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Background: lodine deficiency has long been recognized as an important public health problem. Global ap-
proaches such as salt iodization that aim to overcome iodine deficiency have been successful. Meanwhile, they
have led to excessive iodine consumption in some populations, thereby increasing the risks of iodine-induced
thyroid dysfunction, as well as the comorbidities and mortality associated with hypothyroidism and hyperthy-
roidism. This study aimed to elucidate whether iodine intake is associated with mortality among U.S. adults.
Methods: This was an observational study to estimate mortality risks according to urinary iodine concentration
(UIC) utilizing a nationally representative sample of 12,264 adults aged 20-80 years enrolled in the National
Health and Nutrition Examination Survey (NHANES) IIl. Crude and multivariable Cox proportional hazards
regression models were employed to investigate the association between UIC (<50, 50-99, 100-299, 300-399, and
2400 ug/L) and mortalities (all-cause, cardiovascular, and cancer). In sensitivity analyses, the study adjusted for
total sodium intake and fat/calorie ratio in addition to other potential confounders. Stratum-specific analyses were
also conducted to estimate the effects of UIC on mortality according to age, sex, race/ethnicity, and estimated
glomerular filtration rate category.

Results: Over a median follow-up of 19.2 years, there were 3159 deaths from all causes. Participants with excess
iodine exposure (UIC >400 pg/L) were at higher risk for all-cause mortality compared to those with adequate
iodine nutrition (hazard ratio=1.19 [confidence interval 1.04—1.37]). Elevated hazard ratios of cardiovascular and
cancer mortality were also found, but the confidence interval of the effect estimates included the null value for both
outcomes. Low UIC was not associated with increased mortality. Restricted cubic spline models showed similar
results for all outcomes. The results did not change substantially after adjusting for total sodium intake and fat/
calorie ratio. None of the potential interactions were statistically significant on a multiplicative scale.
Conclusion: Higher all-cause mortality among those with excess iodine intake compared to individuals with
adequate iodine intake highlights the importance of monitoring population iodine status. Further studies with
longitudinal measures of iodine status are needed to validate these results and to assess the potential risks excess
iodine intake may have on long-term health outcomes.
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Introduction deficiency disorders (IDDs) have been recognized as im-
portant public health problem, and IDD elimination pro-

IODINE IS AN ESSENTIAL micronutrient necessary for the grams, mainly salt iodization, have been adopted by most
synthesis of thyroid hormones that are important for var- countries (3,4). A daily intake of 150 ug of iodine has been
ious metabolic processes (1,2). Iodine deficiency has been recommended for adults who are not pregnant or lactating by
associated with the development of goiter, hypothyroidism, the Institute of Medicine, the World Health Organization
hyperthyroidism, and thyroid autoimmunity (1,3). Iodine (WHO), the United Nations Children’s Fund (UNICEF), and
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the Todine Global Network (5,6). Iodized salt is fortified at
around 45 mg of iodide/kg in the United States (2). Currently,
approximately 70% of households worldwide and almost
90% of households in North and South America use iodized
salt, with other common sources such as seaweed, seafood,
and iodine-containing supplement (5), and the concerted
global approach to eliminate IDDs has been successful at
substantially decreasing the number of countries with iodine
deficiency (7,8).

In contrast, the number of countries in which individuals
consume more than adequate or excessive amounts of iodine
has increased (9). Through failure to adapt to the acute Wolff—
Chaikoff effect and the Jod—Basedow phenomenon (9), iodine
excess can induce hypo- and hyperthyroidism, respectively,
and thus represents an emerging public health challenge fol-
lowing the decrease of IDDs (9). Given the increase in risk of
cardiovascular disease, cancer, and overall mortality in pa-
tients with thyroid dysfunction (10-12), excessive iodine in-
take might also contribute to mortality from these chronic
diseases as mediated through thyroid dysfunction. However,
longitudinal data regarding iodine status and mortality are
scarce. This study investigated whether iodine status is asso-
ciated with all-cause and/or cause-specific mortalities among
adults in the general U.S. population.

Methods
Data sources and study population

The U.S. National Health and Nutrition Examination
Survey (NHANES) III (1988—1994) is a stratified, multistage
probability sample of individuals in the general population
selected at random through a complex statistical process.
Subjects completed structured interviews and a physical ex-
amination, and some provided urine and/or blood samples
(13). The NHANES III study protocols were approved by the
National Center for Health Statistics (NCHS) Institutional
Review Board (14), with all participants providing informed
written consent. Among adults enrolled in the NHANES III,
the unweighted response rates for the household interview
and the physical examination were 86% and 78%, respec-
tively (15). Participants have been prospectively followed for
mortality through December 2011.

There were 15,081 NHANES III participants aged >20
years and <80 years at enrollment for whom urinary iodine
concentration (UIC) values were available. Participants
lacking data regarding education (n=94), body mass index
(BMI; n=26), or missing death records (n=11) were ex-
cluded. The study cohort was further restricted by excluding
subjects who were pregnant or lactating (n=265), reported
use of iodine-rich medications or those which alter thyroid
function (amiodarone, n=20; thyroid hormone replacement
and/or antithyroidal drugs, n=290), had abnormal serum
thyrotropin concentrations (reference range 0.39—4.60 mIU/
L; n=1964) (16). Subjects with severe renal dysfunction
(estimated glomerular filtration rate [eGFR] mL/min/
1.73 mz) <30 (n=147) were also excluded. The final ana-
lytical cohort contained 12,264 participants (6064 males).

UIC and other measurements

In the NHANES 111, spot urine specimens were collected
from participants, and frozen (<-20°C) aliquots of these
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specimens were stored until shipped. Frozen urine samples
were sent in batches in Styrofoam-insulated shipping con-
tainers with dry ice to the laboratory. Specimen stability was
demonstrated at 5°C and <-20°C (17). UIC was determined
by the Iodine Research Laboratory, University of Massa-
chusetts Medical Center (Worcester, MA), using the Sandell—
Koltoff reaction as modified by Benotti et al. (18,19). In
reference to WHO guidelines for UIC as a marker of popula-
tion iodine status (3), NHANES III participants were catego-
rized into the following five groups according to UIC (ug/L):
very low UIC, 0-49; low UIC, 50-99; normal UIC, 100-299;
high UIC, 300-399; and very high UIC, 2400 ug/L. Measured
weights and heights were used to calculate BMI. Serum creat-
inine (Scr) measurements were performed according to the
laboratory procedure manual for NHANES III (20,21), from
which an eGFR was calculated using the Chronic Kidney Dis-
ease Epidemiology Collaboration equation (GFR=141Xmin
[Scr/k, 1]*xmax [Ser/x, 117'2%x0.993%¢° x 1.018 [if wom-
en]x 1.159 [if black]; k=0.7 for women and 0.9 for men,
a=-0.329 for women and —0.411 for men, min indicates the
minimum of Scr/k or 1, and max indicates the maximum of
Scr/k or 1) (22). Dietary sodium (mg/day), calorie (kcal/day),
and fat (kcal/day) intakes were obtained from 24-hour dietary
recall collected by trained interviewers using a personal
computer-based interactive platform and coded by the Uni-
versity of Minnesota’s Nutrition Coordinating Center (20,21).

Outcome ascertainment

The primary outcome of the present study was all-cause
mortality, and secondary outcomes were two cause-specific
mortalities: cardiovascular and cancer deaths. Mortality data
were ascertained by the NCHS from death certificate infor-
mation provided by the National Death Index (NDI) (23) after
record matching by social security number, name, date of
birth, race/ethnicity, sex, state of birth, and state of residence.
The cause of death was determined according to the Inter-
national Classification of Diseases, 10th version (ICD-10).
Cardiovascular disease was classified using ICD-10 codes
100-09, 111, 113, I120-51, and 160-69. Cancer was classified
using ICD-10 codes C00-C97.

Statistical analyses

Patient characteristics and generated descriptive statistics
were explored using chi-square tests for categorical variables
and analysis of variance for continuous variables. Crude and
multivariable Cox proportional hazards regression models
were employed, adjusting for potential confounders. First, the
study adjusted for age (per 10 years), sex (men or women), race/
ethnicity (non-Hispanic white, non-Hispanic black, Mexican
American or others), education status (less than high school,
high school, or general education degree, or more than high
school), and active smoking (self-reported; Model 1). Further,
the study adjusted for diabetes (self-reported), hypertension
(self-reported), hypercholesterolemia (self-reported), previous
cardiovascular disease (self-reported), previous cancer (self-
reported), BMI (<18.5, 18.5 t0 <25.0, 25.0 to <30.0, or =230.0 kg/
m~), and eGFR (30 to <60, or 260 mL/min/1.73 m2) in addition
to covariates in Model 1 (Model 2). In sensitivity analyses, the
effects of UIC on all-cause, cardiovascular-specific, and cancer-
specific mortalities were estimated after further adjustment for
total sodium intake (categorized in quintiles) and fat/calorie
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TABLE 1. BASELINE CHARACTERISTICS? OF NHANES III PARTICIPANTS IN THE STUDY SAMPLE,
ACCORDING TO UIC® (N=12,264)
Very high
Total Very low UIC  Low UIC  Normal UIC High UIC vic

Total, n (%) 12,264 1398 (11.4) 2597 (21.2) 6500 (53.0) 804 (6.6) 965 (7.9)
UIC, ug/LL 0-49 50-99 100-299 300-399 400—-
Age, years 45.0+£17.0 46.8+15.3 46.1£16.8 44.1%£17.1 45.0+17.5 454%18.0
Sex (men), n (%) 6064 (49.5) 462 (33.1) 1173 (45.2) 3394 (52.2) 460 (57.2) 575 (60.0)
Race/ethnicity, n (%)

Non-Hispanic white 4761 (38.8) 699 (50.0) 1053 (40.6) 2385 (36.7) 287 (35.7) 337 (34.9)

Non-Hispanic black 3490 (28.5) 352 (25.2) 847 (32.6) 1835 (28.2) 204 (25.4) 252 (26.1)

Mexican American 3498 (28.5) 283 (20.2) 574 (22.1) 2023 (31.1) 283 (35.2) 335 (34.7)

Others 515 4.2) 64 (4.6) 123 (4.7) 257 (4.0) 30 (3.7) 41 (4.3)
Education status, n (%)

Less than high school 24688 (21.9) 244 (17.5) 496 (19.1) 1442 (22.2) 223 (27.7) 283 (29.3)

High school or GED 2012 (16.4) 215 (15.4) 418 (16.1) 1057 (16.3) 150 (19.0) 172 (17.8)

Higher than high school 7564 (61.7) 939 (67.2) 1683 (64.8) 4001 (61.6) 431 (53.6) 510 (52.9)
Active smoking, n (%) 3426 (27.9) 410 (29.3) 720 (27.7) 1793 (27.6) 206 (25.6) 297 (30.8)
Diabetes, n (%) 900 (7.3) 80 (5.7) 180 (6.9) 506 (7.8) 61 (7.6) 73 (7.6)
Hypertension, n (%) 3113 (25.4) 358 (25.6) 695 (26.8) 1607 (24.7) 205 (25.5) 248 (25.7)
Hypercholesterolemia, n (%) 2108 (17.2) 277 (19.8) 480 (18.5) 1088 (16.7) 115 (14.3) 148 (15.3)
Previous cardiovascular 759 (6.2) 74 (5.3) 149 (5.7) 439 (6.8) 44 (5.5) 53 (5.5)

disease, n (%)
Previous cancer, n (%) 697 (5.7) 91 (6.5) 148 (5.7) 351 (5.4) 41 (5.1) 66 (6.8)
BMI (kg/m?), n (%)

<18.5 233 (1.9) 38 (2.7) 31 (1.2) 135 (2.1) 12 (1.5) 17 (1.8)

18.5 to <25.0 4490 (36.6) 568 (40.6) 944 (36.4) 2332 (35.9) 281 (35.0) 365 (37.8)

25.0 to <30.0 4308 (35.1) 493 (35.3) 960 (37.0) 2232 (34.3) 288 (35.8) 335 (34.7)

>30.0 3233 (26.4) 299 (21.4) 662 (25.5) 1801 (27.7) 223 (27.7) 248 (25.7)
eGFR (30 to <60 mL/min/1.73 m?), 1580 (12.8) 178 (12.7) 348 (13.4) 804 (12.4) 109 (13.6) 141 (14.6)

n (%)
Total sodium intake (x 10> mg/day) 34.2+20.3 32.5+18.6 33.3£20.7 34.6+£20.2 344+195 355+227
Fat/calorie ratio, % 33.5£94 33.6£9.7 33.1£94 33.6£9.3 33.5£9.1 33.4+£9.2

“Data are presented as count (percentage) or mean SD.

PUIC status was categorized in reference to WHO guidelines: very low UIC (049 ug/L), low UIC (50-99 ug/L), normal UIC (100-
299 ug/L), high UIC (300-399 pug/L), and very high UIC (400- ug/L).

NHANES, National Health and Nutrition Examination Survey; UIC, urinary iodine concentration; GED, General Educational
Development; HR, hazard ratio; CI, confidence interval; BMI, body mass index; eGFR, estimated glomerular filtration rate.

ratio (categorized in quintiles), as iodine intake can be af-
fected by dietary habits. To assess effect measure modification,
stratum-specific analyses were conducted to estimate the effects
of UIC on mortality according to age (20-39, 40-59, and =60
years), sex, race/ethnicity, and eGFR category by insertion of a
multiplicative term into each model. Those with extremely high
values of iodine were also excluded to assess the impact of these
potentially mismeasured outliers on the results (99th percentile;
UIC >1100 ug/L; n=120). Finally, continuous associations
were investigated between UIC and mortality by fitting re-
stricted cubic spline models with four knots at Sth, 35th, 65th,
and 95th percentile of UIC (24).

All statistical analyses were conducted using Stata v12.1
(StataCorp LP). Appropriate sample weights were selected
to account for unequal probabilities of selecting NHANES
participants, as well as nonresponse of those eligible and
approached. The spline curve was constructed using the
“mkspline’” command in Stata.

Results

The mean age *standard deviation (SD) of participants
was 45.0+17.0 years, and 49.5% were male (Table 1). Ur-

inary iodine levels in participants were generally lower in
females, white non-Hispanics, and those with hypercholes-
terolemia, but higher among those with less than a high-school
education, who were obese, and those with higher sodium
intake.

UIC groups and mortality

The median duration of follow-up for mortality ascer-
tainment was 19.2 (interquartile range 17.4-21.0) years, from
which 3159 all-cause deaths were identified (717 cardio-
vascular, 799 cancer, and 1643 deaths from other causes).
The adjusted all-cause mortality hazard ratios (HR) were
higher for the very high UIC group compared to the normal
UIC group (HR=1.19 [confidence interval (CI) 1.04—1.37]),
but no differences were observed for other UIC groups
(Table 2). For this very high UIC group, effect estimates >1
were also estimated for both cardiovascular and cancer
mortality. However, the CIs included the null value (cancer,
HR=1.39 [CI 0.93-2.07]; cardiovascular, HR=1.16 [CI
0.90-1.34]; Table 2). Similar results were found for cancer
mortality in the very low UIC group (HR =1.34 [CI 0.95-1.90]).
However, effect estimates of all-cause and cardiovascular
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Adjusted
Event N/total N Unadjusted Model 1° Model 2°
HR [CI] HR [CI] HR [CI]
All-cause mortality
Very low UIC 327/1398 0.91 [0.75-1.12] 0.88 [0.73-1.06] 0.93 [0.77-1.14]
Low UIC 679/2597 1.00 [0.87-1.16] 0.91 [0.80-1.0]) 0.96 [0.84-1.09]
Normal UIC (reference) 1664/6500 1 1 1
High UIC 206/804 9 [0.83-1.44] 0.91 [0.70-1.18] 0.88 [0.66-1.17]
Very high UIC 283/965 2 [1.12-1.58] 1.20 [1.04-1.39] 9 [1.04-1.37]
Cardiovascular mortality
Very low UIC 71/1398 0.77 [0.58-1.03] 0.79 [0.60-1.06] 0.87 [0.66-1.15]
Low UIC 146/2597 0.87 [0.70-1.08] 0.79 [0.64-0.98] 0.87 [0.70-1.08]
Normal UIC (reference) 390/6500 1 1 1
High UIC 46/804 0.92 [0.55-1.52] 0.72 [0.42-1.23] 0.68 [0.38-1.22]
Very high UIC 64/965 1.34 [1.01-1.76] 1.18 [0.94-1.48] 1.16 [0.90-1.34]
Cancer mortality
Very low UIC 99/1398 1.45 [1.01-2.08] 1.26 [0.89-1.76] 1.34 [0.95-1.90]
Low UIC 177/2597 1.24 [0.92-1.65] 1.09 [0.82-1.44] 1.14 [0.87-1.49]
Normal UIC (reference) 395/6500 1 1 1
High UIC 51/804 1.26 [0.76-2.09] 1.09 [0.69-1.71] 1.09 [0.69-1.74]
Very high UIC 77/965 1.53 [1.03-2.28] 1.39 [0.92-2.10] 1.39 [0.93-2.07]

“The reference is normal UIC.

tfHR adjusted for age, sex, race/ethnicity, education status. and active smoking.
“HR adjusted for diabetes, hypertension, hypercholesterolemia, previous cardiovascular disease, previous cancer, BMI, and eGFR in

addition to covariates in Model 1.

mortality in this group were <1 (all-cause, HR =0.93 [CI 0.77-
1.14]; cardiovascular, HR=0.87 [CI 0.66-1.15]; Table 2).
Adjustment for potential intermediate variables (diabetes, hy-
pertension, hypercholesterolemia, previous cardiovascular
disease, and previous cancer) did not alter these results. Results
were also similar after exclusion of participants with extremely
high UIC (Supplementary Table S1; Supplementary Data are
available online at www.liebertpub.com/thy).

Models of UICs utilizing restricted cubic splines showed
similar results for all outcomes (Figs. 1 and 2). In sensitivity
analyses, the study also adjusted for total sodium intake and fat/
calorie ratio in addition to all other covariates, and results for
all-cause, cardiovascular-specific, and cancer-specific mor-
talities did not change substantially (Supplementary Table S2).

In stratified fully adjusted analyses comparing the very
high UIC group to those having normal UICs, all-cause
mortality risk was greater in participants >40 years of age, in
men, and in every race/ethnicity except Mexican-Americans.
Finally, for participants with eGFR >60 mL/min/1.73 m?, a
larger HR was estimated for all-cause mortality than for those
with eGFR of 30 to <60 mL/min/1.73 m>. Overall, however,
none of these potential interactions was statistically signifi-
cant on a multiplicative scale (Fig. 3).

Discussion

To the best of the authors’ knowledge, this is the first
epidemiologic study assessing the association between iodine
status and mortality among a representative sample of the
U.S. adult population. The results suggest that very high UIC
(=400 ug/L), consistent with excessive iodine intake, was as-
sociated with an increased risk of all-cause mortality. However,

associations of all-cause mortality were not observed for any of
the other UIC groups when compared to those in the normal
UIC group.

Some epidemiologic studies have reported a high inci-
dence of hypothyroidism and autoimmune thyroiditis in
populations with more than adequate iodine intake (25-28).

HR of all-cause mortality

0 200 400 600 800
uic

FIG. 1. Association between urinary iodine concentration
(UIC) and all-cause mortality using a restricted cubic spline
regression model with four knots at 5th, 35th, 65th, and 95th
percentile of UIC (30, 102, 182, and 450 pg/L). The dashed
lines represent the confidence intervals (Cis) for the spline
model (reference is the median, i.e., 140 pug/L). The range of
UICs was restricted to 0-800 ug/L because predictions
>800 ug/L are based on too few data points.
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FIG. 2. Association between UIC and cardiovascular (A) and cancer (B) mortality using a restricted cubic spline re-
gression model with four knots at the 5th, 35th, 65th, and 95th percentile of UIC (30, 102, 182, and 450 ng/L). The dashed
lines represent the CIs for the spline model (reference is the median, i.e., 140 ug/L). The range of UICs was restricted to 0—

800 pg/L because predictions >800 pg/L are based on too few data points.

Other studies also reported an increased incidence of hy-
perthyroidism following periods of mandatory salt iodization
(29,30). Thyroid dysfunction is known to induce endothelial
and cardiac dysfunction, and thus may increase the risk of
cardiovascular disease (12,31-34). There are also limited
studies showing an association between thyroid dysfunction
and increased cancer risks, although the underlying mecha-
nism has not been established (12,32,33). Moreover, iodine
excess can induce goiter, a risk factor for the development of
thyroid cancer (25), an association that has been reported in
some populations (35-37). The present study excluded par-

ticipants with existing thyroid dysfunction. Since the likeli-
hood of insufficient or excessive iodine intake might be even
higher in this group, the present findings may also underes-
timate the impact of iodine status on mortality among those
with very low UICs. In stratum-specific analyses, some dif-
ferences between very high UIC and normal UIC were sug-
gested with age, sex, race/ethnicity, and eGFR, but the
models did not provide evidence for interaction on a multi-
plicative scale. Larger studies are needed to clarify whether
these factors modify the effect of excessive iodine intake on
mortality.

EVChiRt: HR (95%CI) P value
Normal UIC Vegllélgh i for interaction

Total, n (%) 1664/6500  283/965 —— 1.19 (1.04-1.37)
Age category i 0.80
20-39 179/3061  25/440  + é 0.99 (0.44-2.25)

40-59 385/1847 551246 A 1.26 (0.80-2.00)

60-80 1100/1592  203/279 e 1.20 (1.01-1.43)
Sex 0.28
Male 989/3394  201/575 | —.— 1.26 (1.09-1.45)

Female 675/3106  82/390 »—.-.-— 1.06 (0.80-1.42)
Race/ethnicity i

non-Hispanic White 786/2385  126/337 i—-——~ 1.18 (0.99-1.41) 92
non-Hispanic Black 451/1835 66/252 v—il——o—« 120 (0.93-1.57)
Mexican-American 407/2023 82/335 »—?—c 1.01 (0.68-1.50)

Others 40/257 9/41 E > 210(0.73-6.04)
eGFR, mL/min/1.73 m? ! 0.64
30 to < 60 506/804  94/141 _-_.— 1.04 (0.82-1.45)

=60 1158/5696  189/824 i.—.—; 1.23 (1.01-1..44)

0.5 1 2

FIG. 3. Stratum-specific analysis (hazard ratios [HRs] for very high UIC compared to normal UIC). HRs were calculated
in Cox proportional hazards regression models for all-cause mortality adjusting for age, sex, race/ethnicity, education status,
active smoking, diabetes, hypertension, hypercholesterolemia, previous cardiovascular disease, previous cancer, body mass
index, and estimated glomerular filtration rate (Model 2). p-Values test for homogeneity among subgroups.
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Some studies have reported increased odds of hypothy-
roidism among low UIC populations (25,38), suggesting
that iodine deficiency may also be adversely related to
cardiovascular outcomes (39). This study sample did not
find that low UIC was associated with all-cause mortality.
The trend observed between increased iodine intake and
decreased risk for cardiovascular mortality that was ob-
served may in part help explain these findings. In addition,
owing to the successful implementation of IDD eradication
(4,8), some subjects in the low UIC category at the time of
the NHANES assessment might have subsequently in-
creased their iodine intake during the follow-up period.
Such a potential shift to an increased intake would cause
misclassification of exposure and potentially bias the mor-
tality estimates toward the null. One possible explanation for
the findings showing a lower risk of cardiovascular-specific
mortality among those with low UICs compared to those with
normal UICs is that among those with low UICs, both iodized
salt and sodium intake may be lower, thus leading to decreased
cardiovascular mortality in this group. Additionally, adjusting
for total sodium intake and a fat/calorie ratio did not change the
results, but information regarding iodized salt intake was not
available in the NHANES III data set to investigate this hy-
pothesis further. Increased cancer mortality was found in the
low UIC group, although the confidence intervals did not ex-
clude the null due to insufficient sample size. Thyroid dys-
function may mediate both the effects of insufficient and
excessive iodine intake to increase cancer mortality risk
(12,31,32).

The present study has several limitations. First, iodine
status in this study sample was estimated only from a single
spot urine measurement. UIC is an easy and cost-effective
tool recommended by the WHO to assess population iodine
status (5). However, urinary iodine excretion (UIE) obtained
from a 24-hour urine collection has also been used to estimate
population iodine intake (40), and further prospective studies
using UIE are needed to validate the present results. The
urinary iodine/creatinine ratio was not used, as its utility is
still controversial (5,41). There was also no information in
this data set regarding trends in UIC over the follow-up pe-
riod, and this might cause misclassification of exposure to
affect mortality risk. Second, the susceptibility of individuals
to excessive or insufficient iodine intake is dependent on the
geographic area of residence in chronically iodine sufficient
or insufficient regions, as well as the presence of thyroid
dysfunction due to other causes (1). Participants with hypo-
thyroidism, hyperthyroidism, and use of iodine-containing
medications were excluded, but information on area of resi-
dence was not available. Third, the possibility cannot be
excluded that participants had received iodinated contrast
media (ICM) through computed tomography (CT) or angi-
ography prior to the collection of urine for UIC measure-
ments, as this information was not available in the data set. It
is known that UICs acutely increase as a result of the iodine
load present in ICM, but these normalize within one to
two months (42). Participants in the NHANES are non-
institutionalized civilians, and few would be expected to have
diseases requiring contrast CT or angiography. Also, the
study adjusted for cardiovascular disease and cancer, which
are diseases that might have required these procedures.
Fourth, residual confounding and competing risks for cause-
specific mortalities cannot be completely excluded. Further
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studies with longitudinal measures of iodine status and serum
thyroid function are needed to overcome these limitations,
possibly establish causality, and reassess the UIC cutoff values
that may be related to negative health effects. Lastly, relying
on NDI death certificate records could have introduced po-
tential outcome misclassification, but this would be non-
differential (independent of UIC) and most likely generate a
bias toward the null.

In conclusion, populations with 2400 ug/L UIC are at in-
creased risk of all-cause mortality compared to those with
normal-range UIC. Iodine intake parameters, including UIC,
have been monitored in countries with iodine deficiency (5),
but have usually not been monitored in iodine-sufficient re-
gions. Although global public health interventions addressing
IDDs have been hugely successful (7,8) and should not be
abandoned, population iodine intake monitoring may be re-
quired in order to assess the potential risks of excess iodine on
long-term health outcomes (3,9).
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