@ The American Journal of Clinical Nutrition

Rapid relapse of thyroid dysfunction and goiter in school-age

children after discontinuation of salt iodization
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ABSTRACT

Background: In programs to control iodine deficiency disorders
(IDD), sustainahility isamajor concern. IDD has recently recurred
in countries where salt iodization programs have lapsed.
Objective: The objective of the study was to describe the evolution
of thyroid dysfunction after the discontinuation of salt iodization in
acohort of children in an area of severe endemic goiter.

Design: Moroccan children (aged 6-16y, n = 159) with severe| DD
received iodized salt (1S) for 1y. Because of practical and financia
constraints, including a lack of infrastructure and electricity at the
production site, salt iodization abruptly ceased. The children were
followed for another 14 mo, and concentrations of urinary iodine,
thyrotropin, total thyroxine, and thyroglobulin and thyroid volume
were measured.

Results: Before iodization, median urinary iodine was 18 ug/L,
88% of children had elevated serum thyroglobulin concentrations,
and 72% weregoitrous. Oneyear after theintroduction of IS, median
urinary iodine and thyroglobulin concentrations had normalized,
mean thyroid volumehad decreased by 34%, and medianthyrotropin
and mean total thyroxine concentrations were improved. Five
months after the discontinuation of salt iodization, median urinary
iodine had fallen to 20 wg/L. Fourteen months after the discontinu-
ation of saltiodization, therate of goiter wasagain similar to therate
before salt iodization; median thyrotropin and thyroglobulin con-
centrationswere sharply higher than beforetheintroduction of IS (P
< 0.001); andthe preval enceof hypothyroidismwas 10%, compared
with 3% before the introduction of IS (P < 0.001).

Conclusions: In IDD-affected areas, cessation of salt iodization is
associated with arapid deterioration of thyroid function in school-
age children. These findings underline the importance of sustain-
ability in IDD control and the vulnerability of children to even
short-term lapses in IS programs. Am J Clin Nutr 2004;79:
642-5.
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INTRODUCTION

There has been remarkable global progress in the control of
iodine deficiency disorders (IDD) through the iodization of salt.
In 84% of the 130 countriesaffected by IDD, national legislation
setting up saltiodization programsisin placeor indraft form (1).
It is estimated that 68% of households worldwide now have

access to iodized sat (IS; 1). For many countries with IDD
control programs, sustainability hasbecomeamajor focus(2). In
several countries where IDD had been eliminated by IS pro-
grams—including Colombia, Guatemala, Azerbaijan, and other
countries of the former Soviet Union—control programs fal-
tered, and IDD recurred (3-5). Inaddition, IDD may bereemerg-
ing in industrialized countries, such as Australia and New Zea-
land, that were previously thought to be iodine sufficient (6, 7).

Chroniciodinedeficiency markedly altersthyroid metabolism
(8). Low circulating thyroxine concentrations increase thyro-
tropin secretion by the pituitary. Thyrotropin stimulation of the
thyroid increases that gland’s ability to trap iodine and prefer-
entially secrete triiodothyronine (8). Thyrotropin stimulation
also aters the morphology of the thyroid and produces hyper-
plasiaand goiter. In children affected by IDD, theprovision of IS
reverses most of these changes, although increased thyroid vol-
umemay persist even after correction of iodine deficiency (9). If
an IS program then lapses and IDD recurs, children may be
particularly vulnerable because they have lower stores of iodine
in the thyroid and higher rates of iodine turnover than do adults
(8). Cross-sectiona studies from regions where 1S programs
were discontinued found areturn of goiter and low median uri-
nary iodine (Ul) excretion (3, 4) and new cases of cretinism (4).

The populations of the mountains of northern Morocco are
affected by severe| DD, and therate of goiter among school chil-
dren is 50—72% (10, 11). In a recent intervention tria in this
region, an IS program was introduced and carefully monitored
for 1y (12). Unfortunately, because of financial and practical
barriers, salt iodization was abruptly discontinued. In this study,
we describe longitudinal changesiniodine nutrition and thyroid
metabolism associated with sudden cessation of iodine prophy-
laxis in a cohort of school-age children in an area of severe
endemic goiter.
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SUBJECTS AND METHODS

The study was conducted in villages of the Brikcha Rural
Commune, an area of endemic goiter in the Rif Mountains of
northern Morocco. Although Morocco has national legislation
setting up salt iodization programs and the Health Ministry ac-
tively promotes the use of IS, only 42% of the population has
access to IS (13). There are a plethora of small salt producers,
many working in remote areas, for whom iodization is techni-
caly or practicaly difficult. Salt for the villagesin this study is
produced in drying ponds by asmall local cooperative, andit has
a native iodine content < 2 ppm (12). Mean daily salt intake
among school-age childreninthisregionis7.3-11.6 g (12). The
subjectsin this study were children aged 616y (n = 159) from
2 primary schools. Informed oral consent was obtained from the
school directors, theteachers, and the parentsof thechildren. The
SwissFedera Institute of Technology Ziurich and the Ministry of
Health of Morocco gave ethical approval for the I Sintervention
study (0—12 mo). After the IS program lapsed, the same institu-
tions gave approval for the follow-up measurements. The study
took place between January 2001 and April 2003.

At baseline, before the introduction of IS, the children’s
weight and height were measured, and acasual spot urinesample
was collected for measurement of Ul. The thyroid volume was
measured by using a portable Aloka SSD-500 Echocamera
(Aloka, Mure, Japan) with a high-resolution 7.5-MHz linear
transducer. Whole blood obtained by venipuncture was spotted
onto filter paper for measurement of thyrotropin, total thyroxine
(TT4), and thyroglobulin concentratins. For 1y, each household
with children enrolled in the study received a monthly 2-kg
portion of IS (12). The iodine was added to the local salt as
potassium iodide (Sigma & Aldrich, Buchs, Switzerland) in a
proportion of 25 g iodine/g salt, and it was dry-mixed into the
salt with the use of arotating-drum electric mixer (ELTE 650;
Engelsmann, Ludwigshafen, Germany). For monitoring, 50-g
aliquots (n = 8) of the salt were taken at both 5 and 12 mo, and
iodine content was measured. At 5 and 12 mo, all baseline mea-
surements in the children were repeated.

The IS study was paid for by alimited grant that could afford
to supportiodizationand distribution of thelocal saltforonly 1y.
At the end of the 1-y study, alocal committee working with the
salt producer had planned to install the permanent infrastructure
to continue the IS program. However, because of financia and
practical constraints (primarily, alack of electricity at the pro-
duction site), thiswas not done. Five months after the discontin-
uation of thel Sprogram, wereturned to the school sand coll ected
spot urine samples (n = 71 out of the total cohort of 159) and
household salt samples (n = 12). Fourteen months after the
discontinuation of the IS program, household salt samples (n =
12) werecollected, and the baseline measurementswererepeated
inal children.

Laboratory analyses

Urine and blood samples were transported on ice to the pro-
vincia hospital laboratory. Urine samples were aliquoted and
frozen at —20 °C until they were analyzed. Ul was measured by
using amodification of the Sandell-K olthoff reaction (14). At Ul
concentrations of 47 and 79 pg/L, the CV of this assay in our
laboratory is10.3% and 12.7%, respectively. Salt iodine content
wasmeasured in 10-g salt aliquotsdissolved in distilled water by
using a modification of the Sandell-Kolthoff reaction (14). The

limit of detectionis2 ugl/L; sampleswith alower concentration
were assigned a value of 0. We analyzed dried blood spots on
filter paper for whole-blood thyrotropin, serum TT4, and thyro-
globulin content with the use of immunoassays (15, 16). Normal
reference values are < 3.7 mU thyrotropin/L, 65-165 nmol
TT4/L, and < 10 pg thyroglobulin/L. Hypothyroidism was de-
fined as = 3.7 mU thytropin/L and < 65 nmol TT4/L. Thyroid
volume was cal culated by using the method of Brunn et al (17).
The same investigator (MZ) performed all ultrasound measure-
ments during the study. To estimate intraobserver variability,
duplicate thyroid volume measurements were done in 25 chil-
dren; the mean (£ SD) variability was 3.7 = 2.0%. New refer-
ence values from the World Health Organization for thyroid
volumein school-age children according to sex and body surface
area (BSA) were used to define goiter (18).

Statistical analyses

Data processing and statistics were done by using PRISM3
software (version 3.0; GraphPad, San Diego) and EXCEL 97
software (version XP 2002; Microsoft, Redmond, WA).
Repeated-measures analysis of variance was done to compare
changes in UI, thyrotropin, TT4, and thyroglobulin concentra-
tions and thyroid volume; Tukey’s test was used for post hoc
comparisons. Variables not normally distributed (ie, Ul, thyro-
tropin, and thyroglobulin concentrations) were logarithmically
transformed before analysis. Proportions were compared by us-
ingMcNemar’ stest. Toreducetheinfluenceof ageand sex onthe
variable of thyroid volume, the volumes were standardized by
using current reference values (18) according to the equation

Standardized thyroid volume
(Tvoly) = log(Tvol) — log(P50Tvolg)/SD 1)

where P50Tvol,isthe mean reference volumefor acertain BSA.
To reduce the effects of variability among persons, the percent-
age change in thyroid volume from baseline (%AT,,) was cal-
culated for each child before means were derived. Significance
was set at P < 0.05.

RESULTS

The sampleincluded 75 girlsand 84 boyswith amean (+ SD)
age at baseline of 10.1 + 1.9y. The UI, thyrotropin, TT4, and
thyroglobulin concentrations; the thyroid volume; and the rates
of goiter and hypothyroidism before the introduction of 1S, dur-
ing the IS program, and after the discontinuation of the IS pro-
gram are shown in Table 1. Before the IS program, the children
were severely iodine deficient: the median Ul concentration was
18 ug/L, serum thyroglobulin was elevated in 88% of the chil-
dren, and 72% were goitrous (1). The native salt iodine content
was below the detection limit of our assay. After 5 mo of the IS
program, median Ul and thyroglobulin concentrations had nor-
malized. After 1y of the IS program, mean thyroid volume had
decreased by 34%, and median thyrotropin and mean TT4 con-
centrations had improved significantly from their pre-IS pro-
gram values (P < 0.01).

Theimprovementsin thyroid function reversed rapidly when
the IS program was discontinued (Table 1). Five months after
discontinuation of the IS program, the median Ul concentration
had fallen to 19 ug/L, which indicated areturn of severeiodine
deficiency. Fourteen months after the discontinuation of the IS
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TABLE 1

Changes in concentrations of urinary iodine, salt iodine, thyrotropin, total thyroxine, and thyroglobulin; thyroid volume (by ultrasound); and goiter ratein
6-16-y-old Moroccan school children (n = 159) during provision of iodized salt for 12 mo and at 5 and 14 mo after discontinuation of salt iodization*

17 mo (5 mo after 26 mo (14 mo after
Baseline (before 5 mo after introduction 12 mo after introduction discontinuation of discontinuation of
iodization) of iodization of iodization iodization) iodization)
Urinary iodine (ug/L)? 18 (0-124)% 180 (22-432)° 181 (14-451)° 19 (0-133)* 20 (0-178)*
Urinary iodine (%)
< 20 uglL 57 2 4 53 51
< 50 g/l 88 15 13 84 86
< 100 pg/L 95 29 22 97 95
Salt iodine (11g/g) <2 241+ 39" 234+ 42 <2 <2
Whole-blood thyrotropin (mU/L)> 0.8(0.5-6.2)* 1.2(0.4-14.92 0.6 (0.4-1.8)° NA 1.9(0.3-13.4)°
Serum total thyroxine (nmol/L)® 824 +17.42 90.1 + 19.8° 923+ 12.6° NA 85.4 + 19.0%
Hypothyroidism [n (%)]” 5(3)2 2(1)P° 1(1)P — 16 (10)°
Serum thyroglobulin (ug/L)? 24.2 (0-321.6)* 6.3(0-83.1)° 4.5(0-47.0° NA 49.1 (1-862.5)°
> 10 ug/L [n (%)]” 140 (88) 37 (23)° 19 (12)° — 142 (89)*
Thyroid volume (mL)® 89+ 3.3 83+ 267 59+ 23° NA 9.3+ 1.9
Change from baseline (%) — —-6.3+ 115 —-34.0+95 — 0.6 82
Goiter [n (%)]” 114 (72)2 97 (61)° 70 (44)° NA 119 (75)2

1 NA, not available. Valuesin the same row with different superscript |etters are significantly different, P < 0.05. Significance of post hoc comparisons

isgiven in the text.

25 Compared by repeated-measures ANOVA on log-transformed data (Tukey’s test for post hoc comparisons): 2P < 0.0001, °P < 0.001.

3 Median; range in parentheses (all such values).
4% + SD (al such values).

& Compared by repeated-measures ANOVA, P < 0.0001 (Tukey’ stest for post hoc comparisons).

7 Compared by using McNemar's test.

program, the median thyrotropin concentration and the preva-
lenceof hypothyroidismweresignificantly higher thanthey were
beforethelSprogram (P < 0.001). Mean thyroid volumeand the
prevalenceof goiter did not differ significantly from those before
the IS program. Median thyroglobulin had rebounded strongly,
to aconcentration twice that beforethe IS program (P < 0.001).

DISCUSSION

Cross-sectional studies of lapsed | S programs have reported a
recurrence of goiter and low Ul concentrations. In Guatemala, a
previously effectivel Sprogram deteriorated, and currently, only
46% of households have accessto IS, the median Ul concentra-
tionis72 ug/L, and new cases of cretinism have appeared (3). In
many countries of the former USSR, successful, long-term 1S
programs have lapsed, and |DDs have recurred. For example, in
Azerbaijan, the current prevalence of goiter in children is 86%,
and the median Ul concentration is 54 wg/L, which indicate
moderateto severe DD (4). A similar pattern of IDD recurrence
has also appeared in Kazakhstan, Kyrgyzstan, and neighboring
countries (3).

Thislongitudinal cohort study confirmsthe findings of previ-
ous cross-sectional studies (3, 4) on the adverse effects of a
lapsed IS program in an area of severe IDD. Discontinuation of
salt iodization was associated with arapid return of thyroid dys-
function in school-age children. Fourteen months after the 1S
program was discontinued, the Ul concentration, the thyroid
volume, and the prevalence of goiter had relapsed to pre-1S
program values. The rapid drop in median Ul is not surprising,
because Ul is highly sensitive to recent changesin iodineintake
(2). Although changesin thyroid volume lag behind changesin
Ul concentration (19), the marked reduction in thyroid volume
(—34%) during thel S program was entirely reversed 14 mo after

discontinuation of the IS program. This finding emphasizes the
sensitivity of thyroid volume during childhood to fluctuationsin
iodine intake. The main goitrogenic stimulus during iodine de-
ficiency is thyrotropin. After the discontinuation of the IS pro-
gram, median thyrotropin and thyroglobulin concentrations re-
bounded strongly, reaching concentrations twice those before
salt iodization. In areas of endemic goiter, elevated serum thy-
roglobulin reflects thyrotropin hyperstimulation and thyroid hy-
perplasia (16, 20). Overall, these data suggest that IDD recur-
rence is characterized by a marked increase in thyrotropin
stimulation in an effort to maintain normal concentrations of
circulating thyroid hormone. Although in most children this
adaptive response maintained normal TT4 concentrations, 10%
of children in this study were hypothyroid 14 mo after salt io-
dization ceased.

The findings of this study are subject to several limitations.
First, the rapid return of thyroid dysfunction after discontinua-
tion of the IS program occurred after only 1y of IS distribution.
In populations provided IS for longer periods, it is possible that
thyroid function would be better preserved if iodine intake de-
creased. However, the children in this study had average daily
intakes of ~150-300 wg iodine for 1y, so they should have
received adequate iodine to completely replenish intrathyroidal
stores (ie, 10—20 mg) (8). Second, these findings may not apply
to adults. Children may be more vulnerable to fluctuations in
iodine nutrition because they have lower thyroid storesof iodine
and higher rates of iodine turnover than do adults (8). Third, the
childrenwere~2y older by theend of thestudy, and an ageeffect
may have introduced bias into the serial measurements. How-
ever, an age effect isunlikely in serial comparisons of Ul, TT4,
thyrotropin, and thyroglobulin concentrations, and the thyroid
volumes were age- and sex-standardized by using current refer-
ence values (18). Finally, the 5-mo post-1S median Ul concen-
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trationwasmeasured in samplesfrom 71 subjectsand may not be
representative of the entire cohort of 159 subjects.

These findings show the vulnerability of children in IDD-
affected areas to even short-term lapses in IS programs. lodine
deficiency in young children is associated with poor cognition
and impaired school performance (21). In many countries with
newly established | DD control programs, great progresshasbeen
madethroughwidespread introduction of I S. These programsare
fragile, however, and they depend on a strong, long-term com-
mitment from national governments, donors, consumers, and the
salt industry (1). Governments that enthusiastically set up IDD
control programs may afterward shift attention and funding to
other health problems without providing for program sustain-
ability. Ensuring the sustainability | S programsisoneof thegreat
remaining challenges in the global fight to eliminate IDD. 3
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