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ORIGINAL RESEARCH

lodine-Induced Hypothyroidism and
Long-Term Risks of Incident Heart Failure

, MD, PhD; Rong Guo, MS; Martin L. Lee, PhD; Natalia V. Neverova, MD, PhD;
, MD; Jesse W. Currier, MD; Muhammad T. Bashir, MBBS; Angela M. Leung

Kosuke Inoue
Ramin Ebrahimi , MD, MSc
BACKGROUND: Although most individuals can adapt to a large iodine load and remain euthyroid, hypothyroidism can develop
after iodine exposure. Hypothyroidism is associated with adverse cardiovascular consequences, including heart failure. This
study was performed to investigate the relationships between iodine-induced hypothyroidism and incident heart failure.

METHODS AND RESULTS: This cohort study of the US Veterans Health Administration (1998-2021) included adults aged >18years
with a serum thyroid-stimulating hormone (thyrotropin) <60 days of iodine contrast administration, and <1year of a baseline
normal serum thyroid-stimulating hormone. Cox proportional hazards regression ascertained risk of incident heart failure fol-
lowing iodine-induced hypothyroidism, adjusting for age, sex, race and ethnicity, body mass index, and history of coronary
heart disease, dyslipidemia, diabetes, and hypertension. Of 45470 veterans (mean+SD age, 61.1+14.1 years; 88% men), 3361
(7.4%) developed iodine-induced hypothyroidism. Heart failure developed in 5685 (12.5%) individuals over a median follow-up
of 3.6years (interquartile range, 1.9-7.2years). Adjusted for risk factors, iodine-induced hypothyroidism was associated with
increased risk of heart failure, compared with those who remained euthyroid after iodine exposure (adjusted hazard ratio [HR],
1.11 [95% ClI, 1.01-1.22]). Women were at greater risk than men (adjusted HR: women, 1.65 [95% ClI, 1.13-2.40]; men, 1.08
[95% ClI, 0.98—1.19]; P for interaction, 0.02).

CONCLUSIONS: In the largest US study of this topic, hypothyroidism following iodine exposure was associated with an increased
risk of incident heart failure, particularly in women. These findings support the need for further research to address the clinical
significance of this issue, including the possible sex-specific risks of incident heart failure in more diverse data sets and study
populations.

Key Words: heart failure m hypothyroidism m iodine m thyroid dysfunction

Although most individuals are able to adapt to excess

the production of thyroid hormone. Use of iodinated

contrast media, which is frequently required for di-
agnostic computed tomography scans, coronary an-
giograms, and other radiologic studies, represents a
common source of iodine exposure in the health care
settings.! The iodine content in iodinated contrast
media is substantial; a single dose of iodinated con-
trast can contain up to 13500 ug of free iodine and 15
to 60g of bound iodine, which equate to several hun-
dred times the daily recommended intake of iodine.!

Iodine is an essential micronutrient that is needed for

iodine exposure,® our retrospective analysis of the
US Veterans Healthcare Administration from 1998 to
2021 showed a nearly 40% increased risk of thyroid
dysfunction within 60days of iodine contrast admin-
istration, compared with those who had not recently
received iodine contrast (hazard ratio [HR], 1.39 [95%
Cl, 1.37-1.41]).8

The thyroid and cardiovascular system are intri-
cately related by multiple physiological mechanisms,
including thyroid hormone—-mediated effects on heart
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CLINICAL PERSPECTIVE

What Is New?

e These findings propose iodine contrast admin-
istration as a novel risk factor for the develop-
ment of heart failure following iodine-induced
hypothyroidism.

What Are the Clinical Implications?

e The use of iodine contrast, commonly used in
the medical setting with the potential to cause
hypothyroidism, may require closer attention for
the development of heart failure.

e These findings support the need for further re-
search to address the clinical significance of this
issue, including the possible sex-specific risks
of incident heart failure in more diverse data
sets and study populations.

Nonstandard Abbreviations and Acronyms

TSH thyroid-stimulating hormone
VA Veterans Affairs
VHA Veterans Health Administration

rate, rhythm, myocardial contraction, risk of coronary
artery disease, regulation of blood pressure via smooth
muscle tone and endothelial function, and regulation
of blood pressure via cardiovascular risk factors (lipid
metabolism and modulation of inflammatory path-
ways).* At our institution, we reported that correction of
hypothyroidism may obviate the need for lipid-lowering
medications in up to 75% of patients with newly diag-
nosed dyslipidemia.®

Low thyroid hormone has been associated with
various cardiovascular risk factors, including diastolic
hypertension, weight gain, insulin resistance, hyper-
cholesterolemia, and dyslipidemia.®” Hypothyroidism,
particularly with serum thyroid-stimulating hormone
(TSH) concentrations >10mIU/L, has been associated
with higher risk of heart failure, as was shown in a
meta-analysis of 6 prospective cohorts from the United
States and Europe,® as well as that of 11 prospective
cohorts totaling 55287 participants (542494 person-
years of follow-up) between 1972 and 2007.° According
to the data from the US National Health and Nutrition
Examination Survey lll, heart failure in individuals with
hypothyroidism was associated with increased over-
all mortality, compared with euthyroid individuals.”®
Several other analyses have independently shown
increased risks of both cardiovascular and all-cause
mortality among subclinically hypothyroid individuals
compared with euthyroid individuals.®'-'3
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To address this knowledge gap and in alignment with
a 2019 white paper calling for additional research on
the interrelationships between thyroid and cardiovas-
cular diseases,'*'® we conducted a population-based
study of the US Veterans Health Administration (VHA)
to investigate the associations between iodine-induced
hypothyroidism and the incident risks of heart failure.
Given the older age and high prevalence of comorbid-
ities among US veterans,'® including cardiovascular
disease burden,” this population may be particularly
susceptible to the adverse effects of hypothyroidism.
Further understanding of these relationships can guide
the need for monitoring thyroid function and of cardiac
events following iodinated contrast administration in
select population subgroups.

METHODS

Study Design and Population

This study used records from the Veterans Affairs (VA)
Corporate Data Warehouse from March 10, 1988 to
October 20, 2021. The Corporate Data Warehouse
is the national data repository of clinical and admin-
istrative records in the US VHA system, and includes
patients in both hospitalized and ambulatory settings.
Subjects’ informed consent was waived, and study ap-
proval was obtained by the VA Greater Los Angeles
Healthcare System Institutional Review Board. The
data supporting this study are available from the cor-
responding author on reasonable request.

Inclusion criteria were adults aged >18years with an
available TSH measured within 60days of iodine con-
trast administration, and at least 30days up to 1year
of a normal serum TSH level at baseline. Exclusion
criteria were individuals with a history of hypothyroid-
ism, hyperthyroidism, atrial fibrillation/flutter, heart fail-
ure, thyroid surgery, thyroid cancer, radioactive iodine
treatment, use of thyroid hormone or antithyroid medi-
cations, and use of other medications, which can inter-
fere with serum thyroid function test results (Table S1).
To extract non-VA drug use and non—Corporate Data
Warehouse electronic medical records,'® we also re-
trieved and cross-referenced exclusion criteria against
the VA Observation Medical Partnership Database."®
The flow of the study sample selection is shown in
Figure 1.

Ascertainment of Exposure and Outcome
We determined iodine contrast administration using
International Classification of Diseases, Ninth Revision
(ICD-9), and International Classification of Diseases,
Tenth Revision (ICD-10), codes of radiologic procedures
requiring iodinated contrast media (Table S2). As the
primary exposure, we defined iodine-induced hypo-
thyroidism as a serum thyrotropin (TSH) measurement
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Eligible sample (n=5 345 203)

between March 10, 1988 to October 20, 2021

« All adults age =18 years who received any VHA inpatient and/or outpatient care

« Normal baseline serum TSH concentration up to one year before iodine contrast

Exclusions (n=1 928 923)
« History of hypothyroidism, hyperthyroidism, atrial

Intervening iodine contrast administration

Eligible samples with baseline serum TSH concentrations
up to one year before iodine contrast after excluding
subjects with exclusion criteria (n=3 416 280)

fibrillation, heart failure, thyroid surgery, thyroid
cancer, or radioactive iodine treatment
» Use of thyroid hormone or anti-thyroid medications
» Use of medications which may alter serum thyroid
function

concentration (Cohort Sample; n=45 470)

Eligible samples with available follow-up serum TSH concentrations <60 days of
iodine contrast administration, and >30 days after the baseline normal serum TSH

Normal follow-up TSH

Increased follow-up TSH

(Unexposed Group; (Exposed Group:
n=42 109) n=3361)
| I
]
i Subsample with available elevated or normal serum
i T3 and/or T4 concentrations (N=838)
! I I
|
i | Overtly aypothyroid Subclinically hypothyroid
1 (n=100) (n=738)
: H |
! ! !
All 4 groups assessed for long-term incident heart failure
§ ¢ v i
Incident heart failure Incident heart failure Incident heart failure Incident heart failure
(n=5156) (n=529) (n=16) (n=115)

Figure 1. Flow of study sample selection.
T3 indicates triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating

higher than the upper limit of VA site-specific reference
ranges within 60days after iodine contrast adminis-
tration, and at least 30days up to 1year of a normal
baseline serum TSH level. We also subclassified those
with hypothyroidism in 2 ways: (1) by serum peripheral
thyroid hormone thyroxine and triiodothyronine within
90days after an abnormal TSH result, according to
their VA site-specific reference ranges, to distinguish
between overt hypothyroidism and subclinical hypo-
thyroidism; and (2) by TSH levels (<7.5and >7.5mIU/L).
Similarly, we defined the outcome of heart failure
using the /ICD-9 and ICD-10 codes 428.X and 150.X,
respectively, where X denotes any number.

Other Covariates

Covariates, including age, sex, self-reported race and
ethnicity (adults of Hispanic, non-Hispanic White, non-
Hispanic Black, and non-Hispanic other races and eth-
nicities [composed of Alaska Native, American Indian

J Am Heart Assoc. 2023;12:e030511. DOI: 10.1161/JAHA.123.030511

hormone; and VHA, Veterans Health Administration.

or Native American, Asian, or multiracial]), and body
mass index, were extracted, with body mass index re-
corded as the most proximal value to the TSH meas-
urement (up to 1year before or after). Reporting race
and ethnicity in this study was mandated by the US
Department of Veterans Affairs, consistent with its
Inclusion of Women, Minorities, and Children policy.
The following comorbidities were also extracted for
each subject using ICD-70 codes: coronary heart dis-
ease (121, 122, 123, 124, and 125), dyslipidemia (E78), dia-
betes (E08, E09, E11, and E13), and hypertension (I10,
111, 12, 13, 115, and 116).

Statistical Analysis

After providing the summary statistics of the study sam-
ple, we created inverse probability-weighted cumulative
incidence curves for incident heart failure based on thy-
roid status, with the inverse probability weights adjusted
for age, sex, race and ethnicity, body mass index, and
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a history of coronary heart disease, dyslipidemia, dia-
betes, and hypertension. Then, using multivariate Cox
proportional hazards regression models, we calculated
the adjusted HR (@HR) with 95% Cls to examine the re-
lationship between iodine-induced hypothyroidism and
incident heart failure. We also examined the risk of in-
cident heart failure of the following subtypes of thyroid
dysfunction by calculating their aHRs with euthyroidism
as the reference: (1) subclinical hypothyroidism and
overt hypothyroidism; and (2) TSH <7.5mIU/L and TSH
>7.5mlU/L. All aHRs were adjusted for age, sex, race
and ethnicity, body mass index, and history of coro-
nary heart disease, dyslipidemia, diabetes, and hyper-
tension. We also computed the E-value to quantify the
minimum strength of the association of an unmeasured
confounder with both iodine-induced hypothyroidism
(the exposure) and heart failure (the outcome) condi-
tional on the measured covariates, to explain away the
observed exposure-outcome association.?°

Last, we conducted the stratified analyses for the
association between overall hypothyroidism following
iodine contrast exposure and incident heart failure by
sex (men and women), age (<65 and >65years), and
race and ethnicity (Hispanic, non-Hispanic White, non-
Hispanic Black, and non-Hispanic other race and eth-
nicity). All analyses were performed with SAS, version
9.4 (SAS Institute Inc, Cary, NC).

RESULTS

Among 45470 veterans included in this study (mean+SD
age, 61.1+14.1 years; 88% men), 3361 (7.4%) developed

lodine-Induced Hypothyroidism and Heart Failure

hypothyroidism (mean TSH, 6.73+6.81mlU/L) after
a previously normal baseline serum TSH and within
60 days after iodine contrast administration. Compared
with those who remained euthyroid, those who de-
veloped hypothyroidism were more likely to be older
and non-Hispanic White adults, and showed a slightly
higher prevalence of comorbidities (Table 1). This pat-
tern was also observed among subjects with subclini-
cal hypothyroidism or TSH levels <7.5mlIU/L, but not
among those with overt hypothyroidism or TSH levels
>7.5mlIU/L (Tables S3 and S4).

lodine-Induced Hypothyroidism and
Incident Heart Failure

Over a median follow-up period of 3.6 years (interquar-
tile range, 1.9-7.2years), new-onset heart failure was
observed in 5685 (12.5%) subjects. After adjusting
for sociodemographic and cardiovascular risk factors
in the multivariate Cox regression models, overall hy-
pothyroidism after a previously normal baseline TSH
and iodine administration was associated with an in-
creased risk of heart failure (@HR, 1.11 [95% CI, 1.01-
1.22]; Figure 2). The E-value was 1.46, showing that an
unmeasured confounder would need to be associated
with both hypothyroidism and incident heart failure,
with a risk ratio >1.46 conditional on measured covari-
ates to explain away this observed association.

For the association between the subtypes of iodine-
induced hypothyroidism (ie, subclinical or overt hypothy-
roidism, based on triiodothyronine and thyroxine values)
and incident heart failure, subclinical hypothyroidism
was associated with an increased risk of heart failure

Table 1. Demographic Characteristics of the Study Cohort
Overall hypothyroidism

Demographic characteristics Total (N=45470) Euthyroidism (N=42109) (N=3361)
Age, mean+SD, y 61.1£14.1 61.0+14.2 62.7+13.1
Sex, n (%)

Women 5583 (12) 5211 (12) 372 (1)

Men 39887 (88) 36898 (88) 2989 (89)
Race and ethnicity, n (%)

Hispanic 2906 (6) 2689 (6) 217 (6)

Non-Hispanic White 28629 (63) 26245 (62) 2384 (71)

Non-Hispanic Black 7944 (17) 7625 (18) 319 (9)

Non-Hispanic other* 1495 (3) 1402 (3) 93 (3)

Missing 4496 (10) 4148 (10) 348 (10)
BMI, mean+SD, mg/kg? 28.6+6.4 28.6+6.4 28.8+6.7
Serum TSH, mean+SD, mIU/L 2.13+2.38 1.78+0.93 6.73+6.81
History of coronary heart disease, n (%) 11656 (26) 10727 (25) 929 (28)
History of diabetes, n (%) 16175 (36) 14896 (35) 1279 (38)
History of hypertension, n (%) 31041 (68) 28688 (68) 2353 (70)
History of dyslipidemia, n (%) 28289 (62) 26111 (62) 2178 (65)

BMl indicates body mass index; and TSH, thyroid-stimulating hormone.

*Non-Hispanic other race is composed of Alaska Native, American Indian or Native American, Asian, or multiracial adults.

J Am Heart Assoc. 2023;12:e030511. DOI: 10.1161/JAHA.123.030511
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v Log-rank p=0.0463
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Figure 2. Cumulative incidence of heart failure (HF) according to thyroid function
(euthyroid vs hypothyroid) following iodine exposure.

The adjusted hazard ratio (aHR) was calculated by Cox proportional hazard models adjusting for
age, sex, race and ethnicity, body mass index, and history of coronary heart disease, diabetes,
dyslipidemia, and hypertension. Inverse probability weight obtained used these variables was
applied to draw the adjusted incidence curve. Overall hypothyroidism after a previously normal
baseline thyroid-stimulating hormone and iodine administration was associated with an increased
risk of heart failure (@aHR, 1.11 [95% CI, 1.01-1.22]). The E-value for the point estimate (and the
lower bound of 95% CI) was 1.46 (1.11).

(@HR, 1.26 [95% ClI, 1.04-1.52]), whereas no association TSH level (<7.5mIU/L) showed increased risk of incident
was observed for overt hypothyroidism attributable to a heart failure (@HR, 1.24 [95% CI, 1.02-1.52]), whereas
limited number of events (16 cases of new-onset heart those with TSH >7.5mIU/L showed an increased risk
failure) (Table 2). When we subclassified hypothyroidism but was not statistically significant (@HR, 1.26 [95% ClI,
according to TSH levels, those with a mildly elevated 0.84-1.88]; 23 cases of new-onset heart failure).

Table 2. Cumulative Incidence of Heart Failure According to lodine-Induced Hypothyroidism Subtypes

No. of events/ Adjusted hazard ratio E-value (lower bound
Exposure total samples (95% CI)* P value of 95% CI)t
Hypothyroidism
Euthyroidism 5156/42 109 Reference Reference Reference
Subclinical hypothyroidism 115/738 1.26 (1.04-1.52) 0.0161 1.83 (1.24)
Overt hypothyroidism 16/100 0.92 (0.53-1.59) 0.7597 NA
TSH categories
Reference range TSH 5156/42 109 Reference Reference Reference
Increased TSH levels <7.5 104/634 1.24 (1.02-1.52) 0.0327 1.79 (1.16)
miU/L
Increased TSH levels >7.5 23/179 1.26 (0.84-1.88) 0.2670 1.83 (NA)
miU/L

NA indicates not applicable; and TSH, thyroid-stimulating hormone.

*The adjusted hazard ratio was calculated by Cox hazard models adjusting for age, sex, race and ethnicity, body mass index, and history of coronary heart
disease, diabetes, dyslipidemia, and hypertension.

The E-value is a measure of how strongly an unmeasured confounder is associated with both the treatment and the result, conditional on the measured
covariates, to explain away the observed associations between iodine-induced hypothyroidism and heart failure. The E-value for the lower bound of 95% Cl is
shown in parentheses.

J Am Heart Assoc. 2023;12:e030511. DOI: 10.1161/JAHA.123.030511 5
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Stratified Analyses by Age, Sex, and Race
and Ethnicity

In stratified analyses, we found that the association
between iodine-induced hypothyroidism and heart
failure was stronger among women than men (aHR:
women, 1.65 [95% Cl, 1.13-2.40]; men, 1.08 [95% Cl,
0.98-1.19]; P for interaction between hypothyroidism
and sex, 0.02; Figure 3). We found no evidence of
heterogeneity in the association by age (P for interac-
tion between hypothyroidism and age, 0.77). When
stratified by race and ethnicity, the association re-
mained among non-Hispanic Black adults (aHR, 1.38
[95% CI, 1.11-1.70]) but not among Hispanic adults
(@aHR, 0.92 [95% CI, 0.61-1.38]) and non-Hispanic
White adults (aHR, 1.05 [95% CI, 0.93-1.18]; P for

lodine-Induced Hypothyroidism and Heart Failure

interaction between hypothyroidism and race and
ethnicity, 0.05).

DISCUSSION

This epidemiologic study of the largest integrated
health care system in the United States demonstrates
that hypothyroidism observed after a normal base-
line serum TSH and within 60days of iodine contrast
administration was associated with an 11% overall in-
creased risk of heart failure in veterans, as observed
over a median follow-up of 3.6 years.

The findings refine our understanding of the long-
term risks of an iodine load. Our recent longitudinal
analysis of the VHA data set reported an increased

HR [95% CI]

1.121[0.98, 1.24]

1.09[0.95, 1.24]

p for interaction=0.77

1.08 [0.98, 1.19]

= | 1.65[1.13, 2.40]

p for interaction=0.02

0.92[0.61, 1.38]

1.05[0.93, 1.18]

| 1.38 [1.11, 1.71]

p for interaction=0.05

Associations between Hypothyroidism and Risk of Heart Failure
Age
Age<65 I-'—I—I
Age==65 I—'—l—|
Sex
Male I—'—I—I
Female :
Race and Ethnicity
Hispanic -—= |
Non-Hispanic White |——l—|
Non-Hispanic Black [ =
| | T T |
0.8 1 15 2 3
Hazard ratio

Figure 3. Associations between hypothyroidism and risk of heart failure by age, sex, and race and ethnicity.
Model adjusted for age, sex, race and ethnicity, body mass index, and history of coronary heart disease, diabetes, dyslipidemia, and

hypertension. HR indicates hazard ratio.

J Am Heart Assoc. 2023;12:e030511. DOI: 10.1161/JAHA.123.030511
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risk of overall thyroid dysfunction (both hypothyroid-
ism and hyperthyroidism) following iodine contrast
administration, compared with individuals who had
not received an iodine load (odds ratio, 1.39 [95%
Cl, 1.37-1.41]; P<0.001).® The United States currently
does not have recommendations supporting the gen-
eral screening for thyroid dysfunction after iodinated
contrast administration in the general adult population
(only in young infants),?"?? and the European Thyroid
Association has only recently recommended an indi-
vidualized, selected approach toward such screen-
ing in adults,?® following guidance from the European
Society of Urogenital Radiology.?* Furthermore, the
long-term risk of heart failure seen in select individu-
als with iodine-induced hypothyroidism suggests the
benefit of monitoring.

In 2017, a multidisciplinary working group convened
by the National Heart, Lung, and Blood Institute at the
US National Institutes of Health called for data on the
intersection of thyroid status and cardiovascular dis-
ease, including sex-specific analyses.'*™® Previous
data show that women are 2 times more likely than
men to develop heart failure with preserved ejection
fraction.?® It is notable that the association between
iodine-induced hypothyroidism and heart failure in the
current study was stronger among women than men,
and there was a significant interaction between hypo-
thyroidism and sex. One potential mechanism for these
findings is the higher prevalence of thyroid autoimmu-
nity in women?%; the associations between cardio-
vascular burden and autoimmune disease in women
are thought to be in part attributable to sex-specific
differences in altered microvasculature and dysfunc-
tional endothelium.?” Because of the established low
frequency of positive serum thyroid autoantibodies in
men,?8 it is rarely checked in the male-predominant
VHA clinical setting (this study contained 88% men),
thus preventing its analysis in the current study. As
such, rigorous, adequately powered studies in more
sex-diverse populations focusing on sex as a biological
variable are needed. It is notable that female veterans
are less likely to have traditional cardiovascular risk
factors, compared with male veterans.?® A further un-
derstanding of the differential risks of iodine-induced
thyroid dysfunction between women and men will
allow tailored sex-based strategies for the use of iodin-
ated contrast in health care settings.

This study represents the largest sample size avail-
able on this topic in the United States. In addition, the
VHA is the largest integrated health care system in the
United States and is supported by highly detailed de-
mographic, medical/surgical, laboratory, radiologic,
and pharmacy data, thereby allowing for the long-
term capture of incident heart failure. Furthermore,
the rigor of the study is enhanced by the criterion that
iodine-induced hypothyroidism was recorded only in

J Am Heart Assoc. 2023;12:e030511. DOI: 10.1161/JAHA.123.030511

lodine-Induced Hypothyroidism and Heart Failure

individuals with a previously normal baseline serum
TSH concentration within the past year. These data are
the first to establish the risks of heart failure following
iodine-induced thyroid dysfunction.

Our study has some limitations. First, as with any
database analysis, there may be bias attributable to
unmeasured confounding on the relationship between
iodine-induced hypothyroidism and heart failure. The
E-value in our sensitivity analysis showed that such
unmeasured confounders need to be associated with
both hypothyroidism and incident heart failure, with
a risk ratio >1.46 conditional on measured covariates
to fully explain away the observed overall association.
Second, the possibility of potential misclassifications
attributable to miscoding of inclusion and exclusion
criteria, iodinated contrast use, and incident heart fail-
ure is possible in any secondary analysis of an existing
data set. In future analyses, it would also be import-
ant to consider heart failure diagnoses that are not
solely captured by /ICD-9 or ICD-10 coding, that, for
example, include patients with heart failure associ-
ated with both reduced and preserved left ventricu-
lar ejection fractions. Third, thyroid dysfunction was
ascertained by an abnormal serum TSH, which may
be an imperfect measure, although all included sub-
jects were required to have a baseline normal serum
TSH before iodine exposure. In addition, the lack of
association between hypothyroidism and heart failure
in those with TSH levels >7.5mIU/L may have been
limited by the low event rate in this subgroup. Fourth,
serum thyroid hormone levels may have been mea-
sured selectively, given the possibility that clinicians
obtain such testing particularly when they suspect
thyroid dysfunction; thus, it is possible that our find-
ings may contain some selection bias. Furthermore,
in this study, we also did not assess for a possible
sustained nature of the thyroid dysfunction, which re-
quires further research. Future analyses should also
investigate the potential reversibility of these findings,
including whether the correction of hypothyroidism
with thyroid hormone replacement may mitigate the
heart failure risk. Finally, caution is needed to extrap-
olate the study’s results to other populations, given
that the VA population is primarily composed of older,
non-Hispanic, and White men.

In summary, this study demonstrates that in a pre-
dominantly male population of US adults, hypothyroid-
ism following routine iodine contrast administration was
associated with an 11% increased risk of incident heart
failure over a median follow-up of 3.6years. Although
the results are statistically and plausibly clinically signif-
icant, the cost-benefit analysis of such long-term moni-
toring requires further investigation. We urge for further
research to robustly study the clinical significance of
this issue, including the investigation of this topic in
more sex-diverse populations.
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