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Urinary lodine Concentration:
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Nutrition Examination Survey 2001-2002
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Urine iodine has been measured in the U.S. population by the National Health and Nutrition Examination Sur-
vey (NHANES) since 1971. A downward trend was noted between NHANES I (320 = 6 ug/L in 1971-1974)
and NHANES III (145 = 3 ug/L in 1988-1994). This report presents data from NHANES 20012002 that indi-
cates that the U.S. median urine iodine (UI) level has stabilized since the initial drop between NHANES I and
NHANES III. The median UI concentration in the U.S. population in NHANES 2001-2002 was found to be 167.8
ng/L (95% confidence interval [CI] 159.3-177.6). The NHANES 2001-2002 data confirm the current stability of
the U.S. iodine intake and continued adequate iodine nutrition for the country.

Introduction

ODINE IS AN ESSENTIAL component of the thyroid hormones,

which are necessary for normal growth, development, and
metabolism during gestation, infancy, and throughout life.
After the introduction of iodized salt and the inclusion of io-
dine in other foods early in the twentieth century, iodine de-
ficiency was eliminated in the United States (1-4). In the
1970s it was thought that thyroid diseases were more com-
monly associated with excessive iodine intake (5). As iodine
use was reduced as a dough conditioner for bread and as a
sanitizing agent and feed supplement in the dairy industry,
the iodine concentration in foods and iodine intake of the
American public decreased (6,7).

Iodine was measured in urine samples from probability
samples designed to be representative of the United States
civilian noninstitutionalized population. These samples are
from participants in the National Health and Nutrition Ex-
amination Survey (NHANES) conducted by the Centers for
Disease Control’s (CDC) national Center for Health Statis-
tics. NHANES is a series of surveys designed to collect data
on the health and nutritional status of the U.S. population.
Each stage of participant selection is randomized to ensure
unbiased estimates for the United States population. A 1998
study of iodine nutrition in the United States using data from
NHANES showed a decrease in median urine iodine (UI)
concentration from 320 = 6 ug/L in 1971-1974 (NHANES I)
to 145 = 3 ug/L in 1988-1994 (NHANES III) (7). With the
median UI concentration greater than 100 ug/L and only
11.7% of the population excreting less than 50 ug/L, the io-

dine nutrition of the United States was considered adequate
based on those World Health Organization (WHO) guide-
lines that defined population adequacy (8). The greater than
50% reduction in median Ul over the 20 years between the
two studies was of concern and lead to the continued mon-
itoring of iodine nutrition through subsequent NHANES
studies. In 2002, a single median value of 161 ug/L was re-
leased for the 1-year NHANES 2000 data sample. The lim-
ited number of samples analyzed for urine iodine in that 1
year (NHANES 2000) did not allow enough statistical power
to provide any further detailed review beyond presenting a
population median urine iodine value. However, that me-
dian value suggested that the iodine nutrition for the United
States had stabilized at approximately the level seen in
1988-1994 and, after 6 years, no further decrease in iodine
nutrition has been found. In this report, data for the 2 years,
2001-2002, is compared to data from previous years.

Materials and Methods

In the NHANES 2001-2002 urine was collected for iodine
in one third of persons ages 6 years and over, who are sam-
pled and weighted to represent the civilian, noninstitution-
alized population of the United States (Table 1) (9). Data was
collected by age, gender, and raceethnicity (non-Hispanic
white, non-Hispanic black, Mexican Americans, and re-
maining raceethnic groups). In this analysis, all groups were
included in the total numbers but because of the limited sam-
ple, the remaining race ethnic groups will have limited sep-
arate analysis.
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TABLE 1. CHARACTERISTICS OF THE POPULATIONS WITH URINE IODINE MEASURED,
UNITED STATES, 1988-1994 anD 2001-2002 NHANES
1988-1994 Population
Sample Total Males Females
Age (n) (%) (n) (%) (%) (%)
6 years and over 20,369 100.0 209,272,161 100.0 49.2 50.8
6 to 11 years 3,058 15.0 20,838,056 10.0 5.2 4.7
12 to 19 years 3,066 15.1 26,988,580 12.9 6.6 6.3
20 to 29 years 3,412 16.8 38,181,760 18.2 9 9.2
30 to 39 years 3,244 15.9 41,392,394 19.8 9.7 10.1
40 to 49 years 2,528 124 32,678,397 15.6 7.6 8.0
50 to 59 years 1,810 8.9 21,668,069 10.4 5 53
60 to 69 years 2,236 11.0 19,593,728 9.4 4.3 5.1
70 to 74 years 1,015 5.0 7,931,177 3.8 1.7 2.1
Ethnic groups
Non-Hispanic white 6,825 33.5 153,240,102 73.2 36.3 36.9
Non-Hispanic black 6,375 31.3 25,447 545 12.2 5.6 6.5
Mexican American 6,278 30.8 12,740,227 6.1 3.2 2.9
Remaining ethnic groups 888 44 17,844,287 8.5 41 44
2001-2002
Age (n) (%) (n) (%) (%) (%)
6 years and over 2,892 100.0 256,677,525 100.0 48.5 Bil5
6 to 11 years 375 13.0 24,734,586 9.6 5.0 4.6
12 to 19 years 843 29.1 32,346,701 12.6 6.4 6.2
20 to 29 years 329 114 40,290,888 15.7 74 8.3
30 to 39 years 312 10.8 41,509,430 16.2 7.7 8.5
40 to 49 years 278 9.6 44,601,793 17.4 8.9 8.5
50 to 59 years 229 7.9 32,463,759 12.6 6.4 6.3
60 to 69 years 219 7.6 19,062,566 7.4 2.7 4.7
70 to 74 years 307 10.6 21,667,802 8.4 4.1 44
Ethnic groups
Non-Hispanic White 1,256 434 178,961,572 69.7 34.0 35.7
Non-Hispanic Black 696 24.1 30,629,850 11.9 5.5 6.4
Mexican American 731 25.3 20,875,978 8.1 4.2 3.9
Remaining ethnic groups 209 7.2 26,210,125 10.2 48 54

NHANES, National Health and Nutrition Examination Survey UI, urine iodine.

Urine is a nonregulated body fluid, and the concentration
of iodine may vary even if the daily internal dose were kept
constant. Generally, for this reason, either 24-hour urine sam-
ples must be obtained for analysis or “spot” or “grab” sam-
ples must be corrected for dilution. In healthy populations,
creatinine is excreted from the body at a relatively constant
rate over time, expressing iodine results per gram of creati-
nine can help adjust for the effects of urinary dilution. In
populations with adequate nutrition, the creatinine concen-
tration has been used to adjust for factors that may affect the
concentrations of the substances being measured during the
collection period. Because 24-hour urine samples are not al-
ways logistically practical, spot samples are generally ob-
tained in population surveys. In the NHANES studies daily
iodine intake would be most closely estimated by the amount
of iodine excreted in the urine in 24-hours, 24-hour collec-
tions were not logistically possible. Hollowell et al. pointed
out previously that usefulness of the iodine:creatinine ratio

in the United States for population iodine studies has been
questioned, and concluded that there may be some evidence
that fasting urine samples (not casual urine samples) may
give a reasonable estimate of urinary output of iodine on a
population basis (7). Because there are two different ap-
proaches (use of creatinine correction or simply expressing
urine iodine per volume), we presented iodine in two ways
through out this report: per volume of urine and per gram
of creatinine.

Since 2000, iodine has been measured for NHANES by the
Iodine Laboratory of the Division of Laboratory Sciences,
National Center for Environmental Health, at the CDC us-
ing inductively coupled plasma mass spectrometry (ICP-
MS), (DLS Method: Urine iodine ICPMS_ITU004A) previ-
ously described (10). The method was modified to measure
Ul by diluting urine samples and the urine iodide standard
solutions 1+9 with 1% (v/v) tetramethylammonium hy-
droxide (TMAH) containing 10 pg/L tellurium (Te) for in-
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ternal standardization. The iodine and Te ions were mea-
sured at m/z = 127 and m/z = 130, respectively using a
PerkinElmer SCIEX ELAN 6100 Inductively Coupled
Plasma-Mass Spectrometer (PerkinElmer Life and Analyti-
cal Sciences, Inc., Boston, MA). Upon comparing results of
ICP-MS method at the CDC with results from the laboratory
that measured UI in NHANES III, using paired samples, we
found that the two methods gave results that were not stat-
ically different. We concluded that the ICP-MS iodine mea-
surements can be compared directly with the UI data from
NHANES 1II (1). For statistical analysis, SUDAAN (11) was
used to account for the complex sample survey design us-
ing sample weights.

Results

The median Ul concentration in the U.S. population in
2001-2002 was 167.8 ug/L (95% CI: 159.3-177.6). Consider-
ing the Ul median values from NHANES III (1988-1994): of
144.7 pug/L (95% CI: 140.4-150.9) and the median value for
NHANES (2000) of 161.6 ug/L (95% CI: 149.2-172.8), the UI
excretion appears to be essentially unchanged over that pe-
riod of time. The decrease seen between 1971-1974 and
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1988-1994 has not continued (Fig. 1). A comparison of mean
and median UI values in 1988-1994 (NHANES III) and
NHANES 2001-2002 is found in Table 2. The proportion of
population with Ul less than 50 ug/L was 11.1% + 0.8%, the
same as seen in 1988-1994 (11.7% = 0.5% < 50 ug/L). For
future comparisons, we have included proportions of per-
sons excreting less than 20 pug/L and those excreting less
than 100 ug/L (Table 3). As in the 1988-1994 survey, the
groups excreting Ul less than 50 pg/L more than 20% were
women age 40 to 49 years (27.1% * 5.2%) and age 50 to 59
years (21.2% * 5.7%) For women of reproductive age (age 15
to 44 years inclusive), the proportion excreting less than 50
ung/L slightly increased, from 15.3% = 1.2% to 16.8% = 3.0%
between the two time periods, with pregnant women in-
creasing from 6.9% * 1.9% to 7.3% =+ 2.9% (Table 4). The pat-
tern, when iodine excretion was adjusted for creatinine con-
centration, was mixed in women of reproductive age,
decreasing in nonpregnant but increasing in pregnant
women. Details for school-age children are found in Table 5.
The proportion of the population excreting UI concentrations
greater than 500 ug/L was 10.1% * 0.8% in 2001-2002 com-
pared with 5.6% * 0.4% in 1988-1994, and the proportion
greater than 1000 ug/L was 1.8% * 0.3% compared to
2.1% * 0.4% in the earlier study.
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FIG. 1. Urine iodine concentration in the U.S. population National Health and Nutrition Examination Survey (NHANES)
1971-2002. The decrease in urine iodine concentration from 321 ug/L in NHANES I (1971-1974) to 145 ug/L in NHANES
III 1988-1994 have not continued as suggested by the two data points (trend line A). The additional data from NHANES
2000 and NHANES 2001-2002 indicate that the change in UI concentration had probably leveled off at that time as sug-

gested by the two phases of NHANES III (trend line B).
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TaBLE 3. PERCENT OF PoruLaTiON WiTH Low URINARY IODINE?, BY AGE AND GENDER, U.S. PoruLaTIiON, 2001-2002 NHANES

Age (years)

6 and over 6-11 12-19 20-29 30-39 40-49 50-59 60-69 70 and over
Percent of population under 20 ug/L
Total Sample size 2834 374 831 323 302 269 226 216 293
Mean 1.5 0.7 1.0 1.9 0.6 1.9 3.0 2.5 0.4
SE mean 0.2 0.6 0.5 1.1 0.5 1.1 0.9 14 0.3
Male Mean 1.1 1.3 0.5 0.0 0.0 1.5 2.3 43 0.5
SE mean 0.3 1.2 0.5 0.0 0.0 1.3 1.5 3.0 0.5
Female = Mean 2.0 0.0 1.5 3.6 1.1 2.4 3.8 14 04
SE mean 0.4 0.0 0.8 2.1 1.0 1.9 1.2 14 04
Percent of population under 50 ug/L
Total Mean 11.1 45 8.2 8.6 11.6 17.1 17.9 114 41
SE mean 0.8 1.5 14 2.0 23 29 3.2 2.6 14
Male Mean 6.7 2.8 4.0 4.8 6.6 7.7 14.6 6.7 4.9
SE mean 0.9 1.8 0.8 1.8 2.5 2.3 5.1 3.3 2.0
Female  Mean 15.3 6.2 12.3 12.1 16.1 271 21.2 142 33
SE mean 1.4 3.1 2.4 4.2 4.6 5.2 5.7 2.9 1.9
Percent of population under 100 ug/L
Total Mean 284 15.9 21.2 26.1 31.1 37.6 34.4 33.0 20.8
SE mean 1.5 1.9 1.5 2.9 2.2 3.8 3.2 4.0 2.0
Male Mean 19.7 11.9 13.9 14.6 241 249 27.8 19.2 15.4
SE mean 1.6 2.6 22 41 41 3.6 3.8 5.0 3.2
Female  Mean 36.6 20.1 28.7 36.2 374 51.1 41.2 411 25.8
SE mean 24 3.2 1.8 6.3 4.6 54 5.7 41 3.7

2Low urinary iodines identified here are arbitrary cutoffs, <20 ug/L, <50 ug/L, and < 100 ug/L, that are being followed by the World

Health Organization.

NHANES, National Health and Nutrition Examination Survey; SE, standard error.

Discussion

Since the report of the decrease of Ul seen in 1988-1994
(7), reviews of the meaning for iodine nutrition in the United
States have been mixed. Some reviews had a cautionary in-
terpretation of the data (12,13). Using World Health Orga-
nization (WHO) guidelines (more than half the population
excreting > 100 ug/L of Ul and less than 20% of the popu-
lation excreting < 50 ng/L), NHANES III data were inter-
preted to indicate that iodine nutrition in the United States
was adequate (7). Dr. John Dunn supported that position in
his accompanying editorial (14), “The recent urinary iodine
concentrations reported . . . are within a reasonable range.
In fact, they may be more desirable, because previous levels
were fairly high and might contribute to the development of
autoimmune thyroid disease and papillary cancer.” He em-
phasized the importance of continued monitoring of iodine
status in the United States (14). The NHANES 2001-2002 data
confirm the current stability of the U.S. iodine intake and
continued adequate iodine nutrition for the country. A con-
tinuation of the possible downward trend suggested by the
data from 1971-1974 and 1988-1994 is not supported by data
from this survey or the limited data from NHANES 2000.

With the better understanding of the role of maternal thy-
roxine for normal and optimal fetal and infant development,
the role of iodine has taken on new importance. The re-
quirement for iodine is known to increase during pregnancy
because thyroxine production must increase to keep up with
the increased protein binding occurring in the mother, renal
clearance of iodine increases, and iodine must be supplied
to the fetus both as the element and in the form of thyrox-

ine (15,16). For these reasons, concern exists in several quar-
ters about the iodine adequacy among pregnant women and
other women of reproductive age (17,18). Compared to the
study of 1989-1994, the median iodine among both pregnant
and nonpregnant women has increased slightly. At the same
time the proportion excreting less than 50 ug/L increased in
the second study (6.9% * 1.9% to 7.3% = 2.9%) among preg-
nant women and among nonpregnant women (15.3% * 1.2%
to 16.8% = 3.0%). These differences, although not statisti-
cally significant, need to be followed by continued monitor-
ing.

A previous study using NHANES III data attempted to
show the relationship of low iodine levels to thyroid defi-
ciency, but showed only that excessive iodine, when adjusted
for creatinine concentration, was significantly associated
with elevated thyroid-stimulating hormone (TSH).

No effect on thyroid function as measured by either serum
TSH or serum thyroxine (T4) was found to be associated with
low iodine concentration, either adjusted for creatinine or
not (19). In future surveys that are designed to monitor U.S.
iodine nutrition, efforts should be made to measure indica-
tors of early thyroid deficiency, which can be linked to the
population’s UI measurements. In addition to TSH and Ty,
other evidence of thyroid deficiency such as changes in thy-
roglobulin, thyroid volume, or the T3/T4 ratio would be ap-
propriate additions to NHANES. The more sensitive indica-
tor of iodine deficiency is known to be an increase in
thyroglobulin (15,16,20).

A major concern in the United States is that despite ap-
parently adequate iodine nutrition, no active control of the
iodine in the food supply exists. Iodized salt is thought to be
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used by approximately 60% of the population (R.L. Hanne-
man, personal communication). A large part of nutritional
iodine comes by way of iodine found in other components
of the food industry, such as milk products from its use as
a sanitizing agent, through supplementation of animal feed,
or in commercial bread production (6,21). This silent pro-
phylaxis could be adversely affected by economic, market,
or other inadvertent changes in food production practices.
This heightens the importance of continued population mon-
itoring coupled with biologic evidence that can be linked to
thyroid health.

Conclusion

Data have been presented from NHANES 2001-2002 in-
dicating that the U.S. median urine iodine level has stabi-
lized since the initial drop between NHANES I and
NHANES III. The NHANES 2001-2002 data confirm the cur-
rent stability of the U.S. iodine intake and continued ade-
quate iodine nutrition for the country. Because iodine nutri-
tion in the United States is not dependent on iodization of
salt and no policy in this country exerts control on the sup-
ply of iodine to the population, we believe that continuing
to measure urine iodine in NHANES, as an indicator of io-
dine intake is important. To begin measuring the possible
early biologic effects of iodine deficiency, namely an increase
in thyroglobulin would be prudent. If a change in iodine sup-
ply becomes apparent from changes in urine iodine concen-
tration or from the biologic effect on the population, identi-
fying that change and recognizing its effect as early as
possible would be important. The change in supply may only
be identified through its outcomes as measured above. The
hormones related to hypothyroidism, namely, decreased T4
and elevated TSH, occur only later when deficiency is more
severe.
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