
Introduction

The association between clinical1 or subclinical2 
hyperthyroidism and atrial fibrillation  is  estab-
lished  from  large  prospective cohort  studies,  
with  serum  free thyroxin (T4) concentrations cor-
relating with atrial fibrillation rates.3 However, the 
role of subclinical hypothyroidism as a causal fac-
tor for atrial fibrillation has not been elucidated. 

Recently, we have had under our care two pa-
tients with episodes of paroxysmal or persis-
tent atrial fibrillation and absence of identifiable 
causes, other than subclinical hypothyroidism.

The first patient, a 42-year-old female presented 
with frequent palpitations, corresponding to brief 
episodes of non-sustained, paroxysmal atrial fibril-
lation on 24- hour Holter recordings. Hypertension 
was excluded, based on repeated blood pressure 
recordings and on ambulatory monitoring; echo-
cardiography, exercise stress testing, as well as 
blood biochemistry were normal. However, mild
subclinical hypothyroidism was diagnosed based 
on thyrotropin (thyroid-stimulating hormone, 
TSH) values of 5.69mIU/L, with normal triiodothy-
ronine(T3) (1.53ng/ml, laboratory reference val-
ues: 0.56-1.56ng/ml) and free(T4) (1.12ng/dl, lab-
oratory reference values: 0.6-1.37ng/dl)  values.  
She  was  treated  with  levothyroxin  50ug  daily  
and  her symptoms progressively resolved; during 
a 24-month follow-up, thyroid function tests re-

mained normal and she had no further episodes 
of atrial fibrillation, either clinically or on 
repeated 24-hour Holter recordings.

The second patient, a 45-year-old male, presented 
with persistent atrial fibrillation, which was car-
dioverted to sinus rhythm, after failure of phar-
macologic treatment with oral propafenone and 
intravenous amiodarone. He gave a history of 
autoimmune (Hashimoto) thyroiditis associated 
with positive antithyroid peroxidase antibodies 
(40.5IU/ml, laboratory reference values: <9IU/
ml). As in the first case, meticulous investigation 
was normal, apart from thyroid function tests. 
Despite previous normal thyroid function tests (4 
years prior to the index evaluation), subclinical 
hypothyroidism was diagnosed, based on TSH 
values of 7.67mIU/L, with normal T3 (0.96ng/
ml) and free T4 (0.68ng/dl). During the subse-
quent 6 months, he had three more episodes of 
persistent atrial fibrillation, despite levothyroxin 
50ug daily and antiarrhythmic treatment, initially 
with sotalol  80mg t.i.d. and  subsequently with 
propafenone 150mg t.i.d.; at that time, thyroid 
function tests had improved but were still ab-
normal, with TSH values of 5.36mIU/L, whereas 
T3 (0.80ng/ml) and free T4 (0.72ng/dl) remained 
within normal range. Levothyroxin was increased 
to 100µg daily, which normalized TSH values to 
2.48mIU/L after 6 months, again with normal T3 
(0.85ng/ml) and free T4 (1.00ng/dl) levels. During 
a further 12-month follow-up, only brief episodes 
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of paroxysmal atrial fibrillation were noted on re-
peated 24-hour Holter recordings.

Our two case-studies indicate a possible causal rela-
tionship between subclinical hypothyroidism and 
atrial fibrillation. This notion is further supported by 
three important pieces of evidence in the literature:

(a) The effects of subclinical hypothyroidism 
was examined during the immediate post-oper-
ative period in patients undergoing coronary ar-
tery bypass grafting4, a well described risk factor 
for atrial fibrillation; in this study,4 224 patients 
with normal  thyroid  function  and  36  patients  
with  subclinical  hypothyroidism  were enrolled. 
Although there were no significant differenc-
es in major adverse cardiovascular  events,  pa-
tients  with  subclinical  hypothyroidism  had  
a  higher incidence of postoperative atrial fi-
brillation (with an odds ratio of 2.55) than those
with normal thyroid function; this differences 
was statistically significant, even when corrected 
for known risk factors, such as age, gender, body 
mass index, emergency operation, use of cardio-
pulmonary bypass, combined valvular operation, 
preoperative creatinine levels, left ventricular 
systolic dysfunction and non-use of β-blockers.

(b) An earlier prospective cohort study5 included 
approximately 2000 clinically and biochemical-
ly euthyroid subjects over 60 years of age, who 
were followed for 10 years;  this  study5  reported  
a  three-fold  relative  risk  of  atrial  fibrillation  
in subclinical hyperthyroidism and TSH values 
below 0.1mIU/L. However, an additional find-
ing was a trend towards higher incidence (12.5% 
versus 8.4%) of atrial fibrillation in  subjects with 
subclinical hypothyroidism (TSH values >5mI-
U/L) compared to those with normal TSH val-
ues (0.4-5.0mIU/L); this rate (12.5%) was almost 
identical to the atrial fibrillation rate (12.2%) ob-
served in subjects with subclinical hyperthyroid-
ism and TSH values between 0.1 and 0.4mIU/L.5

The importance of subclinical thyroid dysfunction 
on cardiovascular disease was recently highlight-
ed in a pooled analysis of data from 6 prospective 
cohort studies, including over 25000 participants,6 
of whom 8.1% had subclinical hypothyroidism 
(defined as TSH levels greater than 4.5mIU/L) 
and 2.6% had subclinical hyperthyroidism (de-
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fined as TSH levels below 0.45mIU/L); during 
follow-up, an increased risk for heart failure was 
found for high and low TSH levels, particularly 
for values above 10mIU/L and below 0.10mIU/L.
(c) The mechanism of atrial fibrillation in subclin-
ical hypothyroidism is complex and likely mul-
tifaceted. Slowed myocardial relaxation and im-
paired ventricular filling have been consistently 
shown in patients with subclinical hypothyroid-
ism;7 thus, abnormal left ventricular diastolic func-
tion increases left atrial pressure and can result
in stretch-induced atrial tachyarrhythmias. In addi-
tion, several lines of evidence have linked subclin-
ical hypothyroidism with coronary artery disease, 
which, in turn, is associated with atrial fibrillation. 
To this end, subclinical hypothyroidism increases 
arterial stiffness,8 an important risk factor for ather-
osclerotic heart disease. Furthermore, patients with 
subclinical hypothyroidism exhibit more prom-
inent atherogenic parameters, such as low-den-
sity-lipoprotein cholesterol and lipoprotein(a) .9

A recent experimental study,10 added impor-
tant information on the potential mechanisms 
of atrial fibrillation in subclinical hypothyroid-
ism. In hyperthyroid rats, the expression of 
L-type calcium channel α-subunit was reduced 
in vivo by ~60%, but a  (statistically  significant)  
reduction  (by  ~35%)  was  found  also  in  hy-
pothyroid animals. More importantly, hypothy-
roid - but not hyperthyroid - rats had enhanced 
collagen expression in the atrial myocardium 
10, indicating additional structural remodeling.

In addition  to  these  considerations, we  offer  
the  following possible explanation: subclinical 
hypothyroidism is a compensated state, dur-
ing which the rise in TSH attempts to maintain 
thyroid economy by converting T4 to the more 
metabolically- active T3. Thus, at this transient 
stage, higher T3/T4 ratio may provide the milieu for
‘cardiac T3-thyrotoxicosis’. Data favoring this no-
tion stem from an previous study,11 in which serum 
free thyroid hormones were measured in patients 
at different stages of hypothyroidism. A progres-
sive decrease of free T4 levels was reported, along 
with a corresponding increase of TSH levels, from 
healthy subjects to subclinical, mild and severe hy-
pothyroids; however, the decrease in free T3 levels 
was less prominent in subclinical   and   mild   hypo-
thyroidism,   with   free   T4   being   the   most   useful
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discriminating  variable  between  groups.  The  
importance  of  subtle  alterations  in thyroid hor-
mones in atrial arrhythmogenesis is further sup-
ported by the findings of a large population-based 
observational study,3 which showed that circulat-
ing T4 levels are related to atrial fibrillation, even 
in patients with values well within normal range.
Thyroid receptors play a critical role in mediat-
ing the diverse actions of thyroid hormones12 and 
constitute a potentially important parameter that 
should be taken into account. Indeed, thyroid 
hormone signaling is altered in response to vari-
ous stresses,  producing  local  myocardial  altera-
tions  in  the  homeostasis  of  thyroid hormones.13 
For example, significant alterations in thyroid 
hormone signaling have been demonstrated in 
the post-myocardial infarction setting; a recent 
experimental study13 showed thyroid receptor-al-
pha-1 down-regulation, resulting in tissue hypo-
thyroidism, with unchanged circulating T4 and 
T3 levels. These results may fuel future research 
on the possible relationship between altered thy-
roid hormone signaling and atrial arrhythmogen-
esis in the setting of subclinical hypothyroidism.

Conclusions

There is evidence that subclinical hypothyroidism 
may be a risk factor for atrial fibrillation. Prospec-
tive cohort studies are required, directly examin-
ing the potential association between these two  
disease  entities; likewise,their pathophysiologic 
link should be further explored at basic and clin-
ical level.

Disclosures

No disclosures relevant to this article were made 
by the authors.

References

1. Cappola AR, Fried LP, Arnold AM, Danese MD, Kuller LH, 
Burke GL, Tracy RP, Ladenson PW. Thyroid status, cardiovascu-
lar risk, and mortality in older adults. JAMA 2006;295:1033-1041.
2. Auer J, Scheibner P, Mische T, Langsteger W, Eber O, Eber B. 
Subclinical hyperthyroidism as a risk factor for atrial fibrillation. 
Am. Heart J. 2001;142:838-842.
3. Gammage  MD,  Parle  JV,  Holder  RL,  Roberts  LM,  Hobbs  
FD,  Wilson  S, Sheppard MC, Franklyn JA. Association between 
serum free thyroxine concentration and atrial fibrillation. Arch. 

Intern. Med. 2007;167:928-934.
4. Park YJ, Yoon JW, Kim KI, Lee YJ, Kim KW, Choi SH, Lim S, 
Choi DJ, Park KH, Choh JH, Jang HC, Kim SY, Cho BY, Lim C. 
Subclinical hypothyroidism might increase the risk of transient 
atrial fibrillation after coronary artery bypass grafting. Ann. 
Thorac. Surg. 2009;87:1846-1852.
5. Sawin CT, Geller A, Wolf PA, Belanger AJ, Baker E, Bacharach 
P, Wilson PW, Benjamin EJ, D’Agostino RB. Low serum TSH 
concentrations as a risk factor for atrial fibrillation in older per-
sons. N. Engl. J. Med. 1994;331:1249-1252.
6. Gencer B, Collet TH, Virgini V, Bauer DC, Gussekloo J, Cap-
pola AR, Nanchen D,  den  Elzen  WP,  Balmer  P,  Luben  RN,  
Iacoviello  M,  Triggiani  V,  Cornuz  J, Newman AB, Khaw KT, 
Jukema JW, Westendorp RG, Vittinghoff E, Aujesky D, Rodondi 
N. Subclinical thyroid dysfunction and the risk of heart failure 
events: An individual participant data analysis from six pro-
spective cohorts. Circulation 2012:in press.
7.Vitale G, Galderisi M, Lupoli GA, Celentano A, Pietropaolo I, 
Parenti N, De Divitiis O, Lupoli G. Left ventricular myocardial 
impairment in subclinical hypothyroidism assessed by a new 
ultrasound tool: Pulsed tissue doppler. J. Clin. Endocrinol. Me-
tab. 2002;87:4350-4355.
8. Nagasaki T, Inaba M, Kumeda Y, Hiura Y, Shirakawa K, Yam-
ada S, Henmi Y, Ishimura E,NishizawaY.  Increased pulse 
wave velocity in subclinical hypothyroidism. J. Clin. Endo-
crinol. Metab. 2006;91:154-158.
9. Efstathiadou Z, Bitsis S, Milionis HJ, Kukuvitis A, Bairaktari 
ET, Elisaf MS, Tsatsoulis A. Lipid profile in subclinical hypo-
thyroidism: Is l-thyroxine substitution beneficial? Eur. J. Endo-
crinol. 2001;145:705-710.
10. Chen WJ, Yeh YH, Lin KH, Chang GJ, Kuo CT. Molecular 
characterization of thyroid hormone-inhibited atrial l-type cal-
cium channel expression: Implication for atrial fibrillation in 
hyperthyroidism. Basic Res. Cardiol. 2011;106:163-174.
11. Ferrari C, Paracchi A, Parisio E, Codecasa F, Mucci M, Bogh-
en M, Gerevini G, Rampini P. Serum free thyroid hormones in 
different degrees of hypothyroidism and in euthyroid autoim-
mune thyroiditis. Acta Endocrinol. (Copenh.) 1987;114:559-564.
12. White P, Burton KA, Fowden AL, Dauncey MJ. Develop-
mental expression analysis of thyroid hormone receptor iso-
forms reveals new insights into their essential functions in car-
diac and skeletal muscles. FASEB J. 2001;15:1367-1376.
13. Pantos C, Mourouzis I, Galanopoulos G, Gavra M, Perimenis 
P, Spanou D, Cokkinos DV. Thyroid hormone receptor alpha-1 
downregulation in postischemic heart failure progression: The 
potential role of tissue hypothyroidism. Horm. Metab. Res. 
2010;42:718-724.

 www.jafib.com                                                   8                    Dec 2012-Jan 2013 | Vol 5 | Issue 4       


