o 0.007
Major bleeding 1.02 (0.83-1.25) 0.832 0.99 (0.71-1.40) Jl . 0.993
Stroke 1.09 (1.00-1.18)  0.033 1.06 (0.95-1.18) R 0.291
Any hospitalization event 1.03 (0.99-1.08) 0.100 1.06 (1.01-1.12) e 0.03
Any heart failure hospitalization 1.17 (1.05-1.29)  0.002 1.18 (1.03-1.35) i 0.014
Any AF-related hospitalization ¢ 1.04 (0.98-1.10) 0.164 1.07 (0.99-1.16) e 0.079
Any hospitalization due to AF ¢-recurrence  1.04 (0.90-1.22)  0.543 1.09 (0.89-1.34) —t 0.395
2 HR: Hazard Ratio 02 04 06 08 1 12 14 16 18 2
b. ClI: Confidence Intervals
c. Stroke, major/nonmajor bleeding, AF recurrence, arrhythmia
d. AF: Atrial Fibrillation

Fig.3 Univariate and multivariate analysis for TSH levels in patients with AF and available thyroid disease status
Study outcomes Unadjusted Adjusted
HR 2 (95% CI) P value HR (95% CIY) P value

All-cause death 0.51(0.33-0.77) 0.002 0.51(0.31-0.82) ———i 0.006
Cardiovascular death 0.43 (0.25-0.71) 0.001 0.42 (0.23-0.77) [P 0.005
Major bleeding 0.67 (0.16-2.70) 0.574 0.98 (0.22-4.21) 0.981
Stroke 0.86 (0.33-2.24) 0.771 0.44 (0.11-1.77) e 0.251
Any hospitalization event 0.93 (0.65-1.32) 0.702 0.88 (0.57-1.36) s e 0.580
Any heart failure hospitalization 0.33(0.13-0.83) 0.019 0.17 (0.04-0.72) reo— 0.017
Any AF-related hospitalization ¢ 0.98 (0.59-1.64) 0.958 0.85 (0.43-1.70) 0.658
Any hospitalization due to AF d-recurrence  1.07 (0.57-2.01) 0.819 0.82 (0.32-2.07) —— 0.679

HR: Hazard Ratio

Cl: Confidence Intervals

Stroke, major/nonmajor bleeding, AF recurrence, arrhythmia
AF: Atrial Fibrillation

a0 oo

Fig.4 Univariate and multivariate analysis for T3 levels in patients with AF and available thyroid disease status

the course and recurrence of coexisting AF. Nevertheless, it
would be challenging and rather vague for their prognostic
significance to be predicted by a single biomarker (i.e., TSH
or T3), especially in high-risk groups of patients with severe
diseases at baseline [41].

Limitations

This is a single-center, retrospective post hoc analysis of
the MISOAC-AF trial. As a result, it was not designed
at the outset of the trial. Hence, a considerable number
of cases had to be excluded due to missing values on
thyroid status, TSH, or T3, possibly resulting in selec-
tion bias. Due to its observational nature, there may be

undetected biases and unmeasured or hidden confounders
in the correlations of specific factors with adverse events.
However, multivariable adjustments were performed for
clinically relevant parameters. Our dataset consisted of
older AF patients discharged from the hospital, and this
may reduce the generalizability of our results to non-hos-
pitalized patients with AF. Moreover, the proportional haz-
ards models were formed using data on the demographics
and clinical characteristics of the population as assessed
at baseline. Therefore, no new comorbidities that could
occur during follow-up or close to the time of the event of
interest (i.e., death) were recorded. However, this single
data registration at the outset of follow-up limited the ret-
rocausality in the interpretation of our results.
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Conclusion

In this study, it was shown that patients with AF and overt
hypothyroidism had increased hospitalizations while lower
T3 levels and elevated TSH levels were associated with
higher mortality. These findings highlight the importance
of detecting and managing the thyroid hormonal status in
all subjects with AF and contribute to the debate about the
value of screening at-risk populations. Further real-world
evidence is needed prior to reaching definite conclusions.
Considering the potential for reversibility of thyroid dys-
function, this may lead to better clinical outcomes in these
patients.

Funding Open access funding provided by HEAL-Link Greece.

Declarations
Conflict of interest The authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Lippi G, Sanchis-Gomar F, Cervellin G (2021) Global epidemiol-
ogy of atrial fibrillation: an increasing epidemic and public health
challenge. Int J Stroke 16(2):217-221

2. Baumgartner C, da Costa B, Collet T, Feller M, Floriani C, Bauer
D, Cappola A, Heckbert S, Ceresini G, Gussekloo J, Wendy PJ,
den Elzen W, Peeters R, Luben R, Volzke H, Dorr M, Walsh JP,
Bremner A, lacoviello M, Macfarlane P, Heeringa J, Stott DJ,
Westendorp RGJ, Khaw K-T, Magnani JW, Drahomir Aujesky D,
Rodondi N (2017) Thyroid Function Within the Normal Range,
Subclinical Hypothyroidism and the Risk of Atrial Fibrillation.
Circulation 136(22):2100

3. Kim EJ, Lyass A, Wang N, Massaro JM, Fox CS, Benjamin EJ,
Magnani JW (2014) Relation of Hypothyroidism and incident
atrial fibrillation (from the Framingham Heart Study). Am Heart
J167(1):123-126

4. Sussman MA (2001) When the thyroid speaks, the heart listens.
Circ Res 89(7):557-559

5. Wang K, Ojamaa K, Samuels A, Gilani N, Zhang K, An S, Zhang
Y, Tang Y-D, Askari B, Gerdes AM (2020) BNP as a new bio-
marker of cardiac thyroid hormone function. Front Physiol 11:729

6. Klein I, Danzi S (2007) Thyroid Disease and the Heart. Circula-
tion 116(15):1725-1735

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Aguilar M, Rose RA, Takawale A, Nattel S, Reilly S (2021) New
aspects of endocrine control of atrial fibrillation and possibilities
for clinical translation. Cardiovasc Res 117(7):1645

Morishima I, Okumura K, Morita Y, Kanzaki Y, Takagi K,
Yoshida R, Nagai H, Ikai Y, Furui K, Yoshioka N, Tsuboi H,
Murohara T (2018) High-normal thyroid-stimulating hormone
shows a potential causal association with arrhythmia recurrence
after catheter ablation of atrial fibrillation. ] Am Heart Assoc
7(14):1

Von Hafe M, Neves JS, Vale C, Borges-Canha M, Leite-Moreira
A (2019) The impact of thyroid hormone dysfunction on ischemic
heart disease. Endocr Connect 8(5):R76

Lamprou V, Varvarousis D, Polytarchou K, Varvarousi G, Xan-
thos T (2017) The role of thyroid hormones in acute coronary
syndromes: Prognostic value of alterations in thyroid hormones.
Clin Cardiol 40(8):528

Vidili G, Delitala A, Manetti R (2021) Subclinical hyperthyroid-
ism: the cardiovascular point of view. Eur Rev Med Pharmacol
Sci 25(8):3264-3271

Auer J, Scheibner P, Mische T, Langsteger W, Eber O, Eber B
(2001) Subclinical hyperthyroidism as a risk factor for atrial fibril-
lation. Am Heart J 142(5):838-842

Bielecka-Dabrowa A, Mikhailidis DP, Rysz J, Banach M (2009)
The mechanisms of atrial fibrillation in hyperthyroidism. Thyroid
Res 2(1):4

Udovcic M, Pena RH, Patham B, Tabatabai L, Kansara A (2017)
Hypothyroidism and the heart. Methodist Debakey Cardiovasc J
13(2):55

Zhang Y, Dedkov EI, Teplitsky D, Weltman NY, Pol CJ, Raja-
gopalan V, Lee B, Gerdes AM (2013) Both hypothyroidism and
hyperthyroidism increase atrial fibrillation inducibility in rats.
Circ Arrhythm Electrophysiol 6(5):952-959

Goldstein SA, Green J, Huber K, Wojdyla DM, Lopes RD, Alex-
ander JH, Vinereanu D, Lars Wallentin L, Granger CB (2019)
Characteristics and Outcomes of atrial fibrillation in patients
with thyroid disease (from the aristotle trial). Am J Cardiol
124(9):1406-1412

Makhamreh HA, 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 Med Surg 74:103325

Samaras A, Kartas A, Vasdeki D, Dividis G, Forozidou E, Fotos
G, Kotsi E, Paschou E, Tsoukra P, Goulas I, Karvounis H, Gian-
nakoulas G, Tzikas A (2020) Rationale and design of a rand-
omized study comparing Motivational Interviewing to support
oral anticoagulation adherence versus usual care in patients with
nonvalvular atrial fibrillation: The MISOAC-AF trial. Hellenic J
Cardiol 61(6):453-454

Tzikas A, Samaras A, Kartas A, Vasdeki D, Fotos G, Dividis G,
Paschou E, Forozidou E, Tsoukra P, Kotsi E, Goulas I, Karvounis
H, Giannakoulas G (2021) Motivational Interviewing to Support
Oral AntiCoagulation adherence in patients with non-valvular
Atrial Fibrillation (MISOAC-AF): a randomized clinical trial.
Eur Heart J Cardiovasc Pharmacother 7(F11):F63-F71

World Medical Association (2013) World Medical Association
Declaration of Helsinki: ethical principles for medical research
involving human subjects. JAMA 310(20):2191-2194

Baskin HJ, Cobin RH, Duick DS, Gharib H, Guttler RB, Kaplan
MM, Segal RL, American Association of Clinical Endocrinolo-
gists (2002) American association of clinical endocrinologists
medical guidelines for clinical practice for the evaluation and
treatment of hyperthyroidism and hypothyroidism. Endocr Pract
8(6):457-469

Garber JR, Cobin RH, Gharib H, Hennessey JV, Klein I, Mechan-
ick JI, Pessah-Pollack R, Singer PA, Woeber KA, American
Association of Clinical Endocrinologists and American Thyroid


http://creativecommons.org/licenses/by/4.0/

Heart and Vessels (2024) 39:185-193

193

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Association Taskforce on Hypothyroidism in Adults (2012) Clini-
cal practice guidelines for hypothyroidism in adults: cosponsored
by the American association of clinical endocrinologists and the
American thyroid association. Endocr Pract 18(6):988-1028
Lillevang-Johansen M, Abrahamsen B, Jgrgensen HL, Brix TH,
Hegediis L (2019) Duration of over- And under-treatment of hypo-
thyroidism is associated with increased cardiovascular risk. Eur J
Endocrinol 180(6):407-416

Kahaly GJ, Dillmann WH (2005) Thyroid hormone action in the
heart. Endocr Rev 26(5):704-728

Kannan L, Shaw PA, Morley MP, Brandimarto J, James C, Fang
JC, Sweitzer NK, Cappola TP, Cappola AR (2018) Thyroid dys-
function in heart failure and cardiovascular outcomes. Circ Heart
Fail 11(12):e005266

Bekiaridou A, Kartas A, Moysidis DV, Papazoglou AS, Barouti-
dou A, Papanastasiou A, Giannakoulas G (2022) The bidirectional
relationship of thyroid disease and atrial fibrillation: established
knowledge and future considerations. Rev Endocr Metab Disord
23(3):621-630

Vergara P, Picardi G, Nigro G, Scafuro F, de Chiara A, Calabro
R, Vergara G (2007) Evaluation of thyroid dysfunction in patients
with paroxysmal atrial fibrillation Original Investigation. Anatol
J Cardiol 7:104-106

Baumgartner C, da Costa BR, Collet T, Feller M, Floriani C,
Bauer DC, Cappola AR, Heckbert SR, Ceresini G, Gussekloo J,
den Elzen WPJ, Peeters RP, Luben R, Volzke H, Dorr M, Walsh
JP, Bremner A, Iacoviello M, Macfarlane P, Heeringa J, Stott DJ,
Westendorp RGJ, Khaw K, Magnani JW, Aujesky D, Rodondi
N, Collaboration TS (2017) Thyroid function within the normal
range, Subclinical hypothyroidism, and the risk of atrial fibrilla-
tion. Circulation 136(22):2100-2116

Suh S, Kim DK (2015) Subclinical hypothyroidism and cardio-
vascular disease. Endocrinol Metab 30(3):246

Zhang Y, Dedkov EI, Lee B, Li Y, Pun K, Gerdes AM (2014)
Thyroid Hormone replacement therapy attenuates atrial remod-
eling and reduces atrial fibrillation inducibility in a rat myocardial
infarction-heart failure model. J Card Fail 20(12):1012

Kolettis TM, Tsatsoulis A (2012) Subclinical hypothyroidism: An
overlooked cause of atrial fibrillation? J Atr Fibrillation 5(4):710
Mastorci F, Sabatino L, Vassalle C, Pingitore A (2019) Cardio-
protection and thyroid hormones in the clinical setting of heart
Failure. Front Endocrinol (Lausanne) 10:927

Razvi S, Jabbar A, Bano A, Ingoe L, Carey P, Junejo S, Thomas
H, Addison C, Austin D, Greenwood JP, Zaman AG (2022)

34.

35.

36.

37.

38.

39.

40.

41.

Triiodothyronine (T3), inflammation and mortality risk in patients
with acute myocardial infarction. Eur Thyroid J 11(2):e210085
Cappola AR, Fried LP, Arnold AM, Danese MD, Kuller
LH, Burke GL, Tracy RP, Ladenson PW (2006) Thyroid sta-
tus, cardiovascular risk, and mortality in older adults. JAMA
295(9):1033-1041

Anderson JL, Jacobs V, May HT, Bair TL, Benowitz BA, Lappe
DL, Muhlestein JB, Knowlton KU, Bunch TJ (2020) Free thy-
roxine within the normal reference range predicts risk of atrial
fibrillation. J Cardiovasc Electrophysiol 31(1):18-29

Osuna PM, Udovcic M, Sharma MD (2017) Hyperthyroidism and
the Heart. Methodist Debakey Cardiovasc J 13(2):60

Turan E, Can I, Turan Y, Uyar M, Cakir M (2018) Compari-
son of cardiac arrhythmia types between hyperthyroid patients
with graves’ disease and toxic nodular goiter. Acta Endocrinol
(Copenh) 14(3):324-329

Andrade JG, Aguilar M, Atzema C, Bell A, Cairns JA, Cheung
CC, Cox JL, Dorian P, Gladstone DJ, Healey JS, Khairy P, Leb-
lanc K, McMurtry MS, Mitchell LB, Nair GM, Nattel S, Parkash
R, Pilote L, Sandhu RK, Sarrazin J, Sharma M, Skanes AC,
Talajic M, Tsang TSM, Verma A, Verma S, Whitlock R, Wyse
DG, Macle L, Whitlock R, Wyse DG, Macle L; Members of
the Secondary Panel (2020) The 2020 Canadian cardiovascular
society/Canadian heart rhythm society comprehensive guide-
lines for the management of atrial fibrillation. Canad J Cardio
36(12):1847-1948

Gencer B, Cappola AR, Rodondi N, Collet TH (2022) Challenges
in the management of atrial fibrillation with subclinical hyperthy-
roidism. Front Endocrinol (Lausanne) 12:795492

Traube E, Coplan NL (2011) Embolic risk in atrial fibrillation that
arises from hyperthyroidism: review of the medical literature. Tex
Heart Inst J 38(3):225-228

Guo J, Hong Y, Wang Z, Li Y (2021) Analysis of the incidence
of euthyroid sick syndrome in comprehensive intensive care units
and related risk factors. Front Endocrinol (Lausanne) 12:656641

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Prognostic implications of thyroid disease in patients with atrial fibrillation
	Abstract
	Introduction
	Methods
	Study design
	Definition of covariates
	Study outcomes
	Statistical analysis

	Results
	Baseline characteristics and follow-up
	Patients with AF and comorbid hypothyroidism
	Patients with AF and comorbid hyperthyroidism
	AF patients and TSH levels
	AF patients and T3 levels
	AF patients and T4 levels

	Discussion
	Limitations

	Conclusion
	References




