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Abstract. – OBJECTIVE: Subclinical hyper-
thyroidism (SHyper), defined as reduced thyro-
tropin with free hormones within the reference 
range, is a common medical finding, in particu-
lar in elderly people. In the last years has gained 
attention due to its health-related conditions, in 
particular at the cardiovascular level.

MATERIALS AND METHODS: We searched 
electronic database (PubMed) and search en-
gines (Google Scholar) of articles and reviews 
using the terms “subclinical hyperthyroidism”, 
“Atrial fibrillation”, Ischemic stroke”, “Hyperten-
sion”, Heart failure”, and “Mortality”.

RESULTS: Subclinical hyperthyroidism was 
clearly associated with the onset of atrial fibril-
lation and, consequently, with ischemic stroke. 
However, the latter association is less clear. The 
effect on hypertension is doubtful and fair. Sub-
clinical hyperthyroidism could increase the risk 
of acute heart failure, possibly by increasing 
heart rhythm. Data on mortality are scanty but 
seem to suggest a possible association, proba-
bly linked to the detrimental effect on the cardio-
vascular system.

CONCLUSIONS: Current findings mainly de-
scribed possible associations with rhythm alter-
ations, heart failure, and stroke but the effective 
beneficial effects of the treatment of subclinical 
hyperthyroidism are still lacking. 
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Introduction

Thyroid hormones regulate different processes 
in the body homeostasis. Due to their ubiquitous 
effects, variations of hormones are associated with 
different diseases1,2. Thyroid disorders are com-
monly classified in two groups (hypothyroidism 
and hyperthyroidism), each of which is further 
divided in additional 2 subgroups (overt and sub-
clinical). Overt hypothyroidism is diagnosed with 
increased thyrotropin (TSH) levels and free thy-

roxine (FT4) below the lower limit of the reference 
range. Subclinical hypothyroidism (SHypo), is a 
milder form of hypothyroidism with increased TSH 
level and normal FT4. Similarly, hyperthyroidism 
is divided in overt disorder, with suppressed TSH 
and increased free hormones, and subclinical hy-
perthyroidism (SHyper), which is characterized by 
reduced TSH and FT4 within the reference range. 

Thyroid disorders are associated with many 
cardiovascular risk factors, some of which are in-
cluded in the definition of metabolic syndrome3,4. 
Excess of thyroid hormone has been linked to 
alteration in the cardiovascular hemodynamic5, 
modifications of heart rhythm6, and arterial wall 
structure7. While the effects of thyroid hormone 
excess on the cardiovascular risk factors are clear 
for some of them, for others are still debatable8. 
On the other hand, hypothyroidism has been as-
sociated with a worse lipid profile9,10, and the use 
of thyroid analogs has been proposed as a treat-
ment for dyslipidemia in subjects with normal 
thyroid function11. However, due to side effects, 
their use is still not recommended. 

Guidelines do not offer a clear indication for 
the treatment of SHyper due to the lack of univo-
cal scientific evidence. For this reason, the treat-
ment is based on clinical judgment. In this review, 
we described and summarized the main cardio-
vascular complications that can be related to the 
presence of SHyper.

Materials and Methods

PubMed and Google Scholar were searched 
using the following keywords: “Subclinical hy-
perthyroidism”, “Atrial fibrillation”, “Ischemic 
stroke”, “Hypertension”, “Heart failure”, and 
“Mortality”. Search returned 585 articles. We first 
removed duplicates (n = 168), then we manually 
inspected all articles of particular interest, and 20 
articles were finally selected to review (Figure 1). 

European Review for Medical and Pharmacological Sciences 2021; 25: 3264-3271

G. VIDILI, A. DELITALA, R. MANETTI

Department of Surgical, Medical and Experimental Sciences, University of Sassari, Sassari, Italy

Corresponding Author: Alessandro Delitala, MD; e-mail: aledelitala@uniss.it

Subclinical hyperthyroidism: the cardiovascular
point of view



Subclinical hyperthyroidism: the cardiovascular point of view

3265

Epidemiology
SHyper is frequently found in the general pop-

ulation, but its prevalence changes across States. 
These differences can be related to age, gender, 
race, genetic predisposition, iodine status, and 
the definition of SHyper, which may vary in the 
different studies. In Spain, Lucas et al12 report-
ed an overall prevalence of thyroid dysfunction 
of 8.9%, with a greater predominance of females 
(71.2%), while the frequency of SHyper was 
1.3%. In Jutland, the prevalence of low-TSH was 
10%, again with clear female predominance13. In 
Italy, the prevalence of undiagnosed SHyper was 
2.4%14. The frequency of SHyper is higher in old-
er people and can be as high as 15.4% in patients 
aged at least 75 years15. In the United States, the 
prevalence of SHyper is 2-5% of the general pop-
ulation16.

Progression to Overt Hyperthyroidism
The evolution of SHyper is variable. While 

some patients may progress to overt hyperthy-
roidism, other can remains stable over the years 
or revert to euthyroidism. The etiology of SHy-
per can help to understand the possible evolution. 
SHyper may be transient in case of autoimmune 
origin and normalizes in 25-50% of the patients17. 
Indeed, SHyper in patients with multinodular goi-
ter is relatively stable over the years in an area with 
iodine deficiency. On the other hand, the same 
subjects living in an area with adequate iodine in-
take have a risk of 10% to progress to overt hyper-
thyroidism (e.g., toxic multinodular goiter) after 5 
years of follow-up18. In longitudinal studies, basal 
TSH levels were a strong predictor of progression. 
Indeed, Vadiveloo et al19 analyzed and followed a 
sample of 2024 patients with SHyper for 7 years 
after the diagnosis. They found that 0.7% of the 
sample developed overt hyperthyroidism at the 
end of the follow-up, but the majority remained 
as SHyper (63%). Interestingly, 35.6% of the sam-
ple reverted to euthyroidism, and this was more 
common in those who had baseline TSH between 
0.1-0.4 mUI/l. Similar data have been obtained in 
another study, which included 102 women aged 
60 or older. Rosario20 reported that the risk to 
progress to overt hyperthyroidism was low (1% 
per year), and the only predictor of progression 
of SHyper was baseline TSH value < 0.2 mUI/L. 
Das et al21 included 323 SHyper patients, followed 
for a mean duration of 32 months. They found that 
subjects with TSH < 0.1 have a higher risk of pro-
gression to overt hyperthyroidism than those with 
baseline TSH between 0.1-0.4 mUI/l. 

The risk of progression in SHyper patients is 
largely unpredictable and mainly related to base-
line TSH level. The risk seems higher in those 
with TSH < 0.1 mUI/l and can precipitate in case 
of iodine overload, which can occur in case of 
contrast agent during computed tomography or 
drugs (e.g., amiodarone) used to treat cardiac ar-
rhythmias. 

Atrial Fibrillation
Atrial fibrillation (AF) is one of the most com-

mon cardiac arrhythmias, which often occurs 
during aging. Excess of thyroid hormone is as-
sociated with the onset of atrial fibrillation, in 
particular in case of overt hyperthyroidism, and 
the European Society of Cardiology suggests to 
check thyroid function in all patients with new 
onset AF. However, it should be noted that SHy-
per is infrequently found in subjects with AF. 
In addition, subjects with hyperthyroidism have 
an increased risk of late ventricular potentials22, 
which disappeared after propranolol therapy23. 
The first study that found an association between 
AF and SHyper was published in 1994 by Sawin 
et al24. They analyzed 2007 subjects aged at least 
60 without a previous diagnosis of AF, with low 
TSH values (≤ 0.1 UI/l) or slightly low values (0.1-
0.4 mUI/l). During the 10-year follow-up period, 
the relative risk of AF in those with low serum 
TSH was 3.1, as compared to euthyroid subjects. 
Interestingly, the incidence of AF in patients with 
slightly low TSH values was comparable to the 
control group. Following studies confirmed these 
results. For example, analysis by Auer et al25 re-
ported an increased frequency of AF in both overt 
and subclinical hyperthyroidism in comparison to 
control group (13%, 14%, and 2%, respectively). 
Albeit the study was strengthened by the wide 
sample (over 23,000 subjects aged 45 or older), 
its cross-sectional design precludes causal infer-
ences. Other than SHyper, authors also reported 
an independent association between AF and FT4 
-treated as continuous variable-, both in euthyroid 
and in SHyper. The possible association between 
thyroid hormone and AF even in subjects with 
normal thyroid function was reported by Heerin-
ga et al26. This study included 1426 subjects aged 
at least 65 years with TSH within the reference 
range and followed for 8 years. Interestingly, par-
ticipants with the lowest quartile of TSH had a 
2-fold increase risk of AF, as compared to those 
in the highest quartile. Due to the well-known 
inverse association between TSH and FT4, au-
thors were also able to find a graded association 
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between FT4 and AF, whose frequency increased 
from the second to the fourth quartile of FT4. 

A part of some sporadic negative reports27, data 
agree that SHyper increased the risk of AF in par-
ticular in those with low/suppressed TSH19,25, in-
dependently of its etiology28. However, the role of 
exogenous SHyper is less studied, with a reported 
association with premature atrial beats29. While 
the treatment of SHyper led to conversion to sinus 
rhythm in 19%, in particular in patients without 
an underlying heart disease25, no prospective and 
randomized studies are available to understand 
whether the treatment of SHyper reduces the risk 
of AF.

In conclusion, available data suggest a strong 
association between AF and SHyper, in particular 
in predisposed subjects (e.g., older patients)30. In-
deed, these patients have an intrinsic higher risk 
of AF, which may further increase by the presence 
of long lasting SHyper (Table I). However, it is not 
known whether SHyper triggers AF in genetically 
predisposed subjects or directly acts on the dura-
tion of the repolarization phase of the action poten-
tial, increasing the risk of arrhythmias31. Another 
possibility is an indirect effect of SHyper, which 
might act on others independent risk factors for AF 
(heart failure, hypertension, angina), in particular 
in those who have an underlying cardiac disease.

Table I. TSummary of studies and cardiovascular outcomes.

Atrial fibrillation n Age TSH Result

Vadiveloo et al19  1491 66.1 (16.0) 0.40-0.10 Increased risk of atrial fibrillation
 414 67.7 (15.6) < 0.10 Increased risk of atrial fibrillation
Sawin et al24 187 > 60 0.40-0.10 Increased risk of atrial fibrillation
 61 > 60 < 0.10 Increased risk of atrial fibrillation
Auer et al25 613 67.9 (9.2) < 0.40 Increased risk of atrial fibrillation
Rosario et al27 90 74 (65-82) 0.23 (0.11-0.38) No association

Ischemic stroke n Age TSH Result 
Bengtsson et al32 31 NA Subclinical and  Increased frequency of stroke
   overt hyperthyroidism 
Schultz et al33 24 74 (10) 0.26 (0.12-0.34) Increased frequency of stroke
Selmer et al34 852 60.4 (19.1) 0.22-0.10 No association 
 3623 60.9 (19.8) < 0.10 No association 
Collet et al35 2188 71 (64-100) < 0.45 No association 

Hypertension n Age TSH Result 
Walsh et al40 36 50.7 (15.1) < 0.40 Increased frequency of hypertension
Kaminski et al41 44 45.9 (11.0) 0.16 (0.10) Increased frequency of elevate nocturnal 
blood pressure     hypertension
Volzke et al42 163 61 (49-69) < 0.25 No association 
Volzke et al43 203 59 (48-66) < 0.25 No association 

Heart failure n Age TSH Result 
Rodondi et al45 44 73.8 (6.9) 0.24 (0.13) No association 
Nanchen et al46 71 75.2 (3.1) 0.18 (0.13) Increased risk of heart failure
Gencer et al47 494 NA 0.44-0.10 No association 
 16 NA < 0.10 Increased risk of heart failure

Mortality n Age TSH Result 
Parle et al48 71 > 60 < 0.50 Increased risk of mortality from all cause
    and cardiovascular cause
Pearce et al49 19 85.5 (0.4) < 0.40 No increased mortality
Ochs et al51 NA NA NA Increased risk of mortality
Haentjens et al50 NA NA NA Increased risk of mortality
Singh et al52 NA NA NA No increased mortality
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Ischemic Stroke
The risk of stroke in patients with SHyper 

has been postulated for its association with AF, 
a common cause of embolic stroke. Bengtsson 
et al32 reported the frequency of previously un-
known overt and SHyper in 153 Swedish patients 
with acute ischemic stroke. Authors categorized 
patients accordingly to the possible etiology (em-
bolic and non-embolic) and found a prevalence of 
thyroid disorders in 12% of the sample. SHyper 
was more common in those with AF compared to 
non-AF group (13% vs. 3%, p = 0.048). Similarly, 
Schultz et al33 analyzed a cohort of 609 patients 
aged 50 or older (4.1% with SHyper) with normal 
left ventricular function and reported major car-
diovascular events. After a median 5-year of fol-
low-up, 28 patients had a stroke, and its incidence 
was increased among subjects with SHyper, with 
an HR of 3.39, after adjusting for age, sex, and 
AF. Albeit the association between SHyper and 
stroke seems possible, due to the co-occurrence 
of AF, other studies reported different results. For 
example, Salmer et al34 from Denmark analyzed 
over 47,000 patients who consulted their gener-
al practitioner and showed that SHyper was not 

associated with stroke as a single outcome. But 
the combined endpoint of major cardiovascular 
events (cardiovascular death, non-fatal stroke, and 
non-fatal myocardial infarction) was increased in 
patients with SHyper. A recent pooled analysis 
reported the results 52,674 participants from 10 
cohort35 and found that in age adjusted analysis, 
stroke frequency was not increased. SHyper might 
have a role not only for the acute ischemic stroke 
but also as function outcome in patients with 
cerebrovascular events. Indeed, Wollenweber et 
al36 analyzed a cohort of 165 consecutive patients 
with acute ischemic stroke, divided in three dif-
ferent groups: SHyper, SHypo, and euthyroidism, 
according to the level of TSH. Patients were fol-
lowed for 3 months after the stroke, and analy-
ses were adjusted for possible confounders, such 
as AF, total cholesterol, and body mass index. 
They found that 11.5% of the sample had SHyper, 
which had a substantially increased risk of func-
tional disability 3 months after stroke, compared 
to euthyroid. Similar results have been obtained 
from Lee et al37, which analyzed patients with 
acute ischemic stroke treated with reperfusion 
therapy. The authors included 156 consecutively 

Figure 1. Articles selected to review.
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patients and divided in euthyroid and SHyper. 
The primary outcome was functional disability 
at three months, and the secondary outcome was 
successful reperfusion. Patients with SHyper had 
an increased risk of poor functional outcome at 
three months (OR 2.5) and decreased the rate of 
successful reperfusion after therapy.

In conclusion, the relation between ischemic 
stroke and SHyper is not univocal and might be 
associated with the co-occurrence of AF, whose 
frequency is higher in patients with SHyper.

Hypertension
Hypertension is the most common cardiovas-

cular disease affecting 30-45% of the population, 
with a progressive increase during aging38 and a 
clear gender difference39. The effect of SHyper on 
blood pressure is not clear. First reports on their 
possible association have been reported in the 
Busselton Study40. Here, the authors included 35 
subjects with SHyper and reported an increased 
frequency of hypertension. However, results were 
limited by the small sample, as acknowledged by 
the Authors. Kaminski et al41 reported the results 
of 24-hours ambulatory blood pressure monitor-
ing in 44 subjects with SHyper and found a higher 
nocturnal mean systolic and diastolic blood pres-
sure and higher mean blood pressure compared to 
euthyroid. On the contrary, findings from Study 
in Pomerania42 reported no association between 
SHyper and hypertension. Results were con-
firmed in 2009 when the same group reported no 
changes in blood pressure, pulse pressure, and 
incident hypertension in patients with SHyper43. 
The analyses were of particular interest because 
while the 5-year hypertension incidence in SHy-
per compared to euthyroid was higher in the uni-
variate analysis (31% vs. 19%), the multivariate 
logistic analysis, adjusted for age and other car-
diovascular risk factors, revealed that both groups 
had a comparable risk of hypertension.

In conclusion, the effect of SHyper on hyper-
tension is not clear. Whether possible, it has been 
defined as statistically significant but clinically 
insignificant41.

Heart Failure
Heart failure (HF) is a chronic and progres-

sive disease that affects the pumping power of 
the heart. It is the only cardiovascular disease 
with increasing incidence and prevalence due to 
the aging of the population44. The importance of 
thyroid hormones in the pathophysiology of HF is 
underlined by the fact that European guidelines 

of the European Society of Cardiology suggest 
to check thyroid hormones in all patients with 
acute HF. But the exact role of SHyper in HF is 
not clear. Rodondi et al45 analyzed 3,044 patients 
aged 65 or older who were initially free of HF in 
the Cardiovascular Health Study. Over the course 
of 12 years, patients with SHyper had a compara-
ble risk to develop acute HF compared to euthy-
roid. On the other hand, the incidence rate of HF 
hospitalization was increased in 71 patients with 
SHyper compared to patients with euthyroidism 
(HR=3.27) in the PROSPER study46. A recent 
pool analysis47 of 6 cohort studies, including over 
25,000 participants, clearly demonstrated that the 
risk of HF was increased in subjects with SHy-
per. The authors also demonstrated that the HR 
increased accordingly to TSH level, from 1.3 in 
those with TSH > 0.1 to 1.9 in those with TSH 
< 0.1. Findings reported by Nanchen et al46 also 
demonstrated that SHyper increased the rate of 
admission for HR. 

In conclusion, available data suggest that SHy-
per could increase the risk of acute HF. A possi-
bility is that SHyper can increase the risk of atrial 
arrhythmias, such as AF, or tachycardia in gener-
al, which in turn cause acute decompensated HF. 
No prospective studies for the treatment of SHy-
per are available to test whether the reduction of 
heart rate will prevent HF in these patients. 

Mortality
The first report that showed an increased mor-

tality in patients with SHyper has been done 
by Parle et al48 in 2001. This study reported the 
analyses from a cohort of 1191 individuals free 
from thyroid medications, aged 60 or older, and 
followed for 10 years. 509 out 1191 people died 
during the follow-up, and the Authors were able 
to demonstrate that SHyper increased the mortal-
ity from all causes in year 2-5, and in particular 
mortality to circulatory and cardiovascular dis-
ease. Conversely, Pearce et al49 on 643 subjects 
aged over 84 years found that SHyper was not 
related to a worse survival over 9 years than eu-
thyroid individuals. Even meta-analysis gave con-
flicting results. Indeed, Haentjens et al50 analyzed 
results of 7 cohorts including 290 patients and 
found that SHyper increased by 41% the relative 
mortality from all cause compared to euthyroid, 
in particular in males aged 60 or older. Similar 
results have been reported by Ochs et al51 in an in-
vestigation including 10 surveys and 14,449 par-
ticipants. These authors found that SHyper was 
associated with a modest rise in mortality as well 
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as an increase for coronary artery disease. On the 
other hand, Singh et al52 reported no association 
between SHyper and mortality from cardiovascu-
lar causes. 

In conclusion, the association between SHyper 
and mortality can be explained by the unfavorable 
effect of SHyper on the cardiovascular system. In-
deed, cardiac function, blood pressure, heart rate, 
and arterial stiffness53 are impaired in case of ex-
cess of thyroid hormone, even if mild. Increased 
arterial stiffness may be a dynamic adaptation 
to the hypermetabolic state, or it may be a con-
sequence of peripheral vasodilation and cardiac 
reflex, which in turn increase stroke volume and 
heart rate. However, the effect of SHyper on mor-
tality seems modest and although SHyper is quite 
common in elderly, guidelines suggest against its 
screening.

Conclusions

The decision to treat patients with SHyper is 
mainly based on clinical judgment and on physi-
cian experience, after a careful evaluation of co-
morbidities. A clinical approach could first be to 
confirm the presence of SHyper with a second test 
and, once confirmed, to suggest treatment to old-
er patients, in particular to those with increased 
risk of atrial fibrillation. Data for younger patients 
are insufficient to draw firm conclusions and ex-
pert panel suggest against the routine treatment of 
SHyper in young and asymptomatic patients. 

Here, we highlighted the importance of SHy-
per on the cardiovascular diseases, both of which 
are becoming more prevalent due to an increase 
of elderly subjects. Unfortunately, prospective 
studies on its treatment are rather scanty, without 
a control arm, and we cannot draw firm conclu-
sions when treating SHyper. In addition, no spe-
cific studies addressed specific outcomes of its 
treatment.

Author Contributions
Gianpaolo Vidili: Manuscript Preparation and Literature 
Search; Alessandro Delitala: Manuscript Preparation and 
Literature Search; Roberto Manetti: Manuscript Prepara-
tion and Literature Search.

References

 1) Delitala AP, Manzocco M, Sinibaldi FG, Fanciulli 
G. Thyroid function in elderly people: The role of 
subclinical thyroid disorders in cognitive function 

and mood alterations. Int J Clin Pract 2018; 72: 
e13254.

 2) Delitala AP, Fanciulli G, Maioli M, Delitala G. Sub-
clinical hypothyroidism, lipid metabolism and car-
diovascular disease. Eur J Intern Med 2017; 38: 
17-24.

 3) Delitala AP, Fanciulli G, Pes GM, Maioli M, Delita-
la G. Thyroid hormones, metabolic syndrome and 
its components. Endocr Metab Immune Disord 
Drug Targets 2017; 17: 56-62.

 4) Delitala AP, Scuteri A, Fiorillo E, Lakatta EG, 
Schlessinger D, Cucca F. Role of adipokines in 
the association between thyroid hormone and 
components of the metabolic syndrome. J Clin 
Med 2019; 8: 764.

 5) Danzi S, Klein I. Thyroid hormone and the car-
diovascular system. Med Clin North Am 2012; 96: 
257-268.

 6) Osman F, Franklyn JA, Holder RL, Sheppard MC, 
Gammage MD. Cardiovascular manifestations 
of hyperthyroidism before and after antithyroid 
therapy: a matched case-control study. J Am Coll 
Cardiol 2007; 49: 71-81.

 7) Volzke H, Robinson DM, Schminke U, Ludemann 
J, Rettig R, Felix SB, Kessler C, John U, Meng W. 
Thyroid function and carotid wall thickness. J Clin 
Endocrinol Metab 2004; 89: 2145-2149.

 8) Delitala AP, Filigheddu F, Orru M, AlGhatrif M, 
Steri M, Pilia MG, Scuteri A, Lobina M, Piras MG, 
Delitala G, Lakatta EG, Schlessinger D, Cucca 
F. No evidence of association between subclini-
cal thyroid disorders and common carotid intima 
medial thickness or atherosclerotic plaque. Nutr 
Metab Cardiovasc Dis 2015; 25: 1104-1110.

 9) Pearce EN. Update in lipid alterations in subclini-
cal hypothyroidism. J Clin Endocrinol Metab 2012; 
97: 326-333.

10) Delitala AP, Scuteri A, Maioli M, Mangatia P, Vi-
lardi L, Erre GL. Subclinical hypothyroidism and 
cardiovascular risk factors. Minerva Med 2019; 
110: 530-545.

11) Delitala AP, Delitala G, Sioni P, Fanciulli G. Thy-
roid hormone analogs for the treatment of dyslip-
idemia: past, present, and future. Curr Med Res 
Opin 2017; 33: 1985-1993.

12) Lucas A, Julian MT, Canton A, Castell C, Casa-
mitjana R, Martinez-Caceres EM, Granada ML. 
Undiagnosed thyroid dysfunction, thyroid anti-
bodies, and iodine excretion in a Mediterranean 
population. Endocrine 2010; 38: 391-396.

13) Laurberg P, Pedersen KM, Hreidarsson A, Sig-
fusson N, Iversen E, Knudsen PR. Iodine intake 
and the pattern of thyroid disorders: a compar-
ative epidemiological study of thyroid abnor-
malities in the elderly in Iceland and in Jutland, 
Denmark. J Clin Endocrinol Metab 1998; 83: 
765-769.

14) Delitala AP, Pilia MG, Ferreli L, Loi F, Curreli N, 
Balaci L, Schlessinger D, Cucca F. Prevalence of 
unknown thyroid disorders in a Sardinian cohort. 
Eur J Endocrinol 2014; 171: 143-149.



G. Vidili, A. Delitala, R. Manetti

3270

15) Aghini-Lombardi F, Antonangeli L, Martino E, Vitti 
P, Maccherini D, Leoli F, Rago T, Grasso L, Vale-
riano R, Balestrieri A, Pinchera A. The spectrum 
of thyroid disorders in an iodine-deficient commu-
nity: the Pescopagano survey. J Clin Endocrinol 
Metab 1999; 84: 561-566.

16) Hollowell JG, Staehling NW, Flanders WD, Hannon 
WH, Gunter EW, Spencer CA, Braverman LE. Se-
rum TSH, T(4), and thyroid antibodies in the United 
States population (1988 to 1994): National Health 
and Nutrition Examination Survey (NHANES III). J 
Clin Endocrinol Metab 2002; 87: 489-499.

17) Meyerovitch J, Rotman-Pikielny P, Sherf M, Battat 
E, Levy Y, Surks MI. Serum thyrotropin measure-
ments in the community: five-year follow-up in a 
large network of primary care physicians. Arch 
Intern Med 2007; 167: 1533-1538.

18) Tonacchera M, Pinchera A, Vitti P. Assessment 
of nodular goitre. Best Pract Res Clin Endocrinol 
Metab 2010; 24: 51-61.

19) Vadiveloo T, Donnan PT, Cochrane L, Leese GP. 
The Thyroid Epidemiology, Audit, and Research 
Study (TEARS): morbidity in patients with endog-
enous subclinical hyperthyroidism. J Clin Endo-
crinol Metab 2011; 96: 1344-1351.

20) Rosario PW. Natural history of subclinical hyper-
thyroidism in elderly patients with TSH between 
0.1 and 0.4 mIU/l: a prospective study. Clin Endo-
crinol (Oxf) 2010; 72: 685-688.

21) Das G, Ojewuyi TA, Baglioni P, Geen J, 
Premawardhana LD, Okosieme OE. Serum thyro-
trophin at baseline predicts the natural course of 
subclinical hyperthyroidism. Clin Endocrinol (Oxf) 
2012; 77: 146-151.

22) Mozos IS, D. Signal-Averaged ECG: Basics to Cur-
rent Issues and impaired heart rate variability. In: 
INTEC, editor. Interpreting Cardiac Electrograms: 
From Skin to Endocardium, 2017; pp. 37-51.

23) Schippinger W, Buchinger W, Schubert B, Kol-
tringer P, Eber O. [Late potentials in high resolu-
tion ECG in thyroid gland dysfunction]. Acta Med 
Austriaca 1995; 22: 73-74.

24) Sawin CT, Geller A, Wolf PA, Belanger AJ, Bak-
er E, Bacharach P, Wilson PW, Benjamin EJ, 
D’Agostino RB. Low serum thyrotropin concentra-
tions as a risk factor for atrial fibrillation in older 
persons. N Engl J Med 1994; 331: 1249-1252.

25) 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.

26) Heeringa J, Hoogendoorn EH, van der Deure 
WM, Hofman A, Peeters RP, Hop WC, den Heijer 
M, Visser TJ, Witteman JC. High-normal thyroid 
function and risk of atrial fibrillation: the Rotterdam 
study. Arch Intern Med 2008; 168: 2219-2224.

27) Rosario PW, Carvalho M, Calsolari MR. Symp-
toms of thyrotoxicosis, bone metabolism and 
occult atrial fibrillation in older women with mild 
endogenous subclinical hyperthyroidism. Clin En-
docrinol (Oxf) 2016; 85: 132-136.

28) Gen R, Akbay E, Camsari A, Ozcan T. P-wave dis-
persion in endogenous and exogenous subclini-
cal hyperthyroidism. J Endocrinol Invest 2010; 33: 
88-91.

29) Biondi B, Fazio S, Carella C, Amato G, Cittadini 
A, Lupoli G, Sacca L, Bellastella A, Lombardi G. 
Cardiac effects of long term thyrotropin-suppres-
sive therapy with levothyroxine. J Clin Endocrinol 
Metab 1993; 77: 334-338.

30) Delitala AP. Subclinical hyperthyroidism and the 
cardiovascular disease. Horm Metab Res 2017; 
49: 723-731.

31) Freedberg AS, Papp JG, Williams EM. The effect 
of altered thyroid state on atrial intracellular po-
tentials. J Physiol 1970; 207: 357-369.

32) Bengtsson D, Brudin L, Wanby P, Carlsson M. 
Previously unknown thyroid dysfunction in pa-
tients with acute ischemic stroke. Acta Neurol 
Scand 2012; 126: 98-102.

33) Schultz M, Kistorp C, Raymond I, Dimsits J, Tuxen 
C, Hildebrandt P, Faber J. Cardiovascular events 
in thyroid disease: a population based, prospec-
tive study. Horm Metab Res 2011; 43: 653-659.

34) Selmer C, Olesen JB, Hansen ML, von Kappel-
gaard LM, Madsen JC, Hansen PR, Pedersen 
OD, Faber J, Torp-Pedersen C, Gislason GH. 
Subclinical and overt thyroid dysfunction and risk 
of all-cause mortality and cardiovascular events: 
a large population study. J Clin Endocrinol Metab 
2014; 99: 2372-2382.

35) Collet TH, Gussekloo J, Bauer DC, den Elzen 
WP, Cappola AR, Balmer P, Iervasi G, Asvold 
BO, Sgarbi JA, Volzke H, Gencer B, Maciel RM, 
Molinaro S, Bremner A, Luben RN, Maisonneuve 
P, Cornuz J, Newman AB, Khaw KT, Westendorp 
RG, Franklyn JA, Vittinghoff E, Walsh JP, Rodon-
di N, Thyroid Studies C. Subclinical hyperthyroid-
ism and the risk of coronary heart disease and 
mortality. Arch Intern Med 2012; 172: 799-809.

36) Wollenweber FA, Zietemann V, Gschwendtner A, 
Opherk C, Dichgans M. Subclinical hyperthyroid-
ism is a risk factor for poor functional outcome af-
ter ischemic stroke. Stroke 2013; 44: 1446-1448.

37) Lee SH, Jang MU, Kim Y, Park SY, Kim C, Kim 
YJ, Sohn JH. Subclinical hyperthyroidism could 
predict poor outcomes in patients with acute 
ischemic stroke treated with reperfusion therapy. 
Front Neurol 2019; 10: 782.

38) Maioli M, Contini G, Santaniello S, Bandiera P, 
Pigliaru G, Sanna R, Rinaldi S, Delitala AP, Mon-
tella A, Bagella L, Ventura C. Amniotic fluid stem 
cells morph into a cardiovascular lineage: analysis 
of a chemically induced cardiac and vascular com-
mitment. Drug Des Devel Ther 2013; 7: 1063-1073.

39) Scuteri A, Morrell CH, Orru M, AlGhatrif M, Saba 
PS, Terracciano A, Ferreli LA, Loi F, Marongiu M, 
Pilia MG, Delitala A, Tarasov KV, Schlessinger D, 
Ganau A, Cucca F, Lakatta EG. Gender specific 
profiles of white coat and masked hypertension 
impacts on arterial structure and function in the 
SardiNIA study. Int J Cardiol 2016; 217: 92-98.



Subclinical hyperthyroidism: the cardiovascular point of view

3271

40) Walsh JP, Bremner AP, Bulsara MK, O’Leary P, 
Leedman PJ, Feddema P, Michelangeli V. Sub-
clinical thyroid dysfunction and blood pressure: 
a community-based study. Clin Endocrinol (Oxf) 
2006; 65: 486-491.

41) Kaminski G, Makowski K, Michalkiewicz D, Kow-
al J, Ruchala M, Szczepanek E, Gielerak G. The 
influence of subclinical hyperthyroidism on blood 
pressure, heart rate variability, and prevalence of 
arrhythmias. Thyroid 2012; 22: 454-460.

42) Volzke H, Alte D, Dorr M, Wallaschofski H, John 
U, Felix SB, Rettig R. The association between 
subclinical hyperthyroidism and blood pressure in 
a population-based study. J Hypertens 2006; 24: 
1947-1953.

43) Volzke H, Ittermann T, Schmidt CO, Dorr M, John 
U, Wallaschofski H, Stricker BH, Felix SB, Rettig 
R. Subclinical hyperthyroidism and blood pres-
sure in a population-based prospective cohort 
study. Eur J Endocrinol 2009; 161: 615-621.

44) Ahmed A. American College of Cardiology/American 
Heart Association Chronic Heart Failure Evaluation 
and Management guidelines: relevance to the geriat-
ric practice. J Am Geriatr Soc 2003; 51: 123-126.

45) Rodondi N, Bauer DC, Cappola AR, Cornuz J, 
Robbins J, Fried LP, Ladenson PW, Vittinghoff 
E, Gottdiener JS, Newman AB. Subclinical thy-
roid dysfunction, cardiac function, and the risk of 
heart failure. The Cardiovascular Health study. J 
Am Coll Cardiol 2008; 52: 1152-1159.

46) Nanchen D, Gussekloo J, Westendorp RG, Stott 
DJ, Jukema JW, Trompet S, Ford I, Welsh P, Sat-
tar N, Macfarlane PW, Mooijaart SP, Rodondi N, 
de Craen AJ, Group P. Subclinical thyroid dys-
function and the risk of heart failure in older per-
sons at high cardiovascular risk. J Clin Endocrinol 
Metab 2012; 97: 852-861.

47) Gencer B, Collet TH, Virgini V, Bauer DC, 
Gussekloo J, Cappola 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, Ro-
dondi N, Thyroid Studies C. Subclinical thyroid 
dysfunction and the risk of heart failure events: 
an individual participant data analysis from 6 
prospective cohorts. Circulation 2012; 126: 1040-
1049.

48) Parle JV, Maisonneuve P, Sheppard MC, Boyle P, 
Franklyn JA. Prediction of all-cause and cardio-
vascular mortality in elderly people from one low 
serum thyrotropin result: a 10-year cohort study. 
Lancet 2001; 358: 861-865.

49) Pearce SH, Razvi S, Yadegarfar ME, Martin-Ruiz 
C, Kingston A, Collerton J, Visser TJ, Kirkwood 
TB, Jagger C. Serum thyroid function, mortality 
and disability in advanced old age: the Newcas-
tle 85+ Study. J Clin Endocrinol Metab 2016; 101: 
4385-4394.

50) Haentjens P, Van Meerhaeghe A, Poppe K, Velke-
niers B. Subclinical thyroid dysfunction and mor-
tality: an estimate of relative and absolute excess 
all-cause mortality based on time-to-event data 
from cohort studies. Eur J Endocrinol 2008; 159: 
329-341.

51) Ochs N, Auer R, Bauer DC, Nanchen D, Gussek-
loo J, Cornuz J, Rodondi N. Meta-analysis: sub-
clinical thyroid dysfunction and the risk for coro-
nary heart disease and mortality. Ann Intern Med 
2008; 148: 832-845.

52) Singh S, Duggal J, Molnar J, Maldonado F, Bar-
sano CP, Arora R. Impact of subclinical thyroid 
disorders on coronary heart disease, cardiovas-
cular and all-cause mortality: a meta-analysis. Int 
J Cardiol 2008; 125: 41-48.

53) Delitala AP, Orru M, Filigheddu F, Pilia MG, Deli-
tala G, Ganau A, Saba PS, Decandia F, Scuteri A, 
Marongiu M, Lakatta EG, Strait J, Cucca F. Serum 
free thyroxine levels are positively associated with 
arterial stiffness in the SardiNIA study. Clin Endo-
crinol (Oxf) 2015; 82: 592-597.


