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Abstract

Background: The association of subclinical thyroid dysfunction (STD) with cardiac arrhythmias remains controversial, 
particularly in the non-elderly population.

Objective: To investigate whether STD was associated with cardiac arrhythmias in a cohort of middle-aged and older adults.

Methods: Baseline data of the Longitudinal Study of Adult Health, ELSA–Brasil (35–74 years) were collected from 
2008 to 2010. After exclusion of clinical hypothyroidism and hyperthyroidism, participants were categorized as 
euthyroidism (TSH = 0.4–4.0 µU/mL), subclinical hypothyroidism (TSH > 4.0 µU/mL; FT4 = 0.8–1.9 ng/dL), and 
subclinical hyperthyroidism (TSH < 0.4 µU/mL; FT4 = 0.8–1.9 ng/dL). The prevalence rates of tachycardia (HR > 100) 
and bradycardia (HR < 60), atrial fibrillation/flutter, conduction disorders, extrasystoles, low QRS voltage, prolonged 
QT intervals, and persistent supraventricular rhythms were compared between groups after adjusting for age, sex, 
comorbidities, lifestyle, body mass index and medications.

Results: The HR data of 13,341 participants (52% female; median age, 51 years) and the electrocardiogram readings of 11,795 were 
analyzed; 698 participants (5.23%) were classified as subclinical hypothyroidism, 193 (1.45%) as subclinical hyperthyroidism, 
and 12,450 (93.32%) as euthyroidism. The prevalence of rhythm and conduction disorders was similar, as were HR medians, 
even in the subgroups with TSH < 0.01 UI/mL or > 10.0 UI/mL or in older adults. Conduction disorders were less prevalent in 
older adults with subclinical hypothyroidism (adjusted OR = 0.44; 95% CI 0.24 to 0.80).

Conclusion: In this large, multicenter and cross-sectional study, STD was not associated with cardiac arrhythmias, but a 
longitudinal assessment is necessary. (Arq Bras Cardiol. 2019; 112(6):758-766)
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Introduction
Subclinical thyroid dysfunctions (STD), which include 

subclinical hypothyroidism (SCHypoTh) and subclinical 
hyperthyroidism (SCHyperTh), are characterized by elevated 
or suppressed thyroid-stimulating hormone (TSH), without 
clinical alterations or abnormalities in thyroid hormone levels.1 

Diagnosis of STD has been increasing with the dissemination of 
ultrasensitive TSH assays; however, the clinical repercussions 
of STD and the benefits associated with thyroid dysfunction 
screening are still the object of scientific debate, and further 
research is needed.

The prevalence of SCHyperTh ranges from 1% to 16% in 
large population-based studies, while that of SCHypoTh varies 
from 4% to 20%.1,2 Those prevalence rates can vary according 
to sex, age, degree of iodine sufficiency, and the TSH reference 
values adopted in each study.3 In Brazil, population-based 
studies have shown prevalence rates of SCHyperTh ranging 
from 2.4% in older adults4 to 6.2% in Japanese Brazilians aged 
> 30 years,5 while SCHypoTh varied from 6.5% among older 
adults4 to 12.3% in women aged > 35 years.6

There is no consistent evidence of the clinical relevance 
of STD, particularly regarding the cardiovascular system. 
Although some meta-analyses and population-based 
cohort studies have indicated a higher cardiovascular risk 
and mortality associated with STD,5,7 other studies do 
not corroborate those results.8-10 Regarding arrhythmias, 
SCHyperTh has been associated with a two- to three-fold 
risk of tachyarrhythmias, especially sinus tachycardia, atrial 
fibrillation (AF) and atrial flutter, extrasystoles, supraventricular 
and ventricular arrhythmias,11-17 and prolonged QT intervals 
(QTi).18 Fewer studies have explored the relationship between 
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SCHypoTh and cardiac arrhythmias. Weak evidence, mostly 
in the form of case reports, suggests that SCHypoTh can 
lead to bradyarrhythmias, including sinus bradycardia and 
atrioventricular blocks, atrial arrhythmias, prolonged QTi, and 
severe ventricular arrhythmias.19,20 Most of the related studies 
have focused on older adults.

The aim of the present study was to investigate whether 
STD was associated with cardiac arrhythmias in a cohort 
of middle-aged and older adults in the baseline of the 
Longitudinal Study of Adult Health (ELSA–Brasil), the largest 
cohort of a Brazilian adult population to date.

Methods

Study population
The present investigation is a subproject of ELSA–Brasil, 

in which the baseline cohort comprised 15,105 civil servants 
aged 35–74 years from six Brazilian cities, who were enrolled 
between August 2008 and December 2010. The majority 
of participants were young adults (78% aged < 60 years), 
with 54% female. The ELSA–Brasil protocol conforms to the 
ethical guidelines of the 1975 Declaration of Helsinki and was 
approved by the research ethics committees at all six centers. 
All participants provided a written informed consent.21

Participants were excluded if they were using any drugs that 
could interfere with TSH or free thyroxine (FT4) laboratory 
assays (levodopa, carbidopa, metoclopramide, haloperidol, 
valproic acid, propranolol, heparin, prazosin, rifampicin, 
carbamazepine, primidone, phenytoin, and furosemide).22 
Participants with serum TSH and FT4 alterations indicating 
clinical thyroid dysfunction, including those with normal 
serum FT4 levels and TSH > 20 μU/mL, or if they were 
using levothyroxine or antithyroid agents (thiamazole or 
propylthiouracil) were excluded. All participants who did not 
present exclusion criteria were included.

Study protocol
Standardized interviews were conducted with participants 

at their workplaces and at the research center. Clinical 
examinations and laboratory tests were performed according 
to standardized protocols developed for the study. Participants 
were instructed to present all medical prescriptions and 
medications they had used in the preceding month.21

Skin color was self-reported. Anthropometric parameters, 
including height and weight, were measured using 
standardized techniques and materials. Resting heart rate 
(HR) and blood pressure (BP) were measured three times, 
with the mean values for the second and third measurements 
considered for analysis.23

Standard 12-lead resting electrocardiograms (ECGs) were 
recorded and analyzed according to the Minnesota code criteria24 
using a digital device (Atria 6100, Burdick, Cardiac Science 
Corporation, Bothel, WA, USA) with automated readings of HR; 
duration, range, and axes of P, QRS, and T waves; QT intervals, 
and QTc (Bazett’s correction). The ECG tracings were analyzed 
at the ECG Reading Center of ELSA-Brasil in Minas Gerais.  
In total, 11,795 ECGs were available for analysis.

Blood samples were collected after an overnight fast. 
Participants were instructed to reschedule their appointment 
at the research center if they had a fever or developed 
any acute disease symptoms. All laboratory analyses were 
centralized in a single research center (University of São 
Paulo).25 The quality and management of data collection 
and storage were ensured through training sessions, 
certifications, and renewal of certifications of the interviewers 
and technicians in charge of the clinical examinations and 
laboratory tests of the study protocol.21

The methods, reagents, and equipment used in the assays 
conducted at the central laboratory were as follows: 1) TSH: 
immunoenzymatic bead-based technique, Siemens reagent 
L2KTS2, analytical sensitivity of 0.004 mU/L, conducted 
for all participants; 2) FT4: immunoenzymatic bead-based 
technique, analytical sensitivity of 0.3 ng/dL, only for those 
patients with abnormal TSH levels (both the TSH and FT4 
assays were performed using a Siemens IMMULITE 2000 
Immunoassay System® – Siemens Healthcare Diagnostics, 
Deerfield, IL, USA); 3) Total cholesterol: enzymatic 
colorimetric method, Siemens reagent (code 99301390); 
4) Triglycerides: enzymatic colorimetric method with 
glycerol phosphate peroxidase according to Trinder; 5) HDL 
cholesterol: homogeneous enzymatic colorimetric method 
without precipitation; 6) LDL cholesterol: Friedewald 
equation for triglycerides < 400 mg/dL; otherwise, measured 
directly using a homogeneous enzymatic colorimetric assay 
without precipitation; 7) Serum blood sugar: enzymatic 
hexokinase method; 8) Hemoglobin A1C: high-pressure 
liquid chromatography (HPLC), Bio-Rad D-10 Hemoglobin 
A1c Program (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
All biochemical tests were analyzed using the ADVIA 1200 
Chemistry System (Siemens Healthcare Diagnostics, Deerfield, 
IL, USA); and 9) Chagas disease serology: ELISA method using 
a solid-phase microplate (CHAGATEST, Wiener Laboratorios 
S.A.I.C., Rosario, Argentina).25

Definition of cases
Participants were allocated into one of three groups: 

euthyroidism (TSH = 0.4–4.0 μU/mL), SCHypoTh (TSH > 4.0 
and ≤ 20 μU/mL with FT4 = 0.8–1.9 ng/dL), and SCHyperTh 
(TSH < 0.4 μU/mL and FT4 = 0.8–1.9 ng/dL). =

Abnormalities on ECG were categorized into rhythm 
disorders (AF and flutter: Minnesota codes 8.3.1, 8.3.2, 8.3.3, 
8.3.4; supraventricular extrasystoles (SVES): 8.1.1; ventricular 
extrasystoles (VES): 8.1.2; persistent supraventricular rhythm: 
8.4.1) and blocks or conduction disorders (complete right and 
left bundle branch block: 7.2.1, 7.2.2, 7.1.1, 7.1.2; incomplete 
right and left bundle branch block: 7.3 and 7.6; nonspecific 
intraventricular block: 7.4, and atrioventricular blocks: 6.1; 6,2,1; 
6.2.2; 6.2.3; 6.3). The presence of long QTi (> 115%) and low 
QRS complex voltage (9.1) was also investigated.24, 26

Abnormalities on heart rate measured by clinical examination 
were classified as bradycardia (HR < 60 or < 50 beats per 
minute [bpm]) and tachycardia (HR > 100 or >110 bpm).

Diabetes mellitus was defined by abnormal laboratory 
findings according to American Diabetes Association criteria 
(fasting blood glucose ≥ 126 mg/dL, blood glucose levels two 
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hours after a 75 g load of anhydrous glucose ≥ 200 mg/dL,  
or hemoglobin A1c ≥ 6.5%) or the use of insulin or  
oral/subcutaneous hypoglycemic drugs. Arterial hypertension 
was defined by a self-reported medical diagnosis of 
hypertension, use of anti-hypertensive agents, or blood 
pressure ≥ 140/90 mmHg. Dyslipidemia was defined as total 
serum cholesterol ≥ 200 mg/dL or triglycerides ≥ 150 mg/dL 
or LDL cholesterol ≥ 130 mg/dL, or the use of hypolipidemic 
medication. Congestive heart failure, coronary artery disease, 
and chronic obstructive pulmonary disease were defined 
by a self-reported medical diagnosis. Chagas disease was 
defined by positive serology in the Chagas test – ELISA assay. 
Excessive alcohol use was defined as the intake of more than 
140 g of alcohol per week for women and more than 210 g 
of alcohol per week for men.

Medications considered for statistical adjustments were 
those that could interfere with thyroid or cardiac function 
and included antiarrhythmic drugs, β-blockers other than 
propranolol (which had been excluded previously), β2-agonists, 
adrenergic agonists and nondihydropyridine calcium channel 
blockers, lithium carbonate, potassium iodide, amiodarone, 
interferon-α, systemic glucocorticoids, dopaminergic agonists, 
carbamazepine, and oxcarbazepine.27,28

Statistical analysis
The statistical analysis was performed using the STATA™ 

software, v. 12.0. The data are described as medians and 
interquartile ranges or proportions, since they did not present 
a normal distribution, according to test of Shapiro-Wilk. 
The nonparametric tests of Mann-Whitney and Kruskal-Wallis 
were used to compare medians, Pearson’s chi-squared 
and Fisher’s exact tests to compare proportions, and 
Spearman's correlation coefficient to estimate correlations 
between continuous variables. Logistic regression analysis 
was delineated between SCHyperTh or SCHypoTh and 
serum TSH and FT4 levels and the presence of arrhythmias/
electrocardiographic abnormalities. Age, sex, skin color, 
body mass index (BMI), smoking status, excessive alcohol 
use, comorbidities (dyslipidemia, diabetes, hypertension, 
coronary disease, congestive heart failure, chronic obstructive 
pulmonary disease, and Chagas disease), and medication 
use were considered for adjustment. The p value < 0.20 
was considered for the multivariate model, and statistical 
significance was p < 0.05. Subgroup analyses were performed 
for older individuals (age 65–74 years) and those with extreme 
TSH values (< 0.1 μU/mL or > 10 μU/mL).

Results
This study included 13,341 (88.32%) of the 15,105 

participants enrolled at the baseline of the ELSA-Brasil study. 
The 1,764 excluded participants are shown in Figure 1.

The profile of the participants for the overall study population 
categorized by thyroid function group is shown in Table 1.

STD was found in 891 (6.68%) participants, with a greater 
prevalence of SCHypoTh (5.23%) over SCHyperTh (1.45%). 
SCHypoTh was slightly associated with older age (odds 

ratio [OR] 1.03, 95% confidence interval [CI] 1.02-1.04), 
female sex (OR 1.18, 95% CI 1.01- 1.38), higher BMI 
(OR 1.03, 95% CI 1.01-1.04), and white skin color (OR 1.30, 
95% CI 1.10-1.55) when compared to the euthyroidism. 
Black skin color (OR 0.56, 95% CI 0.41- 0.75) and smoking 
(OR 0.72, 95% CI 0.56-0.94) were independently and 
negatively correlated with SCHypoTh.

SCHyperTh was slightly associated with older age (OR 1.02, 
95% CI 1.01-1.04), female sex (OR 1.71, 95% CI 1.26- 2.31), 
and black skin color (OR 1.61, 95% CI 1.11- 2.33). White skin 
color (OR 0.71, 95% CI 0.50-0.99) and non-smoking (OR 
0.65, 95% CI 0.49-0.88) were independently and negatively 
associated with SCHyperTh. Increased BMI was associated 
with SCHyperTh only in the univariate analysis (OR 1.03, 
95% CI 1.01-1.04) (Table 1).

There were no significant differences in the HR medians of 
participants with normal thyroid function (35–130 bpm, median 
70), SCHypoTh (42.5–111 bpm, median 70; p = 0.087) and 
SCHyperTh (42–104 bpm, median 71.5, p = 0.084).

No correlation was found between HR and serum TSH or 
FT4 values, whether for the total study population or within 
each STD group. The multivariate linear regression indicated 
a relationship between TSH levels and HR in the participants 
with SCHypoTh (p = 0.001, after adjustment). No relationship 
was found between TSH levels and HR in the SCHyperTh 
group, or between FT4 levels and HR in any of the groups.

Tachycardia was found in 3.10% of the participants and 
was not associated with STD, even among older adults or 
in those with extreme TSH values, as shown in Table 2. 
Likewise, bradycardia (14,72%) was not significantly 
associated with STD, even in those subgroups.

The relationship between TSH and FT4 levels and heart 
rate is shown in Table 3. Median TSH levels were significantly 
higher for individuals with tachycardia compared to those 
with normal HR, even after adjustments, and medians for FT4 
levels were significantly higher in individuals with tachycardia.

Considering the 11,795 ECGs analyzed in this study, no 
abnormality was associated with STD (Table 4), even in the 
subgroup of older adults or those with extreme TSH values. 
The only correlation found was a lower frequency of branch 
blocks in older adults with SCHypoTh compared to those who 
were euthyroid (14.29% vs. 26.13%; adjusted OR 0.44, 95% 
CI 0.24-0.80; p = 0.007).

A sensitivity analysis was performed excluding all 
participants in use of antiarrhythmic drugs, β-blockers, 
β2-agonists, adrenergic agonists and nondihydropyridine, 
calcium channel blockers, lithium carbonate, potassium 
iodide, amiodarone, interferon-α, systemic glucocorticoids, 
dopaminergic agonists, carbamazepine, and oxcarbazepine, 
and most of the results were the same, without any association 
between STD and abnormalities in ECG, and no correlation 
or relationship was found between HR and serum TSH or 
FT4 values, whether for the total study population or within 
each STD group. The only association found was the lower 
frequency of bradycardia (HR < 60 bpm) in participants with 
SCHyperTh compared to those who were euthyroid (8,23% 
vs. 13,54%; adjusted OR 0.62, 95% CI 0.41-0.93; p = 0.021).
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Figure 1 – Inclusion of participants from the ELSA-Brasil study baseline, 2008-2010. TSH: thyroid-stimulating hormone; FT4: free  thyroxine; ECG: electrocardiogram.
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Table 1 – Characteristics of participants categorized by thyroid function group, Longitudinal Study of Adult Health, ELSA–Brasil, 2008-2010

Subclinical hypothyroidism Euthyroidism Subclinical hyperthyroidism Total

N (%) 698 (5.23%) 12,450 (93.32%) 193 (1.45%) 13,341 (100%)

Age, y * 54 (47-61) † 51 (45-58) 53 (46-59) † 51 (45-58)

Female sex (%) 381 (54.58%)‡ 6,433 (51.67%) 123 (63.73%)‡ 6,937 (52.00%)

BMI (kg/m2) * 26.80 (24.03-29.96) § 26.27 (23.63-29.48) 26.16 (23.55-29.39) † 26.30 (23.65-29.52)

Education ≥ completed secondary education (%) 589 (84.38%) 10,887 (87.45%) 163 (84.46%) 11,639 (87.24%)

Skin color (%)

white 426 (61.03%)§ 6,283 (50.47%) 72 (37.30%)§ 6,781 (50.82%)

brown 177 (25.36%) 3,547 (28.49%) 54 (27.98%) 3,778 (28.32%)

black 60 (8.60%)§ 2,032 (16.32%) 54 (27.98%)§ 2,146 (16.09%)

others 35 (5.01%) 588 (4.72%) 13 (6.74%) 636 (4.77%)

Hypertension (%) 243 (34.81%) 4,258 (34.20%) 87 (45.08%)§ 4,588 (34.39%)

Diabetes mellitus (%) 145 (20.77%) 2,493 (20.02%) 46 (23.83%) 2,684 (20.12%)

Dyslipidemia (%) 547 (78.37%)† 9,338 (75.00%) 138 (71.50%) 10,023 (75.13%)

LDL > 130 395 (56.59%) 7,059 (56.70%) 112 (58.03%) 7,566 (56.71%)

TGC > 150 254 (36.39%)§ 3,850 (30.92%) 58 (30.05%) 4,162 (31.20%)

Coronary artery disease (%) 44 (6.30%)† 531 (4.27%) 10 (5.18%) 585 (4.39%)

CHF (%) 14 (2.01%) 170 (1.37%) 4 (2.07%) 188 (1.41%)

COPD (%) 17 (2.44%)† 241 (1.94%) 6 (3.11%) 264 (1.98%)

Chagas’ disease (%) 9 (1.29%) 112 (0.90%) 0 (0.00%) 121 (0.91%)

Excessive alcohol (%) 43 (6.16%) 992 (7.97%) 10 (5.18%) 1,045 (7.83%)

Smoking status

Current smoker 66 (9.46%)§ 1,689 (13.56%) 38 (19.69%)§ 1,793 (13.43%)

Former smoker 247 (35.39%)§ 3,639 (29.23%) 64 (33.16%) 3,950 (29.61%)

No smoking 385 (55.16%) 7,122 (57.21%) 91 (47.15%)§ 7,598 (56.96%)

TSH (μU/mL) * 5.065 (4.43-6.26) § 1.48 (1.04-2.18) 0.28 (0.17-0.34) § 1.53 (1.04-2.32)

FT4 (ng/dl) * 1.10 (1.0-1.2) 1.145 (1.05-1.235) 1.20 (1.10-1.40) § 1.10 (1.00-1.24)

BMI: body mass index; LDL: lipoprotein low density; TGC: triglycerides; CHF: congestive heart failure; COPD: chronic obstructive pulmonary disease; Chagas 
disease: positive serology in the Chagatest – ELISA assay; TSH: thyroid-stimulating hormone; FT4: free thyroxine; * Median (Interquartile range); † Statistically 
significant difference (p < 0.05) without adjustment, compared to the euthyroidism; ‡p < 0.05 after adjustment by age; § p < 0.05 after adjustment by age and sex.
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Table 2 – Association between Heart Rate and Subclinical Thyroid Dysfunction, ELSA-Brasil, 2008-2010

Subclinical Hypothyroidism Euthyroidism Subclinical Hyperthyroidism

Prevalence N (%) OR (CI 95%) “p” Prevalence N (%) Prevalence N (%) OR (CI 95%) “p”

Tachycardia > 100 bpm
413 (3.10%) 23 (3.76%) 1.04 (0.67-1.59) 0.874 385 (3.63%) 5 (2.89%) 0.79 (0.32-1.93) 0.604

> 110 bpm
344 (2.58%) 17 (2.81%) 0.91 (0.56-1.50) 0.715 323 (3.07%) 4 (2.33%) 0.75 (0.28-2.04) 0.576

Bradycardia < 60 bpm
1,964 (14.72%) 86 (12.74%) 0.80 (0.64-1.01) 0.062 1,858 (15.40%) 20 (10.64%) 0.65 (0.41-1.04) 0.074

< 50 bpm
211 (1.58%) 12 (2.00%) 1.07 (0.59-1.92) 0.830 195 (1.87%) 4 (2.33%) 1.25 (0.46-3.39) 0.667

Table 3 – Relationship between Heart Rate and TSH and FT4 Levels, ELSA-Brasil, 2008-2010

TSH FT4

Median (µU/ml) p-value* Median (ng/dl) p-value*

Tachycardia (> 100 bpm) 1.63 0.004 1.20 0.021

Normal HR (60-100bpm) 1.52 1.10

Bradycardia (< 60 bpm) 1.54 0.311 1.10 0.233

TSH: thyroid-stimulating hormone; FT4: free thyroxine; HR: heart rate; *after adjustment.

Table 4 – Association between Abnormalities on the ECGs and Subclinical Thyroid Dysfunction, ELSA-Brasil, 2008-2010

Subclinical Hypothyroidism (615 ECGs) Euthyroidism 
(11,003 ECGs) Subclinical Hyperthyroidism (177 ECGs)

Prevalence N (%) OR (CI 95%) “p” Prevalence N (%) Prevalence N (%) OR (CI 95%) “p”

AF/Flutter 42 (0.36%) 2 (0.33%) 0.89 (0.22-3.70) 0.878 40 (0.36%) 0 (0%) ------------------ 0.422

Persistent supraventricular 
rhythm 89 (0.75%) 5 (0.81%) 1.08 (0.44-2.67) 0.870 83 (0.75%) 5 (1.69%) 0.75 (0.10-5.40) 0.773

Extrasystole 94 (0.80%) 4 (0.65%) 0.82 (0.30-2.25) 0.701 87 (0.79%) 3 (1.69%) 2.16 (0.68-6.90) 0.193

Long QT interval 
334 (2.83%) 15 (2.15%) 0.85 (0.50-1.43) 0.532 315 (2.53%) 4 (2.07%) 0.82 (0.30-2.21) 0.688

LV QRS 166 (1.41%) 10 (1.63%) 1.16 (0.61-2.22) 0.644 154 (1.40%) 2 (1.13%) 0.81 (0.20-3.27) 0.762

Conduction disorders 
2,067 (17.52%) 101 (16.42%) 0.92 (0.74-1.14) 0.437 1,942 (17.65%) 24 (13.56%) 0.73 (0.47-1.13) 0.158

AF: atrial fibrillation; LV QRS: Low QRS voltage; ECGs: electrocardiograms.

Discussion
This cross-sectional analysis of 13,341 individuals of this 

Brazilian cohort found no association of STD with HR, rhythm 
alterations, or conduction disorders, which suggests a limited 
influence of STD on cardiac rhythm and conduction. The only 
association found was an unexpected lower frequency of 
conduction disorders among the older participants with 
SCHypoTh compared to euthyroid participants, and it may 
be due to some unknown confounding factor not estimated 
or controlled for.

Of note, no population-based study has assessed the 
association between electrocardiographic abnormalities such 
as conduction disorders, low QRS complex voltage, prolonged 
QTi, and persistent supraventricular rhythms and the presence 
of STD, particularly SCHypoTh. Most of the studies on this 

subject are case reports or relate those abnormalities to clinical, 
rather than subclinical, hypothyroidism.

There is a paucity of studies on the prevalence of cardiac 
arrhythmias in the general population, without known heart 
disease or comorbidities, and most of those available address 
older individuals in developed countries. This prevalence 
varies according to the type of arrhythmia, age, sex, presence 
of structural heart disease or cardiovascular risk factors, and 
the diagnostic method employed.29,30 AF was found in 0.35% 
of the participants in the present study, which is a similar result 
to those of population-based studies showing prevalence 
rates of 0.2% to 1.0%.28,30-32 However, considering that the 
prevalence of AF can be as high as 10% in individuals aged 
70 years or older,32 the frequency of AF and flutter was low 
(1.32%) among older adults in this study.
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Table 5 – Comparison between Previous Studies and ELSA-Brasil Results, 2008-2010

Consistent Findings

Cross-Sectional Analysis:

Study/Author Population Design/enrollment TSH level (µU/mL) Ascertainment 
of Events Results

Cappola 2006
(Cardiovascular Health 
Study, USA)

3,233 elderly people 
(mean age 72.7 years)

Population-based prospective 
cohort study 0.45 – 4.5 ECG

No difference in AF 
prevalence between 

SCHyperTh and 
euthyroidism groups (8.5% 

vs. 5.2%. p > 0.05)

Longitudinal analysis:

Nanchen 2012
(PROSPER Trial, Netherlands, 
Scotland and Ireland)

5,316 elderly people 
(mean age 75 years)

prospective cohort study;
outpatients of centers study 0.45 - 4.5 ECG

No difference in AF 
incidence between 

SCHypoTh, SCHyperTh 
and euthyroidism groups in 

3.5 years follow-up

DISCORDANT FINDINGS

Cross-sectional analysis

Auer 2001 (Austria) 23,838 patients (median 
67.9 years old)

Cross-sectional
Patients admitted in a hospital 0.4 – 4.0 ECG

Higher AF prevalence in 
SCHyperTh (12.7% vs. 
2.3%. OR adjusted 2.8 

CI95% 1.3-5.8)

Gammage 2007 (England) 5,860 elderly people 
(median 72 years old)

Cross-sectional; Primary 
care service 0.4 – 5.5 ECG

Higher AF prevalence in 
SCHyperTh (9.5% vs. 4.7%. 

OR adjusted 1.89 CI95% 
1.01-3.57)

Vadiveloo 2011 
(TEARS, Scotland)

2,004 cases (mean 
age 66.5 years) and 

10,111 controls

Retrospective; Tayside 
health registry 0.4 - 4.0 ECG/ Holter

Higher arrhythmia 
frequency in SCHyperTh 

(2.7% vs. 1.4%. p < 0.001)

TSH: thyroid-stimulating hormone; ECG: electrocardiogram; SCHyperTh: subclinical hyperthyroidism; SCHypoTh: subclinical hypothyroidism; AF: atrial fibrillation.

Most longitudinal studies,9,12,17,33-35 but not all,36 have found 
AF to be associated with SCHyperTh. However, that association 
differs between cross-sectional studies. Interestingly, no 
participant with SCHyperTh in the present study manifested 
AF/atrial flutter. In line with this study, Cappola et al. showed no 
association between AF and STD at the baseline assessment of a 
community cohort of 2,639 older adults (mean age, 72.7 years).9 
In contrast, Auer et al. reviewed the data of 23,838 individuals 
admitted to a hospital in Austria and found a prevalence rate of 
12.7% for AF among the 613 patients (mean age, 67.9 years) 
with SCHyperTh (adjusted OR, 2.8; 95% CI 1.3-5.8), but the 
tests were not performed at a single laboratory.15 In a study 
by Gammage et al., the prevalence of AF was 9.5% among 
individuals with SCHyperTh in a cohort of 5,860 primary care 
patients with a median age of 72 years (adjusted OR, 1.89; 
95% CI 1.01-3.57), however, the TSH levels adopted to define 
euthyroidism were higher (5.5 μU/mL).16

The prevalence of extrasystoles in the present study was 
also low (0.66% for SVES and 0.13% for VES), compared 
to the prevalence of VES in the HCHS/SOL study (0.98% 
in men and 0.53% in women).29 In general, the prevalence 
rates of the other arrhythmias were similar to those found 
in the aforementioned studies. No association was noted 
between SVES or VES and STD, and no differences were 
detected in HR means between the groups in the present 
study. Vadiveloo et al. demonstrated in baseline data a 

greater prevalence of arrhythmias among the participants 
with SCHyperTh (2.7% vs. 1.4%, p < 0.001), although there 
was a higher frequency of preexisting cardiovascular disease 
in their cohort.17

In the present study, higher FT4 medians were identified 
in participants with tachycardia, albeit still within the normal 
range, which could be explained by the physiological 
effect of the thyroid hormone on cardiac chronotropism.37 
Gammage et al. found similar results, with a positive and direct 
correlation between FT4 levels and a tachyarrhythmia (AF) in 
their cross-sectional study.16 Surprisingly, higher TSH medians 
were also associated with tachycardia after adjustment for 
potential confounding factors, but the probable mechanism 
for this association is unknown.

It can be speculated that STD may result in greater 
electrocardiographic repercussions only in specific populations 
with more severe comorbidities. In the ELSA population, a 
lower median age (51 years) and the smaller prevalence of 
comorbidities than in the populations recruited in cardiology 
or emergency services, can explain the discrepancies in 
relation to previous studies, which may also be due to the 
different TSH thresholds used to define SCHypoTh (4.5 to 
5.5 μU/mL vs. 4.0 μU/mL).9,12,16 The findings of the most 
relevant studies reporting concordant or discordant results 
with those of the present study are summarized in Table 5.
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In line with previous studies,1,2,13 SCHypoTh was more 
frequent than SCHyperTh in the current study (5.23% vs. 
1.45%). As expected, SCHypoTh was more frequent with 
increasing age, female sex, higher BMI, and white skin color. 
In contrast, SCHypoTh was negatively associated with black 
skin color and current smoking.1,2,6 SCHyperTh showed a 
positive and independent association with increasing age, 
female sex, and black skin color, which are also consistent 
with population-based studies.3,6

The strengths of the present study were the large multicenter 
samples, the methodological rigor in recruiting and data 
collection, and the centralized analysis of the laboratory tests 
and ECGs. The cohort was composed of volunteers, mostly 
middle-aged individuals, recruited outside of the hospital 
and evaluated in the absence of any acute illness, which most 
likely excluded non-thyroid diseases. The limitations of this 
study include the following: TSH was measured only once; 
FT4 concentrations were measured only for those participants 
with abnormal TSH levels, and a single ECG was used for the 
diagnosis of arrhythmias; and no other laboratory, clinical, or 
ecographic data were available to assess whether the laboratory 
test abnormalities indeed correspond to STD. This limitation 
should be kept in mind, especially considering the TSH medians 
that indicated mild STD. Not all of the ECGs were available 
for analysis, however the mean age of the participants whose 
ECGs were analyzed was greater than that of the total cohort 
sample, which might in fact overestimate the overall prevalence 
of arrhythmias e corroborates the lack of association with STD. 
Only 33 of the participants had TSH > 10 μU/mL (4.73% of 
SCHypoTh) while 35 showed TSH < 0.1 μU/mL (18.13% of 
SCHyperTh). Moreover, some ECG abnormalities were rather 
uncommon, as rhythm disorders, with a prevalence of less than 
1%. Therefore, the statistical power to identify associations 
between those subgroups and rhythm and conduction 
alterations may have been insufficient. A longitudinal assessment 
is needed to determine the incidence of arrhythmias as well as 
their relative risk for each of the STD groups.

Conclusion
The present study provides contrary evidence to the 

association between electrocardiographic changes and STD in 

a seemingly healthy non-elderly population. Although, given 
the limitations inherent to a cross-sectional analysis, the lack 
of this association cannot be definitively excluded at this point, 
and a longitudinal assessment is needed.
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