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ABSTRACT

Todine deficiency in a population causes increased prevalence of
goiter and, more importantly, may increase the risk for intellectual
deficiency in that population. The National Health and Nutrition
Examination Surveys [NHANES I (1971-1974) and (NHANES III
(1988-1994)] measured urinary iodine (UI) concentrations. UI con-
centrations are an indicator of the adequacy of iodine intake for a
population. The median UI concentrations in iodine-sufficient popu-
lations should be greater than 10 pug/dL, and no more than 20% of the
population should have UI concentrations less than 5 pg/dL. Median
UI concentrations from both NHANES I and NHANES III indicate

adequate iodine intake for the overall U.S. population, but the median
concentration decreased more than 50% between 1971-1974 (32.0 =
0.6 ng/dL) and 1988-1994 (14.5 + 0.3 pug/dL). Low UI concentrations
(<5 pg/dL) were found in 11.7% of the 1988-1994 population, a
4.5-fold increase over the proportion in the 1971-1974 population.
The percentage of people excreting low concentrations of iodine (UI,
<5 pg/dL) increased in all age groups. In pregnant women, 6.7%, and
in women of child-bearing age, 14.9% had UI concentrations below 5
pg/dL. The findings in 1988-1994, although not indicative of iodine
deficiency in the overall U.S. population, define a trend that must be
monitored. (J Clin Endocrinol Metab 83: 3401-3408, 1998)

ODINE deficiency is the world’s leading cause of intel-
lectual deficiency. Although cretinism, hearing loss, goi-

ter, and severe neurological damage are usually associated
with severe iodine deficiency, mild to moderate intellectual
impairment exceeds the more severe outcomes in total num-
bers, significance for the community, and social impact on a
population. The importance of iodine deficiency was ad-
dressed by the Rome Conference on Nutrition and by na-
tional leaders attending the 1990 World Summit for Children,
which called for the virtual elimination of iodine deficiency
by the year 2000 (1). Iodine deficiency leads to impaired
production of T, and T5, hormones that are essential for pre-
and postnatal brain development and that require iodine for
their synthesis. The greatest impact of iodine deficiency on
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cognitive and neurological function occurs during gestation
and early infancy (2). The population risk for iodine defi-
ciency has been defined and can be assessed on the basis of
many measures, including urinary iodine (UI) concentration.
Iodine intake and excretion are in a steady state with renal
excretion, approximating the amount of iodine ingested and
absorbed (3). According to the WHO, the median UI con-
centration in iodine-sufficient populations should be greater
than 10 ug/dL, and no more than 20% of the population
should have UI concentrations below 5 pg/dL (4). A Ul
concentration adjusted for creatinine concentration (I/Cr) of
less than 50 pg iodine/g creatinine also indicates possible
iodine deficiency (5).

This study complements previous qualitative dietary
intake studies (6—8) by analyzing the concentration of Ul
in the population of the United States from data collected
by the National Health and Nutrition Examination Sur-
veys (NHANES). We have now compared data from
NHANES III (1988-1994) with those from NHANES I
(1971-1974), paying particular attention to the groups ex-
creting Ul concentrations less than 5.0 ug/dL. This report
identifies trends in iodine nutrition and provides a basis
for ensuring, or planning for, iodine adequacy in the
United States in the 21st century.
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TABLE 1. Characteristics of the populations with urinary iodine measured in 1971-1974 (NHANES I) and 1988-1994 (NHANES III) in

the U.S., ages 6-74 yr

Sample Population Males Females
n % n % (%) (%)
NHANES I
Total 16,660 100.0 165,668,522 100.0 48.5 51.5
Races
White 13,330 80.0 145,751,022 88.0 42.9 45.1
Black 3146 18.9 18,314,910 11.1 5.1 6.0
Remaining 184 1.1 1,602,590 1.0 0.5 0.4
Ethnic groups Information not collected in NHANES I
Regions Regions not analyzed in NHANES I
Age (yr)

6-11 1,826 11.0 20,989,991 12.7 6.6 6.1
12-19 2,473 14.8 29,847,231 18.0 9.1 8.9
20-29 3,090 18.5 30,322,965 18.3 8.9 9.4
30-39 2,232 13.4 21,683,307 13.1 6.1 7.0
40-49 1,856 11.1 22,011,828 13.3 6.5 6.8
50-59 1,414 8.5 20,878,290 12.6 6.1 6.5
60-69 2,466 14.8 15,225,663 9.2 4.0 5.2
70-74 1,303 7.8 4,709,247 2.8 1.2 1.6

NHANES III
Total 20,369 100.0 209,272,161 100.0 49.2 50.8
Races
White 12,986 63.8 172,999,481 82.7 41.0 41.7
Black 6,635 32.6 26,487,886 12.7 5.9 6.8
Remaining 748 3.7 9,784,794 4.7 2.4 2.3
Ethnic groups
White non-Hispanic 6,825 33.5 153,240,102 73.2 36.3 36.9
Black non-Hispanic 6,378 31.3 25,447,545 12.2 5.6 6.5
Mexican Americans 6,278 30.8 12,740,227 6.1 3.2 2.9
Remaining ethnic groups 888 44 17,844,287 8.5 4.1 44
Regions
Northeast 2,608 12.8 42,548,714 20.3 10.1 10.3
Midwest 3,781 18.6 49,050,108 234 11.6 11.8
South (including Texas) 8,791 43.2 72,305,836 34.6 16.9 17.7
West 5,189 25.5 45,367,503 21.7 10.6 11.1
Age (yr)

6-11 3,058 15.0 20,838,056 10.0 5.2 4.7
12-19 3,066 15.1 26,988,580 12.9 6.6 6.3
20-29 3,412 16.8 38,181,760 18.2 9.0 9.2
30-39 3,244 15.9 41,392,394 19.8 9.7 10.1
40-49 2,528 12.4 32,678,397 15.6 7.6 8.0
50-59 1,810 8.9 21,668,069 10.4 5.0 5.3
60-69 2,236 11.0 19,593,728 9.4 4.3 5.1
70-74 1,015 5.0 7,931,176 3.8 1.7 2.1

Subjects and Methods

The NHANES surveys were designed to give national normative
estimates of the health and nutritional status of the U.S. civilian, non-
institutionalized population. NHANES I, conducted from 1971-1974,
was a survey of U.S. residents of the coterminous United States, aged
1-74 yr, excluding people residing on Indian reservations. A sample of
approximately 32,000 people was studied (9). NHANES III was con-
ducted from 1988-1994. A sample of the population 2 months or older
was selected, 33,994 individuals (86%) were interviewed, and 30,818
were examined. This survey represented, but did not include, all 50
states and the District of Columbia. The general structure of the sample
design for the two studies is the same: a stratified, multistage probability
design. Biological samples were collected from participants for a large
number of biochemical indicators of health status. The detailed demog-
raphy and sampling scheme was described previously (10, 11). Among
those samples were urine samples collected at the time survey partic-
ipants visited the mobile examination center. Ten-milliliter aliquots of
urine were prepared, frozen (—20 C), and shipped on dry ice to the
analytical laboratories for testing (12). Both surveys contained informa-
tion on UI and creatinine concentrations in individuals 6 yr and older.
Spot urine samples were collected from fasting participants because
collection of 24-h urine samples was not feasible for survey purposes.
Urinary creatinine was also measured to correct for urinary dilution that

could affect the concentration of iodine. Examinees aged 12 yr and older
were instructed to fast for 10-16 h before the morning examination or
for 6 h before the afternoon or evening examination. The duration of the
fast was recorded (12).

For both surveys information was collected on income levels, met-
ropolitan/nonmetropolitan residency, and race, categorized as white,
black, and remaining races. In NHANES III, ethnicity was added and
included white non-Hispanic, black non-Hispanic, Mexican-American,
and remaining ethnic groups. The regions identified in NHANES III
were northeast, midwest, south (including Texas), and west. Because the
regions identified in NHANES I contained different states than those in
NHANES III, we did not analyze NHANES I data for regional differ-
ences or compare regional data between the surveys.

Laboratory methods

Iodine. In both NHANES I and NHANES III, UI concentrations were
determined using the Sandell-Koltoff reaction as modified by Benotti et
al. (13, 14). UI concentrations in NHANES I were determined by the
NHANES Laboratory, Centers for Disease Control (CDC; Atlanta, GA),
on samples from 18,617 people. (13) In NHANES III, UI concentrations
were determined by the Iodine Research Laboratory, University of Mas-
sachusetts Medical Center (Worcester, MA), on samples from 22,070
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people. The Ul detection limit for the method used by both laboratories
was 0.2 pg/dL. In NHANES I, iodine standards were prepared from
analytical grade potassium iodide (KI), consisted of 10 levels of KI
covering the range of 0.1-1.0 ug/mL, and were analyzed in duplicate
with every 80-120 urine samples. In NHANES I1I, iodine standards were
prepared from analytical grade potassium iodate (KIOj;), consisted of 4
levels of KIO, covering the range 0.0-0.3 pg/mL iodine, and were
analyzed in duplicate with every 10 urine samples. Calibration proce-
dures were similar for both laboratories. Ul concentrations are calculated
from the slope and y-intercept of the standard curve. A quality control
sample was digested and analyzed with every 10 urine samples. Samples
were repeated for values below 0.1 ug/mL by using a larger sample size
and for those above the highest standard by diluting the sample. The
coefficient of variance for Ul determination ranged from 3.8-11.0% in
NHANES I and from 2.7-7.0% for NHANES III.

Creatinine. Urinary creatinine in both surveys was measured by the Jaffé
alkaline picrate method, so that iodine concentration adjusted for cre-
atinine concentration (I/Cr) could be calculated. Concentrations of cre-
atinine standards of 50, 100, 150, 200, 250, and 300 mg/dL were analyzed
in duplicate with every 60 urine samples. Urinary creatinine concen-
trations were calculated from the slope and y-intercept of the standard
curve. Quality control samples were analyzed with every 20 urine sam-
ples. Repeat limits were below 10 and above 300 mg/dL. The creatinine
detection limit for this method was 1 mg/dL. The coefficient of variance
for urinary creatinine determination ranged from 2.9-4.7% in NHANES
I and from 1.5-7.7% for NHANES III (12, 13).

Statistical analyses

We analyzed data with SUDAAN to account for the complex sample
survey design using sample weights. When we compared regions and
race in NHANES III, we standardized for age and sex using the distri-
bution of the entire population. When we studied changes between the
surveys, we standardized for age and sex in accordance with the pop-
ulation of NHANES III. To study characteristics of subjects with UL
concentrations below 5.0 ug/dL, we calculated prevalences, prevalence
differences, and prevalence ratios. In accord with WHO recommenda-
tions, we compared medians and proportions excreting UI concentra-
tions below 5 ug/dL or I/Cr concentrations below 50 ug/g because the

data were severely skewed to high values, perhaps due to exposure to
iodine-rich substances such as medications or x-ray contrast agents.

Results

The characteristics of the study population and of the
population represented by the individuals providing UI
samples in NHANES I and NHANES 1II, shown in Table 1,
indicate a larger overall sample and less extensive oversam-
pling of females in NHANES III compared to NHANES L
Non-Hispanic blacks, Mexican-Americans, and children
were over sampled in NHANES III. The age distributions
were otherwise similar.

Recent patterns (1988—-1994)

In 1988-1994, the median UI concentrations for the entire
population was 14.5 ug/dL. The average concentrations of
UI and I/Cr in younger people were greater than those in
older people. As shown in Table 2, males had higher median
Ul concentrations than females (16.0 vs. 13.0 pg/dL;
<<0.00001). UI concentrations also varied by race, poverty
level, and region of the country (Table 3). The difference in
iodine concentration between residents of metropolitan areas
and residents of nonmetropolitan areas was small and lacked
statistical significance (P = 0.32). Of the entire population,
11.7% had UI concentrations less than 5.0 ug/dL (Fig. 1).

In the 1988-1994 survey, the percentage of people with Ul
concentrations less than 5.0 ug/dL was greater among those
above the poverty level than among those below (P =
0.00016), greater among whites than blacks (P < 0.00001), and
greater among people in the northeast (P = 0.04) and mid-
west (P = 0.01) than among those in the south.

TABLE 2. UI and I/Cr concentrations in 1971-74 (NHANES I) and in 1988-94 (NHANES III), in the U.S., by age and gender
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UI (pg/dL) I/Cr (uglg)
1971-1974 1988-1994 1971-1974 1988-1994

Mean Median Mean Median Mean Median Mean Median

Total 45.2 32.0 26.5 14.5 463.3 293.3 254.5 124.6
(6-74 yr) (1.2)* (0.6) (2.8) (0.3) (25.5) (3.9) (23.8) (2.5)
Male 49.1 35.3 29.4 16.0 414.0 274.8 237.6 1179
(1.9) (0.6) (4.9) (0.3) (22.9) (4.2) (44.1) (2.5)

Female 41.5 28.5 23.7 13.0 510.3 314.7 270.8 133.2
(1.4) (0.7) (3.3) (0.3) (44.0) (5.1) (30.7) (3.2)

6-11 yr 55.6 421 30.5 23.7 619.3 467.3 339.6 251.3
(3.6) (1.1) (1.9) (0.9) (46.0) (13.3) (26.5) (7.6)

12-19 yr 52.2 40.9 46.2 18.0 371.9 305.0 350.8 126.9
(2.6) (1.4) (21.5) (0.6) (14.6) (5.5) (177.6) (4.3)

20-29 yr 42.0 33.7 19.3 14.0 382.1 259.9 137.4 96.6
(1.2) (1.0) (0.9 (0.4) (54.5) (6.2) (5.1) (3.2)

30-39 yr 37.2 29.4 24.3 13.1 343.1 258.5 166.8 108.3
(0.9 (1.3) (7.1) (0.5) (15.8) (6.6) (24.5) (2.2)

40-49 yr 39.9 29.1 18.9 12.3 438.5 292.9 253.6 113.2
(1.8) (0.9 (1.3) (0.4) (36.2) (6.2) (76.0) (2.3)

50-59 yr 48.2 27.6 25.8 11.7 678.3 299.5 270.1 129.4
(6.7) (1.2) (5.9) (0.4) (196.6) (8.5) (50.0) (4.8)

60-69 yr 43.5 26.3 25.6 13.3 449.3 289.3 397.3 143.2
(3.5) (0.9) (2.4) (0.6) (30.4) (6.8) (68.6) (5.2)

70-74 yr 58.9 26.9 26.9 12.9 735.9 303.1 316.4 157.4
(10.9) (1.1) (5.5) (0.4) (197.5) (8.7) (64.0) (4.6)

All values were adjusted for age and/or gender and nonresponse.
“ The SE for means and medians was calculated using SUDAAN is in parentheses.
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TABLE 3. Median UI and I/Cr concentrations and percentage of individuals with UI concentrations below 5 ug/dL or I/Cr concentrations
below 50 pg/g, by gender, race, economic status, population density, region, and survey, in the U.S.: NHANES I and NHANES III

UI (pg/dL) I/Cr (ng/g creatinine)
1971-1974 1988-1994 1971-1974 1988-1994
Median % <5 Median % <5 Median % <50 Median % <50
Total population 32.0 2.6 14.5 11.7 293.9 0.7 124.6 7.5
(0.6)* (0.2) (0.3) (0.5) (3.9 (0.1 (2.5) (0.5)
Males 35.3 1.6 16.0 8.1 274.8 0.7 117.9 9.0
(0.6) (0.3) (0.3) (0.6) (4.2) (0.2) (2.5) (0.6)
Females 28.5 3.5 13.0 15.1 314.7 0.7 133.2 6.1
0.7) (0.3) (0.3) 0.7) (5.1) (0.1 (3.2) (0.6)
Race
White 32.2 2.6 14.7 12.2 301.8 0.6 129.6 6.3
0.7) (0.3) (0.3) (0.6) (4.2) (0.1) (2.9 (0.5)
Black 31.1 1.8 14.5 8.1 231.8 1.5 97.1 15.2
(0.8) (0.4) (0.3) (0.5) (5.7) (0.4) (2.3) (1.0
Remaining races (other) 27.2 5.9 13.3 11.3 251.6 0.2 120.8 8.5
(2.4) (3.9) (1.2) (2.0) (30.6) (0.2) (9.3) (1.4)
Ethnicity
White Non-Hispanic 14.2 13.0 127.6 6.4
(0.3) (0.6) (2.9) (0.6)
Black Non-Hispanic 14.4 8.2 96.3 15.5
(0.3) (0.6) (2.3) (1.0)
Mexican American 18.3 6.7 155.8 3.9
(0.3) (0.4) (5.0) (0.5)
Remaining groups (other) 14.7 9.3 124.1 7.7
(0.9) (1.5) (7.0) (0.8)
Economic status
Poverty 29.9 3.5 15.9 9.0 289.6 1.0 132.7 8.6
(1.3) (0.6) (0.5) 0.7 (7.9) (0.3) (4.3) 0.7
Above poverty 32.3 2.5 14.2 12.1 294.1 0.6 123.7 7.3
(0.6) (0.3) (0.3) (0.6) (3.9) (0.1) (2.5) (0.5)
Unknown poverty 33.6 1.9 14.9 10.8 293.0 0.8 123.0 7.9
(1.8) (0.6) (0.7 (2.1 (10.1) (0.4) (7.5) (1.4)
Regions
Northeast 13.4 12.2 118.5 9.7
(0.9) (0.8) (5.5) (0.7)
Midwest 13.4 12.8 111.7 9.4
(0.3) (0.5) (3.1 (0.7)
South (including Texas) 15.4 9.9 135.1 5.6
(0.3) (0.7) (4.5) (0.5)
West 15.3 12.7 134.6 6.4
(1.0) 1.7 (7.5) (2.1)
Population density
Urban 31.8 2.3 13.9 11.6 290.2 0.8 120.1 8.1
(0.6) (0.3) (0.3) 0.7 (4.9) (0.1) (2.6) (0.5)
Nonurban 32.6 3.2 15.0 11.7 300.3 0.5 129.2 6.9
(1.6) (0.4) (0.5) (0.8) (6.1) (0.1) 4.7 (1.0

All values were adjusted for age and gender.

“ The sk for medians and proportions calculated using SUDAAN is in parentheses.

Time trends

As shown in Fig. 1, UI concentrations for the U.S. popu-
lation were, overall, substantially lower in 1988-1994 than in
1971-1974. The median UI concentration fell from 32.0
pg/dLin1971-1974 to 14.5 pg/dL in 19881994 (P < 0.0001).
When categorized by participants’ race, metropolitan/non-
metropolitan residence, poverty status, or region of the coun-
try, the median UI concentrations in 1988-1994 were about
half those found in 1971-1974 (Table 3). The proportion of the
population with UI concentrations below 5.0 ug/dL was 4.5
times higher in 1988-1994 than in 1971-1974, (P < 0.0001).
This increase in the proportion of people with low levels was
seen for all demographic categories (Table 3) and for all age
groups (Fig. 2). In 1988-1994, 8.1% of males and 15.1% of
females had UI concentrations below 5 ug/dL. As shown in

Fig. 2, the highest prevalence of low concentrations was in
the 40- to 49-yr-old age group (23.1% of women and 12.7%
of men). Among white non-Hispanics, the percentage with
UI concentrations below 5.0 ug/dL was even higher in
women of this age group (25.5%).

The percentage of women of child-bearing years (15-44 yr)
with UI concentrations below 5 ug/dL increased 3.8 times
between the two study periods, and the percentage of preg-
nant women with Ul concentrations below 5.0 ug/dL in-
creased 6.9 times (Table 4).

In estimating excessive iodine intake, 27.8% of the 1971—
1974 population exceeded the UI concentration of 50 pg/dL,
and 5.3% exceeded 100 ug/dL. In 1988-1994, 5.3% of the
population exceeded UI concentrations of 50 pg/dL, and
1.3% exceeded 100 ng/dL.
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When adjusted for creatinine concentration, the median
I/Cr ratio in NHANES III (124.6 pg/g creatinine) was lower
(P < 0.0001) than that in NHANES I (293.3 ug/g creatinine).
The total population with I/Cr concentrations below 50 ug/g
had increased 10-fold. The number of women of child-bear-
ing age with I/Cr concentrations below 50 ug/g had in-
creased 9-fold, and the percentage of pregnant women with
these low levels had also increased. When comparing the
I/Cr ratios, adult men, aged 20—-64 yr, had lower values than
women of those ages. Male children excreted higher con-
centrations of iodine in urine than female children for both
I/Cr and UI concentrations (Fig. 3).

We compared Ul excretion patterns in the first 3 yr (1988 -
1991) with those in the last 3 yr (1991-1994) of NHANES III
to determine whether a trend in UI concentrations could be
detected within the 6 yr of the 19881994 survey. The median
UI concentrations and the proportions of individuals with Ul
below 5 ug/dL from 1988-1991 were not significantly dif-
ferent from those between 1991-1994 (P > 0.8).

Discussion

The authors of the Total Diet Studies (6), which are con-
ducted yearly by the U.S. FDA to provide estimates of the
intakes of nutrients by selected age-sex groups as well as the
quality of the food supply for the U.S. population, concluded
that the iodine intake for the U.S. population is adequate (7,
8). The median UI concentration in both NHANES studies
exceeded the WHO definition as adequate for a population
(4) and thus has provided quantitative support of the Total
Diet Study. Even though there is overall adequate iodine
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intake in the U.S. population, the sizable decrease in Ul
concentrations between the two NHANES study periods
(1971-1974 and 1988-1994) and the relatively large percent-
age of individuals with Ul concentrations below 5 ug/dL
found in the 1988 -1994 study are grounds for some concern.

The increased proportion of women of child-bearing age
and pregnant women who are in the iodine deficiency range
is particularly important because iodine deficiency in fetuses
and infants can lead to irreversible intellectual deficits with
great impact on populations (15). Although the overall me-
dian intake of iodine in the United States is within acceptable
limits, particular groups, namely women aged 40-49 and
50-59 yr and other women of child-bearing age, may be at
risk for iodine deficiency. In Belgium, Glinoer et al. reported
that the addition of 100 ug iodine daily to the diet of pregnant
women significantly decreased maternal TSH and thyro-
globulin concentrations and thyroid volume. In the newborn,
serum thyroglobulin concentrations and thyroid volume also
decreased (16). Such findings emphasize the importance of
adequate iodine nutrition.

Although the laboratory analyses for iodine were con-
ducted in different laboratories 14-20 yr apart, the methods
used were identical. Analytic grade potassium iodide in
1971-1974 and analytic grade potassium iodate in 1988-1994
were used to prepare standard iodine concentrations, and
quality assurance and controls for both laboratories and time
periods were considered entirely satisfactory by the
NHANES study groups. Reassuringly, in another study,
May et al. (17) showed close agreement among six different
methods used in six laboratories for the iodine range studied,
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Fia. 2. Percentage of the population with low Ul concentration. The percentage with low concentrations of iodine is greater in 1988-1994 than
in 1971-1974. The prevalence of low iodine values was highest among people 40—60 yr old.

TABLE 4. Median concentrations of UI in women of child-bearing age (15-44 yr) in 1971-1974 and in 1988-1994, and percentage who
had UI concentrations below 5 pg/dL or I/Cr concentrations below 50 ug/g creatinine in the U.S. by known pregnancy status

NHANES I, 1971-1974

NHANES III, 1988-1994

Ul I/Cr Ul I/Cr

No.# Median % <5 Median % <50 No.* Median % <5 Median % <50

Total 5279 29.4 3.9 287.3 0.9 (0.1 5405 12.8 14.9 113.1 8.2
(1.0 (0.5) (6.3) (0.4) (1.1) (3.2) (0.9)

Known pregnant 208 32.7 1.0 373.0 0.1(0.1) 348 14.1 6.9 132.2 5.1
(3.5) (0.6) (20.8) (1.4) (1.9) (11.9) (1.9)

Not pregnant 5071 29.3 4.0 284.1 0.9 (0.1 5057 12.7 15.3 111.9 8.4
(1.0) (0.5) (6.3) (0.4) (1.2) (3.2) (0.9)

“ Number of women in sample.
® The sk for medians and proportions calculated using SUDAAN

with no method showing a bias or inconsistency serious
enough to alter the public health interpretation of their data-
set, and showed a high correlation (=0.9), indicating good
intermethod comparison for individual samples. Thus, we
found no supportive data that the use of different laborato-
ries or the time between studies explains the differences in
observed Ul concentrations.

Daily iodine intake is most closely estimated by the
amount of iodine excreted in the urine in 24 h. To compensate
for the lack of a 24-h urine collection, in populations with
adequate nutrition, the creatinine concentration has been

is in parentheses.

used to adjust for factors that may affect the concentrations
of the substances being measured during the collection pe-
riod. Although used widely, the I/Cr ratio adds little and
may be misleading with regard to iodine excretion in de-
veloping countries where nutrition is poor, thereby affecting
creatinine excretion (18). The usefulness of the I/Cr ratio in
the United States for population iodine studies has been
questioned. Thomson et al. compared UI results from spot
samples with those from 24-h collections samples from 62
adults and determined that “. .. fasting urine samples, but
not casual urines, may give a reasonable estimate of urinary
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output of iodine . . . on a population basis. ... ” (19). Inboth ~ radioactive iodine uptake is increased in areas of iodine

NHANES studies, urine was collected after a period of fast-
ing, and similar protocols were used; thus, the urine collec-
tion procedures used should not have contributed to the
differences observed.

We included I/Cr data in our analyses, primarily for com-
parison with the results from previous Canadian and US
studies. The 1971-1974 (NHANES I) values were similar to
the findings of the Canadian national study of 1969-1972
(20), which reported that less than 1% of the population had
I/Cr concentrations below 50 pg/g. In the Canadian study,
no pregnant women and less than 0.2% of women of child-
bearing age had 1/Cr concentrations below 50 ug/g. Met-
ropolitan, urban, and rural populations did not differ in I/Cr
concentration. Most individuals of both sexes had I/Cr con-
centrations between 100-550 ug/g. Slightly lower values
were found in males 20-39 yr old and males over 60 yr of age
(20). In the U.S., Trowbridge et al. in a 1972 study of 7,785
children aged 9 to 16 yr (21) and in the Ten-State Nutrition
Survey from 19681970 of 16,799 subjects aged 2 yr and older
(22) found I/Cr values to be in the range of those found
during the same approximate time period in NHANES I.

In Switzerland (23), where iodine prophylaxis has been
practiced for a number of years and iodine intake is thought
to be adequate, studies showed evidence of iodine deficiency
and prompted health officials to increase the iodine content
of salt; to reestablish health education programs focusing on
the use of sea products, milk, and iodized salt; and to im-
prove the monitoring programs for iodized salt (24). Iodine
deficiency was also found in other continental European
countries (25). Iodine deficiency, which was severe in some
locations, may have contributed to the increased incidence of
thyroid cancer among children exposed to fallout of '*'I from
the Chernobyl, Ukraine nuclear disaster in 1986, as thyroid

deficiency (26).

In the United States iodized salt was introduced to prevent
goiters in the upper Midwest in 1922. As the voluntary use
of iodized salt spread rapidly throughout the country (27, 28)
and as iodine was added to processed foods and milk prod-
ucts (29), the prevalence of goiter declined (30). Within 50 yr
the country had excessive iodine intake to the extent that
other forms of thyroid problems, namely iodine-induced
hypothyroidism, autoimmune thyroiditis, and hyperthy-
roidism, had become of more concern than deficiency dis-
orders (31). The 1982-1991 surveys from Total Diet Study
may explain the decrease in Ul concentration. The authors of
that study argue that the apparent decline in iodine intake
from 1982-1991 did not represent a trend, but was probably
due to higher iodine intake during 1982-1984 than during the
remaining 7 yr (8). The decrease since 1984 was thought to
be due to the dairy industry’s effort to reduce iodine in milk
and to the replacement of iodine by bromine salts as the
dough conditioner in commercial bread production (7).

We need to know whether the decrease in UI concentra-
tions seen between 1971-1974 and 1988-1994 can be ex-
plained entirely by the 1982-1984 changes seen in food pro-
duction or whether additional factors or trends not measured
by the Total Diet Study are involved, such as the use of
iodized table salt or prepared “fast foods.” Although the total
consumption of iodized salt remains at about 50-60% of all
salt consumed (Hanneman, R. L., Salt Institute, Alexandria,
VA; personal communication), the extent to which voluntary
reduction in added salt use by segments of the population
concerned about sodium intake and hypertension has con-
tributed to lower UI concentrations is unknown.

In 1971-1974, 27.8% of the population had excessive Ul
concentrations (>50 ug/dL), and the decline of those with

220z ¥snBny /| uo Jasn sopsnp Jo Juswpedaq ‘S'N AQ 2925982/10¥E/01/€8/a101E/Wad(/Woo dno-o1ws




3408 HOLLOWELL ET AL.

excessive Ul to 5.3% in 1988-1994 may be seen as beneficial
in possibly reducing diseases due to iodine excess such as
Hashimoto’s thyroiditis and perhaps Graves’ disease (31).
Should the intake of iodine continue to decrease in the United
States, in addition to a further change in the pattern of thy-
roid diseases, a portion of the population could become
iodine deficient, resulting in the following consequences: 1)
a reduction in the intellectual capacity of children born to
mothers receiving insufficient amounts of iodine while preg-
nant, and 2) a rise in the prevalence of simple iodine defi-
ciency goiter and nodular goiter. Whether the reduced UI
seen in 1988-1994 can be directly correlated to measurable
changes in thyroid function in the population is not known
at this time because the results of thyroid function tests and
thyroid antibodies in the 1988-1994 study are not available
as yet, and comparison with results in 1971-1974 is not pos-
sible because TSH and antibodies were not measured in
NHANES I. We know of no population-based study in the
United States, such as transient neonatal hypothyroidism or
recent goiter surveys, that have shown changes that resulted
from decreased iodine intake. It will be important to know
what Ul concentrations in a population will predict thyroid
dysfunction.

Clearly, the iodine intake in the United States has de-
creased over the past 20 yr. Awareness of a possible con-
tinuing decline in iodine intake in this population can be
achieved by monitoring the food supply, especially the in-
take of iodine in women of child-bearing age. This monitor-
ing can be performed by continuing the measurement of
iodine in the Total Diet Study and by including Ul in the next
NHANES survey, which is about to begin. Surveillance of
thyroid diseases should be emphasized, but we should not
wait for the prevalence of goiter to increase or for changes in
thyroid disease patterns to occur due to decreased iodine
intake. Should surveillance indicate a further decrease in
iodine intake, measures may be required to increase the
amount of iodine consumed by the U.S. population to pre-
vent the possibility of the reemergence of iodine deficiency
in the United States.

Acknowledgments

The authors recognize and thank Dr. Samuel P. Caudill, National
Center for Environmental Health, CDC, for reviewing and assisting in
validating the analytic processes. We thank the professionals who de-
veloped and conducted the HANES surveys as well as those generating
data used for this study. We are grateful to Richard Hanneman, Salt
Institute (Alexandria, VA), for information on salt use and the iodine
content of salt. We appreciate the thoughtful comments of Dr. Kevin
Sullivan, Rollins School of Public Health, Emory University; Dr. Barbara
Bowman, Division of Nutrition, National Center for Chronic Disease
Prevention and Health Promotion, CDC; Dr. Scott Grosse, National
Center for Environmental Health, CDC; Dr. Geraldine McQuillan, the
National Center for Health Statistics, CDC; and Dr. Elizabeth Yetley,
FDA.

References

1. UNICEF. 1995 The state of the world’s children. London: Oxford University
Press; 12-16.

JCE & M » 1998
Vol 83 ¢ No 10

2. Hollowell JG, Hannon WH. 1997 Iodine deficiency: a community teratogen.
Teratology. 55:389-405.

3. Hetzel B, Maberly G. 1986 Iodine. In: Mertz C, ed. Trace elements in human
and animal nutrition, vol 2. New York: Academic Press; 139-208.

4. WHO/UNICEF/ICCIDD. 1994 Indicators for assessing iodine deficiency dis-
orders and their control through salt iodization. Document WHO/NUT. 6:36.

5. Interdepartmental Committee on Nutrition for National Defense, NIH. 1963
Manual for nutrition surveys. Washington: U.S. Government Printing Office;
249.

6. Pennington JAT. 1996 Intakes of minerals from diets and foods: is there a need
for concern? J Nutr. 126(Suppl 9):23045-2308S.

7. Pennington JAT, Schoen SA. 1996 Contributions of food groups to estimated
intakes of nutritional elements: results from the FDA Total Diet Studies, 1982—
1991. Int J Vit Nutr Res. 66:342-349.

8. Pennington JAT, Schoen SA. 1996 Total diet study: estimated dietary intakes
of nutritional elements, 1982-1991. Int J Vit Nutr Res. 66:350-362.

9. USPHS, DHEW. 1973 Plan and operation of the health and nutrition exam-
ination survey, DHEW Publication (HSM) 73-1310, ser. 1, no. 10a and 10b.
Washington, DC: U.S. Government Printing Office.

10. Miller HW. 1973 Plan and operation of the Health and Nutrition Examination,
United States, 1971-1973. Vital Health Stat. 1(10a) and (10b).

11. National Center for Health Statistics. 1985 Plan and operation of the Hispanic
Health and Nutrition Examination Survey, 1982-84. Vital Health Stat. 1(19).

12. Gunter EW, Lewis BL, Koncikowski SM. 1996 Laboratory methods used for
the Third National Health and Nutrition Examination Survey (NHANES III),
1988-1994. Hyattsville: Centers for Disease Control and Prevention. ii-1; iv-1;
vii-1l-1-9; vii-ii-1-14; viii-1l-1-11.

13. USPHS, DHEW. 1973 Plan and operation of the health and nutrition exam-
ination survey. DHEW Publication (HSM) 73-1310, ser. 1, no. 10a and 10b.
Washington, DC: U.S. Government Printing Office; part 16; 63, 71.

14. Benotti J, Benotti N, Pino S, Gardyna H. 1965 Determination of total iodine
in urine, stool, diets, and tissue. Clin Chem. 11:932-936.

15. Bleichrodt N, Born MP. 1994 A metaanalysis of research on iodine and its
relationship to cognitive development. In: Stanbury JB, ed. The damaged brain
of iodine deficiency: cognitive, behavioral, neuromotor, and educative aspects.
New York: Cognizant Communication Corp.; 195-200.

16. Glinoer D, DeMayer P, Delange F, et al. 1995 A randomized trial for the
treatment of mild iodine deficiency during pregnancy: maternal and neonatal
effects. ] Clin Endocrinol Metab. 80:258-269.

17. May SL, May WA, Bourdoux PP, Pino S, Sullivan KM, Maberly GF. 1997
Validation of a simple, manual urinary iodine method for estimating the
prevalence of iodine-deficiency disorders, and inter-laboratory comparison
with other methods. Am ] Clin Nutr. 65:1441-1445.

18. Furnee CA, van der Haar F, West CE, Hautvast JGA]J. 1994 A critical appraisal
of goiter assessment and the ratio of urinary iodine to creatinine for evaluating
iodine status. Am J Clin Nutr. 59:1415-1447.

19. Thomson CD, Smith TE, Butler FA, Packer MA. 1996 An evaluation of urinary
measures of iodine and selenium status. ] Trace Element Med Biol. 10:214-222.

20. Bureau of Nutritional Sciences. 1975 Iodine and goiter. Nutrition Canada: The
Saskatchewan Survey Report. Ottawa: Department of Health and Welfare;
125-130.

21. Trowbridge FL, Matovinovic J, McLaren GD, Nichaman MZ. 1975 Iodine and
goiter in children. Pediatrics. 56:82-90.

22. Trowbridge FL, Hand KE, Nichaman MZ. 1975 Findings relating to goiter and
iodine in the Ten-State Nutrition Survey. Am J Clin Nutr. 28:712-716.

23. Burgi H, Supersaxo Z, Selz B. 1990 lodine deficiency diseases in Switzerland
one hundred years after Theordor Kocher’s survey: a historical review with
some new goitre prevalence data. Acta Endocrinol (Copenh). 123:577-590.

24. Delange F. 1994 The disorders induced by iodine deficiency. Thyroid.
4:107-128.

25. Delange F, Burgi H. 1989 Iodine deficiency disorders in Europe. Bull WHO.
67:317-325.

26. Stsjazhko VA, Tsyb AF, Tronko ND, Souchkevitch G, Baverstock KF. 1995
Childhood thyroid cancer since accident at Chernobyl. Br Med J. 310:801.

27. Marine D, Kimball OP. 1922 The prevention of simple goiter. Am ] Med Sci.
163:34-39.

28. Kimball OP. 1949 Endemic goiter—a food deficiency disease. ] Am Diet Assoc.
25:112-115.

29. Markel H. 1987 “When it rains it pours:” endemic goiter, iodized salt, and
David Murray Cowie, MD. Am ] Public Health. 77:219-229.

30. Altland JK, Brush BE. 1952 Goiter prevention in Michigan. Results of thirty
years’ voluntary use of iodized salt. ] Michigan State Med Soc. 51:985-989.

31. Braverman LE. 1994 Iodine and the thyroid: 33 years of study. Thyroid.
4:351-356.

220z ¥snBny /1. uo Jesn sopsnp Jo Juswpedeq SN Ad 2926982/ 0YE/01/£8/aI0NE/Wadl/W0d dno-olwapese)/:sdpy Wo.j papeojuMOq



