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Abstract

Context: Although iodine-induced hyperthyroidism is a potential consequence of iodinated 

radiologic contrast administration, its association with long-term cardiovascular outcomes has not 

been previously studied.
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Objective: To investigate the relationships between hyperthyroidism observed after iodine 

contrast administration and incident atrial fibrillation/flutter.

Methods: Retrospective cohort study of the U.S. Veterans Health Administration (1998-2021) 

of patients age ≥18 years with a normal baseline serum thyrotropin (TSH) concentration, 

subsequent TSH <1 year, and receipt of iodine contrast <60 days before the subsequent TSH. Cox 

proportional hazards regression was employed to ascertain the adjusted hazard ratio (HR) with 

95% CI of incident atrial fibrillation/flutter following iodine-induced hyperthyroidism, compared 

with iodine-induced euthyroidism.

Results: Iodine-induced hyperthyroidism was observed in 2500 (5.6%) of 44 607 Veterans 

(mean ± SD age, 60.9 ± 14.1 years; 88% men) and atrial fibrillation/flutter in 10.4% over a 

median follow-up of 3.7 years (interquartile range 1.9-7.4). Adjusted for sociodemographic and 

cardiovascular risk factors, iodine-induced hyperthyroidism was associated with an increased risk 

of atrial fibrillation/flutter compared with those who remained euthyroid after iodine exposure 

(adjusted HR 1.19, 95% CI 1.06-1.33). Females were at greater risk for incident atrial fibrillation/

flutter than males (females, HR 1.81, 95% CI 1.12-2.92; males, HR 1.15, 95% CI 1.03-1.30; P for 

interaction = .04).

Conclusion: Hyperthyroidism following a high iodine load was associated with an increased 

risk of incident atrial fibrillation/flutter, particularly among females. The observed sex-based 

differences should be confirmed in a more sex-diverse study sample, and the cost–benefit analysis 

of long-term monitoring for cardiac arrhythmias following iodine-induced hyperthyroidism should 

be evaluated.
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Iodine is a micronutrient essential for thyroid hormone production, for which the 

recommended intake for US adults is 150 μg daily. Iodine is present in contrast medium 

that is commonly required for radiologic studies in health care settings; a single dose of 

iodine contrast administered for computed tomography (CT) scans, coronary angiography, 

and other radiologic procedures may contain up to 13 500 μg of free iodine and 15 to 60 

g of bound iodine, amounts that equate to several hundred times the recommended daily 

requirement for iodine (1).

Iodine-induced hyperthyroidism is a well-recognized clinical entity that results from the Jod-

Basedow phenomenon, in which an iodine load provides a large supply of iodine required 

for thyroid hormone synthesis, resulting in increased circulating thyroid hormone levels (2). 

Although most individuals are able to adapt to acute iodine exposure, certain susceptible 

subgroups (eg, those with thyroid nodules or a history of iodine deficiency) are at higher risk 

for iodine-induced hyperthyroidism, thought to be due to impaired thyroid regulation in such 

individuals (3).

The risks of hyperthyroidism may be particularly concerning among older individuals, in 

whom its associated adverse health effects may worsen underlying health conditions. Atrial 

fibrillation may be seen in up to 60% of individuals with hyperthyroidism, depending 

Inoue et al. Page 2

J Clin Endocrinol Metab. Author manuscript; available in PMC 2023 October 18.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



on age, sex, and underlying cardiovascular disease (4-6). Given the known risk of 

hyperthyroidism following iodine exposure and the long-term adverse health outcomes of 

atrial fibrillation, including embolic events, heart failure, and death (7), it is imperative 

to elucidate the relationships between iodine-induced hyperthyroidism and incident risk 

of atrial fibrillation/flutter in alignment with a 2019 white paper (reflecting an expert 

panel convened by the U.S. National Heart, Lung, and Blood Institute) calling for 

additional research on the inter-relationships between thyroid and cardiovascular diseases 

(8). However, robust evidence is lacking on this topic to date.

To address this knowledge gap, we conducted a cohort study of the U.S. Veterans Health 

Administration to investigate the associations between iodine-induced hyperthyroidism and 

the incident risks of atrial fibrillation/flutter. Given the older age and high prevalence 

of comorbidities in U.S. Veterans (9), including cardiovascular disease burden (10), this 

population may be particularly vulnerable to the adverse effects of hyperthyroidism. A 

better understanding of these relationships would help clinicians consider the importance 

of monitoring for hyperthyroidism following iodinated contrast use in select population 

subgroups.

Materials and Methods

Study Design and Population

The study population was extracted from the Veterans Affairs (VA) Corporate Data 

Warehouse database, the national repository of clinical and administrative records from all 

U.S. Veterans Health Administration patients in both hospitalized and ambulatory settings, 

from March 10, 1988, to October 20, 2021. The eligible sample included adults aged ≥18 

years with a follow-up serum thyrotropin (TSH) measurement within 60 days after iodine 

contrast administration, and up to 1 year of a normal baseline serum TSH concentration.

We then excluded subjects with a history of hypothyroidism, hyperthyroidism, atrial 

fibrillation/flutter, heart failure, thyroid surgery, thyroid cancer, radioactive iodine treatment, 

use of thyroid hormone or antithyroid medications, and use of other medications that may 

alter serum thyroid function (Table 1A (11)). To ascertain the use of non-VA medications 

and electronic medical records that may not be present in VA Corporate Data Warehouse 

(12), exclusion criteria were also extracted and cross-referenced against the VA Observation 

Medical Partnership Database (13). The process of study sample selection is shown in Fig. 

1. The study was approved by the VA Greater Los Angeles Healthcare System Institutional 

Review Board.

Ascertainment of Iodine-Induced Hyperthyroidism and Atrial Fibrillation/Flutter

Our exposure was defined by a follow-up serum TSH measurement less than the lower limit 

of each VA site-specific reference range within 60 days after iodine contrast administration, 

and restricted to only those TSH values available up to 1 year after a normal baseline 

serum TSH level. Hyperthyroid individuals with available serum triiodothyronine (T3) 

and/or thyroxine (T4) concentrations were further categorized into overt hyperthyroidism 
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(decreased TSH and elevated T3 and/or T4 levels) and subclinical hyperthyroidism 

(decreased TSH and normal T3 and/or T4 levels).

Iodine contrast administration was determined using ICD-9 and ICD-10 codes of radiologic 

procedures that employed iodinated contrast media (Table 1B (11)). The outcome was atrial 

fibrillation/flutter identified using ICD-9 and ICD-10 codes (427.3X and I48.X, respectively, 

where X denotes any number).

Covariates

Covariates included age, sex, race/ethnicity (Hispanic, non-Hispanic White, non-Hispanic 

Black, and non-Hispanic other races), body mass index, and history of several comorbidities. 

Body mass index was recorded as the most proximal measurement within 1 year of the 

TSH measurement. History of several comorbidities was extracted based on ICD-10 codes: 

coronary heart disease (I21, I22, I23, I24, I25), dyslipidemia (E78), diabetes (E08, E09, E11, 

E13), and hypertension (I10, I11, I12, I13, I15, I16).

Statistical Analyses

Summary statistics of the study cohort were reported as mean ± SD for numerical 

characteristics and frequency (%) for categorical characteristics. Inverse propensity score–

weighted cumulative incidence curves for incident atrial fibrillation were generated 

according to thyroid status, with weight adjusting for age, sex, race/ethnicity, body mass 

index, and history of coronary heart disease, dyslipidemia, diabetes, and hypertension. We 

then employed Cox proportional hazards regression models to estimate the adjusted hazard 

ratio (HR) with 95% CI of the association between iodine-induced hyperthyroidism and 

incident atrial fibrillation/flutter, adjusting for age, sex, race/ethnicity, body mass index, and 

history of coronary heart disease, dyslipidemia, diabetes, and hypertension. The date of the 

follow-up TSH result was designated as time 0 relative to incident atrial fibrillation/flutter.

To evaluate the heterogeneity in the association by demographic characteristics, we also 

stratified the analyses by sex (male, female), age (<65 years, ≥ 65 years), and race/ethnicity 

(Hispanic, non-Hispanic White, non-Hispanic Black, and non-Hispanic others). Statistical 

significance was defined as 2-sided α < .05.

We also conducted the following 3 sensitivity analyses. First, we reanalyzed the data using 2 

shorter thresholds of the duration (ie, up to 12 and up to 24 months), in addition to our main 

analysis performed without time restriction, of the date of atrial fibrillation/flutter during 

long-term follow-up. Second, we assessed the strength of the association according to the 

type of radiologic study requiring iodinated contrast (ie, iodinated CT scans, angiograms, 

venograms, cystograms, hysterosalpingograms, urograms, and other iodinated radiologic 

procedures). Third, we calculated the E value to quantify the minimum strength of the 

association between an unmeasured confounder and both the exposure (iodine-induced 

hyperthyroidism) and the outcome (atrial fibrillation/flutter), conditional on the measured 

covariates, to determine whether or not this could explain the observed overall exposure–

outcome association (14). All analyses were performed with SAS version 9.4 (SAS Institute 

Inc., Cary, NC).
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Results

Among 44 607 Veterans defined as our cohort sample (mean ± SD age, 60.9 ± 14.1 years; 

88% men), there were 2500 (5.6%) individuals found to be hyperthyroid (mean ± SD TSH, 

0.30 ± 0.18 mIU/L) within 60 days after iodine contrast exposure and a previously normal 

baseline serum TSH (Fig. 1). Hyperthyroid individuals were more likely to be female and 

non-Hispanic Black than those who were euthyroid (Table 1).

Hyperthyroidism Following Iodine Exposure and Incident Atrial Fibrillation

Over a median follow-up period of 3.7 years (IQR 1.9-7.4), atrial fibrillation/flutter was 

observed in 4629 (10.4%) individuals, composed of 409 individuals who had developed 

hyperthyroidism following iodine exposure and 4220 who had remained euthyroid following 

iodine exposure (Fig. 1). In Cox regression models adjusting for sociodemographic and 

cardiovascular risk factors, hyperthyroidism after iodine exposure in the setting of a 

previously normal baseline TSH was associated with an increased risk of atrial fibrillation 

(HR 1.19, 95% CI 1.06-1.33; Fig. 2); subanalyses of those with available peripheral thyroid 

hormone levels (serum T3 and/or T4) were unable to be performed due to the small sample 

sizes of those subgroups.

Stratified Analyses by Age, Sex, and Race/Ethnicity

In stratified analyses, we found no evidence of heterogeneity in the association between 

hyperthyroidism following an iodine load and atrial fibrillation/flutter by age (Fig. 3). The 

association was stronger among females than males (females, HR 1.81, 95% CI 1.12-2.92; 

males, HR 1.15, 95% CI 1.03-1.30; P for interaction between hyperthyroidism and sex = 

.04). Across race/ethnicity, the association was the strongest among Hispanic (HR 1.60, 

95% CI 0.96-2.66) followed by non-Hispanic Black (HR 1.23, 95% CI 0.89-1.69) and 

non-Hispanic White (HR 1.07, 95% CI 0.93-1.23), although the estimates did not have 

enough statistical power to detect heterogeneity due to limited sample size.

Sensitivity Analyses

The risks remained significant in the sensitivity analysis restricting the detection of 

incident atrial fibrillation/flutter to shorter durations; HR was 1.44 (1.19-1.75, P = .0002) 

for incident atrial fibrillation/flutter <12 months, and HR was 1.35 (1.15-1.59, P = 

.0003) for incident atrial fibrillation/flutter <24 months. The sensitivity analysis examining 

incident atrial fibrillation/flutter by type of radiologic study requiring iodinated contrast 

showed similar results. Iodine-induced hyperthyroidism was associated with a greater 

risk of atrial fibrillation/flutter compared with those who remained euthyroid after iodine 

administration, both in those who had received iodine contrast for a CT scan (iodine-induced 

hyperthyroidism, 281/2252 [12.5%]) vs iodine-induced euthyroidism, 3786/36 705 [10.3%]; 

HR 1.15, 95% CI 1.02-1.3, P = .0239) and in those who had received iodine contrast for 

all other types of radiologic imaging (iodine-induced hyperthyroidism, 28/248 [11.3%] vs 

iodine-induced euthyroidism, 434/5401 [8.0%]; HR 1.76, 95% CI 1.24-2.49, P = .0017). 

Finally, examination of the E value showed that an unmeasured confounder would need to 

be associated with both hyperthyroidism and incident atrial fibrillation/flutter with an HR 

>1.67 to explain away the observed overall association conditional on measured covariates.
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Discussion

In this cohort study of the largest integrated health care system in the United States, 

hyperthyroidism observed within 60 days of an acute iodine load was associated with a 

significantly increased risk of incident atrial fibrillation/flutter over a median follow-up 

of 3.7 years. The association was stronger among females than males. The sex-specific 

differences seen are notable, as women are more likely to die from atrial fibrillation-related 

stroke than men (15), which may be related to different thresholds of membrane potential 

and action potential duration between the sexes (16). Although sex-specific data focused on 

cardiovascular disease have been increasing steadily, this understanding of sex as a biologic 

variable has not been routinely translated into clinical practice (17).

The findings shed further understanding on the complex relationship between thyroid 

dysfunction and cardiac arrhythmias (18). As thyroid hormone receptors are present in 

the myocardium and vascular tissue, mechanistic data show a reduction of circulating 

endothelial progenitor cells and impaired endothelial function in hyperthyroidism, through 

both the genomic and nongenomic effects of T3 (19-21). In human studies, both short- and 

long-term cardiovascular risks of hyperthyroidism have been described (22); furthermore, 

hyperthyroidism-related atrial fibrillation is thought to confer higher risks of ischemic stroke 

and systemic embolism than atrial fibrillation resulting from nonthyroidal causes (23). In 

longitudinal epidemiologic studies, abnormally low serum TSH concentration (such as in 

inadequately treated Graves disease or in hypothyroidism that is over-replaced with thyroid 

hormone) is associated with both cardiovascular morbidity and mortality (24, 25). A recent 

meta-analysis of 13 studies that included 649 293 participants showed that both subclinical 

and overt hyperthyroidism was associated with a risk of incident atrial fibrillation over a 

mean follow-up period of 7.1 years (range 1.0-13.2) (26).

Our previous longitudinal analysis of the U.S. Veterans Health Administration system 

reported that there is only a small increased risk of thyroid dysfunction following iodine 

contrast administration, with males in particular having a higher risk (1.4-fold) than 

unexposed individuals (27), findings which support only targeted screening of thyroid 

dysfunction after iodine exposure. In accordance with those findings, the European Thyroid 

Association recommends an individualized approach toward whether or not to ascertain 

iodine-induced thyroid dysfunction after iodine administration on the basis of the patient’s 

age, clinical symptoms, the presence of any pre-existing thyroid diseases, coexisting 

morbidities, and iodine intake (28, 29). In the United States, there are currently no 

clinical recommendations for the generalized screening or monitoring of at-risk patients 

receiving iodinated contrast radiologic scans, with the exception of infants aged <3 years 

in whom the developing thyroid gland remains immature. In March 2022, the U.S. Food 

and Drug Administration issued guidance to screen for thyroid dysfunction within 3 weeks 

of intravascular iodinated contrast medium administration in this particularly vulnerable 

subgroup (30, 31). The present study suggests that in the select individuals who are found 

to have iodine-induced hyperthyroidism, thyroidal dysfunction poses a long-term risk of 

atrial fibrillation/flutter, and such patients should be considered for increased monitoring. 

At present, the mechanism for a long-lasting effect is unknown but may be related to 

alternations in cardiovascular hemodynamics following thyroid dysfunction. Rigorous future 
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data examining parameters evaluating changes in cardiac rhythm and/or structure in such 

individuals are needed.

Strengths of this study include its large sample size, use of a highly detailed demographic, 

medical/surgical, laboratory, radiologic, and pharmacy database, and the use of the largest 

integrated health care system in the United States (considered an overall iodine-sufficient 

population), thereby allowing for the long-term capture of incident atrial fibrillation/flutter. 

In addition, analysis was restricted to the observation of individuals with iodine-induced 

thyroid dysfunction following a baseline normal serum TSH concentration within the past 

year. These data are the first to link the understanding of the thyroid dysfunction risks 

following iodine exposure and the arrhythmia-related risks of hyperthyroidism.

Our study has some limitations. First, as with any database analysis, potential 

misclassifications due to miscoding of inclusion and exclusion criteria, iodinated contrast 

use, and incident atrial fibrillation/flutter are possible, and the outcome of these cardiac 

arrhythmias was not further ascertained by electrocardiograms. Second, thyroid dysfunction 

was denoted by an abnormal serum TSH that may not always reflect hyperthyroidism 

(ie, nonthyroidal acute illness), although all included subjects were required to have a 

baseline normal serum TSH prior to iodine exposure. Also, as routine thyroid function (ie, 

TSH) monitoring following iodine contrast administration is not standardly obtained in the 

United States, we acknowledge that ascertainment bias of iodine-induced hyperthyroidism is 

possible, although this would not alter the associations observed between this exposure and 

incident atrial fibrillation/flutter. Third, we cannot rule out the possibility of unmeasured 

confounding between iodine-induced hyperthyroidism and atrial fibrillation, including 

smoking status, that we felt reflected substantial missing and/or potentially inaccurate 

capture in this dataset. However, the E value in our sensitivity analysis (1.67) indicated 

that it is unlikely for such unmeasured confounders to fully explain away the observed 

overall association between iodine-induced hyperthyroidism and atrial fibrillation. It should 

be noted that caution is needed when extrapolating our results to external populations, given 

that VA data are composed primarily of older, non-Hispanic, White men. Fourth, known risk 

factors for iodine-induced thyroid dysfunction such as thyroid nodules and iodine deficiency 

were unable to be captured. Since thyroid nodules and goiter are known to be significantly 

underdiagnosed compared with autopsy data (32), they were not excluded and/or adjusted 

for in our study. In addition, as the United States is considered generally iodine sufficient 

(33) and iodine status cannot be reliably ascertained in a given individual (34), iodine status 

could not be determined at the individual patient level for this existing electric database 

study. Finally, thyroid hormone action and cardiac arrhythmias are related by the complex 

interplay of many factors (20), including genetically predicted thyroid hormone levels even 

within the normal range (35, 36), the positive association between serum free thyroxine 

levels (but not TSH) and atrial fibrillation from individual participant data in a study of 

30 085 subjects (37), and a possible bidirectional effect (18), such that the reasons for 

increased atrial fibrillation/flutter risk seen in younger individuals in our study require 

further investigation. In addition, our study’s finding that females have a higher risk of atrial 

fibrillation/flutter following iodine-induced hyperthyroidism than males may be related to 

the higher prevalence of thyroid autoimmunity in females (38), as well as differences in 

genetically determined thyroid hormone traits (39) and risks of atrial fibrillation between the 
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sexes (40). Further study of the associations in a more sex-diverse study population spanning 

a larger age range are needed.

In summary, among US adults, hyperthyroidism following iodine exposure was associated 

with a significantly increased risk of incident atrial fibrillation/flutter over a median follow-

up of 3.7 years. Given the high prevalence of asymptomatic atrial fibrillation/flutter in 

elderly people, and increased risk of stroke and systemic embolism in patients with atrial 

fibrillation/flutter, the European, Canadian, and Australian guidelines currently advocate 

for the universal screening of atrial fibrillation in those age ≥65 years (41-43). Regarding 

the population analyzed in the current study, we believe the present data support the need 

for further research to refine the clinical significance of this issue. Although the results 

demonstrate an increased risk of incident atrial fibrillation/flutter following iodine-induced 

thyroid dysfunction, particularly among females, the cost–benefit analysis of such long-term 

monitoring and identification of underlying risk factors requires further investigation using 

sex-specific analytic approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart of study sample selection.
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Figure 2. 
Cumulative incidence of atrial fibrillation according to thyroid function (euthyroid vs 

hyperthyroid) following iodine exposure.
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Figure 3. 
Associations between hyperthyroidism and risk of atrial fibrillation by age, sex, and race/

ethnicity.
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Table 1.

Demographic characteristics of the study cohort

Demographic
characteristics

Total
(n = 44 607)

Euthyroid after
iodine
exposure (n
= 42 107)

Hyperthyroid
after iodine
exposure
(n = 2500)

Age (years, mean ± SD) 60.9 ± 14.1 61.0 ± 14.2 60.3 ± 13.4

Sex, n (%)

 Female 5550 (12) 5211 (12) 339 (14)

 Age (years, mean ± SD) 45.1 ± 13.4 45.0 ± 13.4 46.3 ± 13.9

 Male 39 057 (88) 36 896 (88) 2161 (86)

 Age (years, mean ± SD) 63.2 ± 12.7 63.2 ± 12.8 62.5 ± 11.9

Race/Ethnicity, n (%)

 Hispanic 2804 (6) 2689 (6) 115 (5)

 Non-Hispanic Black 8322 (19) 7625 (18) 697 (28)

 Non-Hispanic Other 1490 (3) 1402 (3) 88 (4)

 Non-Hispanic White 27 594 (62) 26 244 (62) 1350 (54)

 Missing 4397 (10) 4147 (10) 250 (10)

Body mass index (mg/kg2), mean ± SD 28.5 ± 6.3 28.6 ± 6.4 27.6 ± 6.2

Serum thyrotropin (mIU/L), mean ± SD 1.7 ± 1.0 1.8 ± 0.9 0.3 ± 0.2

History of coronary heart disease, n (%) 11 351 (25) 10 726 (25) 625 (25)

History of diabetes, n (%) 15 750 (35) 14 895 (35) 855 (34)

History of hypertension, n (%) 30 417 (68) 28 686 (68) 1731 (69)

History of dyslipidemia, n (%) 27 629 (62) 26 109 (62) 1520 (61)

J Clin Endocrinol Metab. Author manuscript; available in PMC 2023 October 18.


	Abstract
	Materials and Methods
	Study Design and Population
	Ascertainment of Iodine-Induced Hyperthyroidism and Atrial Fibrillation/Flutter
	Covariates
	Statistical Analyses

	Results
	Hyperthyroidism Following Iodine Exposure and Incident Atrial Fibrillation
	Stratified Analyses by Age, Sex, and Race/Ethnicity
	Sensitivity Analyses

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.



