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Propositions
i
Iodine concentrations above 300 |ig/Lin drinkingwater or 8 0 0
|Ag/Lintheurine ofadultsrepresent apublichealthrisk (this
thesis).
II
Exposure tohigh iodine intakes isrelated to asmallbut significant
decline in IQofschoolchildren (this thesis).
Ill
Achange inthe source ofdrinkingwatercan not only control
cholera (John Snow, 1813-1858),but also reducethyroidsize and
partially normalize thyroidfunction (this thesis).
IV
Closemonitoring ofiodine concentration in salt andin drinking
water isessential for elimination ofadverse effects ofboth iodine
deficiency andiodine excess.
V
Epidemiology is the studyof counting and comparing.
VI
Tolearnwithout thinkingisuseless,tothinkwithout learning is
dangerous (Confucius, 551-479BC).
VII
Knowingisnot enough;we must apply.Willingness isnot enough;
we must do (Goethe, 1749-1832).
VIII
Thedenserthe population, the more bikes.
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Abstract
Iodine deficiency and iodineexcessinJiangsu Province,China
PhDthesisbyJinkou Zhao,Division ofHumanNutrition and Epidemiology,
Wageningen University,TheNetherlands,4September,2001.
Endemic goitercanbecausedbothbyiodinedeficiency andiodineexcess.Iodine
deficiency was a public health problem in Jiangsu Province, China and has been
eliminated through salt iodization in a majority of counties in Jiangsu. In Feng, Pei
andTongshan Counties inXuzhou Municipality, endemic goiter hasbeen found tobe
associated with iodine excess. This thesis describes the relationship of iodine intakes
ranging from normal to excessive with thyroid size, thyroid function, goiter
prevalence,intellectual development, physical development andhearing capacity, and
theefficacy andeffectiveness of iodineintervention programsin schoolchildren.
An ecological relationship of iodine intakes ranging from normal to excessive
with an enlarged thyroid size, an increased prevalence of goiter and a perturbed
thyroid function hasbeen found inthreecounties inXuzhou Municipality. Anegative
relationship of iodine intake from normal to excessive with intellectual quotient (IQ)
in schoolchildren aged >11 yindicates that excessive iodine intake is associated with
a decline in IQ. This was supported by the results of a meta-analysis of 16 studies
where iodine excess was found to be related to a small but significant deficit in
intellectual attainment of schoolchildren. Reduction of iodine intake from excessive
to normal is accompanied by a reduction in thyroid size, a decreased urinary iodine
concentration and apartial normalization of thyroid function. It is now estimated that
iodine excess is apublic health risk for nearly 16millionpeople in92 counties of 10
provincesinChina.
Comparison of thyroid volumes collected from schoolchildren in the US and in
Bangladesh with those in Europe found that the new WHO reference for the upper
limit of normal thyroid volume is not applicable worldwide. Arandomized trial in an
iodine deficient area showed that it takes 12 months for enlarged thyroid glands to
reduce tonormal if iodine supply is consistently adequate.Thisperiod islonger if the
iodine supply fluctuates. An evaluation of the effectiveness of iodine intervention
programs in 9 counties of Jiangsu Province indicated that iodine deficiency has been
eliminated inthesecounties.
Based on the evidence from the work described in this thesis, a maximum
allowable iodineconcentration canbe setat300(Xg/Lindrinkingwaterorat 800ug/L
in urine of adults. Iodine concentrations above these levels should be regarded as a
publichealth risk.
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ChapterI

General introduction

Chapter I
Iodine is essential for human health as it is a constituent of thyroid hormones,
which play an important role in physical and mental development. Like other trace
elements, iodine intake should be within a normal range, otherwise either deficiency
or excess will cause health problems. The adverse consequences of iodine deficiency
on growth and development are collectively known as iodine deficiency disorders
(IDD; Hetzel, 1983). Excessive iodine intake may also induce goiter in certain
subjects and is associated with an increase in hypothyroidism, hyperthyroidism, and
otherthyroid abnormalities (Suzuki, 1980;WHO,1994).

Metabolism ofiodineand daily requirements
Through geological time, the trace element iodine has been leached from the soil
and carried into the sea (Hetzel & Maberly, 1986). Generally, drinking water is a
minor sourceof dietary iodinewithmostdietary iodine coming from food. The iodine
content of foods and of total diets differs appreciably and is influenced by
geochemical, soil and cultural conditions, which modify the iodine uptake of crops
andanimals.
Toensureanadequate supply of thyroidhormones,thethyroid must trap about60
ug iodine per day (Underwood, 1977). Most of the iodine in the human body enters
the circulation as iodide, where it becomes part of the iodine pool, which comprises
15-20 mg iodine (Underwood, 1981). About 70-80% of iodine in healthy adult
humansisinthethyroidgland,which weighs only 15-25g.
Thedailyrequirement ofiodineisequal totheamount of hormonereleased bythe
thyroid gland and subsequently degraded on a daily basis. This is sufficient to
maintain normal thyroid function essential for normal growth and development. The
recommended iodine intake is 100-150 ug/day (WHO/UNICEF /ICCIDD, 1997). In
thepresence of goitrogens inthediet,intake needs tobeincreased to200-300 ug/day.
Iodine in excess of requirements is mostly excreted by the kidneys. Thus the level of
excretion correlates well with the level of intake so that urinary iodine excretion can
be used to assess the level of iodine intake (Vought et al. 1963). Dietary Reference
Intakes (DRIs) of iodine differ among life stage groups. The Food and Nutrition
Board of the Institute of Medicine of the National Academy Sciences in the United
States recommended DRIs, including estimated average requirement (EAR) and
recommended dietary allowance (RDA) as shown in Table 1(Institute of Medicine,
2000).
The safe upper limit of iodine intake is less well established than iodine
requirements. Suggested upper limits range from 100to 2000 ug/day. Iodine intakes
of lessthan 100u.g/dayposenoriskfor patientswith autonomous thyroid tissue
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ChapterI
caused by previous deficiency (Bourdoux et al. 1978). For such subjects the critical
iodine intakeprobably liesbetween 100-200|J.g/day (Joseph, 1980).Theiodizationof
bread in Tasmania resulted in thyrotoxicosis for some individuals at levels of iodine
intake of about 200 fig/day (Stuart et al. 1971). Iodized bread in the Netherlands
contributed an additional 120-160|ig of iodineperday and increased the incidenceof
thyrotoxicosis (Stanbury, et al. 1998). A Spring-Summer peak of thyrotoxicosis
attributed to higher iodine levels in milk has been reported from England,
corresponding to iodine intakes of 236 |ig/day in women and 306 |Ag/day in men
(Nelson & Philips, 1985). Patients with endemic iodide goiter arising from iodine
intakes of several milligrams per day are, generally speaking, clinically and
biochemically euthyroid (Suzuki, 1980).Wolff (1969) suggested that intakes > 2000
\lg of iodine/day in humans should be regarded as excessive or potentially harmful.
The Tolerable Upper Intake Levels (Uls) recommended recently by the Institute of
Medicine(2000)fordifferent life stagesare showninTable1.

Iodineexcess
Generaldescription
Most people are very tolerant to excessive iodine intake from food (Pennington,
1990).Certain subgroups, such as those with autoimmune thyroid disease and iodine
deficiency, respond adversely to intakes considered safe for the general population.
For the general population, high iodine intakes from food, water or supplements have
been associated with thyroiditis, goiter, hypothyroidism, hyperthyroidism, sensitivity
reactions,thyroidpapillary cancer, and acuteresponsesinsomeindividuals (Table2).
Table2Consequences ofiodineexcess
Populations groups
All
Fetaltoinfantile
Schoolchildren

Effects
Acuteeffects (iodinepoisoning),iodermia
Goiter
Goiter,hypothyroidism, elevated TSH,possible
impaired cognitivedevelopment, hyperthyroidism
Adults
Goiter,hyperthyroidism, hypothyroidism, thyroid
papillary cancer
Thosewithautoimmune Hyperthyroidism, hypothyroidism, lymphocytic
thyroid disease
thyroiditis,positive antibodies
There is no generally accepted definition of iodine excess. Suzuki (1980) once
defined iodine excess as that resulting from intakes exceeding the requirements for
normal thyroid hormone synthesis. Iodine excess is relative. At the population level,
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whether or not iodine excess occurs depends on the usual or baseline iodine level.
Thus, in severe iodine deficient areas, a small increase in iodine intake may cause
health problems while in populations with very high iodine intakes, no overt adverse
healtheffects maybe observed.
Iodine toxicity hasbeen studied extensively in laboratory animals such as poultry,
pigs and cattle, and in human being. Although results and conclusions are
controversial, Wolff (1969) has defined four degrees of iodine excess in humans, as
follows:
a. Arelativemodestexcess,promotingtemporary increases intheabsoluteuptake
of iodine by the thyroid and the formation of organic iodine, but without
inhibitingthecapacitytoreleaseiodineinresponse tophysiological demand.
b. A large excess, which can inhibit iodine release from the thyrotoxic human
thyroid or from thyroids in which iodine release has been accelerated by an
increasedconcentration ofTSH.
c. A slightly greater intake, which inhibits organic iodine formation and which
probably causesiodidegoiter(theso-calledWolff-Chaikoff effect).
d. Very high levels of iodine, which saturate the active transport mechanism for
this ion. The acute pharmacological effects of iodine can usually be
demonstratedbefore saturation becomes significant.
Normal diets composed of natural foods areunlikely to supply very high levels of
iodine and the most would supply < 1000 (Xgof iodine/day. Exceptions occur when
diets are exceptionally high in marine fish or seaweed, or where foods are
contaminated withiodinefrom adventitious sources,orwheredrinking waterishighly
rich iniodine.
Epidemiology ofiodineexcess
Iodine-induced hyperthyroidism (IIH): Administration of iodine in almost any
chemical form may induce an episode of IIH (Stanbury et al. 1998). IIH was first
reported in Tasmania in the 1960s when the iodine content in bread increased
(Steward et al. 1971;Vidor et al. 1973).From 1964 to 1967, a sharp increase in the
incidence of hyperthyroidism was observed. This increased incidence subsided
afterwards, and completely disappeared in 1975 (Marins et al. 1989).It affected only
people aged >40years.Similar studies inSouth America (Guatemala and Brazil) and
Europe(England andTheNetherlands) reported smallincreasesof IIHinolderpeople
in the later 1950s after the introduction of iodized salt or iodized bread (Stanbury et
al. 1998). Recently, a multi-center study in Africa found that there has been an
increase in the number of adults affected by symptomatic and asymptomatic
hyperthyroidism attending health care facilities during the past few years, shortly
following the introduction of iodized salt, some of which were over-iodized in order
15
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to compensate for possible losses during storage and food preparation
(WHO/UNICEF/ICCIDD, 1997).
Based on studies up until now, it is generally accepted that independent of the
actual iodine intake, IIH can occur at iodine intakes necessary for physiological
thyroid function, but maynot occur at iodine intakes 100times normal. Thus,there is
no strict correlation between urinary iodine concentration and the incidence of IIH.
IIH is usually found in previously iodine deficient or sufficient areas (Stanbury et al.
1998). It occurs when subjects are exposed to increased iodine intake, usually
resulting from an iodine supplemental program for the control of iodine deficiency. It
would therefore seem to be an inevitable consequence of iodine supplemental
programs.
Iodine excess caused by medications and water purification: Medications and
purifying tablets used to purify (sterilize) water which contain large quantities of
iodine mayincrease iodine levels in the human body shortly after administration, and
cause transient thyroid abnormalities. Such cases are sporadic (Suzuki, 1980; Wolff,
1969). Under certain circumstances, thyroid abnormalities may become endemic,
even epidemic, when these drugs or water-purifying agents were applied to a
population onalarge scale.Thyroid abnormalities related toiodine excess from water
purification units were reported among Peace Corps volunteers in Niger, West Africa
(Khanetal. 1998).Of 144volunteers, 66(46%)hadenlarged thyroids (goiter).Of 96
volunteers in whom thyroid function was examined, 33 (34%) had thyroid
dysfunction: bothhypothyroidism (serumTSHconcentration >4.2mU/L,n=29)and
hyperthyroidism (serum TSH concentration < 0.4 mU/L, n = 4). The mean
concentration of iodine in drinking water was 10 mg/L. Because of the hot arid
environment, most Peace Corps volunteers reported consuming at least 5 L of water
daily, which led to an intake of at least 50 mg iodine per day through the drinking
water. This is over 330 times the recommended dietary allowance of 150 ng iodine
andledtomeanurinaryiodineconcentration of 11mg/Lwhich isextremely high.
Iodine excessoriginatingfrom iodine-richdrinkingwater:Iodine-induced goiter has
been reported from many areas in China where average water iodine concentrations
were >300|Xg/Lorthemedianurinary iodineconcentrations were> 800(Ag/L.Goiter
rates were all above 10% and thyroid functions were generally normal (Zhao et al.
2000).
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Iodine excess originatingfrom iodine-richfood: Seafood is generally rich in iodine.
People in coastal areas of Japan and China obtain large quantity of iodine by eating
seafood such asseaweed (Suzuki, 1980;Maetal. 1982).
In 1965,it was reported from Japan that in Hidaka, on the southern coast of the
Island of Hokkaido and on Rishiri Island, that goiter prevalences among
schoolchildren were9.0% and 2.6%respectively, compared with aprevalence of only
1.3% among schoolchildren in the inland town of Sapporo (Suzuki et al. 1965). The
population of Hidaka and Rishiri consumed about 10-50 g of dry seaweed (kelp) per
day, while the people of Sapporo,far from thecoast, did not eat anykelp.The iodine
content in kelp is 0.8-4.5 g/kg. Goitrous individuals were euthyroid although urinary
iodineexcretions wereupto20mgperday.
There have been reports from China of iodine excess of food origin (Yu at al.
1987; Zhao & He 1997). Population in four counties of Shangdong and Hebei
Provinces consumed kelp salt containing as much as 440-1080 mg/kg of iodine. This
ledtourinaryiodineexcretions of 1423-2007 ^g/dayinlocalresidents.
It is still not well documented if iodine excess,like iodine deficiency (Bleichrodt
et al. 1989),has any adverse effect on intellectual and physical development. Only a
few studies havebeen carried out. Some studies (Sun et al. 1985;Xie et al. 1987;Ma
et al. 1991;Hu et al. 1994) found iodine excess may impair cognitive function in
schoolchildren while many (Li et al. 1987;Jupp et al. 1988;Wang et al. 1987;Ling,
1993; Wang et al. 1993;Yang et al. 1994) indicated it did not. All these studies on
iodineexcess were carried outcomparing onegroupwith excessive iodineintake with
another group consuming a normal amount of iodine. All studies were conducted in
different areas with different educational background, using different intelligence
tests, even using different definitions of iodine excess. Because these studies gave
different results, it is hard to answer the question as to whether iodine excess causes
reduction in mental performance. No data were available dealing with the
consequences ofexcessive iodineintakeonhearing capacity.
Itisbiologically plausible that, in an iodine excess area,reduction of iodine intake
willreducethyroid size,urinary iodine excretion, and eliminate thyroid abnormalities
if any. But it is generally unclear whether thyroid size decreases as a result of
reducingiodineintake andhowlongittakes for enlarged thyroids toreduce tonormal
size. It is also unknown if reduction of iodine intake to within the normal range has
any effects on thyroid function. Experimental evidence from Japan (Namba et al.
1993) shows that enlarged thyroids resulting from an acute increase of iodine intake
returned to baseline size within 28 days after discontinuation of the high iodine
supply.Whether long term chronic excessive exposure toiodine will affect the speed
of normalization of thyroid sizeor reversibility of perturbed thyroid function remains
unclear.
17
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IodineexcessinJiangsuProvince
Jiangsu Province is in the eastern part of China, with a population of 72 million
(1999) in 75 counties in an area of 102,600 km2. Jiangsu is also one of the most
developed parts in China, with a gross domestic product (GDP) of 1300 USD per
head in 1999.Although 70% of the population live in rural areas, industrialization is
proceeding at a rapid pace not only in the cities but also down to the village level.
Industries include iron and steel, and the production of automobiles, textiles and
electronics. Many foreign companies such as Philips have joint ventures in the
province.Thehealth system is highly developed ranging from large modern hospitals
to village clinics. Much emphasis is given to disease prevention within the health
system.
Aninvestigation of endemic goiter about 15years agofound thathigh goiterrates
were accompanied by high iodine concentrations in urine and in water in certain
townships in Xuzhou Municipality (Zheng & Yang, 1986). In 1995, before the
universal salt iodization program waslaunched in the province, apilot study (Zhaoet
al. 1997) in two townships and subsequent epidemiological studies in Xuzhou found
that goiter among schoolchildren wasendemic. Studies revealed that excessive iodine
in the drinking water from shallow or deep wells is the primary causative factor of
goiter (Zhao, 1997;Zhao et al.2000).Iodine excess exists in atleast 67 townships of
5 counties in Xuzhou, with a population of about 2.9 million. No iodine prophylaxis
programshavebeenimplemented intheseareas.

Iodine deficiency
The most common cause of iodine deficiency is inadequate iodine in the diet
resulting from a lack of this element in the environment. It usually coexists with
poverty and remoteness, where foods from the outside world are out of reach of the
local people. Poverty, poor sanitation and malnutrition are among the contributing
factors totheetiologyofiodine deficiency.
Generaldescription
The effects of iodine deficiency are seen at all stages of human development
(Table 3),particularly inthefetus and inthe neonate and infants, that is,in theperiod
ofrapid growth (Delange, 1994).Fetal survival and development areboth sensitive to
iodine deficiency. Development of the brain in the fetus and neonate is particularly
affected. The effects form a continuum with the severity of the consequences
increasing as the severity of iodine deficiency increases. The consequences resulted
from the influence of a low maternal thyroxine level on the fetus associated with
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iodine intakes < 25%of normal. Intakes < 50%of normal are associated with goiter.
Data indicating that goitrous children have poor school performance have been
reported. All these effects are fully preventable if the iodine deficiency is corrected
before pregnancy (Hetzel &Maberly, 1986).
Table3.Thespectrumofiodinedeficiency disorders(IDD)
Life span Disorders
Fetus

Abortions, stillbirths,congenital anomalies
Increased perinatal andinfant mortality
Neurological cretinism
(mentaldeficiency, deafmutism,spasticdiplegia, squint)
Myxoedematous cretinism (dwarfism, mentaldeficiency)
Psychomotor defects
Increased susceptibilitytotheconsequences ofnuclear fallout
Neonate Neonatal goiter
Neonatal hypothyroidism
Increased susceptibility totheconsequences of nuclear fallout
Childand Goiter
adolescent Juvenile hypothyroidism
Impaired mental function
Retarded physical development
Increased susceptibilitytotheconsequences ofnuclear fallout
Adult
Goiterwithits complications
Hypothyroidism
Impaired mental function
Iodineinduced hyperthyroidism
Increased susceptibilitytotheconsequencesofnuclear fallout
Iodine deficiency is the leading preventable cause of brain damage and mental
retardation worldwide. It has been a significant public health problem in more than
118countrieswith about 1.6 billion population atriskglobally (WHO, 1991).Mostof
populations atrisk of IDD areconcentrated in Asia, Africa, Latin America and South
America. Theelimination of IDDwasdetermined tobe aglobal public health priority
at the World Summit for Children in 1990 (UNICEF, 1990). Over last decade, the
elimination of iodine deficiency through national salt iodization programs has been a
globaldevelopmentpriority andmuchprogress hasbeenmade.Estimatesby UNICEF
(Mason etal.2001)revealedthatabouttwothirdsof alledible salthasbeen iodizedin
the world by the year of 1998.Many developing countries have achieved the goal of
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eliminating IDD. Thus the number of people worldwide at risk of IDD is now less
than 0.5 billion.
The primary intervention used to prevent IDD has been the iodization of salt,
which hasbeen proven effective in eliminating IDD in a number of countries. WHO
(1997) recommends that salt be iodized in the range of 20-40 mg/kg at the point of
production inordertoassurethatmedian urinary iodinelevels areintherangeof 100200ug/L.
Therehasbeen little information onhow long it takes for thyroids, which increase
in size as a consequence of the deficiency, to return to normal size following the
introduction of iodized salt into iodine deficient population. This is an important
question is because the prevalences of goiter and abnormal thyroid volumes in
schoolchildren are used as an indicator of the magnitude of IDD. Many countries
observed persistence of goiter in schoolchildren despite salt iodization which appears
tobealmost universal.
Iodine deficiency inJiangsu Province
InChina, IDD was a large public health problem, with approximately 725 million
population at risk of iodine deficiency according to a national survey in 1995. The
prevalence of goiter among schoolchildren was found to be > 10% in 27 of 30
provinces. InJiangsu Province, endemic goiter and mental retardation have long been
recognized as a public health problem. Provincial surveys of iodine deficiency
indicators during the early 1980s showed that on average the prevalence of goiter
among schoolchildren aged7-14 yearswas25%and themean concentration of iodine
inurinewas76Ug/L.
Since 1993, when the Chinese government proclaimed the national goal of
elimination of IDDby the year 2000, substantial human and financial resources have
been mobilized throughout the country. Universal salt iodization was started in
Jiangsu province in 1995. Before iodine interventions, a provincial survey based on
population proportionate sampling (PPS) found atotal goiter rate in schoolchildren of
17% and median urinary iodine concentration of 85 Ug/L.In 1997,after two years of
implementation of universal salt iodization, a similar PPS survey found that total
goiter rates had been reduced to 8.8% and median urinary iodine concentrations had
increased to 300 ug/L. Another PPS survey was conducted in 1999 to measure
effectiveness of the saltiodization program. Totalgoiter rateshad decreased further to
4.4% and median urinary iodine concentrations hadrisento406 Ug/L,indicating that
IDDhadbeeneliminated from thisprovince.
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Indicators for assessing iodine status: iodine deficiency and iodine
excess
Indicators are essential for measuring the extent of iodine deficiency and excess,
whether and which intervention is necessary, and for evaluating program
implementation and impact. Indicators can be classified as outcome indicators
(thyroid size, urinary iodine excretion) and process indicators (water iodine
concentration or salt iodine content). A summary of outcome indicators for IDDand
criteria for classifying the severity of IDD as a public health problem are given in
Table 4. There are no generally agreed cut-off points for iodine excess. Usually, a
prevalence ofiodide goiter above 5%orurinaryiodineconcentration greater than 800
|ig/Lposes apublichealthproblem (Zhao, 1997).
Table 4. Summary of outcome indicators for IDD and criteria for classifying the
severityof IDDasapublichealthproblem (WHO/UNICEF/ICCIDD, 1994)
Target
Indicators

population
Goiter, grade1 and2 (%) School-aged
children
Thyroidvolume>97th
School-aged
percentilebyultrasound(%) children
Medianurinaryiodine
(|ig/L)
TSH>5mU/Lwholeblood
(%)

School-aged
children
Neonates

Classification ofIDDseverity
None
Low
Intermediate High
<5 5-19.9 20-29.9
>30
<5

5-19.9 20-29.9

>100 50-99
<3

3-19.9

> 30

20-49

<20

20-39.9

>40

SeeTable5.
Thyroidsize
The size of the thyroid gland changes in response to alteration in iodine intake.
'Goiter' has been used for many years to describe enlargement of the thyroid gland
due to both iodine deficiency and iodine excess. Prevalence of goiter is the most
commonly usedindicator toassess severity ofboth iodine deficiency and excess, and
to monitor intervention programs. Thyroid size can be determined by palpation and
ultrasonography. The classification of goiterby palpation is shown inTable 5 andthe
criteriafor classifying theseverityofIDDaregiveninTable4.
Palpation is quantitative only in the crude sense. It is a technique that requires no
instruments, is relatively easy to conduct, can reach large number of subjects in a
short period of time, is not invasive, and needs relatively limited skills of observers.
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Total goiter rate describes the proportion of goiter of grade 1and 2in the population
observed.
Table5. Simplified classification ofgoiter(WHO/UNICEF/ICCIDD, 1994)
Grade0:
Grade 1:

Grade2:

Nopalpable orvisible goiter.
A mass in the neck that is consistent with an enlarged
thyroid that ispalpable but not visible when the neck is
in thenormal position. It moves upward in the neck as
the subject swallows. Nodular alteration(s) can occur
even whenthethyroidisnotvisibly enlarged.
A swelling in the neck that is visible when the neck is
in a normal position and is consistent with an enlarged
thyroid whentheneckispalpated.

Ultrasonography is a safe, non-invasive specialized technique, which should be
performed bytrained operators whocanperform upto200examinations perday.The
degree of subjectivity in assessing results, however, points up the importance of
developing standardized interpretation criteria (Delange et al. 1997; Hess &
Zimmermann,2000). Thyroid volume canbe easily calculated using acalculator ora
microcomputer during data entry. Ultrasonography provides a more precise
measurement of thyroid volume compared with palpation. This becomes especially
significant when the prevalence of visible goiters is small, and in monitoring iodine
controlprogramswherethyroidvolumesareexpectedtodecreaseovertime.
Normativethyroid volume sizedata from ultrasound oniodine-replete childrenin
EuropeandinChinaaredepicted inTable6andcriteriafor classifying the severityof
IDDaregiveninTable4.
Foreachthyroid lobe,thedepth (d),width (w)andlength (/)aremeasured inmm.
Thevolumeofeach lobe(mL)iscalculated as0.479 xdxwxl /1000andthethyroid
volume is the sum of the lobes. As described by Dubois and Dubois (1916), body
surface area(BSA,m2)canbecalculated as follows:
BSA=wt0425xht0725 x 0.007184
wherewt=weightinkgand
ht=heightincm.
FromTable6,itcanbe seenthat theage-specific upperlimits derived from European
schoolchildren are distinctively greater than those from China, which are similar to those
obtained in a study in German children by Gutekunst and Martin-Teichert (1993), which
were used as the WHO reference before the data from several countries in Europe
(Delange et al. 1997)werepublished. As the USpopulation hasbeen iodine sufficient for
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decades, it would be interesting to compare the US data on thyroid volume with those
collected inEurope.
Table 6. Standards for upper limit of normal thyroid volume (ml) (> 97th percentile)
based on measurements in iodine-replete children in Europe and China (China
National Committee ofExpertsonIodine, 1994;Delange etal. 1997)
Byage
Age
(year)

6.0-6.9
7.0-7.9
8.0-8.9
9.0-9.9
10.0-10.9
11.0-11.9
12.0-12.9
13.0-13.9
14.0-14.9
15.0-15.9

Upper limit
volume(mL)
Europe
Boys Girls
5.4
5.0
5.7
5.9
6.9
6.1
6.8
8.0
9.2
7.8
9.0 10.4
10.4 11.7
12.0 13.1
13.9 14.6
16.0 16.1

of thyroid
China
3.5
4.0
4.5
5.0
6.0
7.0
8.0
9.0
10.5
12.0

Bybody surface area(B5 >A)
BSA(mz) Upper limi tof thyroid
volume(ml
Boys
Girls
(Europe)
(Europe)
0.75-0.84
4.7
4.8
0.85-0.94
5.3
5.9
7.1
0.95-1.04
6.0
1.05-1.14
7.0
8.3
1.15-1.24
8.0
9.5
1.25-1.34
9.3
10.7
1.35-1.44
10.7
11.9
1.45-1.54
12.2
13.1
1.55-1.64
14.0
14.3
1.65-1.74
15.8
15.6

Urinaryiodineexcretion
Theconcentration of iodine inurineiscurrently themost widely used biochemical
marker of iodineintake.Usually >90%iodine ingested isexcreted in urine.Thus,the
iodine level in urine reflects the subject's iodine intake. Urine is easy to obtain in the
field, in contrast to serum. Iodine in urine is stable and can withstand collection and
transportunderfield conditions (Dunn etal. 1993).Criteriafor classifying the severity
ofIDDbased onurinaryiodineexcretion aregiveninTable4.

Objectives ofthestudy and outlineofthe thesis
Jiangsu Province has not only the problem of iodine deficiency but also the
problem of iodine excess.This situation provides the opportunity to conduct research
onboth of theproblems.To address theproblems, goiter prevalence has been used as
an indicator and much attention has been paid to the use of ultrasonography for
measurement of thyroid volume. Normative reference values are important for
classification of thyroid volume. In order to validate the WHO reference for upper
limits of normal thyroid volume, research was conducted in the US and Bangladesh.
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The US is regarded as being iodine replete for many decades while Bangladesh still
hasasevereproblem ofiodine deficiency.
The objectives of the studies, mostly carried out between 1995 and 2000 are as
follows,
1. To investigate the possible contribution of high iodine intakes to endemic goiter
and their relationship with iodine concentrations in urine as well as their effects
onthyroid function (ChapterII).
2. To demonstrate the magnitude of the problem of iodine excess and to examine
the relationship of normal to excessive iodine intake with intellectual
development, physical development and hearing capacity in Chinese school
children usingcross-sectional andecological approaches (Chapters IIIandIV).
3. To compare the efficacy of reduction of iodine intake from excessive to normal
onthyroid sizeandthyroidfunction (ChapterV).
4. To examine the efficacy and effectiveness of iodine intervention programs
(Chapters VIandVII).
5. To validate the WHO reference for normal thyroid volume based on ultrasonic
measurement of thyroid volume of schoolchildren in the United States and in
Bangladesh (ChapterVIII).
Thustheoutlineoftheremainderofthisthesisisasfollows.
Chapter II describes the ecology of high iodine intakes and endemic goiter in
threecounties ofJiangsu Province,China(Objective 1).
Chapter III describes the relationship of normal to excessive iodine intake with
intellectual development,physical development andhearingcapacity (Objective 2).
Chapter IV describes the magnitude of the problem of iodine excess and its
possiblerelationship withcognitivedevelopment inschoolchildren (Objective 2).
Chapter V describes how reduction of iodine intake from excessive to normal
counteracts enlarged thyroid glands and thyroid dysfunction caused by iodine excess
(Objective3).
ChapterVIcompares theefficacy of threeiodine intervention methods onthyroid
size,goiterprevalence andurinaryiodineconcentrations (Objective4).
Chapter VII describes the effectiveness of universal salt iodization in 9 counties
ofJiangsu Province (Objective4).
Chapter VIII describes the thyroid volumes measured by ultrasonography in US
and Bangladeshi schoolchildren and compares these with European schoolchildren
(Objective5).
Chapter IX discusses the most important findings arising from the work carried
outandprovidesrecommendations forpublichealthpractice andfuture research.
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Abstract
Inorder toinvestigate thepossible contribution of high iodineintaketo goiter andits
effect on iodine concentration in urine and on thyroid function, the concentration of
iodine in drinking water was determined in 65 townships in three counties in Jiangsu
Province, China. Indicators of iodine status in schoolchildren and adults were also
assessed. The water iodine content in the townships ranged from 0.003 to 22.1
umol/L, with amedian of 4.3 umol/L. Of the townships investigated, 59 (90.2%) had
median water iodine concentrations between 1.6 and 9.5 umol/L. Iodine
concentrations in the urine of adults varied between 0.5 umol/L and 54.8 umol/L
(median 8.3 umol/L) and goiter prevalence measured byultrasound in schoolchildren
ranged from 5.3 to 16.8%, with a mean of 12.8%. In adults from townships with the
highest wateriodinecontent, thyroid function wasperturbed asevidenced by elevated
serum concentration of TSH1. Goiter prevalence in schoolchildren was positively
correlated withiodineconcentrations in drinking water and inurine across townships.
Endemic goiter in this area is most probably due to excessive iodine intake from
drinking water. It is proposed that the maximum allowable concentration of iodine in
drinking water be set at 2.4 umol/L (300 Ug/L) and of iodine in urine at 6.3 umol/L
(800ug/L)because abovethese levels,prevalence of goitermeasured byultrasound is
>5%.
Key words: • iodine excess • iodine intake • endemic goiter • thyroid function •
iodized salt

lAbbreviation used: IDD,iodine deficiency disorders;IRMA, immunoradiomonoclonal assay; RIA,
radioimmunoassay; SD,standard deviation; T4,thyroxine;T3,triiodothyronine; TSH, thyroid
stimulating hormone; WHO,World Health Organization.
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Endemic goiter has been defined by WHO to occur in populations when total
goiter rates are > 5% in primary schoolchildren (1). The principal cause of endemic
goiter is iodine deficiency, which may be exacerbated by the consumption of
goitrogens (2). Because iodine deficiency is of a major public health concern, foodgrade salt isbeingiodized in most countries (3). Iodineexcess hasbeen alsoreported
to be a cause of endemic goiter in a number of geographically defined areas where
drinkingwater, seafood, andmedications arethemostcommon sources ofhighiodine
intake(2).
Iodine deficiency disorders (HDD) are a problem of serious public health
significance inJiangsu Province inChina, as evident from surveys conducted in 1995
based on goiter prevalence and urinary iodine excretion patterns (4). In response to
this situation, theprovincial government developedplanstoeliminate IDDthroughout
the province through salt iodization. An exception was made for three counties in
XuzhouMunicipality wherethecauseof endemicgoiterwasnotclear.
Xuzhou Municipality lies in the northwestern part of Jiangsu Province. It
comprises six counties, amongst which Feng, Pei and Tongshan Counties are located
to the west of Xuzhou City. These counties comprise a 4,000 km2 plain formed by
flooding in the past of the old Yellow River. The population of 2.4 million people in
these three counties obtain their drinking water mainly from shallow wells 7-12 m
deep, and occasionally from deep wells with depths of over 60 m. There are few
central water supply systems in these counties. Surface drinking water is scarce and
rainfall islow.
Surveys in the early 1980s indicated that goiter was endemic in Xuzhou
Municipality (5). The overall prevalence of goiter among schoolchildren aged 7-14 y
was 25%,varying from 18to 36%among townships. Follow-up studies during 19861992 suggested that iodine deficiency was not the only cause of endemic goiter.
Iodine concentrations in drinking water samples ranged from 0.15 |xmol/L to 9.5
Hmol/L, with a median of 1.8 (xmol/L (4, 6). Urinary iodine concentrations among
adults varied greatly from 0.36 to9.8 |Jmol/gcreatinine in different townships, witha
median of 6.8 p.mol/gcreatinine (6).This was confirmed again in a study carried out
in 1995,which identified iodine excess as the major cause of endemic goiter in two
townships in Feng and Pei Counties (7). Yu et al (1987) and Zhao et al (1997)
reported that iodine concentrations > 2.36 (imol/L in drinking water or iodine
concentrations in urine > 6.30 |Xmol/L were associated with endemic goiter in a
population (8,9).
The objective of the present study was to examine the relationship among iodine
intake, thyroid size and thyroid function. The study was conducted in Feng, Pei and
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Tongshan Counties of Xuzhou Municipality where the iodine content of well water
was expected tobe high. Investigations in the other 3counties (Pizhou, Shuining and
Xinyi) of Xuzhou Municipality showed normal iodine status in most people, with
median urinary iodine concentrations in the townships varying from 1.58 to 2.76
umol/L (5,10).

Methods
Studydesign
The present study was conducted in 65 townships in Feng, Pei and Tongshan
Counties of Xuzhou Municipality (about 500 km northwest of Shanghai), Jiangsu
Province, China. The study proceeded in two phases. The first phase conducted in
1996assessed the iodine concentration in drinking water in all the townships, andthe
second phase conducted in 1997-1998 investigated the relationship between iodine
intakeandindicatorsof iodinestatus inselectedtownships.
For the first phase, each township was divided into five geographic locations. In
each location, one village was identified by convenience for the collection of water
samples from at least 3 shallow wells as well as from all wells > 60 m deep. During
the second phase, based on the observed median iodine concentration in water
collected during the first phase,townships were grouped into the following categories
according to the median iodine concentrations in water: < 2.36, 2.36-3.93, 3.94-5.50,
5.51-7.08, and > 7.09 umol/L. Two or three townships, which were easily accessible
by road from each group, were identified for further investigation. In selected
townships, the thyroid size in all pupils in grades 2-4 (aged 8-10 y) from the central
elementary schoolwasestimated bypalpation. Inonetownship in each group,thyroid
volume was measured by ultrasonography in children whose thyroid size was
measured bypalpation. Areference group was chosen from Jurong County in Jiangsu
Province where salt iodization had been in place for > 10 y and iodine intake was
known to be sufficient but not excessive (11). The reference group was investigated
usingthe sameprotocol.
The research protocol including ethical clearance, was approved by the Scientific
Research Committee ofJiangsu Provincial Center for DiseaseControl and Prevention,
Nanjing, China.Allprocedures werecarefully explained toall subjects who agreed to
participateinthestudy.
From50healthyadultsineachof thetownships investigated, casualurine samples
were collected and handled according to a standard protocol provided by the Chinese
Institute for Iodine Deficiency Disorders in Harbin. Samples of urine were not
collected from twosubjects whopossibly consumed seafood, which ispossibly richin
32
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iodine, during the previous week. Samples of urine were collected in bottles tightly
sealed and refrigerated at 4°C until laboratory analysis. Finally, from among the 50
adults in each of the two townships with the highest median water iodine
concentrations, non-fasting blood samples were obtained from 30 and 32 subjects
respectively who agreed to provide blood samples. There was strong superstition in
the population about the harmful effects of providing blood. Serum was prepared by
centrifugation within 2 h of blood collection and frozen at -20°C until analysis of
thyroid hormones. After collection of blood samples, 2 |iCi 131I was administered
orally to the subjects who agreed to provide not only blood but also to participate in
this procedure. The uptake of 131I by the thyroid was measured 24 h later using
standard methods (12).
Thyroidsizeestimation
The thyroid of each pupil was palpated and classified according to the WHO
guidelines (13). Thyroid volume was measured with a portable ultrasound unit
equipped with a standard 7.5 MHz linear array transducer (AKHO, Inc, Canada).The
depth (d), width (w) and length (1) of each lobe in millimeters were read from
longitudinal and transverse scans, and the volume of the lobe was calculated by the
formula V (mL) = 0.479xdxwxlxl0"3 (14). The thyroid volume was obtained as the
sum of the volumes of both lobes without including the volume of isthmus. Thyroid
volume was classified asnormal or abnormally large according tothe China National
Reference based on age(15),which isvery similar tothatproposed by Gutekunst and
Martin-Teichert(16).
Laboratoryanalysis
Urinary iodine was analyzed using the acid-digestion method described by Dunn
et al (17). Water iodine was determined using Barker's modified incineration
technique and catalyticreduction ofeerieionby arsenate salt (18).Alliodine analyses
were conducted in Xuzhou Municipal Laboratory, which is accredited by the
provincial iodine laboratory. Urinary iodine analysis of 18 blind control samples at
three concentrations by the municipal laboratory did not demonstrate any bias
compared to theresults from theChinese Institute for Iodine Deficiency Disorders in
Harbin.
Serum T3and T4were measured byradioimmunoassay, TSHby IRMAusing kits
obtained from the Chinese Academy of Atomic Energy in Beijing and a gamma
counter (Model:CapRIA-16,Capintec Instruments,Inc,Ramsey,NJ,USA).
Dataanalysis
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Data were analyzed with Epi Info 6.04 (CDC, Atlanta, GA, USA) and SAS 6.12.
(SASInstitute,Cary,NC,USA).Goiter prevalencebypalpation was calculated asthe
proportion of pupils with grade 1or grade 2 goiter. Goiter prevalence by ultrasound
wascalculated astheproportion of pupils withthyroid volume abovethe age-specific
reference. Because of their skewed distributions, the median was used tomeasure the
central tendency of urinaryiodineand water iodine concentrations. The median water
iodine content in each township was calculated to express the typical level of iodine
concentration in drinking water. It proved not possible to normalize data on iodine
concentrations in water and urine. Thus, nonparametric Spearman rank correlation
(19) was used to examine associations of iodine concentrations in water and urine
withgoiterprevalence.

Results
Iodineconcentrations inwaterandurine
During the first phase of this study, a total of 1,151 samples of water in wells
were collected from 65 townships, with approximately 4% of the samples from deep
wells.Theiodinecontent of water inwells ranged from 0.003 to 22.1 umol/L, with a
median of 4.3 umol/L. Overall, 76% of the samples had an iodine content > 2.36
umol/L. Fifty-two (80%) of the 65 townships had a median water iodine
concentration > 2.36 umol/L. The concentration of 2.36 umol/L corresponds to the
level, above which a high prevalence of goiter has been reported previously (8, 9).
The distribution of water iodine concentration among townships is shown in Fig. 1.
Water from both deep and shallow wells contained high iodine concentrations
although shallow wells had a higher (P < 0.05) concentration (4.63, 2.44-7.20
umol/L;median,25-75percentile)thandeepwells(2.98,2.10-4.59 umol/L).
Duringthesecondphaseof thestudyinwhich datawere collected onindicatorsof
iodine status in 12 townships, the median urinary iodine concentration from 607
adults was 8.3 umol/L (range, 0.46-54.8 umol/L). In 61.9% of the subjects, urinary
iodine concentrations were > 6.30 umol/L, which is the level above which endemic
goiterhasbeenreportedpreviously (8, 9).
Goiterprevalence
In 12 selected townships, the prevalence of goiter as measured by palpation
among 2,371 schoolchildren aged 6-15 y was 22.4%.Goiter prevalence measured by
ultrasonography in 849 of the above children was 12.8%. When measured by either
palpation or ultrasound, there was no difference in goiter prevalence between boys
andgirls,butprevalence didincrease withage(datanotshown).
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Figure 1. Distribution of median iodine concentration in drinking water from wells in 65
townships in Feng, Pei and Tongshan Counties. Concentrations are medians of the values
measuredineachtownship.
Relationships among wateriodine,urinary iodine,andgoiterprevalence
Therelationship of the iodine concentration inurine with that in well waterin 13
townships is shown in Fig. 2.The median iodine concentrations in water varied from
1.47 to 9.02 (imol/L, the corresponding iodine concentrations in the urine of adults
ranged from 4.1 to 15.5 |imol/L, the values were highly correlated. Likewise, as
shown in Fig. 3 and Fig. 4, goiter prevalence measured by palpation and by
ultrasound in schoolchildren was positively correlated to median iodine
concentrations inwaterandinurine.
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Figure2.Relationshipbetweenmedianiodineconcentrationindrinkingwaterfromwellsand
thoseinurineofadultsin13townshipsinJiangsuProvince,China.ForSpearmanrank
correlation,thetownshipwiththelowestiodineconcentrationinwaterwasexcludedbecause
thistownshipwassuppliedwithiodizedsalt.(Coefficient rs=0.95;P=0.0001).
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correlation: byultrasound,rs=0.97,P=0.001;bypalpation,rs=0.94, P=0.0001.
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Thyroid function
Ofthe62adultsfrom thetwotownships withthehighest wateriodinecontents,32
(52%) had an elevated serum TSH concentration (normal range according to the
manufacture 0.4-3.6 mU/L). The concentration of TSH (median, 25-75 percentile) in
serum was 5.60 (3.04-11.30) mU/L. The median serum T4 concentration was 119
(106-135) nmol/L, withtwocases abovethenormal range. Themedian serum T3was
1.08 (0.95-1.42)nmol/L,allwithinthenormalrange.The24-hthyroid 131Iuptakewas
4.6 ± 0.3% (mean + SD; range 0.2-15.8%), which is significantly lower than the
normalrangeof 10-30%inpopulations withnormaliodineintake(20).

Discussion
In this study, goiter prevalence is clearly associated with high iodine intake from
drinking water. Goiter prevalence assessed both by palpation and by ultrasound is
positively associated with iodine concentrations in well water and in the urine of
adults. Water from the wells appears to be the most important source of iodine
becausethereisastrongrelationship acrosstownships of themedian concentrationof
iodineinurinewiththatindrinking water.Itwouldbeexpected thatthe concentration
of iodine in well water would be affected in the food chain. However, an early study
in this area (7) and studies in other provinces in China (21-23) with elevated
concentration of iodine in well water were not accompanied by elevated iodine
concentrations in soil or in grain, flour, fruits, and vegetables grown in the area.
Although genetic factors and goitrogens may have played some role, endemic goiter
observed inthese three counties is most likely caused by excessive iodine in drinking
water.
In general, itisthought goiter iscaused bylow iodineintake (24).However, there
were very few adults (2/607) with urinary iodine concentrations < 0.8 u.mol/L,
indicating that there is no iodine deficiency. Goiter in this study population is
associated withhighiodineintake.This is supported bythelow 24-h uptake of 131Iby
adults in the two townships with the highest iodine concentration in water. This
indicatesthatthethyroid glandinthese subjects isrelatively saturated withiodine.
Endemic goiter associated with iodineexcess hasbeenreported in other locations
(21-23, 25, 26). But all the reports thus far were of studies of only small areas or
populations. The present study covered a 4,000 km2 area with a population of 2.4
million,thelargestaffected populationorareaeverreported.
Inthis study,concentrations of TSHin serum were elevated while concentrations
ofT4andT3weregenerally inthe normalrange.Similar results havebeen reported in
China and in U.S. Peace Corps Volunteers working in Niger consuming disinfected
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water from a filter with an iodine resin (26). In Japan, elevated serum TSH levels
were reported from an area with iodine excess (25).Alarge single dose of iodidehas
been shown to inhibit thyroid hormone synthesis (27). Slightly elevated serum T4
levels, normal serum T3 levels, but raised serum TSH levels in adults from the
townships with the highest water iodine in this study imply that with a chronic high
intakeofiodide,thepopulation fails tomaintain euthyroid status.
The thyroid gland in iodide goiter is exclusively diffuse. No nodular goiter was
seen in iodine excess subjects, as is the case for severe iodine deficiency. In the
thyroid gland of animals fed excessive iodine and of goitrous human subjects (28-31),
the follicles are filled with colloid and the epithelial cells are flattened. This is
different to the situation in iodine deficiency where parenchymal cells are abundant,
follicular epithelial cells are thicker with papillary infolding and there is very little
colloid. The thyroid gland of subjects with a grade I iodide goiter is firm, easily
palpated, and has a pronounced boundary, as compared with a grade I goiter induced
by iodine deficiency. Using ultrasound, the thyroid gland in iodide goiter is distinct
from neighboring tissues with a clear boundary while the gland itself appears rough
and uneven. This compares with the consistent distribution of the thyroid echogram
seen in goiter caused by iodine deficiency. Because ultrasound apparatus used in this
study wasnotfitted withacamera,nophotographs areavailable.
At which level should iodine intake be considered excessive? Suzuki defined
iodine excess as the amount of iodide beyond the physiological requirement for
adequate thyroid hormone synthesis (2). For maintaining the intrathyroidal iodine
concentration needed for normal thyroid hormone secretion in adults, a daily supply
of between 0.4 and 3.9 umol iodine should suffice (32). Other reports suggest,
however, that iodine intake up to 15.8 umol/day causes no adverse physiological
reactions inhealthy adults,and 7.9 umol/day produces nophysiological abnormalities
in children (33).In our study, thyroid function appears tobe perturbed in populations
withamedianiodineconcentration inurineof 10.1umol/Lorindrinking water of 7.5
umol/L. The safe maximum allowable iodine concentrations should therefore be
below theselevels.Findingsinthis study show thatwheniodine concentrations reach
2.4 umol/L in drinking water or 6.3 umol/L in urine of adults, goiter prevalence
measured byultrasound becomes > 5%.This seems to support amaximum allowable
iodineconcentration of6.3umol/Linurineorof 2.4 umol/Lindrinking water.Thisis
consistent with other studies in China (8, 9, 34). Thus, iodine concentrations above
these levels should be considered as a public health risk. However, further studies at
loweriodineconcentrations arestillneeded.
In this study, there is a substantial difference between goiter prevalence assessed
by palpation and by ultrasound. The likely explanation is that the goiter caused by
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iodine excess is firm and inconsistent in texture, which may lead to an overestimate
by palpation of the prevalence. Assessment of thyroid enlargement by ultrasound is
regarded asmoreprecisethan assessmentbypalpation(13).
In conclusion, endemic goiter in this area is most probably caused by excessive
iodineintakefrom drinkingwater.Whentheiodineconcentration is > 10.1\imoVLin
urineof adults or>7.5 ilmol/Lindrinkingwater,thyroid function of adults appearsto
beperturbed. Maximum allowable iodineconcentrations may be set at 6.3 umol/L in
the urine of adults or 2.4 |imol/L in drinking water if goiter prevalence > 5% is
defined as apublic health problem. The results of this study also demonstrate that in
theassessment of iodine status of apopulation, the collection of information ongoiter
or thyroid volume alone is not sufficient tocharacterize iodine status. Information on
urinary iodine concentrations and the status of an iodine intervention program should
also be collected. There are national policies for universal salt iodization in many
countries to eliminate IDD. Populations in areas with iodine excess will not derive
benefit from increased iodine intake from iodized salt or any other source. Measures
should be taken to bring urinary iodine concentrations within the range of 0.8-1.6
Umol/L, as recommended by WHO (35), to minimize the hazards associated with
eitheriodinedeficiency oriodineexcess.
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Abstract
To describe the relationship of normal to excessive iodine intake with intellectual
development, physical development and hearing capacity in schoolchildren, iodine
concentrations in drinking water and in urine were assessed in 13 townships in Jiangsu
province,China.Basedonthemedian iodineconcentration indrinkingwater,the townships
were divided into six groups (A to F),varying from normal (group A, 0.32 |j,mol/l) tovery
high iodine concentration in drinking water (group F, 8.58 (Xmol/1). A total of 2013
schoolchildren aged 8to 15 years were selected. Height and weight were assessed and IQ
was measured with a Combined Raven test. Hearing capacity of both ears was assessed
with pure-tone audiometer at 1kHz, 2 kHz and 4 kHz. For children aged > 11 years, the
mean IQscores of group D(105.5), groupE (105.2) and group F(102.3) were significantly
lower (P <0.01) than the mean IQ score of group A (108.9). In these children, IQ was
related negatively to concentration of iodine in drinking water and inthe urine of adults (p
= -0.803, p= -0.546 respectively). The IQ of children aged < 11years in group F was also
lower than their counterparts in group A. There was noclear evidence that various degrees
of iodine excess in thechildren could affect theirphysical development orhearing capacity.
These results support the premise that the maximum allowable iodine concentration in
drinking water should be set at 2.4 umol/1(300 (xg/1)or in adult urine of 6.3 nmol/1(800
MfiA).

Iodineexcess:IQ:Physical development: Hearing capacity
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Iodine deficiency disorders (IDD) are a worldwide health problem (UNICEF, 1998). IDD
includes brain damage and mental retardation in human beings (Querido et al. 1978;
Bleichrodt et al. 1980; Hetzel, 1983; Bleichrodt & Resing, 1994; Tiwari et al. 1996).
Findings from animal studies have suggested that severe maternal and foetal iodine
deficiency is associated with impaired maturation of the cerebral cortex and the cerebellum
(Hetzel et al. 1989). In addition to impaired intellectual development, IDD also includes
growth retardation (Mannar &Dunn, 1995) and hearing loss (Wang & Yang, 1985a;Wang
&Yang, 1985b;Valeixetal.1994;Azizietal.1995).
In some countries, people suffer from iodine excess, although no clear definition of
iodine excess exists. Suzuki (1980) has defined iodine excess as the amount of iodine in
excess of physiological requirements for thyroid hormone synthesis. According to Chinese
researchers asituation ofiodineexcessposesaphysical healthproblem if themedian iodine
concentration in drinking water is > 2.4 |xmol/l or if the median urinary iodine
concentration of thepopulation is >6.3 u.mol/1. Inboth conditions the goitreprevalenceof
thepopulation is>5%,indicating apublic health problem (Zhao, 1997).This definition of
iodine excess was used for this study, although it is not applied worldwide. Based on this
definition, iodineexcesshasbeenreported innumerouslocations inChina,especially inthe
lower coastal provinces where large quantities of seafood and deep or shallow well water,
richiniodine,areconsumed (Maetal.1982;Lietal. 1987;Zhaoetal.1998).
Itis still not well documented if iodine excess, like iodine deficiency, has any adverse
effect on intellectual and physical development. Only few studies have been carried out.
Sun et al. (1985) reported that schoolchildren with a normal iodine intake had a higher
mean IQthan those with excessive or deficient iodine intake. Similar results were found in
otherstudies (Xieetal.1987;Maetal. 1991;Huetal. 1994).Incontrast,Juppetal.(1988)
concluded from a cross-sectional study among schoolchildren that iodine excess had no
effect on growth and intellectual performance. Li et al. (1987) found similar results. In
addition, other studies also found no effect of excessive iodine on IQ (Wang et al. 1987;
Ling et al. 1993;Wang et al. 1993).Until now, no data on the consequences of excessive
iodineintakeonhearingcapacity wereavailable.
All previous studies on iodine excess have compared one group with an excessive
iodine intake with another group with a normal iodine intake. All studies used different
definitions of iodine excess. Therefore, in this study six different level of iodine intakes
from normal to excessive were studied to measure effects of iodine excess over a greater
range. The objective of this study is to describe the relationship between iodine intake,
ranging from normaltoexcessive,with intellectual development, physical development and
hearingcapacity in schoolchildren.
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Methods
Populationandstudydesign
The present study was conducted in 13 townships in Feng, Pei and Tongshan counties
(about500kmnorthwest of Shanghai)oftheJiangsu province inChina.In aprevious study
(Zhao etal.2000), the iodine concentration in drinking water was assessed in five villages
of each township. In the 13townships the median iodine concentrations in drinking water
ranged from 0.32 to 9.02 (imol/1. Based on the median iodine concentrations in drinking
water, the 13 townships were divided into six groups: <0.79, 0.79-2.35, 2.36-3.93, 3.945.51, 5.52-7.08,and>7.09 ug/L.This resulted in one group with normal iodineintake,one
group with iodine intake more than adequate and four groups with iodine intake excessive
to a different extent. The median urinary iodine concentrations of the adults ranged from
2.17 to 14.79umol/1.Sample size was estimated using Epi Info 6.04b (CDC, Atlanta, GA,
USA) based on the following conditions: aprevalence of mentally retarded children in the
normal group(groupA)of 2.25% according tothe ChineseIQnorm,a 5timeshigher than
expected prevalence (i.e. 11.25%)in the group with the highest iodine intake (group F),an
a-value of 0.05 and a power of 90%. Given these conditions, 183 children in each group
would be required. Sample size was increased in this study since the prevalence of mental
retardation was not known. One to three townships were selected for each group to meet
sample sizerequirements. Inthe central elementary school ineach township, allchildren in
grades 2-4 present on the day of study were selected. The children (2068 of the 2085
enrolled) were aged 8-15 years.Height wasrecorded tothenearest 0.1 cmwith acalibrated
SECA (Seca, CA, USA) and weight was measured to the nearest 0.5 kg on a calibrated
digital scale. Hearing capacity was assessed in a sub-population of 1township selected at
randomfrom each of the sixgroups.Thetownship with the lowest iodine intake (Township
One) was regarded as the normal reference. Approximately 110 schoolchildren were
selectedineachtownshipwithatotalof628.
Research protocols including ethical clearance, were approved by the Scientific
Research Committee of Jiangsu Provincial Centre for Disease Control and Prevention,
China. All research protocols were carefully explained to and an oral consent for voluntary
participation obtained from allparticipants.
Urinary iodine concentration
In each school, approximately one third of selected children were randomly chosen for the
collection of casual urine samples. All the urine collected was stored in plastic screwtopped collection bottles and refrigerated at 4°C until laboratory analysis within one week.
Urinaryiodinewasanalysed using anacid-digestion method (Dunn etal. 1993).Theiodine
concentration in drinking water was determined using Barker's modified incineration
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technique and catalytic reduction of eerie ion by arsenate salt (Li et el. 1984). All iodine
analyses were conducted in Xuzhou municipal laboratory, which is accredited by the
provincial laboratory. Urinary iodine analysis of 18 blind control samples at three
concentration levels, conducted by the municipal laboratory, demonstrated negligible bias
(< 5%) compared to the China National Institute of IDD and to the China National
Reference Laboratory.
Intelligence Quotient
A Combined Raven test adapted for use in rural areas of China was used to measure IQ.
Thistest issuitable for groupmeasurement andisless likely tobeaffected by environment,
culture, and acquired knowledge (Bleichrodt & Born, 1994). The Chinese norm (Wang et
al. 1999)wasappliedtocalculatetheage-adjusted IQvaluefor eachchild.
Hearingcapacity
Hearing capacity of both ears was measured in the selected townships with pure-tone
audiometer at 1kHz, 2kHz and 4 kHz (Model 60, Eckstein Bros., Inc. Los Angeles, CA,
USA). Data from children with ear disorders were excluded from analyses, resulting in a
population of 530children.
Dataanalysis
Data were entered using Epi Info 6.04b and a check-file was used to eliminate errors.
Variables that were not normally distributed were expressed as median. Children were
divided into IQ groups based on the 25th (low IQ) and 75th (high IQ) percentiles of the IQ
distribution. Shrestha et al. (1994) found that the effect of iodine deficiency might be
different in different age groups. Therefore, IQ analyses were conducted separately for
children aged < 11 years and children aged > 11years. To assess the number of children
with impaired physical development, Z-scores (height for age, HAZ; weight for age,WAZ
and weight for height, WHZ) were calculated, using Chinese standards for height and
weight (Chang, 1992). When a child's HAZ, WAZ or WHZ was < -2, the child was
considered to be stunted, underweight or wasted, respectively. For each child the hearing
threshold of the better ear was used for analysis. Analyses were carried out for speech
frequencies (1kHz and 2kHz) and for 4kHz (Niskar et al. 1998).Differences in IQ scores
andintheprevalence oflow andhighIQamong groups weretested withANOVAandChisquare. Student's t-test and Chi-square were used to test differences in IQ scores and the
proportions of low and high IQbetween each excessive group and the normal group. Chisquare and Fisher's exact test were used to test differences in Z-scores. The relationships
between urinary and water iodine concentrations and IQ were calculated with Spearman's
rank correlation and linear regression. The median test was used for testing differences in
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hearing threshold among the six townships and also between the townships with Township
Oneasreference. Differences inproportions children withhearing lossbetween and among
groups were tested with Chi-square. Data were analysed with Epi Info 6.04b and SAS 6.12
(SASInstitute,Cary,NC,USA).
Results
Demographicandanthropometricdata
Data are only presented for children for whom a complete data set was available. The five
groups were comparable with respect to age, height and sex distribution (Table 1).Weight
slightly differed among the groups. The proportion of stunted, underweight and wasted
children was 2.03 %, 0.19 % and 0.44 % respectively. The four groups with excessive
iodineintake didnot show different proportions of stunted, underweight or wasted children
comparedtothenormalgroup(datanotshown).
Urinary iodine concentration
The median urinary iodine concentrations of the children in the 6groups ranged from 2.34
to8.27 umol/1 (Table 1).Themedianconcentrations of iodineinthe urine of thechildren in
each group measured in the present study were lower (Wilcoxon, P = 0.012) than that
measured inadults previously (Zhao et al. 2000).This mayhavebeen the result of changes
inthe sourceofdrinkingwater.
Intelligence Quotient
Ofthe selected children, 55did not participate inthe test. Individual IQscores for the2013
children studiedranged from 54to 141.Overall,mean IQwas significantly higher for boys
thanfor girls, 106.5and 104.4respectively (P=0.00091).
There was a substantial difference of mean IQ among groups (P <0.0001). For all
children as a whole, alower mean IQ was observed in groups D,E, and F,as compared to
groupA(P= 0.02,P=0.001 andP=0.001,respectively; datanotshown).
For children aged > 11 years, the mean IQ and the proportion with a low or high IQ
were significantly different among the groups (P = 0.0001, P = 0.02 and P = 0.001,
respectively; Table 2). Groups D, E and F had significantly lower mean IQs compared to
group A (P= 0.00957,P = 0.01766 and P = 0.000174, respectively). In addition, groups C
and E had a significantly lower proportion of children high IQ than group A. These
differences are confirmed in the significance of trends observed for children aged > 11
years.Although for children aged < 11years the mean IQ and the proportion low IQ were
significantly different among the groups (P = 0.008 and P = 0.04, respectively), no
significant trends wereobserved.
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Jodine excessandIQ,growthandhearing
In order to quantify the effect of iodine intake on IQ, regression analyses was
performed. For children aged > 11 years, the regression coefficients on IQ for iodine
concentrations in drinking water and in adults' urine were -0.00423 (SE=0.0005) and 0.00635 (SE=0.00134), respectively (Fig. 1).Mean IQ of these children was not related to
the median concentration of iodine in urine measured in the present study. No relation
between iodine concentration in adults' urine and the proportion of these children with a
high IQ was observed. For children aged < 11years, IQ was not related to any of iodine
concentrations measured, exceptthat groupFhad alowermean IQascompared togroupA
(P< 0.01;Table2).
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Fig.1.MeanIQofchildrenaged>11 yearsplottedagainstmedianiodineconcentrationindrinking
waterandinadults'urine(o=medianiodineconcentrationindrinkingwaterforgroups,•=median
iodineconcentrationinadults'urineforgroups).Formedianiodineconcentrationindrinkingwater,
P=-0.807(SE=0.086)andinadults'urine,p=-0.536(SE=0.059).
Hearing capacity
The six townships in the sub-population on which hearing capacity was measured were
comparable with respect tomean age,height, weight and sex distribution (data not shown).
There was a significant difference among the six townships in hearing capacity only for
speech frequencies (P=0.021). Townships Two and Three had a higher hearing threshold
and a higher proportion of hearing loss at speech frequencies than the normal township,
Township One (Table 3).At 4kHz there was no significant difference in hearing threshold
orproportion ofhearinglossamongtownships exceptthatTownshipSixhadalower
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JodineexcessandIQ,growthandhearing
proportion of hearing loss than Township One. Although the results in Table 3 indicate a
negative trend, no significant relationship was found between hearing capacity and iodine
concentration in drinking water or in adults' urine both for speech frequencies and for 4
kHz. Analyses were also performed for children aged > 11years and < 11years separately
but no relationships were found between iodine concentrations in water or urine and
hearing (datanotshown).

Discussion
This study demonstrates that excessive iodine intake in the past reduces mental
performance but not physical development or hearing capacity in children. Thus for
children aged > 11years, the IQ was lower in those children whohad access to water with
highiodineconcentration. Suchaneffect was alsodemonstrated inchildren aged< 11years
exposed to extremely high iodine intake. Because iodine concentrations in the children at
the time of the study were lower than that measured two years previously, it would appear
thatthe sourceofiodinehadchanged duringthisperiod.
The significant negative relation for children aged > 11years between IQ and iodine
concentration in drinking water as well as in adults' urine, suggest a relationship between
excessive iodine intake and intellectual development. Based on the regression analysis of
data from children aged > 11 years, the level of excessive iodine from where IQ is
significantly lower could be set at a median iodine concentration in drinking water of 2.4
umol/1 to 4 umol/1 or in adults' urine of 6.6 umol/1 to 9.5 umol/1.The significant decreasing
trend of IQ as aresult of iodine excess was only present for children aged > 11years.This
is consistent with the results of studies in which IQ has been measured in children after
iodine supplementation. Positive results have only been seen in studies with children < 10
years of age (Shrestha etal., 1994) but not in those in older children (Bautista et al. 1982).
Forchildren age<11years,wefound alowerIQingroupF,wheretheiodine concentration
in water or adults' urine was 8.6 itmol/1or 14.8 umol/1(Table 2).It is possible that the IQ
of all children has been affected by reduction of iodine concentrations in drinking water.
Our results would suggest that reversal of IQ impairment due to excessive iodine occurs
slower or to a lesser extent when children are older or when the iodine excess is more
severe. The maximum allowable iodine concentration in drinking water or in the urine of
adults which should be recommended are likely to be lower than the ranges suggested
above. In our previous studies before interventions were implemented a median iodine
concentration of 2.4 u,mol/lin drinking water and of 6.3 (J.mol/1inurine were found to pose
a public health problem, as evidenced by elevated prevalences (> 5%) of goitre (Zhao,
1997). Studies conducted in populations with lower iodine concentrations in water and
53

Chapter III
urine (water iodine ranging from 2.4 |imol/l to 3.6 |xmol/l;urinary iodine ranging from 4.4
umol/1 to9.7 umol/1; Wangetal. 1987;Li etal, 1987;Jupp etal, 1988) than those where
adverse effects on IQ were found in the present study, failed to find adverse effects of
excessive iodine on IQ. These results are in favour of maximum allowable iodine
concentrations between 2.4 and 4 umol/1 in water or between 6.3 and 9.5 umol/1 in the
urine. To ensure a wide range of safety, our previous recommendations for maximum
allowable iodine concentrations in water orurineof 2.4 umol/1(300 ug/1)in drinking water
or6.3 umol/1(800 ug/1)intheurineareapplicable tothis situation.
In agreement with the present study, some studies reported a lower IQ for children
living inan iodineexcessive area compared tochildren livinginaniodinenormal area (Xie
et al, 1987; Ma et al, 1991; Hu et al, 1994). However, other studies did not find a
significant difference in IQ between children with normal and children with excessive
iodine intake (Wang et al. 1987; Li et al, 1987; Jupp et al, 1988; Ling et al, 1993).
Explanations for these conflicting results could be the extent of iodine excess and the
different intelligencetestsusedbyvarious investigators.
For this study the Combined Raven test which had no verbal subtests was chosen. In
contrary toothertests,this test can beused with groups and is suitable for children aged 515 years. In addition, there is a well-established Chinese version of the Combined Raven
test, which has been standardised according to Chinese cultural and social environment
(Wang et al, 1999).Many factors may affect IQ such as heredity, infection, malnutrition,
endocrinological disorders, but in this study these factors were similar for each group. The
higher IQ observed in boys had no effect on the results, since both boys and girls were
equallyrepresented amongthegroups.Therefore, thedifferences inIQaremostlikelytobe
causedbydifferences iniodineintake.Still,theresults shouldbeinterpreted carefully since
the researchers were not blinded as to the iodine concentration in drinking water at
townshiplevelduringIQtesting.
In this study, urinary iodine concentrations from a previous study conducted in the
same area were also used for analyses (Zhao et al, 2000). These concentrations were
obtained from adults instead of children. Studies on iodine deficiency have demonstrated
that iodine deficiency affects the intellectual development of children mainly during the
early foetal period (DeLong, 1993; Cao et al, 1994; Delange, 2000). Immaturity of the
organic binding mechanism may account for the susceptibility of the foetal and neonatal
thyroidtoiodine (Woeber, 1991).Bothdeficient andexcessive iodine statusmay thenresult
in hypothyroidism (Woeber, 1991; Clark, 1990). As brain development requires thyroid
hormones (Bleichrodt et al, 1987), the lack of thyroid hormones can cause impaired
intellectual development in these children. Since iodine status of the foetus depends on the
iodine intake of the mother during pregnancy, the adults' current exposure to iodine is
thought to be more related to the children's intellectual development, assuming the iodine
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intakeof adultshasnotchanged overyears.
In this study there was no evidence that various degrees of iodine excess could affect
the physical development of children. This is in agreement with other studies on iodine
excess (Juppetal, 1988;Lietal, 1987).
Hearing lossismore severe (Valeix etal., 1994)andmorefrequent (Azizi etal, 1995)
in areas with iodine deficiency than in those areas with normal iodine. Since iodine excess
and iodine deficiency may have similar effects on health, lower hearing capacity was
expected in those townships with a high iodine intake. However, in this study no clear
relationwasfound betweeniodineintakefrom normaltoexcessive andhearingcapacity.
Themain conclusion of this study is that the IQ of children was impaired by excessive
iodine intake.Based ontheresults of this and other studies,the maximum allowable iodine
concentrations can be set at 2.4 urnol/1 in drinking water or 6.3 urnol/1 in adults' urine. In
many countries salt iodisation programs have been developed to eliminate iodine
deficiency. Over-consumption of iodised salt could occasionally result in excessive iodine
intake (World Health Organisation/United Nations International Children's Emergency
Fund/International Council for Control of Iodine Deficiency Disorders, 1997; Stanbury et
al., 1998).Thus,careshouldbetakentoensuretheiodineconsumption from iodised saltis
not excessive in iodine deplete and replete areas and salt iodisation do not extend to areas
withmorethan adequatenaturaliodineintake.
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Abstract
To demonstrate the magnitude of the problem of iodine excess and the possible
relation to cognitive development in schoolchildren, the distribution of iodine excess
in China was described and data from 16 studies relating IQ to excessive intake of
iodine in China were analysed. Based on the Chinese definition of iodine excess
(water iodine concentration > 2.36 umol/1 or urinary iodine concentration > 6.30
Hmol/1),iodine excess wasfound to exist in 92 counties of 10provinces of China.Of
16studies included, 5found that excessive iodineintakereduced IQ.A meta-analysis
indicated that IQ of children in areas with excessive iodine intake, based on urinary
iodineconcentration, was3.24pointslowerthanthatof childreninareas whereiodine
intakewasnormal.Theeffect waseven greater with anIQshift of 3.74 pointsinareas
with extremely high iodine intake,as compared with areas with normal iodine intake.
It implies that high iodine exposure is related to a decline in IQ and strengthens the
importance ofintervention tonormaliseiodineintake.
Iodineexcess:IQ:Epidemiology: Meta-analysis
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Iodine sufficiency is attained when the median concentration of iodine in urine is
between 0.79 and 2.36 (xmol/1 while a urinary iodine concentration > 2.36 iimol/1is
regarded as 'above adequate' (World Health Organisation /United Nations Children's
Fund/International Council for Control of Iodine Deficiency Disorders, 1997).There
is no clear definition of excessive iodine intake. Studies in China have revealed that
excessive iodine intakeposes ahealth problem if the iodine concentration in urineof
adults orindrinking water is>6.30 umol/1 or> 2.36 \imoUl, respectively (Zhaoet al.
1997). Both these conditions give rise to a problem of public health importance as
they result in goitre prevalences > 5% (World Health Organisation /United Nations
Children's Fund /International Council for Control of Iodine Deficiency Disorders,
1994).Thedefinition of excessive iodineintakebased onurinaryiodine concentration
is in line with the tolerable upper intake level (UL) for iodine recommended recently
bytheUSInstitute of Medicine (2000),which defined ULfor iodine intakefor adults
at 8.67 umol/day. A daily intake of 8.67 |Amol iodine corresponds to approximately
6.22 |xmol/linurinefor a60kgperson.
It is known that iodine deficiency can lead to brain damage and mental
retardation inhumanbeings (Queridoetal. 1978;Bleichrodt etal. 1980;Bleichrodt&
Resing, 1994; Tiwari et al. 1996). However, iodine excess can also cause healthrelated disorders. Iodine excess was first reported in the coastal areas of Hokkaido of
lapanwheregoitreisendemic andtheintakeofiodineisextraordinarily high (Suzuki,
et al. 1965). Reports on iodide goitre have appeared over the last 20 years in inland
areas in China, especially in the lower coastal provinces where large quantities of
seafood and shallow ordeep well water,richiniodine,areconsumed (Maetal. 1982;
Lietal. 1987;Zhaoetal.1998).
Studies on iodine deficiency have demonstrated that iodine deficiency affects the
intellectual development of children mainly during the early fetal period (FierroBenitez et al. 1972; Cahouki & Benmiloud, 1994; Pharoah, 1993; Cao et al. 1994).
Immaturity of the organic binding mechanism may account for the susceptibility of
the fetal and neonatal thyroid to iodine, with hypothyroidism as the end result
(Woeber, 1991).As brain development requires thyroid hormones (Hetzel, 1983),the
lack of thyroid hormones can cause impaired intellectual development in these
children. Since excessive consumption of iodine may also result in a state of
hypothyroidism (Begg &Hall, 1963;Clark, 1990;Konnoet al. 1994),the mechanism
could be the same for iodine excess. Thus, the question arises as to whether iodine
excess may also play a causative role, at least partly, in human mental development,
as iodine deficiency does. The objective of the present paper is to examine the
relationship of iodine intake above the normal range with cognitive development.We
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haveconducted ameta-analysis of available datarelating excessive iodine intake with
intellectual quotient (IQ) is conducted. In order to address the magnitude of the
problem, thoseareaswithexcessive iodineintakewerefirst located.
Methods
Inclusion criteria
For this paper, the Chinese definitions of markers for excessive iodine intake were
used,thusstudiesreportingiodineconcentrations >2.36 umol/1 indrinking wateror>
6.30 |xmol/linurinewere included.
Selectionofstudies
We screened MEDLINE (National Library of Medicine, Bethesda, MD, USA) and
China Medical and Biological Literature (China Academy of Medicine, Beijing,
China) for papers published up until 2001. The search was carried out using the
following parameters: ('iodine excess' or 'high iodine intake' or 'excessiveiodine
intake' or 'iodine-richfood' or 'iodine-rich water') to locate the counties where
iodine excess was reported. Then this was combined with ('IQ' or 'intellectual
development' or 'cognitive development') to collect information on iodine excess
related to intellectual development. In addition, all references found in the selected
papers and in reviews (Yu, 1997; National Committee of Experts on Iodine, 1997;
Zhao et al, 2000) were examined. An attempt was also made to collect unpublished
data. Data were included when intellectual development in an area of excess iodine
intakewascompared withthatinanareaofnormal iodineintake.
Analysisofdata
The association of iodine excess with IQ was examined using meta-analysis
procedures. For the overall estimate, Cohen's J-value (Cohen, 1988) was used to
measure the standardised differences (weighed for sample size) in means of IQ
between experimental andcontrol groups in all studies.Cohen classified d-valuesinto
smalleffect size(d= 0.2),mediumeffect size(d= 0.5) andlargeeffect size(d= 0.8).
Results
Distributionofareaswithiodineexcessin China
Before 1965, there were no reports of iodine excess. Searches found two reports of
iodine excess originating from iodine-rich food (Suzuki et al. 1965; Lu et al. 1984)
while most reported iodine excess originated from iodine-rich drinking water. All
reportswerefrom China,whereiodineexcessareas werereported in92counties in 10
provinces,withatotalpopulation of nearly 16million (Table 1).
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Iodine-rich drinking water is found exclusively underground. All areas with
reported excessive iodine are onthe plain, rather than inhilly or mountainous regions
where iodine deficiency is found. Among the reported areas in China with excessive
iodine, two large areas, which involve at least 15 counties, were nearby the Yellow
River. One area (northern area: 300-600 km south of Beijing) is located north of the
Yellow River, south of the Ziya river, and near the coast of the Yellow Sea, with an
area of about 8,500km2 and a population of 4.5 million in 10counties of Hebei and
Shandong Provinces. Inthis area, iodine-rich water isfound onlyindeep wells witha
depth of 150700 m. The other area (southern area: 500-700 km northwest of
Shanghai) is located between the Old Yellow River and the Yellow River, with an
area of about 9,000 km2 and a population of approximately 6.4 million in some 9
counties of Jiangsu and Shandong Provinces. Over thousands of years, the Yellow
River has shifted north from the Old Yellow River toits current location by flooding,
leaving aflood plain between the previous and new locations of the Yellow River. In
this area,iodine-rich water generally comes from shallow wells with afew exceptions
from deep wells in some villages.Other areas, which are located in suburban Beijing
and in the Provinces of Fujian, Hebei, Inner Mongolia, Shandong, Shanxi and
Xinjiang, affect some 5million people.Iodine-rich wateris from either shallow wells
ordeepwells (Zhaoetal.2000).
DescriptionofstudiesrelatingIQtoiodine excess
There are 16 epidemiological studies on the relationship of excessive iodine intake
with cognitive development, all of which were conducted in China. Table 2 describes
thegeneral characteristics of these 16studies.The studies were conducted in different
locations of China, where educational level, living habits and culture were different,
although all subjects had the Chinese nationality. IQ was measured using different
tests, which wereall 'Western' tests modified toChineseculture.The totalnumber of
subjects involved in the 16 studies was 5425,ranging from 60to 1274 per study. All
studies were carried out in schoolchildren aged between 7 and 15 years. Average
urinary iodine concentration ranged from 4.4 to 530 |0.mol/l (n=13). Most of studies
(11/13) were conducted in population with an average iodine level in urine > 6.30
(Xmol/1.The average iodine level in drinking water ranged from 1.68 to 15.9 |imol/l
(n=13).
Meta-analysis ofdatafrom selectedstudies
In undertaking a formal meta-analysis it is important to note the substantial
heterogeneity of design. The 16 studies selected formed a heterogeneous group. The
effect sizes (Cohen's d-value) of the individual studies ranged from -0.05 (study 15)
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to-0.85(study 6)andthemean effect sizewas-0.22, corresponding toadifference in
IQof3.2points(Fig.1).

Table 1.Counties inwhich iodineexcess hasbeenreported inChina
Provinces
Northern area:
Hebei

Shangdong

Southernarea:
Anhui
Henan
Jiangsu
Shandong

Otherareas:
Beijing
Fujian
Hebei
Inner Mongolia
Shandong
Shanxi
Xinjiang

Counties
Baxian,Changxian, Dacheng,Damin,Dongguang, Guan,
Guangzhong, Guantao,Haixing,Huanghua, Jinxian,
Jingxiang,Langfang, Lingxi,Lingzhang,Mengcun,Nangong,
Nanpi,Qiuxian,Qugao,Qinxian,Renqiu, Shuning, Waixian,
Weixian,Wuqiao,Xiangang,Xianxian, Xincheng,Xiongxian,
Yanshan, Yongqin, Zhongjie
Bingxian, Boxing,Dezhou, Gaoqing,Guanglao,Huimin,
Jiyang, Kengli,Leling,Lijing, Lingxian, Lingyi, Linjing,
Piyuan,Qinyun, Shanghe,Wucheng,Wutai, Xiajing,
Yangxin,Zhanhua
Xiaoshan
Taiqian
Fengxian,Peixian,Pizhou,Shuining, Tongshan
Caoxian, Chenwu,Dingtao,Dongming,Hezhe,Jiaxiang,
.Tiling,Jushu,Liangshan,Jinxiang,Nianzhou, Qufu, Shanxian,
Sishui,Tancheng,Tengxian,Weishan,Wenshang, Yuncheng,
Yutai,Zaoauan, Zhouxian
Daxing
Tongan
Dachang,Leting,Tangshan
Baodou
Rizhao
Xiaoyi
Kuitun

Iodineexcessisdefined asaniodineconcentration>6.30u.mol/1inurineor>2.36u.mol/1in
drinkingwater.
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In order to examine whether the degree of iodine excess would affect the
difference, the studies were splitted intotwo:thosefrom areasinwhichurinary iodine
concentrations were > 6.30 u.mol/1 (9 studies) and those in which urinary iodine
concentrations were around or<6.30 u.mol/1 (4studies).Forthe first group,the effect
size was 0.25 corresponding to an IQ difference of 3.7 points. For the second group,
theeffect sizewas0.09 (NS)corresponding toanIQdifference of 1.4points.
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Studies
Fig.1.Displayofeffect sizeandconfidenceintervalsconcerninggeneralintelligenceand
iodineexcess:•,studieswithaverageurinaryiodineconcentrationsfarabove6.30umol/1; • ,
studieswithaverageurinaryiodineconcentrationsaroundorbelow6.30umol/l;4,dataon
urinaryiodinenotavailable.ThenumberscorrespondtothoseinTable1.
Discussion
This paper provides information on the distribution of iodine excess in China and on
the magnitude of the relationship between iodine excess and the intellectual
performance of schoolchildren. The available epidemiological results provide
evidence that iodine excess is aproblem of public health significance in certain areas
in China, and that excessive intake of iodine in children causes small but significant
deficits inintellectual attainment.
The public health implications of exposure ofchildren to high iodine intakes are
probably notjust limited to China. Excessive iodine intake can come from a number
of sources. Many countries have developed salt iodisation programmes recently to
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eliminate iodine deficiency. Over-consumption of iodised salt could occasionally
result in a state of iodine excess (World Health Organisation /United Nations
Children's Fund /International Council for Control of Iodine Deficiency Disorders,
1997). A decline in IQ as a result of salt iodisation is likely, if an extremely high
intake of iodine from iodised salt occurs over a long period. This strengthens the
importance of routinemonitoring of theiodine content of salttoensureurinary iodine
concentrations of the population are kept within the normal range of 0.79 to 2.36
|^mol/l (World Health Organisation /United Nations Children's Fund /International
Councilfor Control of IodineDeficiency Disorders, 1997).
Thestrengthof ameta-analysis isthatitispossible togainuseful and statistically
significant information by combining studies, some of which may not have had
sufficient power to obtain a significant result. There was a significant effect of iodine
excess onintellectual development in only 6of the 16studies.However, when all 16
studies were combined, the effect of iodine excess was significant, corresponding to
anIQdifference of3.2.Thedifference in IQincreased to3.7 points when the analysis
was restricted to those studies in which urinary iodine concentrations were > 6.30
|imol/l.
Meta-analyses areprone toanumber of limitations These include the inability to
identify all studies which may introduce bias,the lack of detail provided onthe study
design and analysis, differences in definition of excessive iodine intake, and
differences in the intelligence tests used. Because of our contacts within China, we
think that nearly all important studies have been identified. Sufficient details of the
design of the studies as well as on iodine concentration in urine and/or in drinking
water were available. With respect to the intelligence tests, four different tests were
used, of which three (Binet, Hiskey-Nebraska and Wechseler) have verbal subtests,
which were developed for use in 'Western' cultures. Four of the five studies, where
significant differences were found between experimental and control groups, used
intelligence tests with verbal subtests. The researchers had made a big effort to
modify them to the Chinese culture. Thus, we feel that the conclusions reached from
our studyarejustified.
In 6 of the 9 studies where no significant difference in IQ was found, the water
iodine level in the excessive areas did not exceed 6.0 umol/1 while in the other 4
studies the water iodine level in the excessive areas was above 6.0 jtmol/1(studies 2,
6, 12, 16in Table 2).Studies where a significant difference was found generally had
higher iodine concentrations in urine than those where no significant difference was
found. The results reported inthis paper arein line withthose reported from a recent
study (Zhaoet al. submitted for publication), in which the IQof children < 11yearsof
age was found increased when iodine intake from drinking water was reduced.
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Reduction of iodineintake from excessive tonormal mayreverse the hypothyroidism
induced by iodine excess (Tajiri et al. 1986). Hypothyroidism as a result of iodine
deficiency has long been regarded as an important etiological factor in mental
retardation (Hetzel, 1983;Delange, 1994).Hypothyroidism hasbeen reported inmany
iodine excess environments where thyroglobulin in the thyroid gland incorporates
more iodine with an increase in the diiodototyrosine (DIT) to monoiodotyrosine
(MIT)ratioleadingtoincreased T4 production,relativetoT3,whichisconsistent with
that iodide goitre is "colloid" predominant (Suzuki, 1985). Iodine excess may also
inhibit the conversion of T4 to T3,leading to a rise in serum TSH (Li et al. 1987).
Hypothyroidism mayresultthusleadingtoadeclineinIQofchildren exposed tohigh
iodineintakes.Thenegativeeffect oncognitivedevelopment ofiodineexcessismuch
less than that of iodine deficiency. Up until now, no cases of cretinism have been
reported from iodineexcessareas.
Inconclusion, iodine excess could appear tocause a smallbut significant decline
in IQof children. Thus, attention should be paid to areas where iodine concentrations
in drinking waterarevery high (>2.36 umol/1)ortoothercircumstances when iodine
intakeisextremelyhigh (iodineconcentrationinurineof adults>6.30umol/1).
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Abstract
To compare the efficacy of reduction of iodine intake on thyroid size and thyroid
function in previously moderately and highly iodine excess areas, townships with
wateriodine concentrations of approximately 1000ug/L and400 ug/L were selected.
Wateriodine concentration was reduced in twotownships to approximately 100 ug/L
while another two townships served as controls. Thyroid size by palpation and
ultrasound, andtheconcentration ofiodineinurine anddrinking waterwere measured
at baseline, after 2 weeks and periodically between 1 and 12 months. Serum
concentrations of thyrotropin (TSH), thyroxine (T4) and triiodothyroxine (T3) were
measured atbaseline and after 12months.Urinary iodine concentration fell promptly
after intervention started in the intervention townships. After three months, enlarged
thyroids returned to normal volume. Elevated serum concentrations of TSH at
baseline were lower at the end of study. Indicators of iodine status and thyroid
function in the control townships remained unchanged throughout the study. In
conclusion, urinary iodine concentration returned tonormal quickly after reduction in
iodinecontent ofdrinkingwaterbutthyroid volumesnormalized after 3months. After
12 months, initial elevated thyrotropin was reduced to normal in most but not all
subjects.
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Whileiodinedeficiency isaglobalpublichealthproblem (1),iodineexcess does
pose a significant problem in certain areas in the world (2-4). Recent reports have
revealed (4) that there are nearly 16 million people threatened by iodine excess in
some 92 counties in 10provinces of China. Iodine excess is associated not only with
hyperthyroidism but also with hypothyroidism, goiter (5),and possible impairment of
intellectual development(4).
Iodinedeficiency was a significant public health problem inJiangsu, which is a
province located in the eastern part of China. Accordingly, universal salt iodization
has been implemented in all counties except Feng, Pei and Tongshan counties in
Xuzhou Municipality, whereiodineexcessexists.Formorethan adecade,residentsin
these three counties generally dig shallow wells to pump water for their use, because
surface water is rare and rainfall is low. Seafood consumption of local residents is
negligible because of its limited availability. Inthe 1980s, afew central water supply
systems were established by combining household wells. From 1997 onwards,
provincial and local governments launched 'safe water' projects to control waterborneinfectious diseases.
Previous studies (6-7) in these threecounties haverevealed goiter was endemic
andassociated withhigh iodineintakein schoolchildren. Excessive iodine wasmainly
from drinking water. Thyroid function in adults appeared to be perturbed in two
townships withextremelyhighiodineconcentrationsindrinkingwater(6).
It is unclear whether thyroid size decreases when iodine intake is reduced from
excessive to normal and how long it takes for enlarged thyroids to become normal.
Thyroid function is perturbed when iodine intake is excessive (6) but it is not known
whether reduction of iodine intake to within the normal range will normalize thyroid
function. In Japan adult male volunteers were given a daily oral dose of 27 mg of
iodine (as lecithin-bound iodine) for 4 weeks (8). Thyroid volume as measured by
ultrasound increased during the period when iodine intake was elevated but
normalized within 28 days of iodine intake returning to normal. In those areas of
Chinawherepopulations areexposed tochronic excessive iodineintake,there arefew
dataontherateatwhichthyroid sizeandfunction becomenormal.
Therefore, the aim of this study was to compare the efficacy of reducing iodine
intake to normal on goiter prevalence, thyroid volume, urinary iodine concentration
and thyroid function in townships with moderately and highly excessive
concentrations ofiodineindrinking water.
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MaterialsandMethods
Studysite
Four townships in Feng and Pei counties,Jiangsu province, China were selected
by convenience. Two pairs of townships were matched based on baseline iodine
concentrations in drinking water. The high township pair (high townships; Tanglou
and Mengzuan in Pei County) had median iodine concentrations in drinking water of
about 1000 (xg/L, while the low township pair (low townships; Zhaozuan in Feng
County andHuxiinPeiCounty) of about400|ig/L.
Studypopulation
Schoolchildren aged 8-10 years attending the central elementary school in each
townshipwerechosenrandomly for measurement ofurinary iodineexcretion, thyroid
size, and the serum concentration of thyroid hormones over a one-year period.
Measurements of thyroid size, thyroid hormones, and the concentration of iodine in
urine and in drinking water wereperformed blind. Research protocols were explained
carefully to all participants who agreed to participate voluntarily. Research protocols
including ethical clearance were approved by the Scientific Research Committee of
Jiangsu Provincial Center for Disease Control and Prevention.
Interventions
In each pair of townships, one was chosen for intervention and the other as a
control. Intervention was carried out in Tanglou and Mengzuan, which are thus
referred to as "high-intervention township" and "low-intervention township"
respectively. There was no intervention in Zhaozuan and Huxi, which are thus
referred toas "high-control township"and "low-control township"respectively. Deep
wells were dug in the two intervention townships with the aim of reducing iodine
content in drinking water to approximately 100 |Xg/L. Impermeable materials were
used during construction of wells to ensure stability of iodine concentrations in
drinking waterduringthestudyperiod.
Iodineconcentration indrinkingwater
At least three water samples from different parts of water supply system (1 from
source of water, and 2 from household outlets) were collected before, 2 weeks after
the study began and every month thereafter in both intervention and control
townships. Water iodine concentrations were determined using Barker's modified
incineration techniquebased oncatalyticreduction ofeerieionbyarsenate salt(9).
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Thyroidsize
Thyroid size was assessed among 150 randomly selected schoolchildren in each
township by experienced physicians both by palpation (10) and using real-time
ultrasonography at baseline and 2 weeks, 1, 3, 6, 9, 12 months after baseline.
Longitudinal and transverse scans were performed using portable ultrasound
equipment with a7.5 MHzlinear arraytransducer (AKHO,Inc,Canada),allowingthe
measurement of depth (d), width (w) and length (1)of each lobe in millimeters. The
volume of each lobe wascalculated bythe formula: volume (mL)= 0.479xdxwxlxl"3
andthe thyroid volume estimated as the sum ofboth lobes (11). Thyroid volume was
classified asnormal orabnormalusingtheage-specific thyroidvolumereference (12).
Estimation of sample size was based on the following assumptions: thyroid
volumes are normally distributed; reduction in thyroid volume in both intervention
townships of 1.4 + 0.82 mL; and no change in thyroid volume in the control
townships.Thefollowing equationwasused(13):
O, +CT,

^ < z » + z»> ( « . - « , , •
where (Z2a +Zp) is 7.9 if a = 0.05, (3= 0.80, <5\ and Gz are standard deviations for
intervention and control townships, 8i and 82 are the mean reductions of thyroid
volumeinintervention and control townships (expected tobezero),the sample sizeis
estimated to be 43 for each group. Thus the sample size chosen of 150per township
wasregardedtobe sufficient.
Iodineconcentration in urine
Casual urine samples were collected from all children for thyroid size estimation
ineach township atbaseline and 2weeks and 1,3,6, 9and 12months after baseline.
Standardized acid digestion method was used for detection of iodine (14). All
sampling bottles wereprocessed with mineral acidprior to sample collection to avoid
any possible iodine contamination. Sample sizewasestimated based on the following
equation(15):
2{ol+a22)

xt/

„,

2(<T,2+C722)

2
N=M(a,/5)-^-5
-f= M(a,P)
(Hr+H2)2
[ln(Y u /Y 12 )-ln(Y 21 /Y 22 )r
where Yn and Y2i, Y12 and Y22 are individual urinary iodine concentrations at
baseline and at the end of study for the intervention and control townships
respectively; Oi and 02 are the standard deviations of differences of urinary iodine

concentration between baseline and the end of study. Given a = 0.05, (i = 0.80 and
assuming that atbaseline, urinary iodine concentrations willbe 1400|ig/L inthehigh
township pair and reduce to 200 |Xg/L at the end of study in the high-intervention
township,urinaryiodineconcentration willbe 800itg/Linthelowtownshippair and
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reduce to 200 ug/L in the low-intervention township, sample size will be 25 and 21
per township for the high- and low-township pair respectively. The sample size
chosenof 150pertownshipwasregardedtobe sufficient.
Thyroidfunctions
Blood samples (n = 25) were obtained at baseline and 12 months after
intervention in each of the four townships from apparently healthy schoolchildren
without any overt thyroid abnormalities. Sera were stored at -20 °C until analysis.
Reagents for measurement of total T4 (RIA) and total T3 (RIA) and sTSH (IRMA)
were from commercial sources (Diagnostic Product Corporation, Tianjin, China).
Reference ranges for T4, T3 and sTSH were 6-12 u.g/dL, 1.2-3.4 nmol/L and 0.3-5
uIU/mL,respectively.Thesensitivityfor sTSHwas0.03 uIU/mL.
Dataanalysis
All data were double entered using Epi Info's validate duplicate entry module.
Data were analyzed with Epi Info 6.04b (CDC, Atlanta, GA, USA) and SAS 6.12
(SAS Institute, Cary, NC, USA).Medians were used to describe the central tendency
of iodine concentrations in urine and in drinking water. The Kruskal-Wallis method
was used to test the differences inranking of iodine concentrations in drinking water
and inurine.One wayANOVA was applied for comparison of mean thyroid volume,
mean heightandweight. Chisquaretestwasusedtocompareprevalence ofgoiter and
the proportion of children with high or low thyroid hormone concentrations before
andafter intervention withineachpairandbetweenpairs.
Results
Descriptionofthestudypopulationatbaseline
The four townships did not differ at baseline in mean age, sex proportion, mean
height and mean weight (Table 1).Prevalence of goiter by palpation and ultrasound,
iodineconcentrations indrinking water andinurine were similar within each pair,but
differed between pairs. Thyroid volume was similar among the four townships. Girls
tended to have larger thyroid volumes than boys (4.59 mL vs 4.45mL; P > 0.2).
Serum concentrations of TSH, T3 and T4 values were not different statistically
betweenpairs and within each pair except the high township pair had lower serumT3
concentration thanthelowtownshippair(1.22vsl.44,P=0.02).
Iodineconcentration indrinkingwater
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A total of 1679 samples of drinking water were collected (Fig. 1). At baseline,
wateriodineconcentrations differed between pairs (P< 0.01), but didnot within each
pair (P> 0.05).Beginning at2weeks after baseline,iodine concentrations in drinking
water dropped substantially to around 100(Xg/Land remained relatively stable within
the range of 82-165 u.g/Lin the two intervention townships. Iodine concentrations in
thecontroltownships didnotchangeduringthestudyperiod, ranging from 395to501
(Xg/Landfrom 978to 1102ug/Lfor low-andhigh-control townships respectively.
1200

S
a
©
800

o
0>

400

Timeoffollow-up
Fig.lMedianiodineconcentrationsindrinkingwateroverthestudyperiod(N=1679). Highinterventionandhigh-controltownshipsarethehightownshippairwithiodineconcentrations
ofaround 1000ug/Lwhilelow-interventionandlow-controltownshipsinthelowtownship
pairhaveiodineconcentrationsofabout400Ug/L.
Iodineconcentration in urine
Median urinary iodine concentrations in the four townships are shown in Fig.2.
At baseline, iodine concentrations in urine among schoolchildren differed between
pairs(P< 0.01),beingabout 800|Ag/Lfor thelowtownships and around 1300|J.g/Lin
the high townships. Median iodine concentrations in urine in the intervention
townships were significantly decreased 2 weeks after the intervention began
compared with those in the control townships (P < 0.01), as were iodine
concentrations in drinking water. After 2 weeks, urinary iodine concentrations
remained around 250 |0.g/Lthroughout the whole study period in both high- and lowintervention townships. For the control townships, iodine concentrations in urine
remained at their initial high levels with few changes. Boys tended to have higher
median urinary iodine concentrations than girls at baseline and at each follow-up
measurement (P>0.05;datanotshown).
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High-interventiontownship
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9mo

12mo

Time of follow-up

Fig.2Medianiodineconcentrationsinurineoverthestudyperiod(N=4205).
Thyroidsize
At baseline, prevalence ofgoiter measured bypalpation foreach townshipwas
different between pairs but not within each pair. Inthe control townships, prevalence
of goiter measured both by palpation and ultrasonography at each follow-up
measurement didnotdiffer from baseline values (P >0.2), except that inthehighcontrol township prevalence of goiter measured by palpation waslower than the
baseline value atthe end ofstudy (P<0.05) (Fig. 3). Inthe intervention townships,
prevalencesofgoitermeasuredbyultrasound decreased significantly at3months (P<
0.01) while those measured bypalpation shown difference at9months (P< 0.05).In
the intervention townships, mean thyroid volume, observed after 3-month follow-up,
was already significantly lower than at baseline (P <0.01) with 32.7% and 48.5%
reduction forthe high- and low-intervention townships respectively (Fig. 3). After 3
months, there was little further change in thyroid volume in the intervention
townships while in the control townships thyroid volume remained enlarged
throughoutthe study.Theprevalenceofgoiteringirlstendedtobehigherthan thatin
boys(P> 0.05;datanotshown).
Thyroidhormones
Over the one-year intervention period, a reduction of 0.42 LiIU/mL in serum
concentration of TSHwas observed in the high-intervention township, which is
significantly greater (P=0.003) than that (0.02 LiIU/mL)inthe high-control township
(Table2).Alsothereduction inTSH waslargerinthelow-intervention township than
inthelow-controltownship (0.48vs0.04|AlU/mL,P= 0.002).Atbaseline,highTSH
81
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High townships

!20
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Time of follow-up
Fig.3Thyroid volume andgoiterprevalence intownships withinitially moderately and highly
excessiveiodine indrinking water. Solid lines andcircles refer tothecontrol townships while
openlinesandcirclesrefer totheinterventiontownships.Fordescription ofintervention, see
text.
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values were more common in the high township pair than in the low township pair
(28.6% vs 12.8%,P= 0.057).After intervention, theproportion of children with high
TSH values was reduced from 47.1%to 8.7% (P =0.033) in the high-intervention
township with a 81.5% reduction, which is relatively more (P < 0.0001) than the
reduction (5.3%) observed in the high-control township. Similarly, the reduction in
the proportion of children with high TSH values was higher in the low-intervention
townshipthanthatinthelow-controltownship (70.5%vs5.0%;P<0.0001).
Serum concentrations ofT3 werehigher inthelowtownshippairthaninthehigh
townshippair (1.44vs 1.22, P = 0.02) atthebeginning.Elevated concentrations ofT3
were observed in the high-intervention township at the end of study, which are
significantly higher than respective values in the high-control township (P = 0.023).
The increase in T3 was not significantly different between the high-intervention and
high-control townships or between the low-intervention and low-control townships.
The high township pair had a higher proportion of lower T3 values than the low
township pair (78.0% vs 56.3%, P =0.02 at baseline, 74.0% vs 41.2%, P = 0.0009
after 12months).
Changes of T4 values were not significant among townships, between baseline
and at the end of the intervention, nor was the increase in T4 over the intervention
periodwithineachpair(P<0.05).
Discussion
The present study clearly shows that enlarged thyroid volumes, elevated serum
concentrations of TSH and elevated urinary iodine concentrations decreased
significantly in response to reduction in iodine intake from drinking water. Urinary
iodineconcentrations dropped dramatically after reducing the concentration of iodine
in drinking water. This prompt response in the intervention townships and lack of
response in the control townships implies that the high iodine concentration in
drinking water was responsible for the high iodine intake, as reflected in urinary
iodineconcentrations. Thyroid gland volumedecreased by 30-50%three months after
theintervention commenced. This confirms the hypotheses arising from our previous
studies (6,7)thatendemic goiterin this areaisdue toiodineexcess rather than iodine
deficiency.
Although there was a marked reduction in thyroid volume measured by
ultrasound, thereduction took 3months which iscontrast totheprompt decline inthe
concentrations of iodine in urine. In iodine deficiency, it takes even longer for
enlarged thyroids to reduce to normal size after iodine intake becomes normal (1618).This difference may be attributable to the different mechanisms by which iodine
excess and iodine deficiency produce goiter. For iodide goiter, the follicles are filled
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with colloid and the epithelial cells are flattened (3, 19, 20), while for goiter due to
iodine deficiency, more pathological changes are found, where parenchymal cells are
abundant, follicular epithelial cells are thicker with papillary infolding and there is
verylittlecolloid (21).
Limited experimental studies (8,22,23) on iodine excess have indicated that the
extent and length of exposure to excessive iodine may be among those factors to
affect the speed of normalization of thyroid volume,andof reduction inprevalenceof
goiter. Two similar studies have been carried out in China previously in which only
goiter prevalence by palpation wasmeasured (22, 23).In one study (22),the level of
iodineindrinkingwaterwasreduced from 801|J.g/Lto123u.g/Land theprevalenceof
goiter wasreduced from 35%prior tothe intervention to 23%, 20% and 18%after 1,
2 and 3 years respectively. In the other study (23), the level of iodine in drinking
water was reduced from 559 (Xg/L to 44 ug/L and the prevalence of goiter was
reduced from 29%to 15%within 3months. In an experimental study in Japan (8) in
which subjects received 27mgiodine asiodized lecithin for 4weeks,thyroid volume
reduced tonormal onemonth after iodineintakereturned tonormal.
When thyroid volumes decline, it would be expected that prevalence of goiter
would decline to the same extent. However, while most enlarged thyroids were
reduced in volume in response to the decreased iodine intake, the thyroids of some
subjects remained large or were reduced in size but remained abnormal based on the
age-specific thyroid volume reference (12). There appears to be marked individual
sensitivity, implying pre-existing underlying thyroid abnormalities in those subjects.
Thisisconsistentwith other studies (8,22)indicatingpersistence of large goiters for a
prolonged period of time after normalization of iodine intake. Fine needle biopsy of
these large goiters would be necessary to explore the pathological or histological
alterations of thyroid gland.
There is a substantial difference in prevalence of goiter measured by palpation
andbyultrasound. Possible reasons could be that iodide goiter is firm and consistent,
which may lead to an overestimate of the true prevalence by palpation. Another
explanation could be that the Chinese age-specific thyroid volume reference is too
high so that estimates of goiter prevalence were lower than those obtained by
palpation. Thedifference by the two methods became even larger when the reference
value based on body surface area (11) was applied to this population (data not
shown).Thereisaneedfor further standardization of thyroid volumebyultrasoundin
areaswithdifferent iodineintakes.
As the reduction in thyroid size lags behind the reduction in urinary iodine
concentration, it is important not just to measure thyroid size but also other
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parameters when monitoring changes due to the iodine supply or to other
interventions which mayaffect iodine status ofthepopulation.
Thyroid function in the population living in these four townships appeared to be
perturbed, as evidenced by the high proportion of children with elevated serum TSH
concentrations. Other reports (24-29) on iodine excess have found similar results. At
the end of this study, when intakes of iodine were normal for one year, decreased
mean serum TSH concentration and theproportion of children with high TSHlevels,
and increased serum concentrations of T3 were observed in the intervention
townships.Itcanbereasonably inferred thatperturbed thyroid function could possibly
bereversed if exposuretoexcessive iodineceases.
High TSH values are observed in some individuals when iodine intake had been
normal for one year. This is consistent with the results from another study (22) in
China, which did not find any decrease in serum TSH concentration after a high
iodine intake had been reduced for 2 years. This is contrast to the study in Japan
referred above in which the subjects were exposed acutely to excess iodine. The
elevated TSH levels returned to normal within a month after cessation of the excess
iodide supply (8). It may even take longer for biochemical and pathological
dysfunctional thyroid glands to become normal in those members of the population
chronically exposed toexcess iodineas were the subjects described inthis study. Our
findings seem to support those of Tajiri et al (30) who described an irreversible type
ofhypothyroidism not sensitivetoiodinerestriction.
Upuntil now, there isnoagreed definition of iodineexcess. Ourprevious studies
(6, 31)ledustosetthemaximum allowableconcentration inurineat800[igfL.Inthis
study, the proportion of children with high serum TSH concentrations in the high
township pair was higher than the low township pair but similar to that in another
study (28)wheremean urinary iodineconcentrations were 1104+ 1914(Xg/dL.Inthis
study, thyroid volume values were not different between two pairs at baseline.
Reduction in thyroid volume observed in two intervention townships was not
statistically significant between pairs. It appears to support a threshold of maximum
allowable concentration for iodine excess below 830 ug/L in urine or 400 |Xg/L in
drinkingwater.
Inconclusion,asiodineconcentration indrinking waterdecreasesfrom excessive
levels, there is a prompt reduction in iodine intake as reflected in urinary iodine
concentration. It took three months for the volume of thyroid glands to become
normal after iodine intake was normalized. Thyroid function became normal in most
but not all subjects as indicated by the reduction of mean serum TSH concentration
and the decrease in the proportion of children with high TSH values. Based on the
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evidence in this study, a maximum allowable concentration of iodine lies below 830
|ig/Linurineor400 u.g/Lindrinking water.
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Abstract
Objective: thepurpose ofthistrialwastocompare threedifferent iodineinterventions.
Design:School children aged 8-10 years were randomized into one of three groups:
groupAwasprovided withiodized saltbyresearchers with aniodineconcentration of
25ppm; group Bpurchased iodized salt from the market; and group Cwas similar to
group B with the exception that they were given iodized oil capsules containing 400
mgiodine at the beginning of the study. Salt iodine content was measured bimonthly
for 18months and indicators of iodinedeficiency were measured atbaseline and 6,9,
12and 18months after randomization.
Results: The prevalence of abnormal thyroid volumes, based on the World Health
Organization (WHO) body surface area reference >97th percentile, was 18% at
baseline anddeclined tolessthan 5%by 12monthingroups AandC,and to9% after
18 months in group B. Results for goitre by palpation were similar. The median
urinary iodine was 94 ug/L at baseline and increased in all groups to > 200 ug/L at
the6-month follow-up.
Conclusions:In this population of school children with initially a low to moderate
level of iodine deficiency, the group receiving salt with 25 ppm (group A) was not
iodine deficient onallindicators after 18months of study.When the iodine contentof
the salt varied, such as in group B,by 18months thyroid sizes had not yet achieved
normal status.
Key words: Iodine deficiency disorders, Randomized trial, Intervention, Iodized salt,
Iodized oil,Goitre,Thyroid volume
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Iodine deficiency is the leading preventable cause of brain damage and mental
retardation worldwide1. The consequences of iodine deficiency, collectively referred
to as iodine deficiency disorders (IDD), include cretinism, mental retardation, goitre,
abortion, stillbirths, congenital anomalies and low birth weight2. In 1990 it was
estimated that 655 million people worldwide had goitre and 1.6 billion are at risk of
IDD1. The elimination of IDDby the year 2000 wasdetermined tobe a global public
health priority at 'World Summit for Children' in 19903. Over this decade, the
elimination of iodine deficiency through national salt iodization programs has been a
global development priority. Most national programs use the prevalence of goitre in
schoolchildrenastheirmain indicatortoevaluateprogram success.Theprevalenceof
goitre has not declined as rapidly as expected in some areas and sometimes it is
inconsistent withurinaryiodineresults.
IDD is a significant public health problem in China1. A national survey in 1995
found the prevalence of goitre among school children to be >10% in 27 of 30
provinces4. The present study was performed in Jiangsu Province which was
classified in 1995 as having a mild level of IDD5 according to
WHO/UNICEF/ICCIDD criteria with a total goitre rate (TGR) in school children of
17%andmedianurinaryiodinelevelsof 85 Hg/L.
The primary intervention used to prevent IDD has been the iodization of salt,
which has been associated with the successful elimination of IDD in a number of
countries6.Currently itisrecommended that saltbe iodized intherange of 20-40ppm
at the point of production in order to assure that median urinary iodine levels are in
the 100-200 H-g/L range. UNICEF estimates that nearly 60% of all edible salt in the
world is currently iodized8. If iodized salt is not available in an iodine-deficient area,
iodized oil capsules are frequently distributed. An oral dose of 400 mg iodized oil
maymaintain amedianlevelof iodineintheurineof>100|Xg/Lfor 12months9'10.
Following the introduction of iodized salt into iodine deficient population, there
hasbeenlittleinformation onhow longit takes for thyroids, whichincrease in sizeas
a consequence of the deficiency, to return to normal size. The importance of this
question is because the prevalence of goitre and abnormal thyroid volumes in school
children are used as an indicator of the magnitude of IDD. Many countries are now
observing a persistence of goitre in school children despite apparent successful
implementation of near universal iodized salt consumption. This randomized clinical
trial wasperformed to determine the impact of iodized salt and iodized oil on thyroid
size and urinary iodine in school children in aremote population during an 18-month
period.
Methods
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Studypopulation
This study was performed on Baguanzhou Island, Jiangsu Province, China. This
island, located on the Yangzi River with a ferry connection to the mainland, has a
population of 30,000andcovers an areaof approximately 47.8km2.Agriculture isthe
principal occupation and the most foods consumed are grown locally. Prior to the
present study there were no data on the iodine status of the population nor had an
iodine prophylaxis program been initiated on this island. Salt distributed in the area
hadnotbeeniodizedpriortothepresentstudy.
Sample size was estimated based on the following conditions: the prevalence of
goitre or abnormal thyroid volume at baseline would be 25% and after 18 months,
wouldbe5%;analphavalue of 0.05;andapower of 80%.Given these conditions,60
children ineach groupwouldberequired.The sample sizewasincreased to allow for
loss to follow-up and because the prevalence at baseline was not known with
accuracy.
Households of pupils in grades 2-4 in Baguanzhou Elementary School were
invitedtoparticipatevoluntarily inthestudy.Pupils whowerelessthan 8yearsof age
wereexcluded from thestudy.
Interventionandoutcomemeasures
Pupils were allocated into one of three groups using systematic block
randomization based on age and sex (Fig. 1):pupils in group A were provided with
iodized salt specifically produced tocontain 25ppm (42.25 gof potassium iodate per
kilogram of salt). Homogeneity, consistency and precise iodine concentration of the
salt were achieved by thorough mixing and close laboratory monitoring. Every 2
months,researchers distributed the iodized salt to their households immediately after
production and collected salt left over from the previous distribution. Pupils in group
Bpurchased commercially available saltinthemarket.PupilsingroupCwere similar
to group Bexcept that they receive four capsules of iodized oil, each containing 100
mgiodine, at the start of the study. The iodized oil used in this trial was provided by
Wuhan Fourth Pharmaceuticals Factory (Wuhan, China), in which iodine was bound
to unsaturated fatty acids from poppy seed oil11. All salt used for the study, both the
specifically prepared salt for group A and the salt commercially available in the
market, was suppliedbyoneproducer (Xiaguan SaltCompany,Nanjing, China).
Thethreepopulations were followed for 18months. Salt samples were tested for
their iodine content using the titration method described by Sullivan et al.12. Starting
atthesecondmonthof thestudy,every 2monthsuntiltheend of study,pupils brought
salt samples from their homes for iodine detection. At baseline and 6, 9, 12 and 18
months after randomization, palpation and thyroid ultrasonography were performed
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and height, weight and urine samples were obtained. Thyroid volume was measured
using real-time ultrasonography, which was performed by one experienced physician
using portable ultrasound equipment with a 7.5 M H z linear array transducer ( A K H O ,
Inc, Canada). Longitudinal and transverse scans were performed allowing the
measurement of the depth (d), the width (w) and the length (1) of each lobe in
centimeters. The volume of each lobe was calculated by the formula: volume
(ml)=0.479xdxwxl and the thyroid volume estimated as the sum of both lobes.
Thyroid volume was classified as normal or abnormal using the thyroid volume for
body surface area (BSA) reference described by Delange et al. 13 . B S A was calculated
by using the formula: B S A (m 2 )=W 0 4 2 5 xfl 0 7 2 5 x71.84xl0" 4 where W is the child's
weight in kilograms and H is the child's height in centimeters 1 4 . The prevalence of
abnormal thyroid volume (ATV) was calculated as the number of children with a
volume above the upper limit (>97 t h percentile) divided by the total number of
children measured.

Fig. 1 Trial profile
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Casualurine samples werecollected usingbottles processed withheavy acids and
washed with demineralized water several times before collecting urine samples to
avoid contamination. The urinary iodine concentrations were analyzed within 24
hours using a modified acid-digestion method in the Jiangsu Province iodine
laboratory15, which is under regular quality control by the Chinese National Institute
of IDD.Urinaryiodineanalysis of6blind quality assurance samples atthreelevelsby
the Jiangsu Province laboratory did not demonstrate bias compared to the true values
(P = 0.14). The precision of these determinations is 2.4%. (Laboratory quality
assuranceresultscanbefound inthe Appendix.)
All laboratory tests (salt titration and urinary iodine analyses) and thyroid size
determinations (palpation and ultrasonography) were performed without knowledge
intowhich groupthepupilshadbeen randomized.

Dataanalysis
Criteria byWHO/UNICEF/ICCIDD were used to classify the severity of IDD in
the population16. For thyroid volumes and goitre, the classification is based on the
prevalence of the condition: mild, 5-19.9%; moderate, 20-29.9%; and severe, >30%.
Forthemedian urinaryiodine,theclassification is:mild,50-99 Hg/L;moderate, 20-49
|0.g/L;severe,<20 ug/L.
Data were analyzed with Epi Info 6.04 and SAS 6.12. Confidence intervals for
median values were calculated as described by Campbell and Gardner17. Confidence
intervals for theprevalence of ATVandTGRarebased onthe exactbinomial method.
The differences in ranking of the urinary iodine distributions were tested using the
Kruskal-Wallis method. Chi-square tests were applied to compare the TGR and the
prevalence of ATVovertimeamonggroups.
Results
Of the 220 pupils enrolled in grade 2-4, 205 were 8-10 years of age and were
randomized into one of three groups (Fig. 1). All households agreed to voluntarily
participate in the study and there were no withdrawals during the 18-month study
period. The number of urinary iodine results available varied at each follow-up visit,
from 130 (63%) to 149 (73%) out of the 205 pupils followed. The three groups did
not differ in age, sex, weight, height, BSA, TGR, prevalence of ATV, or median
urinaryiodineatbaseline (Table 1).Approximately half of thepupilsweremale,TGR
was 27%, the prevalence of ATV 18%, and the median urinary iodine in all three
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groups was <100 u.g/L.Using theWHO/UNICEMCCIDDclassifications16, theTGR
would classify the area as having a moderate level of IDD, and the levels of
prevalence of ATV and median urinary iodine would classify the area as having a
mild levelofIDD.
Table 1Comparison of general variables among three groups at the beginning of the
study
GroupB
GroupC Pvalue*
Variables
GroupA
Number ofpupils
23
22
23
aged8years
aged 9years
23
24
22
aged 10years
23
22
23
0.996
total
69
68
68
50.0
0.995
Sex:male (%)
50.7
50.0
Weight (mean,kg)
28.0
28.1
28.0
0.990
Height(mean,cm)
129.3
129.1
129.2
0.983
Body surface area(mean,m2)
1.002
1.004
1.003 0.959
Totalgoitrerate(%)
26.1
26.5
26.5
0.998
Prevalenceof abnormal
17.4
17.7
17.7
0.999
thyroidvolume(%)
Medianurinaryiodine(|ig/L)
92.4
95.0
94.2
0.828
*Chi-squaretestwasusedfor comparisonfor proportion of age,sex,total goitrerateandthe
prevalenceofabnormalthyroidvolume.
One-way ANOVAwas used for comparison for the mean weight, mean height, meanbody
surfaceareaandmeanthyroidvolume.
TheRruskal-Wallismethodwasusedtocomparethemedianurinaryiodineconcentration.
The salt iodine content in group Awas stable with mean values ranging from 24
to 28ppm during the study period. For groups B and C, the iodine concentrations in
the saltvaried,withmeanvaluesfrom 13 to47ppm(Fig.2).No significant difference
inmean salt iodineconcentrations wasfound between groups BandC(P> 0.05),but
themean salt iodinecontent in groupAdiffered significantly from groupsBand C(P
<0.01). Atbaseline allthree groups had amedian urinary iodine <100 (Ig/Land atall
subsequent visits the urinary iodine was >200 u.g/L with one exception (Fig. 2). In
group B the urinary iodine fell below 100 ug/L at the 12-month follow-up, which
corresponds to thetime when the iodine content of the market salt fell below 16ppm
(months 10,and 12).After the iodinecontent of the market saltremained >23ppm at
months 14-18,themedianurinaryiodinelevelincreased ingroupB.Whentheiodine
content of the market salt was>25ppm, group Bhad a higher median urinary iodine
level than group A; when the iodine content of the market salt fell below 25 ppm,
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Fig. 2 Iodine content of salt, median urinary iodine levels, total goitre rate and the
prevalence of abnormal thyroid volumebygroupovertime.Error bars represent95%
confidence intervals.
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group A had higher urinary iodine level than group B. As would be expected, the
medianurinary iodine atmonth 6wasthe greatest inpupils whoreceived the iodized
oil capsules. Significant differences in median urinary iodine levels were found
amongthethreegroups(P<0.001) at6,9, 12,and 18months.
In all three groups, the prevalence of ATV and TGR declined during the study
period (Fig. 2). By the 12th month, groups A and C had a prevalence of ATV<5%,
and aTGR near 5%by the 18th month. For group B,theprevalence of ATV declined
similarly to groups A and C until between months 9 and 12, where there was little
decline. Thiscorresponds tothe same time when the iodine content of the market salt
fell below 16ppm.
98

.Randomizedtrialforiodinedeficiency inchildren

Discussion
Based on the results in group A, one of the main findings in this study was that
consumption of salt with a uniform iodine content of 25 ppm maintained a urinary
iodinelevel >100(ig/Landreduced thyroid sizestonormal levels after 12-18months.
Inapopulation wherethe saltiodineconcentration isnot consistently maintained toat
least20ppminthehousehold, itmaytakelongerfor thyroid sizestoreturn tonormal,
as with group B. The latter situation is more likely to be found in the real world, as
many salt producers have not established stringent quality assurance to guarantee a
uniform and standard concentration of iodine at the household level. In group C, the
addition of iodized oil capsules as well as iodized salt from the market gave similar
beneficial results to those seen in group A after 12-18 months. In populations with
severe levelof IDD,it is likely that theprevalence of ATVandTGR may take longer
tobecomenormal.
In the study population, the severity of IDD based on the WHO/UNICEF/
ICCIDD criteriafor urinaryiodine,goitre andATVindicated amild ormoderate level
of IDDpriortointervention16. Sixmonthsafter initiation of the study,for groupAthe
urinary iodine values indicated no IDD whereas goitre and thyroid ultrasound still
indicated a mild to moderate level of IDD. It is biologically plausible that as the
iodineintake increases,this willbereflected within daysintheexcretion of urine,but
it takes months, and perhaps years, for thyroid size to return to normal, at least in an
initially mildly to moderately deficient population. After 18months,in groups A and
C, allthree IDDindicators werein agreement inindicatingnoIDD. In group B, after
18months the urinary iodine indicated no IDD while the TGR and the prevalence of
ATVindicated mildIDD.When thereareinconsistenciesbetween different indicators
of IDD,where frequently urinary iodine is normalbut thyroid size indicates IDD,this
maybeduetoaninadequate amount oftime allowedfor thepopulation toattain alow
prevalence of goitre after initiation of the intervention. Another possible explanation
for differences between indicators could be the accuracy of urinary iodine analyses
andtheassessment of thyroid size.
Aconcern withthe introduction of iodized salt intopopulations with moderate to
severe levels of IDD is the potential for the occurrence of iodine-induced
hyperthyroidism (IIH) 18. Tominimize the potential of HH,it has been recommended
that the iodine content of salt be set at the minimal level to result in median urinary
iodinelevels inthe 100-200 ug/Lrange.In group A,it appears that theiodine content
of the salt couldbedecreased slightly while stillensuring iodine sufficiency. In group
B, the iodine content of the salt varied widely during the study period indicating
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potentially poorqualitycontrolbytheproducer.Whentheiodinecontent of the saltin
the household in group B was >38 ppm the urinary iodine levels were much higher
than 200 u.g/L,andwhen theiodinecontent was <15ppmtheurinary iodinelevel fell
below 100|j.g/L.
Because of the limited sample size, the power to detect some difference between
groups wasnothigh.Whiletheconfidence intervals aroundthe saltiodinecontent and
urinary iodine levels were relatively narrow, the confidence intervals around the
prevalence of ATVandTGRwerewide.
Atbaseline, themedian urinary iodinelevel andATVindicated 'mild' IDDwhile
the TGR indicated 'moderate' IDD. The WHO/UNICEF/ICCTDD cut-offs are not
exact, the slight discrepancies may be expected. Other possible explanations for the
slight differences include that the individual performing the palpation may have
overestimated the prevalence or that the urinary iodine results may be higher than in
other laboratories. Concerning the comparison of ATV and TGR, the WHO thyroid
volume for BSA reference is relatively new and, as of this writing, there was no
published literature comparingthesetwomethods.
Compared togroupB,theurinaryiodine concentration in groupCwas about450
Hg/L higher, which is consistent with results of studies using the same iodized oil
capsules11, and remained higher until 12 months. This indicates that oral
administration of 400 mg of iodized oil can be effective for the first 12months.This
result is similar to a number of studies 9' 10,19~21, and in contrast with others22'23. A
literature review failed to find any studies reporting the simultaneous effects of
iodized salt and iodized oil.The raised median urinary iodine concentration in group
Cinthefirst 12monthscouldbethecombined effects ofiodized oilandiodized salt.
Itisrecommended that all salt for human and animal consumption be adequately
iodized to eliminate IDD. The iodine content of the salt should ideally result in
urinary iodine levels in the 100-200 \ig/L level7. In may situations this requires
iodizing the salt between 20 and 40 ppm at the factory. The exact level at which to
iodize salt depends on anumber of factors, including the amount of iodine from other
sources, the average salt consumption per person per day, the methods used to add
iodine to salt, and other factors that lead to iodine loss between production and
consumption. It is important for salt producers and public health officials to work
together to ensure that iodized salt is produced with high and consistent quality and
that its impact on the production is monitored to ensure that iodine intake of the
populationisneithertoolownortoohigh.
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Appendix
Allqualityassurance specimensweretestedthreetimeswiththeresults shownbelow.
No.
of Truevalue (Hg/L) Mean ofmeasured values(\igfL)*
Specimen
1
2
3
11
12
13

76.3
153.9
296.3
89.4
133.0
184.9

79.4(78.9,79.7,79.6)
159.1(157.6, 158.6,161.2)
294.4(295.4,296.8,300.1)
91.1(89.8,91.6,92.0)
132.7(131.9, 132.8, 133.4)
192.7(193.6,191.4,193.1)

•Numbersinparentheses aremeasured values
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Abstract
To assess the iodine-deficiency disorder status in nine counties of Jiangsu Province,
China, where salt iodization was initiated in 1985,a special verification survey was
conducted in 1997 by a provincial multisectoral team. Results obtained by regular
monitoring of counties indicated that the goiter rate in schoolchildren had
progressively decreased from 41.9% in 1983 to 3.9% in 1997, while the median
urinary iodine concentrations of the population had remained above 100 ug/L since
1985.More than 90%of the edible salt supplied to households had been iodized at>
20 mg I/kg during the previous five years. The data obtained by the provincial
verification confirmed the county findings of > 90% adequate iodized salt in
households, < 5% goiter rate in schoolchildren, and adequate urinary iodine
excretions. The provincial team also considered the established mechanisms for salt
iodization and supply and iodine information management potentially sustainable.
The high variability of the iodine content of household salt indicates that improved
qualityassurance ofiodized saltatproduction andcontinued monitoring of population
iodineindicators areneeded.
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Introduction
Iodine deficiency is the leading cause of preventable intellectual deficit worldwide,
with 1.6 billion people globally at risk [1]. The prevention of iodine-deficiency
disorders received a major impetus at the 1990 United Nations Global Summit for
Children from the call by world leaders for its virtual elimination by the year 2000
[2]. Following recommended policy [3], salt iodization has been started in many
countries, and almost all have passed legislation to assure its implementation.
UNICEF estimates that by 1997 nearly 60% of all the edible salt produced in the
worldwasiodized[4].
In Jiangsu, a province in China with 70 million inhabitants, endemic goiter and
mental retardation have long been recognized as a public health problem. Provincial
surveys of iodine-deficiency indicators during the early 1980s showed an average
prevalenceof goiterof 25.5% among7-to 14-year-old schoolchildren, amean urinary
iodine concentration in the population of 76 ug/L, and an average drinking water
iodine content of 6.6 |ig/L [5]. Nine of the 75 counties of the province, Gaoqun,
Jiangning, Jiangpu, Jintan, Jurong, Lishui, Liyang, Luhe, and Xuyi, were most
severelyaffected, withanoveralltotalgoiterprevalenceof41.9%inschoolchildren in
1983. In 1985, before its introduction throughout the province, salt iodization was
initiated inthesecounties,andby 1997thepolicyhadbeen inplacefor morethan 10
years.
Since 1993, when the Chinese government proclaimed the national goal of
elimination of iodine-deficiency disorders by the year 2000, a substantial amount of
human and financial resources has been mobilized throughout the country. Universal
salt iodization, requiring 50 mg I/kg salt at production, was started in Jiangsu
Province in 1995. The supply and quality of iodized salt have been improved
continually by the salt industry, andprovincial data indicate that 90% or more of the
population havehadaccesstoiodized salt since 1996[6].
To follow the progress being made towards elimination of iodine-deficiency
disorders in all the counties of Jiangsu Province, a surveillance system was devised
based on provincial investigation of iodine-deficiency disorder indicators every two
years and continuous monitoring of the iodine content in salt. According to national
guidelines, allcounties collect 25 salt samples for titration monthly from salt factories
and households, and quarterly from retail outlets. Each month the iodine content of
salt samples obtained at the factory, retail, and household levels is checked using
rapidtestkits.
In 1997government officials andmanagement personnel from theprovincial health
andsalt sectorsformed aspecialevaluation teamtoassess the salt andiodine statusof
the population in the nine counties of Jiangsu Province most at risk. The overall aim
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was to determine whether there was sufficient evidence that virtual elimination of
iodine-deficiency disordershadbeen achieved intheseninecounties,based on criteria
recommended by the World Health Organization/UNICEF/International Council for
theControl of Iodine-Deficiency Disorders[7].
Methods
Reviewofexistingdata
Theprovincial teaminspectedthemonitoringrecordsfrom each countyandreviewed
the data on total goiter rates and urinary iodine concentrations among schoolchildren
and saltiodinecontents atsaltfactories, retailers,andhouseholds for theprevious five
years.
Self-evaluation bycounty
County officials divided each township into five areas that served as primary
sampling units. The population of each primary sampling unit was listed
alphabetically, and 30 clusters were selected proportionately to population size [7].
One elementary school was randomly selected per cluster, and in each school, 40
pupils aged 8 to 10 years were selected at random from the attendance roster for
palpation of thyroid size,25 pupils for collection of salt samples brought from home,
and 12pupilsfor casualcollection ofurinesamples.
Verification bytheprovincial team
Each county was divided into five areas of approximately equal size, and two
elementary schools were randomly selected in each area. In each school, 40 pupils
aged 8to 10yearswere selected atrandomfrom the attendance roster for palpationof
thyroid sizeandultrasonography, and 12pupilsfor casual collection ofurine samples.
In each area, 25 pupils were selected to bring a salt sample from home for iodine
titration.
Thyroidsize determination
County health professionals palpated the thyroid gland and classified the grade of
goiter according to the WHO/UNICEF/ICCIDD description [7].For verification, an
experiencedphysician obtained anultrasonogram of thethyroid gland with a portable
ultrasound unit equipped with a 7.5-MHz linear array transducer (AKHO, Canada).
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The depth (d), width (w), and length (1) of each lobe in millimeters were obtained
from longitudinal and transverse scans, and the volume of the lobe was calculated by
theformula [8]:
V (ml)=0.479 x dx wx1 x 1/1,000
The thyroid volume was the sum of the volumes of both lobes without including the
volumeof theisthmus.Thyroid sizewasclassified accordingtoagestandards[10].
Laboratory methods
Urinary iodine was analysed by the acid-digestion method [9].The iodine content in
salt samples was obtained by titration [10]. The urine and salt samples from the
county self-evaluation surveys were analysed in county laboratories, which are
accredited bythe provincial laboratory. Alliodine analyses for the verification survey
weredonebytheprovincial laboratory, which isunderregular quality surveillance by
theChinese Academy of PreventiveMedicinein Beijing and theNational Instituteof
Iodine-Deficiency Disorders in Harbin. Urinary iodine analysis of 18 blind control
samples at three levels by the provincial laboratory did not demonstrate bias
compared with the results from the reference laboratories. The precision of these
determinationswas2.4%.
Dataanalysis
Allfield surveyandlaboratory datawereanalysed withEpiInfo 6.04.Thetotalgoiter
rate according to palpation was calculated as the proportion of pupils with grade 1or
2 goiter. The total goiter rate according to ultrasonography was calculated as the
proportion of pupils with thyroid volume above the age-specific reference [11],
Because of their skewed distributions, the median was used to measure the central
tendencyofurinary iodine concentrations.
A county was declared to be free of iodine-deficiency disorders if > 90% of
households hadaccesstoadequately iodized saltduringthelastfive years;themedian
urinary iodine concentration of thepopulation was above 100ug/L; and a sustainable
mechanism for monitoring salt iodine content and iodine-deficiency disorders has
been established. Forthe purpose of this survey, salt samples from household with an
iodinecontent above20mg/kgwereclassified asadequate.

Results
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Countymonitoringrecords
Figure 1shows the percentage ofhousehold salt samples containing adequate iodine
from 1993 to 1997, obtained from review ofcounty monitoring records. In2of45
possible occurrences (once each in 1993 and1994), theadequacy was below 90%.
Overall, however, ineach county >90% ofthe household salt samples had adequate
iodineaccordingtotitrationduringthefive-year period.
100
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Figure 1Adequacy of iodized saltinhouseholds inninecountiesduring 1993-97.
The results obtained by provincial review ofthe county's urinary iodine and total
goiter monitoring since 1983are shown in Table 1.Themedian urinary iodine
concentrations exceeded 100 |J.g/Linallcounties from 1985 onwards, and the total
goiter rate declined tobelow 20%in 1988-1989, below 10%in1995,and below 5%
in 1997(Figure2).
County self-evaluation
Theself-evaluation resultsobtainedbythecounties arepresented inTable2.Thetotal
goiterrateaccordingtopalpation ranged from 2.4%inLuheto5.1 %inXuyi,andthe
median urinary iodine concentrations were above 250|ig/L in all counties.The
frequency distribution of iodine contents in 6,897 household salt samples analysed by
titration is presented in Figure 3. Almost 60% of salt iodine concentrations were
between 20and40mg/kg,andthelargemajority isbetween 20and70mg/kg.

108

Virtualeliminationofiodine-deficiency disorders

Pi
-O

r-~

a

O
H

00
CN

r-

(N
<N
co

00
V)
CO

<N
00

r^

en

OO
NO
CN

NO

CN

•*

in
Th

00

ON

oo

• *

^H

co

"*'

•

CN

in

NO

O
CN
Ti-

*

ON

3
O

ON

^^

o
<D

g
2
CD

^^
2
Pi

O
in
ON
ON

ON

en
oo

H

o
r^

NO

!D

NO
•

*

ON

r-

oo

CO

V)

^H

*

CO
NO

co

CN

CO

en

en

NO
00

in

• *

• *

ON

NO
00

en

t~

ON

ON

NO

r~

ON

<N

O
CO

CN
NO

^

co

CN
NO
CO

en

in

en
en

CO
in

CN

•*
o

NO

ON

en

CN
<N

*-*
CN

NO

NO
CN

H

ON
60

c

<N
ON
ON

•c
3

Pi

NO

•

o
H

co

>n

S3

m
CN

^
•

i?
o

ON
00
00

H
<u
o
oo

"3

*

<N
co

•

*

•

en
o

_

in

en

rf
CN

TJ-

NO
in

Tr'

CN
in

•<fr

•

•

*

*

CN
CN

("•;

00

CN
in

</5

Pi

Tl

t-

ON

in
00

00
ON

en

ON

NO
l>

NO

00

NO
00

CN

o
H

r-

©
CN

5

00
NO

in

NO

>n

O*

NO
ON

NO

CN

^H

^-H

T-H

r~
>n
en

m

oo

ON

*

ON

*-H

•

*

CN

co
(N

in

CN

CN

i—H

S3
>. >>
^1O•
•
r- OO
T3
00
C3

00
cd

c
<L>

<D
U
T3

t-H

oi
V>
00
ON

IE

o
H

C-;
in
CO

(N
CN
Tf

in
ON

co

ON
ON
CO

CO

<N
O

NO
CN

NO

Pi

11

O
H

t~
co

CO
in

00
ON

•

co

•*
©
-*

P

in
NO

ON
NO

©
00

P

o

in

in

in

,-H'

c-^
en

r^

en

5

ON

en

5

NO
ON

in
in

ON
ON

ON
OO

CN
OO

oo

Tf

ON

in

en

en

•*

,—^

OO
NO

NO

Tf

s

<D

g
2
ro
00

*

•

*

CN
Tt

•

*

fi

•C
3
C
c«

u

r~

ON

NO

•

*

ON
NO

in
NO

flj

OO

B
3

3
CA

c

3
O

U

o

_g

1
a
o

a

e

i

•^

3

.1
°fl

-4—»

>^>

bo
C

1

'3

C3

3

3

2

2o

2
_g

u
C/3
a

T3
(U
u.
3
w
c3

T3
U
kri
3
t«
C3

1

OO

§
03

c

o (5
O
B
2
2
•a
2

ON

'•3 g
"

2
2 2O

<*

ON

s

<u

J3
3

3

•3

X

ID D
03

•d

109

ChapterVII_

Table2. Saltiodineandpopulation indicators of iodine-deficiency disordersinnine
counties ofJiangsuProvince, 1997:Results ofcounties' self-evaluation
County

Gaoqun
Jiangning
Jiangpu
Jintan
Jurong
Lishui
Liyang
Luhe
Xuyi

TGR(%)

Salt iodine
adequacy

UI(ug/L)

n

Palpation

n

Median

Range

n

% adequacy

1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200

2.6
2.8
4.7
4.5
3.8
4.9
4.8
2.4

360
360
360
360
360
360
361
360
360

670
322
358
339
257
318
346
363
420

100-2,500
25-3,881
103-712
60-1,540
65-3,083
130-701
34-2,729
81-801
24-992

750
897
750
750
750
750
750
750
750

94
94
93
94
99
100
100
100
93

5.1

1988-89

1992

year
Figure2.Medianurinary iodineconcentration (UI)andtotalgoiterrate (TGR)in
ninecountiesduring 1983-1997
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ChapterVII
Provincial verification
Table 3showstheresultsobtained bytheprovincial verification team.Thetotal goiter
rateaccording toultrasonography ranged from 3.0% inGaoqun to6.3%inXuyi, with
an average of 3.6%. The urinary iodine concentration of 246 ug/L found in Jurong
was the lowest median value, whereas in the other counties the urinary iodine was
above 250 ^g/L. The proportion of adequate salt iodine level was above 90% in all
counties.

0-9.9

1019.9

2029.9

3039.9

4049.9

5059.9

6069.9

7079.9

8089.9

90- 100+
99.9

Range of salt iodine (mg/kg)

Figure3.Saltiodinecontentsin6,897householdsinninecountiesin1997
Discussion
InJiangsu Province,asinotherareas of Chinaandtheworld,iodization of food-grade
salt is the main measure to prevent the public health consequences of iodine
deficiency. As evident from the prevalence of goiter in more than 25% of the
schoolchildren during surveys in the early 1980s, the proportion did not obtain
sufficient iodine from foods grown indigenously. The low iodine content in drinking
water indicated that the iodine deficit was of environmental origin. It also appeared
that the nine counties presently under review were the most severely affected. If
elimination of iodine-deficiency disordersby saltiodization couldbe accomplished in
thesecounties,itsachievement in otherparts of theprovince, where iodine deficiency
wasmilder,wasconsideredtobelessproblematic.
The combined population of the nine counties is 5 million, and the geography is
hilly andmountainous. Since 1985the salt-iodization efforts bycounties have formed
part of an overall strategy to ameliorate iodine deficiency in the population, and prior
to 1997 oral iodized oil was distributed annually by health workers to high-risk
groups of schoolchildren and women of child-bearing age.Public health surveillance
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of salt iodinelevels and population indicators of iodine-deficiency disorders was also
part oftheprogramme from its inception.
The results from the province- and county-based surveillance system indicated
that nine counties have made progress continuously during the past 12 years in
supplying iodized salt and reducing iodine-deficiency disorders. The median urinary
iodine concentration of the population had remained above 100 u.g/L in each county
since 1985, and the total goiter rate decrease steadily from above 40% in 1983 to
below 5% in 1997. Although the use of iodized oil may have contributed to the
urinary iodine improvement, the extent of its contribution is unknown. From the
observation itisclear,however,thattheuseofiodized oil shouldbe discontinued.
An effort was made in 1997 by county and provincial authorities to verify the
results obtained from surveillance, including thecollection of evidence about whether
iodine-deficiency disorders had been eliminated in these counties. The design
included the collection of salt iodine and population indicators of iodine-deficiency
disorders by county officials, complemented by special independent verification of
the data by a multisectoral provincial team. Overall, the results obtained by the
counties and the provincial team satisfy the criteria recommended by an international
expert group [7].At least 90%of the household salt brought from home for testing at
school by a random selection of schoolchildren had > 20 mg/kg iodine, and the total
goiter rate in schoolchildren according to palpation was 3.9% for all counties
combined. The total goiter rate according to ultrasound was 3.6% on average for all
counties. The true prevalence is probably less, however, because the early study [11]
isnowknown tohaveoverestimated goiter status [12].Itis concluded, therefore, that
iodine-deficiency disorders in the nine counties of Jiangsu have been eliminated asa
publichealthproblem. This meansthattheconsequences of iodinedeficiency, suchas
new cases of endemic cretinism and mental retardation due to iodine deficiency in
utero,areextremely rareornonexistent.
The provincial team concluded from their review of salt production and supply
and iodine information management systems that mechanism of salt iodization,
distribution, and monitoring established in the nine counties was potentially
sustainable. At the same time, it must be understood that the iodine deficiency of the
environment will not be improved by introducing iodine into the food supply. It
should be kept in mind that in some countries, after iodine deficiency had been
controlled, iodine-deficiency disorders re-emerged when governmental, industrial,
and popular support for the programme decreased [13]. It was recommended,
therefore, that the efforts to maintain regular monitoring of iodized salt and
surveillanceof theprevalence ofiodine-deficiency disorders shouldbe continued.
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Salt iodization is a successful measure to eliminate iodine-deficiency disorders,
and since its introduction in 1985, iodized salt has been the main food source of
iodine in these nine counties. As shown in Figure 3,the salt iodine content observed
inhouseholds in 1997wasveryvariable,and40%ofthesampleshadiodine contents
outside the expected range of 20 to 40 mg/kg. This indicates the need to improve
quality assurance at the production sites. Also, although the median urinary iodine
concentrations in the population of the counties were > 250|xg/L, urinary iodine
concentrations above 800 u,g/L or below 100 |ig/L were observed in individuals in
casual samples.Thus,acertainproportion of thepopulation mayhavehad averyhigh
or a very low iodine intake, due to variability in salt intake or iodine content.
Hyperthyroidism from high salt iodine intake has been reported in a number of
countries [14], while on the other hand, low iodine intake may continue to impair
children's normalbraindevelopment. Itis necessary tostrengthen quality assuranceof
saltproduction andreassessthe assumption ofiodineloss during supplytoensure that
theurinaryiodineconcentrations ofthepopulation fall between 100and 200(Xg/L,as
recommended byWHO [15].
The elimination of iodine-deficiency disorders from nine counties in Jiangsu
Province is a small initial success in accomplishing the national mission launched in
1993 to eliminate iodine-deficiency disorders in China. The approach and
methodology applied inthis survey may serve as an example for other parts of China
as to how the status of iodine-deficiency disorders in a population could be assessed
and conclusions drawn to preserve the success of iodine-deficiency disorders
elimination, once achieved.
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Abstract
ObjectiveThe World Health Organization (WHO) recently adopted thyroid volume
ultrasonography results from European schoolchildren as the international reference
for assessing iodine deficiency disorders. Our objective study was to describe thyroid
volumes measured by ultrasonography in US and Bangladeshi schoolchildren and
comparethesewithEuropean schoolchildren.
Methods Cross-sectional studies were performed in schoolchildren in the US (n =
302)andBangladesh (n= 398).Datawerecollected onthefollowing: thyroid sizeby
palpation andultrasonography; urinaryiodine;age;sex;weight; andheight.
Results Applying the new WHO thyroid volume references to the Bangladeshi
children resulted in prevalence estimates of enlarged thyroid of 26% based on body
surface area (BSA) and 7% based on age. In contrast, in the US children, the
prevalence estimates were less than 1% for each reference. In the US children, the
best singlepredictor of thyroid volume was BSA (R2=0.32), followed by weight (R2
= 0.31). Using linear regression, upper normal limits (97th percentile) of thyroid
volume from US children were calculated for BSA, weight and age, and were found
tobe lower than the corresponding references based on BSA and age from European
schoolchildren.
Conclusions In areas with malnutrition, such as Bangladesh, the BSA reference
should be preferred to the reference based on age. Results from the US children
indicated that a thyroid volume reference based on weight alone would perform as
well as the one based on BSA. European schoolchildren had larger thyroids than US
children, perhaps due to a residual effect of iodine deficiency in the recent past in
someareasinEurope.
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Introduction
Iodine deficiency is a major public health problem and is the leading preventable
causeofmentalimpairment worldwide (1).Themostapparentmanifestation of iodine
deficiency is goiter, an enlargement of the thyroid gland, and one method for
determining the severity of iodine deficiency in a population is by estimating the
proportion of children with enlarged thyroid volumes based on ultrasonography.
Correct interpretation of ultrasonography results depends upon the availability of a
valid reference. Recently the World Health Organization (WHO) has adopted a new
thyroid volume reference (2). This reference is based on 3474 European
schoolchildren livinginareas withamedian urinaryiodine(UI)levelgreater than 100
|Ag/lfrom four countries:The Netherlands, the Slovak Republic, Austria, and France.
Sex-specific upper normal limits of thyroid volume (the 97th percentile) were
providedbasedonageandBSA(3).
We performed similar studies in the United States (US) and Bangladesh in 1996.
The US population has been iodine sufficient for decades as evidenced by iodine
excretion data from NHANES I and NHANES III surveys, whereas Bangladesh has
historically had endemic iodine deficiency disorders (IDD) (4, 5). Recent surveys in
Bangladesh have estimated the national prevalence of goiter in schoolchildren to be
50% and only 44% of households consume iodized salt (6). The objective of this
study was to describe thyroid volumes measured by ultrasonography in US and
Bangladeshi schoolchildren andcomparethesewithEuropean schoolchildren.

Subjectsandmethods
Subjects
Schoolchildren from the US and Bangladesh were studied using the same research
protocol approved by Emory University Human Investigation Committee; written
consentwasobtainedintheUSandverbalconsentwasobtainedinBangladesh. Inthe
US, 303 schoolchildren, 7-12 years of age, were studied from seven schools in the
Atlanta metropolitan area. One individual was excluded because of cystic lesions on
the thyroid gland. In Bangladesh, 400 schoolchildren, 7-10 years of age, from three
schools in Saver, located approximately 50 kilometers northwest of Dhaka, were
studied. Two subjects were excluded due to missing values on weight or thyroid
volume, leaving a sample of 398. Information on age, sex, height, weight, thyroid
volume estimated by ultrasonography, goiter by palpation, and urine samples for UI
were collected.
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Age
In the USdata, exact age was calculated from the date of birth and date of survey. In
Bangladesh, a stated age was used. For the calculation of age-based anthropometry,
for USchildrenthe calculated ageinmonths wasused and for theBangladeshi school
childrenthestatedageinyearsplus6monthswasused.Theaddition of 6monthswas
tocorrect for theusualroundingdown ofage.
Thyroidvolume
Ultrasound volume wasmeasured according to Brunn etal.(7) using Philips portable
ultrasound units (Philips SDR 1200)with astandard 5.0MHztransducer. The volume
of each lobe was calculated by the formula: V (ml) = 0.000479 x length x width x
thickness (mm). The thyroid volume was the sum of the volumes of both lobes. The
volume of the isthmus was not included. Thyroid glands were classified into
"normal" or "enlarged" using the Gutekunst reference (thyroid volume-for-age) and
the new WHO references (thyroid volume-for-age and thyroid volume-for-BSA) (2,
8). Thyroid volumes greater than the 97th percentile were considered abnormally
largeandthoselessthan orequaltothe97thpercentile asnormal.
Urinaryiodine
Casual urine samples were collected, packed and transported according to a standard
protocol provided by the Program Against Micronutrient Malnutrition (PAMM)
laboratory at the Centers for Disease Control and Prevention (CDC). Collection and
transport containers were provided by PAMM laboratory to avoid sample
contamination or leakage. For the US study, all UI tests were performed by the
PAMM laboratory. In Bangladesh, all UI tests were performed by the Institute of
Nutrition andFood Science (INFS)attheUniversity ofDhaka,whichparticipated ina
UIlaboratory quality assurance programbythePAMMlaboratory.UI analysisused a
modified acid-digestion method, basedonthecatalytic effect of iodineon thereaction
between cerium IV and arsenic III (Sandell-Kolthoff reaction) (9, 10). One hundred
urine specimens from Bangladesh were also tested by the PAMM laboratory and a
high correlation was found (Spearman rank correlation = 0.91,P < 0.001). Results of
analysis in Bangladesh had a higher median than the PAMM laboratory (60.3 vs.
50.0, Wilcoxon signed rank test p<0.001) but there was no statistically significant
difference inclassifying children ashaving low UI (< 10vs> 10(xg/dl,exact sign test
P =0.13).
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Anthropometry
Weights and standing heights were collected. The BSA (m2) was calculated by using
the formula: BSA = Weight (kg) 0425 x Height (cm) 0725 x 71.84 x 10"4(11). Based
on the WHO/CDC growth reference, z-scores were calculated for height-for-age
(HAZ), weight-for-age (WAZ), and weight-for-height (WHZ) using the Epi Info
software (12). Low HAZ was defined as HAZ < -2 S.D., low WAZ as WAZ < -2
S.D., andlowWHZasWHZ<-2S.D.
Statisticalmethods
Statistical analyses were performed using SAS Version 6.12. The logarithmic
transformation wasusedtonormalize thedistribution ofthyroidvolume.TheShapiroWilk test was applied to check normality before linear regression was done (13). In
the US children, polynomial regressions were used to fit the relation between thyroid
volume and various predictors at the normal and natural-log scale. Confidence
intervals (CI)for proportions werecalculatedusingFisher'sexactmethod (14),and CI
valuesfor median values were calculated using themethod described by Gardner and
Altaian(15).
The WHO/UNICEF/ICCTDD (1994) (16) criteria were used to classify a
population's severity of IDDbased on school-aged children. For UI, the criteria areas
follows: mild, 50-99(Ag/1;moderate, 20-49 u.g/1;severe,<20(ig/1.For theprevalence
of goiter and the prevalence of thyroid volume > 97th percentile are as follows: mild,
5-19.9%;moderate,20-29.9%;andsevere,>30%.

Results
The mean age of the US schoolchildren was 9.2 years and that of the Bangladeshi
children was 8.8 years.Approximately half ofthechildren ateach siteweremale.US
children were, on average, taller and heavier than the WHO/CDC growth reference,
while Bangladeshi children had a high prevalence of low HAZ (34%) and low WAZ
(54%) (Table1).
The median UI level in US children was 282\igfl and the prevalence of goiter by
palpation 2%. The prevalence of enlarged thyroid was 6% when the Gutekunst
reference was applied to the US children. When the new WHO thyroid volume
references were applied to the US children the prevalence of enlarged thyroid was
0.3% based on age and 0.0% based on BSA (Table 1).Since the USpopulation is an
iodine-sufficient population, we would expect the prevalence of enlarged thyroid
around 3% when the new WHO thyroid volume references are applied to the US
sample (because the reference cutoffs were the 97th percentiles). The probability of
observing a prevalence of 0.3% or 0.0% in the US sample in our study is less than
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0.002 assuming the "true" prevalence to be 3%. Based on the criteria for IDD by
WHO/UNICEF/ICCIDD, the US children would be classified as having no IDD for
all criteria except the Gutekunst reference where the US children would be classified
ashavingmildIDD.
Table 1Descriptive StatisticsofUSandBangladeshi schoolchildren
Sample size
Agein years
Mean
Range
Male%
Anthropometry
Prevalence of lowHAZ(95%CI)
PrevalenceoflowWAZ(95%CI)
Prevalence of low WHZ(95%CI)
BSA:mean (95%CI)
Median UIlevel: ug/1 (95%CI)
Prevalenceof goiterbypalpation (95%CI)
Prevalence of enlargedthyroid
NewWHOreference by age(95%CI)
NewWHOreference byBSA (95%CI)
Gutekunst reference by age(95%CI)

US
302

Bangladesh
398

9.2
7-12
47

8.8
7-10
53

0.3% (0,1)
0% (0, 1)
0% (0,2)
1.20(1.18, 1.22)
282(253, 308)

34% (29,39)
54%(49, 59)
24% (20,29)
0.86 (0.85, 0.87)
73(66,81)

2% (1, 5)

27% (23, 32)

0.3 (0,2)
0% (0, 1)
6% (4, 10)

7% (4, 10)
26% (21,31)
32% (28,37)

The prevalence of low anthropometry defined as a z-score < -2 S.D.; due to WHO/CDC growth
limitations, WHZ could not be calculated on 134 of the US children or 57 Bangladeshi children; UI
results in US were not available for 20children; the prevalence of enlarged thyroid based on the WHO
reference for BSA was assessed ononly 297children whoseBSA were within thereference BSA range
and on 352 Bangladeshi children for the same reason. Enlarged thyroid volume is defined as > 97th
percentile.

For the 398Bangladesh children the median UI was 73jxg/1 and the prevalence of
goiterbypalpation 27%(Table 1).Theprevalence of enlarged thyroid was 32%based
on the Gutekunst's reference, 7% based on the WHO for-age reference, and 26%
based ontheWHOfor-BSA reference. Notethatfor theWHOreference for BSA,the
lowest value of BSA was 0.75, of which 12% children in Bangladesh were below.
The median UI and the WHOthyroid volume-for-age would classify the Bangladeshi
children as having mild IDD, the prevalence of goiter and the new WHO thyroid
volume-for-BSA asmoderate,andtheGutekunst'sreference assevere.
Based onthe US children, the R2 values for different predictors of thyroid volume
and the natural log (In) of thyroid volume were determined (Table 2). The In of
thyroid volume was analyzed because of skewness; after the transformation, the Inof
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thyroid volume was found to be normally distributed (Shapiro-Wilk p = 0.82). BSA
(R2 = 0.32) and weight (R2 = 0.29) were the best predictors of In thyroid volume,
followed by height (R2 = 0.26) and age (R2 = 0.20); similar results were found in
Bangladeshichildren,inwhomBSA(R2=0.12)predictedbetterthanage(R2=0.07).
Table2 Relationof severalfactors withthyroid volumeinUS schoolchildren
n
Thyroidvolume
Ln(thyroid volume)
2
R
R2
BSA(mZ)
301
0.33
0.32
Ln (BSA)
301
0.32
0.32
Weight(kg)
301
0.30
0.29
Ln (weight)
301
0.31
0.31
302
Height (cm)
0.26
0.26
Ln(height)
302
0.25
0.26
302
0.20
0.20
Age(months)
*P<0.008for allpredictors.
Various multiple linear regression models were estimated to determine how well
multiple variables predicted the ln of the thyroid volume. The full model (a model
using weight, age, BSA and sex as predictors) had a R2 near 0.35. Sex became
insignificant (P> 0.05) once age and weight, or height, or BSA were included in the
model. A simple linear model was chosen because none of higher order terms was
significant. References of upper limits of normal were derived from the US children
for thyroid volume-for-weight, BSA, and age, where references (the 97th percentiles)
were lines in parallel with the linear regression lines with the intercept increased by
1.881 times the square root of the mean square error of the regression. Regression
equations for the97th,50th, and 3rdpercentiles aregiven inTable 3.Scatter plots for
each of the references with the percentile lines are shown in Fig. 1and appear to fit
the data well—about3%of individuals have thyroid volumes beyond the 3rd or 97th
percentiles for each predictor.
Comparisons of the various thyroid volumereferences by age and BSA are shown
inFig.2.The 97thpercentiles for BSA and agefrom theUSwere estimated usingthe
equations in Table 3 and then converted back to normal scale. To account for the
rounding down in reporting age, 0.5 was added to the age in years. The 97th
percentiles were then estimated by multiplying the corrected age (in years) with 12
before plugging into the equation using agein months.The 97th percentiles from the
US are lower than the new WHO reference from the study by Delange etal (3). For
thyroid volume-for-age, the US references are intermediate between references by
Delangeetal.(3)andGutekunstetal.(8)
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Table3Regression Equations for PredictingThyroid Volume(TV)inUSChildren.
Predictor
Regression equation
BSA(mz)
Range:0.8- 1.8 m2

97m:In(TV)= 1.565 + 1.010 In(BSA)
50th:In(TV)= 1.132 + 1.010 In(BSA)
3rd: In(TV)=0.698+ 1.010 In(BSA)
Weight(kg)
97th:In(TV)=-0.305+0.570In(weight)
Range:20-90kg
50th:In(TV)=-0.743+0.570In(weight)
3rd: In(TV)=-1.181+0.570In(weight)
Age(months)
97th:In(TV)=0.749 +0.009 age
Range:90-155month 50th:In(TV)=0.277 +0.009 age
3rd: In(TV)=-0.195+0.009 age
When the US references were applied to the Bangladeshi children, the prevalence
of enlarged thyroid was 17%, 56% and 54% based on references on age, BSA and
weightrespectively (Table 1).Compared withtheWHOreferences, theUS references
indicate a higher prevalence of enlarged thyroid. References based on BSA and
weight yielded a similar prevalence of enlarged thyroid, with both references
identifying virtually the same children; the concordant rate based on the two
references was98.5%inBangladesh and 99.3% inUS.

Discussion
Wefound that US children had significantly smaller thyroids than European children.
It has been previously reported that iodine deficiency existed in the majority of
European countries up to 1992 (17, 18). The study by Aghini-Lombardi et al. (19)
showed that thyroid size in children exposed to iodine deficiency in the first years of
life might fail to regress completely when the intervention is via iodized salt. In that
study,thyroid volumeinchildren bornprior toiodineprophylaxis was still largerthan
thatin children in aniodine-sufficient comparison area 10years after the introduction
of iodized salt. A recent study from China found that under optimal iodized salt
intervention conditions, it took 12 months for the prevalence of abnormally large
thyroids in schoolchildren with mild to moderate IDD to fall below 5% (J Zhao,
unpublished data). The difference in thyroid volume between the US and European
children increased with age or BSA (Fig. 2).A similar pattern was also observed by
Aghini-Lombardi etal (19) in comparing thyroid volume in children from borderline
iodine-deficient area (median UI= 98 Ug/L)with iodine-sufficient area (median UI=
110Ug/L).These findings suggest that the larger thyroids inEuropean schoolchildren
mayresultfrom theresidual effect of IDDintherecentpastinsomeEuropeanareas,
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Bodysurface area

Weight (kg)

Figure 1Scatterplots andtheestimated linesof 97th,50thand 3rdpercentilesof
thyroidvolumeversusage,BSAandweight.Boys(A);girls(x).
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Figure2Comparison ofthenewWHOreference with 97thpercentiles of thyroid
volumefrom theUSpopulation byageandBSA.
althoughthedifference indietaryfactors suchastheintakeof goitrogens cannot be
ruledout.
Another factor that might account for differences between the European and US
schoolchildren is the differences in ultrasonography, such as use of different
ultrasound equipment and different observers. Note that a 7.5 MHz transducer was
used for European children in the study by Delange et al. (3) To our knowledge, no
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quantitative data comparing different ultrasound units, especially equipment with
different transducers, are available, but our experience with ultrasound units with 5
MHz and 7.5 MHz transducers in measuring thyroid size suggests that the impact of
difference inthefrequency oftransducers maybetrivial in schoolchildren. In general,
the interobserver variation in thyroid ultrasonography is thought to be small and
unlikely toaccount for thelargedifferences inthyroid volumesbetween theEuropean
andUSchildren(20).
In the present study, no difference in thyroid volumes was found between males
and females. Anumber of other studies based on ultrasonography in iodine-sufficient
areas have also found no difference by sex (8,20-22). Two reasons may account for
the larger thyroid volume in girls in European children: first, borderline iodine
deficiency affects girlsmore; and secondly, enlarged thyroid regresses less quickly in
girlsafter iodine intervention.
Inthis study, alinear relation assumption between thyroid volume and BSA at the
natural log-log scale, and between age in months and log thyroid volume was made,
and thereafter, the 97th percentiles were estimated accordingly. Although the model
appearstofit thedatawell,wemayfail torecognize morecomplicated patterns dueto
the smallsamplesize.
Based on US schoolchildren, no important differences were found in the
prevalence of enlarged thyroid based on BSA versus weight. For survey purposes, it
would be simpler to use a reference based on weight rather than BSA because the
latter requires the collection of weight and height and the use of a complex formula.
Wewould agreewithDelange etal.(3)thatthethyroid volumebased onBSA should
be used in areas with a high prevalence of malnutrition. Given that BSA is a better
predictor of thyroid volume, at least in the US children and Bangladeshi children, we
wouldrecommend thatit should always beused,regardless of thenutritional statusof
thepopulation whenbothweightandheightareavailable.
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The primary aim of this thesis was to examine the relationship of iodine intake
ranging from normal to excessive with thyroid size, thyroid function, goiter
prevalence, intellectual and physical development, and hearing capacity in
schoolchildren in China. To define the causative factors of endemic goiter in three
counties of Jiangsu Province, an ecological study was conducted in 65 townships
(Chapter II). Excessive iodine in drinking water was found to be responsible for the
elevated iodine concentrations in urine of adults and the increased goiter prevalence.
This was confirmed by evidence from an experimental study (Chapter V) where
reduction in iodine concentration of drinking water was accompanied by a reduction
in thyroid size and a decrease in goiter prevalence. As iodine intake increased from
normal to extremely excessive, a decreasing trend in mean IQ was observed in
schoolchildren aged >11 years (Chapter III). A meta-analysis of available data
(Chapter IV) revealed that iodine excess causes a small but significant deficit in
intellectual attainment of schoolchildren. Thyroid function appeared to be perturbed
in subjects exposed tohigh iodineintakes (Chapters IIand V),butreversed to normal
in most of the subjects 12 months after normalization of iodine intake (Chapter V).
Thereisnoclear evidence onthe association of excessive iodine intake with impaired
physical development andhearing capacity.
Further aims of this thesis were to examine the efficacy and effectiveness of
iodine intervention programs and to validate the WHO reference for upper limits of
normal thyroid volumes in schoolchildren. Stable iodine supply to an iodine deficient
population can normalize the enlarged thyroid within 12-18 months (Chapter VI)
although fluctuations in iodine supply may slow down the speed of such a
normalization (Chapters VI and VII). US children have smaller thyroid volume than
European children included in the study by Delange et al (1997), perhaps due to a
residual effect of iodine deficiency in the recent past in some European areas. Body
surface area or weight predicts thyroid volume better than age in both iodine
sufficient and iodine deficient children. Hence, reference for normal thyroid volumes
shouldalwaysbebased onbody surface area.
In this chapter, the research described in this thesis will be presented in the
context of the knowledge on iodine deficiency and iodine excess. In addition, the
strengths andlimitations ofthemethodsusedwillbe discussed.

Selectionofstudy subjects
WHO/UNICEF/ICCIDD (1994) recommended that the primary target group for
iodine deficiency surveillance should be schoolchildren aged 6-12years, or ideally 810years.Iniodine deficiency populations,thyroid sizeincreases withage.Aspuberty
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can also play a role in determining thyroid size, children aged > 12 years are not
included. School-based surveys also have the advantage that children in schools are
readily accessible although sick children and others such as cretins were not seen in
schools. School-based prevalence surveys can be performed in a relatively short
period of time by collecting data on thyroid size and collecting samples of urine for
subsequent iodine analysis. One concern with school-based surveys in areas where
school attendance is low is that children attending the schools may not be
representative of all children at the same age inthe same area.This was not the case
in the studies described in this thesis. School attendance for all children aged > 7
years ismandatory by Chinese Education Law. There arevery few children attending
special education schools due to physical or mental disabilities. Children enrolled in
the school should represent all children in the study area. Thus, schoolchildren were
chosenfor allstudiesinthisthesis.
In Xuzhou, where the studies described inChapters II,III and V were conducted,
some children had access to iodine supplements. After an advocacy meeting of the
Chinese government in 1993aimed at eliminating H>D in Chinabythe year of 2000,
manypeople in thepopulation tried to obtain iodine supplements, such as iodized oil
for their children. This was even though such supplements were only being provided
to a few schoolchildren in Xuzhou Municipality. To minimize confusing the
population on this matter, urine samples were collected from adults rather than from
schoolchildren inareas withiodineexcess (Chapter II).Theresearchproject startedin
1995 before universal salt iodization had been implemented in Jiangsu Province. To
increase the internal validity of the study (Chapter II) relating iodine levels of the
watertoiodine levels intheurine,two adults whohad consumed seafood inthe week
before urinecollection were excluded. The exclusion of these individuals would have
a minimal effect on potential selection bias for the overall study (Chapter II).Few of
selected pupils failed to participate in the measurement of IQ, weight, height and
hearingcapacity.Thus,suchdropoutwouldnotbiastheresultstoanygreat extent.
Althoughresearchers were aware which township had access towater of aknown
iodine content, those involved in making measurements such as laboratory analysis,
were blinded with respect to the origin of samples. Thus, this would unlikely be a
causeofbias.Inthestudiesdescribed inChaptersIIand IIIresearchers werenotblind
togrouping and townships were not selected randomly, the occurrence of bias cannot
be excluded. In addition, in Chapters II, III and V iodine status was determined by
measuring the concentration of iodine in urine of adults while other indicators were
measured among schoolchildren. However, measurement of the concentration of
iodine in urine samples collected from adults gives similar results to that obtained
amongchildrenindefining theiodinestatusof apopulation.
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Etiologyofgoiter
Goiter is simply an enlargement of the thyroid gland, which can be caused both
by iodine deficiency and iodine excess. Goiter may present in the following
conditions: hyperthyroidism, hypothyroidism, Hashimoto's thyroiditis; subacute
thyroiditis;painless/postpartumthyroiditis andmalignancy (Siminoski, 1995).
Goiterhasbeenreported asaconsequenceofiodineexcessinnumerous locations
inChinaandothercountries (Suzuki, 1980;Zhaoetal.2001).Asiodine concentration
in drinking water, and thereby in urine increases to excessive levels, thyroid volume
becomes larger, and therefore the goiterprevalence becomes higher (Chapter II). This
process isreversible when iodine intake from drinkingwater isreduced to thenormal
range (Chapter V). Goiter in the study area reported upon in the thesis is most
probably caused by iodine excess rather than iodine deficiency, and excessive iodine
is mainly from drinking water although other factors such as goitrogens, selenium
deficiency and geneticfactors mayalsoplay someroleintheetiology.
Table 1. Distinctions between iodide goiter and diffuse goiter caused by iodine
deficiency
Palpation

Texture

Iodidegoiter
Firm,easilypalpable

Boundary

Smooth andclear

Iodinedeficient goiter
Soft, less distinctive from
surrounding tissues
Lessclear

Inspection

Visible with rough edge
ofgland atgrade I*

VisibleatgradeII

Ultrasonography

Clear boundary, rough
anduneven echogram

Obscure boundary, even,
consistent echogram

Becausetheboundaryispronounced,thyroidglandscanalreadybeobservedatasizewhich
wouldremainundetectedifcausedbyiodinedeficiency.
Distinctions between iodidegoiter anddiffuse goiter caused byiodine deficiency
are depicted in Table 1.For iodine deficient goiter, the parenchyma is abundant, the
follicular epithelium is thick with papillary infolding, and colloid is rare.
Autoregulatory enhancement of the growth response to TSH may account for this
TSH-dependent hyperplasia (Delange, 1994). In contrast, excessive iodine intake
decreases therelease ofT3and T4andcolloid is common iniodidegoiter. Animal and
human studies have found that the follicular lumen of an enlarged thyroid, under the
conditions of iodine excess, is full of colloid which is comprised of thyroglobulin.
The dominant type of endemic coast goiter in Japan is "colloid" goiter. In "iodide
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goiter" there is no histological evidence of thyroiditis, as shown by observational
studies (Shimpo,et al. 1943; Suzuki,et al. 1965) and in anexperimental study (Many
etal.1986).
The iodide goiter seen in the excess iodine study areas is exclusively diffuse and
nonodular goiterisfound. Thisisconsistent withother studies iniodine excess areas
(Fang, 1988;Zhu etal. 1988;Wuet al. 1989;Yanget al. 1989).Itdiffers from diffuse
goitercausedbyiodine deficiency.

Thyroid function
Iodine is an essential component of thyroid hormones. A changein iodine intake
may affect the synthesis of thyroid hormones. Excessive iodine intake can induce
eitherhypothyroidism orhyperthyroidism. Hypothyroidism results from abnormalities
that lead to insufficient synthesis of thyroid hormone and is characterized by
increased serum concentrations of TSH, decreased concentration of T4and normal or
decreased T3. On the other hand, hyperthyroidism denotes the clinical, physiological
and biochemical findings that result when the tissues are exposed, and respond to,
excess thyroid hormone. In a state of hyperthyroidism, the serum concentration of
TSH is very low or undetectable while serum concentrations of T3 and T4 are
increased.
Increased serum concentrations of TSH has been reported from many studies
following consumption of iodine-rich food, water or iodinated water (Begg & Hall,
1963;Liet al. 1987;Konnoet al. 1994;Matsubayashi etal. 1998).Aselevated serum
concentrations of TSH and normal serum concentrations of T3 and T4were found in
children and adults included inthepresent study (Chapters II and V),it would appear
that subclinical hypothyroidism is the main thyroid dysfunction in populations
exposed to high iodine intakes (Begg & Hall, 1963;Clark, 1990; Chen, et al. 1991;
Konnoetal. 1994;Chapters IIandV).
There have been reports of an increased incidence of hyperthyroidism in iodine
excess areas (Zhang et al. 1980;Fang. 1988;Zhao et al. 1994)but this was not found
in the present study (Chapter II) or in an area with high iodine intakes in Japan
(Suzuki et al. 1965). After normalization of iodine intakes, serum concentrations of
TSHreducetonormal inmostbutnotall subjects (Chapter V).This isconsistent with
the findings from several studies in Japan (Suzuki 1980; Yoshinari et al. 1983; Tajiri
et al. 1986). Tajiri et al (1986) reported that there is a reversible type of
hypothyroidism sensitive to iodine restriction and characterized by relatively minor
changes in lymphocytic thyroiditis. For this type of hypothyroidism, thyroid function
may revert to normal with iodine restriction alone. At the end of the present study
(Chapter V),there were still some subjects with elevated concentrations of TSH and
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normal concentrations of T3 and T4.This raises the possibility of the existence of an
irreversible typeof hypothyroidism. Subjects withthis condition mayhave undergone
destruction of thyroid tissue during the period of exposure to excess iodine or may
have had autoimmunity prior to exposure to excess iodine. This type of
hypothyroidism cannotbereversed through iodinerestriction alone.
In some studies,differences havebeen noticed in thyroid function resulting from
acute and chronic exposure to excess iodine intake. Serum TSH levels increased into
the abnormal range with 2 to 4 weeks in five of six euthyroid subjects receiving 5
drops of potassium iodine solution, and promptly returned to normal when the
administration of iodide was discontinued (Clark, 1990). Similar results in an
experimental study by Namba et al (1993) found that elevated serum concentrations
of TSHreturned tobaseline levels 2weeks after cessation of excessive iodide supply.
Also, spontaneous improvement was observed in about one-half of patients with
primary hypothyroidism living in an iodine-sufficient area of Japan. A substantial
reduction of mean concentration of TSH from 1.38 (iU/mLto0.52 uJJ/mLwas found
in astudyin Chinawhere iodine concentration indrinking water remained normal for
threeyears(Wangetal.1994).

Cognitiveand physical development, and hearing capacity
Iodine deficiency has been recognized as the leading cause of mental retardation
worldwide, it is also a cause of growth retardation and hearing loss (Delange, 1994).
Whether ornotiodineexcesshassimilareffects hasbeen less documented.
The role of iodine in brain development is mediated through thyroid hormones.
Hypothyroidism produced by iodine deficiency thus forms thebasis of the hypothesis
thatiodinedeficiency causesareductioninmentalperformance. Asmentionedabove,
iodine excess also causes hypothyroidism. Thus it is feasible that iodine excess may
play a role in the etiology of mental retardation. More than 10 studies have been
carried out previously in iodine excess areas of China in attempting to establish the
relationship of iodine excess with mental performance. In these studies, various
intelligence tests were used in a variety of populations. In the present study (Chapter
III), auniform intelligence test was used for children in one area exposed to different
levels of iodine intake from normal to excessive while adjustment was made for
confounding factors. By comparing the mean IQ and the proportion of children with
high or low IQ among comparable groups, it could be concluded that iodine excess
does impair mental performance. These conclusions are consistent with the results of
5 previous studies (Sun et al. 1985;Xie et al. 1987; Ma et al. 1991;Hu et al. 1994,
Zhao et al. 2001) and are supported by the results of a meta-analysis of available
studies (Chapter VII) where a small but significant negative effect of high iodine
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intakeoncognitive development inschoolchildren was found.
Prior to the time when the present study (Chapter III) was conducted, there was
no information on the reversibility of intellectual impairment due to excessive intake
of iodine. Studies have been carried out to explore the reversibility of impaired
cognitiveperformance asaresultof iodinedeficiency. Iodine supplementation prior to
pregnancy can effectively prevent iodine deficiency disorders. Some studies have
found that mental performance can be improved if the intervention starts during
childhood (Bautista et al. 1982;Shrestha et al. 1994) while others have not (Huda et
al. 2001).During thetime in which a cross-sectional study reported in thisthesis was
being carried out (Chapter III), source of drinking water changed leading to a
reduction in iodine intake. In this study, when iodine intakes based on the original
concentrations in urine of adults, increased from normal to excessive, a trend of
decreasing IQ was noticed in children aged > 11 years but for children aged <11
years, a decline in IQ was found only in the group with the highest iodine
concentrations in drinking water. This suggests that impairment of IQ due to
excessive iodine intake could be reversed but that this occurs slower or to a lesser
extentinchildrenwhoareolderorwhentheiodineexcess ismoresevere.
The present study found no evidence thatvarious degrees of iodine excess could
affect the physical development of children (Chapter III). This is in agreement with
cross-sectional studies among schoolchildren by Jupp et al. (1988) and Li et al.
(1987),whofailed tofind anyeffect ongrowthofiodineexcess.Itappearsthatiodine
excesshasnoeffect onphysicalgrowth,atleastatlevels ofiodineintakes examined.
Studies up until now on the relationship between iodine intake and hearing
capacity have been confined to iodine deficiency. Severe hearing loss is common in
iodine deficient areas (Valeix et al. 1994;Azizi et al. 1995).It was hypothesized that
hearing capacity would be lower in those townships exposed to high iodine intakes,
assuming that iodine excess and iodine deficiency have similar effects on health.
However, no clear relation was found between iodine intakes from normal to
excessive andhearing capacity (ChapterIII).

Normal thyroid volume
Ultrasonography makes it possible to obtain an accurate measurement of thyroid
volume, and therefore to provide an estimate of the proportion of children with
enlarged thyroid glands. Correct interpretation of the results of thyroid
ultrasonography depends on the availability of a valid reference and feasible and
uniform guidelines. In 1997, WHO/UNICEF (1997) adopted a new thyroid volume
reference. Before that, results of the study by Gutekunst and Martin-Teichert (1993)
were used as an international reference. In order to evaluate the performance of the
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newWHOreference, dataonthyroid volume werecollected inUSand in Bangladesh
(ChapterVIII).
The newWHOreference wasderived from clusters of European children having
median urinary iodine concentrations > 100 |ig/L and was age-specific and body
surface area specific. When this reference was applied to Bangladeshi children who
wereiodinedeficient, theprevalence of goiterbased onthebody surface area specific
reference was much higher than that based on the age-specific reference. In contrast,
the prevalences were similar when two specific references were applied to US
children who were iodine replete. The prevalences of goiter based on the new WHO
reference were systematically lower than those based on the old international
reference.
Significantly smaller thyroids have been found in US children than European
children (Chapter VIII). The US has long been believed to be iodine replete as
evidenced by iodine excretion data from the NHANES I and NHANES III surveys
(Hollowell et al. 1998) while it has been previously reported that iodine deficiency
existed in the majority of European countries up until 1992 (Delange et al. 1993;
Gutekunst &Delange, 1994).Theeffect of this iodine deficiency in therecent pastin
some European areas was still evident. Zimmermann et al (2001) reported recently
that the observer who generated the thyroid volume data that form the basis for the
current WHO normative thyroid volumes systematically assessed thyroid volumes to
belarger than didotherobservers.Thus thevalues for thenewWHOreference would
appear to be too high and should not be applied as the international reference. The
results reported in this thesis (Chapter VIII) are similar tothose of a number of other
studies (Fooetal. 1999;Langer, 1999;Djokomoeljanto etal.2001; Zhanget al. 2001;
Zimmermann et al.2001) in which thenew WHOreference values were found to be
inapplicable in certain populations. It is also necessary to carry out further work
following standard procedures to standardize ultrasound measurement of the upper
limits of normal thyroid volumes in populations with various ethnic backgrounds in
areaswithdifferent nutritional status.
Usually a reference for the upper limit of normal thyroid volume is based on
some growth variables of children. Age and body surface area have been used as the
growth variables. The cutoff values between normal and enlarged thyroid size have
been traditionally set at the 97th percentiles of thyroid volumes in an iodine-replete
population. As US children were iodine sufficient, and on average taller and heavier
than the WHO/CDC growth reference, attempts were made to explore the best
predictor of thyroid volume. Body surface area and weight were found tobe the best
predictors, followed by height and age. Similarly, body surface area predicts thyroid
volumebetterthanageiniodinedeficient Bangladeshichildren.Thus,thyroid volume

138

General discussion
based on body surface area should always be used regardless of the nutritional status
of thepopulation.

Goiter prevalencemeasured bypalpation and by ultrasound
The prevalence of goiter can be determined by palpation and by ultrasound. By
palpation, goiter has been defined as 'a thyroid gland whose lateral lobes have a
volume greater than the terminal phalanges of the thumbs of the person examined'
(Perez, et al. 1960). Using ultrasound, goiter is defined as a thyroid gland with a
volume > upper limit of normal thyroid volume. Age-specific or body surface area
specific upper limitshavebeen proposedbased on studiesinvarious areas (Gutekunst
&Martin-Teichert, 1993;Delangeetal. 1997;Fooetal.1999).
In areas with excessive iodine intakes, prevalence of goiter measured by
palpation is generally higher than when measured by ultrasonography (Chapters II,
IV, V, and VI; Table 2). This might be because that the enlarged thyroid glands are
harder and firmer in conditions of iodine excess than in conditions of iodine
deficiency.
Table2.Goiter preval sncebypalpation andby ultrasound inthisthesis

Baseline
Endof study

Goiter prevalence (%)
By ultrasonography
Bypalpation
22.4
12.8*
30.9-46.7
18.7-32.7*
19.7-48.0
7.9-26.0*

Baseline
Endof study

26.1-26.5
4.3-14.7

17.4-17.7*
4.3~8.8t

3.0-5.0

3.0-6.3*

Chapter
II
V
VI
VII

27
Bangladesh
2
US
Basedonage-specific reference.
*Basedonbody surface areaspecific reference.
*Based onbody surface areaandage specific references.
VIII

7-32*
0-6*

In iodine deficient areas, intra-observer and inter-observer variation in the
estimation of thyroid sizehasbeen reported tobehigh.The specificity and sensitivity
of palpation are low for grade I goiter due to high inter-observer variation as
compared with the results obtained by ultrasonography. Among experienced
examiners, misclassification can be as high as 40% (WHO/UNICEF/ICCIDD, 1994).
Intra-observer variation measurement of thyroid volume was 8.4%. Inter-observer
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variation was 13.3%. As reported by Ozgen et al. (1999), the widest inter-observer
variation is encountered in determining the craniocaudal diameter of the thyroid
gland.

Thyroid sizeafter normalization ofiodine intakes
Priortotheworkdescribed inthisthesis beingcarried out,many studieshadbeen
conducted tomeasure thyroid volume after iodine supplementation iniodine deficient
areas (Delange, et al. 1997; Foo et al. 1999). However no studies have measured
thyroid volume by ultrasound in areas where exposure to excessive iodine was
reduced tonormal.
As with mild to moderate iodine deficiency, as described in Chapter VI, enlarged
thyroid volume returned to normal in 12 months when a stable iodine supply was
guaranteed (Guaranteed iodized salt group and Market salt + iodized oil group,
Chapter VI). It took years when the supply of iodine through iodized salt fluctuated
(Market salt group of Chapter VI, Chapter VII). But enlarged thyroid glands caused
byexcessive iodineintakes couldbereduced tonormal sizewithin 3months (Chapter
V). The different rates of normalization may be attributable tothe different etiologies
of the two types of goiter. As iodine intake reduces from excessive to normal, T4is
released and the T4-containing thyroglobulin of the colloid disappears, thus reducing
the size of the thyroid. As iodine intake increases from deficient to normal, serum
concentrations of T4 increase and those of TSH decrease. Thus TSH-dependent
hyperplasia disappears, albeit gradually, and thyroid size reduces to normal more
slowlythaniniodidegoiter.
Normalized thyroid volumes ranged from 2.4 to 3.7 mL (Chapters II, IV, V and
VI, data not shown for all chapters) for prepubertal schoolchildren. These values are
similartotheresultsof afew studieswhereiodine status wasnormal (Liesenkotter, et
al, 1997; Erdogan, et al, 2000), but smaller than all reported upper limits of normal
thyroidvolumesinEurope(Gutekunst &Martin-Teichert, 1993;Delange,etal.1997),
inAsia(Fooetal. 1999)andUS (ChapterVIII).

Maximum allowableiodine concentrations
Like that for other essential trace elements,iodine intake should bekept within a
reasonable range. An intake either above or below this range may cause adverse
effects to the human body. Practically all efforts up until now have been towards
trying to understand the functional consequences of iodine deficiency. These efforts
haveledtotheestablishment ofthelower limitof normal iodineintake.However,the
upperlimitof thenormalhasnotyetbeen established.

140

General discussion
Previously, a few studies (Bourdoux et al. 1978; Yu et el. 1987; FAO/WHO,
1996; Zhao, 1997; Institute of Medicine, 2000) tried to establish an upper limit for
normal iodine intake. The suggested upper limits range from 100 to 2,000 Ug/day.
From the work described in this thesis, based on the relationship of iodine exposure
with indicators on thyroid size, function and cognitive function, maximum allowable
iodineconcentrations of 800ug/Linurineof adults andof 300ug/Lin drinking water
areproposed.
Three steps were undertaken in order to establish the maximum allowable
concentrations indrinking waterorinurine(NationalResearch Council, 1993):
Step 1,Identification ofhazard evidence pertaining tothe adverseeffects of excessive
iodineintake;
Step 2, Examining the dose response in order to identify the highest level of iodine
thatis likely topose norisk of adverse health effects for almost all individuals in
thegeneral population;
Step3,Drawingconclusions.
During step 1,hazardsofhighiodineintakewereidentified. Highiodine intakeis
associated with enlargement of thyroid size,increased prevalence of goiter (Suzuki et
al. 1980;Chapters II and V),increased prevalence of hypothyroidism or other thyroid
dysfunction (Nagataki et al. 1964; Yu et al. 1987; Suzuki, 1980; McMonigal et al.
2000;Chapters IIandV)andincreasedprevalence of impaired intellectual function in
schoolchildren (ChaptersHIandIV).
During step2,astrongrelationshipof iodineconcentration indrinking waterwith
thoseinurineof adults wasfound acrosstownships and a strong association of goiter
prevalence withiodineconcentrations indrinkingwaterorinurinewasalsoobserved.
Thelowest-observed-adverse-effect level (LOAEL) isthehighest intakeof iodine
at which no adverse effects have been observed in the individuals studied. The noobserved-adverse effect level(NOAEL)isthelowestintakeatwhichanadverse effect
hasbeenidentified. Whenever possible,theupper limit isbasedon aNOAEL. If there
isnoadequate datademonstrating aNOAEL,theLOAELmaybeused (Zielhuis etal.
1979). Based on the findings in this thesis, the NOAEL and LOAEL for iodine
concentrations inurineandindrinking wateraresummarized inTable3.
From Table 3, LOAEL of iodine for goiter prevalence (> 5%) is 800 ug/L in
urine of adults or 290 ug/L in drinking water (Chapter II) while for thyroid function,
LOAEL of iodine is 830ug/L (Chapter V) to 1280 ug/L (Chapter II) in urine or 400
ug/L (Chapter V) to 950 ug/L (Chapter II) in drinking water. As one of the most
important findings in the present thesis is that excessive iodine intake may impair
cognitive development (Chapter III). Much emphasis is placed on this parameter for
determining the maximum permissible intake of iodine, fortunately data for both
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LOAEL and NOAEL are available for cognitive development. The LOAEL is 540
ug/L in drinking water or 1210 ug/L in urine of adults, and NOAEL is 832 ug/L in
theurineof adults or310ug/Lindrinking water(ChapterIII).
Table 3. NOAEL and LOAEL for iodine concentrations in urine and in drinking
water.
Chapter Indicator

Iodineconcentrations (ug/L)
Urine
NOAEL
LOAEL

Goiterprevalence
Thyroid function
IQ
Thyroid function

832

802
1280
1206
830

Drinking water
NOAEL
LOAEL

310

290
950
540
400

In step 3,before drawing conclusions, uncertainties should be assessed. Usually,
thegreater theuncertainty, the smaller themaximum allowable iodine concentrations.
In this thesis, factor, such as nutrient-nutrient interactions, which may result in these
uncertainties, are not known. Duration of exposure is also important. Because the
magnitude, duration, and frequency of exposure can vary considerably in different
situations, consideration needs to be given to the type of the exposure (chronic daily
vs short term)todietaryintakes byhumanpopulations.
To leave a margin of safety, NOAEL is used for the extrapolation of maximum
allowable concentrations. Thus, the maximum allowable concentrations should
therefore be setat800ug/Linurine of adults orat300ug/Lindrinking water.
Maximum allowable concentrations in urine and drinking water in this thesis
refer tothehighest concentrations that arelikely, on achronic dailybasis, topose no
riskof adverse health effects togeneral population, atleast tothepopulation included
in this study, under conditions that other potential contributing factors involved are
not clear. As iodine concentrations increase beyond the maximum allowable
concentrations, the risk of adverse effects increases. When iodine concentrations
reach these levels, close monitoring, even intervention should be launched to
minimize the adverse effects associated with high iodine intake. However, further
research on measurable indicators under difference levels of exposure to iodine, and
their interaction with other nutrients, such as fluoride, selenium and zinc, is still
encouraged.

Conclusions
Basedontheworkdescribed inthisthesis,thefollowing conclusions canbedrawn:
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a. Excessive iodine in drinking water is responsible for endemic goiter inFeng, Pei
andTongshan Counties inJiangsuProvince,China.
b. Iodineexcess causes enlargement of thethyroid gland which canreturn to normal
within3monthsafter iodineintakebecomesnormal.
c. Iodine excess causes adecline in IQin schoolchildren: such an effect seems tobe
reversed bythereduction iniodineintakefrom drinking water.
d. In areas with excessive iodine intakes, elevated serum concentration of TSH and
normal serum concentrations of T3and T4indicated the existence of subclinical
hypothyroidism in adults and children, which is partially reversible by reducing
iodineintakesfrom excessivetonormal.
e. Iodineconcentration > 800|ig/Linurineof adults or>300 ug/Lindrinking water
shouldberegarded asapublichealthrisk.
f. Saltinwhich theiodinecontent isguaranteed and stablecannormalize the sizeof
thyroid glands which have been enlarged by mild to moderate iodine deficiency
within 12-18 months: fluctuation in iodine supply may slow down this
normalizationprocess.
h. ThecurrentWHOreference for upper limitsof normalthyroid volume should not
be adopted as the international reference because thyroid volumes are smaller in
US children where iodine status has been replete for decades than European
children wheretheeffect ofpastiodinedeficiency isstill evident.

Recommendations for publichealth practiceandfor future research
Recommendations for publichealthpractice areas follows:
a. As many nations achieved the goal of eliminating IDD through universal salt
iodization, regular monitoring of salt iodine content should be emphasized to
ensurethaturinaryiodineconcentrations inthepopulation arewithin therangeof
100to300ug/L.
b. When the iodine concentration in drinking water reaches 300 (Ig/L or in urine
reaches 800 |J.g/L in a population, intervention program should be launched to
bringmedianurinaryiodineconcentrationwithintherangeof 100to300(Ag/L.
c. Although palpation can roughly estimate thyroid size, ultrasound is strongly
recommended to measure thyroid volume accurately. For better interpretation of
data on thyroid volume, upper limits for normal thyroid volume based on body
surface area andnotageshouldbeusedfor classification of thyroidvolume.
d. Data on thyroid size alone are not enough to assess the iodine status in a
population. Data on iodine concentration in urine and in drinking water, and
information about on-going iodine intervention programs should also be
collected.
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Recommendations for future research areas follows:
a. The current WHO reference for upper limits of normal thyroid volumes cannot
assess the problem of iodine status in a population accurately. As racial and
nutritional differences exist, upper limits for normal thyroid volumes could be
further standardized in different areas and in populations differing in nutritional
status. As there is large inter-observer variation, guidelines for performing
ultrasonography for measurement ofthyroid volumeareneeded.
b. Likeiodine,othermicronutrients suchasiron and zinc mayalso affect intellectual
development. Thus research on the interaction of iodine with other micronutrients
could give a better insight into the adverse effects of different levels of iodine
intakes on human health and facilitate the formulation of comprehensive
intervention strategies.
c. Because hypothyroidism and goiter dueto excessive iodine intakes can disappear
spontaneously, itisnecessary toexplorethenatural clinical courseofthisprocess.
d. After correction of deficient or excessive iodine intakes, enlarged thyroid glands
persist inasmallproportion of subjects (usually <5%),therefore itisnecessaryto
examineinwell-designed studieswhy suchthyroid glandsremain enlarged.
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Summary
Iodine is an essential element for human health. Like other trace elements, iodine
intake should be kept within a normal range as iodine intakes either above or below
thisrangemaycause adverseeffects onhumanhealth.Jiangsu isaprovince locatedin
the eastern part of China. Iodine deficiency was a significant public health problem
and has been eliminated with universal salt iodization in most counties in this
province. In Feng, Pei and Tongshan Counties in Xuzhou Municipality, endemic
goiter has been found to be associated with iodine excess. This thesis presents the
findings of studies conducted in Jiangsu Province on the magnitude of the problems
of iodineexcess andiodinedeficiency, interventions toovercome theseproblems,and
adverseeffects ofiodineexcess.
The relationship of iodine concentrations in drinking water in Feng, Pei and
Tongshan Counties with iodine concentration in urine of adults, goiter prevalence in
schoolchildren and thyroid function of adults was examined. Iodine concentrations in
drinking water of townships ranging from 190to 1150 u,g/Lwere accompanied by an
increase iniodine concentrations in theurineof adultsfrom 520to 1960\ig/Landby
anincrease in goiterprevalence measuredbyultrasound in schoolchildren from 5.3 to
16.8%. Thyroid function appeared to be perturbed in adults from townships with the
highest iodine concentrations in drinking water. Endemic goiter in this area is most
probably due to excessive iodine intake from drinking water. Goiter associated with
iodine excess is found tobe diffuse and "colloid", which is different from goiter asa
resultof iodine deficiency.
The relationship of iodine intakes, ranging from normal to excessive, with
intellectual development, physical development and hearing capacity in
schoolchildren was described in 13 townships of the three counties of Xuzhou. For
children aged > 11years,IQ wasrelated negatively to the concentrations of iodine in
drinking water and in urine of adults while for children aged < 11years, a lower IQ
was found only in the group with the highest iodine concentration in drinking water.
Impaired cognitive development appears to be reversed by the reduction of iodine
intake, suggesting partial reversibility of impaired intellectual development due to
excessive iodineintakesif normalization of iodine intakes starts duringchildhood. No
clear evidence exists for the relation of various degrees of iodine excess with the
physicaldevelopment orhearingcapacity in schoolchildren.
Based on the published data, the magnitude of the problem of iodine excess was
determined and, in a meta-analysis, its possible relation to cognitive development in
schoolchildren wasdemonstrated. Iodineexcess hasbeen shown tobe apublic health
problem in 92 counties of 10provinces in China, affecting nearly 16million people.

Summary
The IQ of children in areas with excessive iodine intakes was 3.2 points lower than
that of children in areas where iodine intakes were normal. The effect was even
greater with an IQ shift of 3.7 points in areas when iodine intake become extremely
high,ascompared withareaswithnormaliodineintake.Thesefindings strengthen the
importanceof intervention tonormalize iodineintakes.
Thyroid sizeandfunction weremeasured and compared intwopairsof townships
with moderately and highly excessive iodine concentrations in drinking water where
theiodineconcentrations in drinking water were reduced from excessive tonormal in
one township of each pair. Thyroid volume reduced to normal size within 3 months
after normalization of iodine intakes from drinking water. Thyroid function became
normal in most but not all subjects at the end of the study, suggesting there are two
types of hypothyroidism due to high iodine intakes, one is reversible and sensitive to
iodinerestriction andtheotherisnot.
A randomized clinical trial was conducted to compare three iodine interventions
(Guaranteed iodized salt,Market salt, and Market salt + iodized oil).When adequate
iodine supply was constantly guaranteed, enlarged thyroids returned to normal within
12-18 months in a population with initially mild to moderate degree of iodine
deficiency such as in the Guaranteed iodized salt group and in the Market salt +
iodized oil group, while normal status of thyroid size was not achieved when iodine
content in saltfluctuated, suchasintheMarket saltgroup.
A multisectoral evaluation of effectiveness of iodine intervention programs was
conducted in 1997in 9counties where iodized salt has been available for 12years.It
was established that these 9 counties have achieved their goals of eliminating iodine
deficiency. Urinary iodine concentrations have been above 100 ug/L since 1985.
Goiterprevalence in schoolchildren progressively decreased from 42%in 1983to4%
in 1997. More than 90% of the salt for human consumption become adequately
iodized during the period from 1991 to 1996. Sustainable mechanisms for salt
iodization and iodine information management have been established in these 9
counties. The methodology and approach used in this evaluation has become an
example for otherparts of China toassess the iodine status and theprogress of iodine
intervention programs.
To validate the new WHO reference of upper limits of normal thyroid volume,
thyroid volumes of schoolchildren in US and in Bangladesh were compared with
thoseinEurope.USchildrenhad significantly smaller thyroid volumesthan European
children did. The difference could be attributable to the residual effects of iodine
deficiency in some European areas. The new WHO reference for upper limits of
normal thyroid volumes should not be adopted as an international reference.
Reference of thyroid volume based on body surface area should always be used
regardless of the nutritional status of the population because body surface area
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predicts the thyroid volume better than age both in iodine sufficient US children and
iniodinedeficient Bangladeshichildren.
Based onthe concentrations of iodine in drinking water or in urine where adverse
effects, such as a decline in IQ, an increase in goiter prevalence and perturbation of
thyroid function were detected, maximum allowable iodine concentrations can be set
at300 u.g/Lin drinking water or at 800 ug/L inurine of adults. Iodine concentrations
in urine or in drinking water exceeding these levels should be regarded as a public
health risk and interventions should be launched to normalize the iodine intakes.
When assessing the iodine status of a population, goiter prevalence alone is not
enough tocharacterize the iodine status.Information on urinary iodine concentrations
and the status of an iodine intervention program should also be collected. Close
monitoring on iodine status is necessary to minimize the adverse effects associated
witheitheriodineexcess oriodine deficiency.
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Samenvatting
Jodium is een essentieel spoorelement voor de gezondheid van mensen. Evenals
bij andere spoorelementen moet de hoeveelheidjodium die opgenomen wordt in het
menselijk lichaam tussen bepaalde grenzen blijven; een lagere of hogere
jodiuminname kannegatievegezondheidseffecten veroorzaken.
Jiangsu is een provincie gelegen in het oosten van China. In deze provincie is
jodiumtekort lange tijd een groot probleem voor de volksgezondheid geweest, maar
door effectieve zout-joderingsprogramma's is ditprobleem tegenwoordig grotendeels
verdwenen. In de streken Feng, Pei en Tongshan, alle behorende bij de gemeente
Xuzhou, is het endemisch voorkomen van krop (struma, schildkliervergroting) juist
geassocieerd met een overmatige jodiuminname. Dit proefschrift presenteert de
resultaten van eenaantal studies,uitgevoerd indeJiangsu provincie, naardeomvang
van de problemen die ontstaan als gevolg vanjodiumtekort enjodiumovermaat, naar
interventies die deze problemen moeten oplossen en naar de negatieve effecten van
eenovermatigejodiuminname.
In dit onderzoek is de relatie tussen dejodiumconcentraties in het drinkwater in
Feng, Pei en Tongshan en de jodiumconcentratie in de urine van volwassenen, de
prevalentie van krop bij kinderen en de schildklierfunctie van volwassenen
onderzocht. Een verschil in de jodiumconcentratie van het drinkwater van 190 tot
1150 iig/L ging gepaard met een jodiumconcentratie van 520 tot 1960 iig/L in de
urine van volwassenen en metprevalenties van kropbij schoolkinderen, gemeten met
behulp van ultrasound, van 5,3 tot 16,8%. De schildklierfunctie bleek verstoord bij
volwassen die in de gebieden woonden waar de hoogste jodiumconcentraties in het
drinkwater werden gevonden. Het endemisch voorkomen van krop in deze gebieden
wordt waarschijnlijk veroorzaakt door een overmatige jodiuminname uit het
drinkwater. De krop welke in verband gebracht kan worden met een overmatige
jodiuminname isdiffuus encolloidaal,watverschilt vandekropveroorzaakt door een
telageinnamevanjodium.
Derelatietussenjodiuminname, varierend van normaaltot overmatig,en mentale
ontwikkeling, lichamelijke ontwikkeling en gehoorvermogen is beschreven aan de
handvangegevensverzameld in 13dorpen indedrie strekeninXuzhou. Erwerdeen
negatieve relatie gevonden tussen zowelde concentratiesjodium in het drinkwater en
het IQ van kinderen ouder dan elf jaar, als tussen de concentraties in de urine van
volwassenen enhet IQ van deze kinderen. Voor kinderen van elfjaar enjonger werd
alleen een lager IQ gevonden in de groep met de hoogstejodiumconcentratie in het
drinkwater. Dit wijst erop dat er een gedeeltelijke reversibiliteit bestaat van een
verstoorde mentale ontwikkeling als gevolg van een overmatige jodiuminname, mits
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reeds opjonge leeftijd begonnen wordt met het normaliseren van dejodiuminname.
Er is geen duidelijk bewijs gevonden voor een relatie tussen verschillende gradaties
van overmatige jodiuminname en de lichamelijke ontwikkeling of het
gehoorvermogen van schoolkinderen.
De omvang van het probleem van overmatige jodiuminname is vastgesteld op
grond van gepubliceerde data en met behulp van een meta-analyse is de mogelijke
relatie tussen overmatige jodiuminname en cognitieve ontwikkeling van
schoolkinderen aangetoond. Overmatige jodiuminname blijkt een probleem voor de
volksgezondheid te zijn in 92 gemeenten in tien provincies in China. In totaal betreft
het zo'n zestien miljoen mensen. Het IQ van kinderen in gebieden waar een
overmatigejodiuminname is geconstateerd, was 3.2 punten lager dan bij kinderen die
uit gebieden kwamen waar de jodiuminname normaal was. In gebieden waar de
jodiuminname extreem hoog was, was het IQ zelfs 3.7 punten lager dan in gebieden
met een normale jodiuminname. Deze bevindingen versterken het belang van
interventies diedejodiuminname moetennormaliseren.
De schildkliergrootte en de schildklierfunctie werd gemeten en vergeleken in vier
dorpen, verdeeld over twee paren, met gemiddeldetot hogejodiumconcentratie inhet
drinkwater. De jodiumconcentratie in het drinkwater werd verlaagd in een van de
dorpen van elk paar. Het schildkliervolume nam een normale waarde aan binnen drie
maanden na normalisatie van dejodiuminname via het drinkwater. Voor de meeste,
maar niet voor alle kinderen was de schildklierfunctie normaal aan het einde van het
onderzoek. Dit doet vermoeden dat door overmatige jodiuminname twee soorten
hypothyroi'die kunnen ontstaan: een reversibele, welke gevoelig is voor
jodiumbeperking,eneendiedatnietis.
Met behulp van een gerandomiseerde trial zijn driejodiuminterventies met elkaar
vergeleken (gegarandeerd gejodeerd zout, marktzout en marktzout+ gejodeerde olie).
Bij een gegarandeerde adequate jodiumvoorziening werd een vergrote schildklier
binnen 12-18 maanden teruggebracht tot een normaal volume in een populatie met
aanvankelijk een milde tot matige vorm vanjodiumtekort, zoals in de 'gegarandeerd
gejodeerd zout' groep en in de 'marktzout + gejodeerde olie' groep, terwijl een
normale schildkliergrootte niet gerealiseerd werd in een groep waarin de
jodiumvoorziening fluctueerde, zoalsinde 'marktzout' groep.
In 1997 werd een multisectorale evaluatie uitgevoerd naar de effectiviteit van
jodiuminterventie programma's in 9 gebieden waar gejodeerd zout al gedurende
twaalf jaar beschikbaar was. Er kon worden geconstateerd dat jodiumdeficientie in
deze gebieden niet meer voorkwam. Sinds 1985 zijn de jodiumconcentraties in de
urineboven de 100ug/L.Deprevalentie vankropbij schoolkinderen namaf van42%
in 1983 tot 4% in 1997. Meer dan 90% van het consumptiezout was voldoende
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gejodeerd in de periode 1991-1996. In deze gebieden zijn duurzame mechanismen
ontwikkeld voor dejodering van zout en voor de voorlichting omtrentjodium die de
jodering van zout moeten handhaven. De methodologie en benadering, welke in deze
evaluatie zijn gebruikt, hebben tot een voorbeeld gediend voor het vaststellen van
jodiumstatus endevoortgangvaninterventieprogramma'sinanderedelenvanChina.
Devolumes vande schildklier van schoolkinderen in deVSen in Bangladesh zijn
vergeleken met die in Europa om de nieuwe referentiewaarde van de WHO voor de
bovenste grens van een normaal schildkliervolume te testen. Amerikaanse
schoolkinderen hadden een significant kleiner schildkliervolume dan Europese
kinderen. Dit verschil kon worden toegeschreven aan de overblijvende effecten van
jodiumtekort in het verleden in enkele Europese gebieden. De nieuwe
referentiewaarde van deWHO isniet universeelbruikbaar alsreferentiewaarde. Voor
zowel Amerikaanse schoolkinderen met een adequate jodiumstatus als voor
jodiumdefieciente schoolkinderen in Bangladesh kon het schildkliervolume beter
voorspeld worden op basis van het lichaamsoppervlak dan op basis van leeftijd. De
referentiewaarde voor het schildkliervolume bepaald aan de hand van het
lichaamsoppervlak is dan ook beter bruikbaar, ongeacht de voedingsstatus van de
populatie.
Op basis van de jodiumconcentratie in het drinkwater of in de urine waarbij
negatieve effecten werden geconstateerd, zoals afname van het IQ, toename van de
incidentie van krop en een verstoring van de schildklierwerking, kan de maximaal
toegelaten jodiumconcentratie vastgesteld worden op 300 ug/L in het drinkwater en
op 800 jig/L in de urine van volwassenen. Jodiumconcentraties boven deze waarden
moetenwordenbeschouwdalseenrisicovoordevolksgezondheid enalseenindicatie
voor het opzetten van interventieprogramma's om dejodiuminname te normaliseren.
Bij het vaststellen van de jodiumstatus van een populatie is het bepalen van de
prevalentie van krop niet voldoende. Er moet ook informatie verzameld worden over
dejodiumconcentraties indeurineen de standvan zaken vaneeneventueel aanwezig
interventieprogramma. Nauwkeurige monitoring van dejodiumstatus is noodzakelijk
om de negatieve effecten gepaard gaande met enerzijds overmatigejodiuminname en
anderzijdsjodiumtekort te minimaliseren.
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