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Abstract
This study examined the contribution of long-term use of Lipiodol capsules, as a supplement to iodised salt to the control of iodine deficiency
disorders among women in Xinjiang of China. A total of 1220 women across Kashgar, Aksu, Turpan and Yili Prefectures were surveyed in 2017.
Lipiodol capsules were administered twice yearly in Kashgar and once yearly in Aksu and Turpan, but not in Yili. Urinary iodine concentration
(UIC), free triiodothyronine (FT3), free thyroxine (FT4), thyroid-stimulating hormone (TSH), thyroglobulin antibody, thyroid peroxidase anti-
body and thyroid volume values were assessed. All the women in the four areas were in a state of non-iodine deficiency by UIC. The UIC were
higher than adequate in Kashgar and Aksu (619·4 v. 278·6 μg/l). Thyroid hormone levels differed significantly in Turpan and Yili (FT3: 4·4 v.
4·6 pmol/l, FT4: 13·8 v. 14·2 pmol/l, TSH: 2·0 v. 2·7mIU/l), but did not differ significantly in Kashgar, Aksu and Yili. The four areas did not differ
significantly with regard to thyroid nodules, autoimmune thyroiditis or goitre. However, the detection rates of subclinical hypothyroidism
(16·6 %) and total thyroid dysfunction (25·4 %) were higher among women in Yili. The supplementation with Lipiodol capsules had improved
the iodine nutrition status of women in iodine-deficient areas of Xinjiang since 2006. To avoid negative effects of excess iodine, we suggest a
gradual discontinuation of Lipiodol capsules in women with special needs based on the existing iodine nutrition level of local women.
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Iodine deficiency disorders (IDD) were once more highly preva-
lent inChina than in other countries across theworld. In the 1960s,
Japanese scholars reported the prevalence rate of goitre in
Chengde City, Hebei Province, China to be 55–68%(1). In the
1990s, endemic goitre was prevalent in thirty provinces, autono-
mous regions and municipalities directly under the Central
Government of China, with the exception of Shanghai. In addi-
tion, endemic cretinism was prevalent in most cities and/or prov-
inces, except for Shanghai and Jiangsu(2). At that time, the
populationwithin iodine-deficient areas in China was 425million,
which accounted for 66 and 40% of the total population of iodine
deficiency areas in Asia and in the world, respectively. Before
implementation of large-scale prevention and treatment for
IDD, there were about 35 million cases of goitre in China(2).

Following the implementation of the universal salt iodisation
(USI) strategy in 1995, the prevalence of IDD in mainland
China has decreased from 20·4 to 5·8% by 2002(1,3). IDD are
the primary cause of endemic goitre and endemic cretinism.
Despite the effort to prevent and control IDD, new cases of
endemic cretinism were confirmed in 2006 in the Xinjiang region
of China, specifically in Wushi, Baicheng County of Aksu
Prefecture, and Lop County of Hotan Prefecture(4). As a result
of geography and climate, the iodine content is low in soil and
water in Xinjiang. Therefore, there is a serious environmental defi-
ciency of iodine. Some sections of the population suffer from seri-
ous iodine deficiency, including farmers and herdsmen from
remote areas of Southern Xinjiang(3). This iodine deficiency has
been further fuelled by poverty and the eating of soil salt, a soil
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from theGobiDesert in southernXinjiang, which contains sodium
hydroxide, sodium chloride and a variety of harmful substances,
but does not contain iodine.

The government of Xinjiang Uyghur Autonomous Region,
with the support of central and local finances, has taken a
series of measures in high-risk areas to prevent and control
IDD. The primary measures taken were emergency iodine
enhancement in key groups by supplementation with
Lipiodol capsules – an organic iodine compound that com-
bines vegetable oil with iodine and is used to prevent IDD
such as endemic goitre and endemic cretinism – and free dis-
tribution of iodised salt to disadvantaged people in Xinjiang.
There have been annual increases in the coverage rate of
iodised salt and the consumption rate of qualified iodised salt
in Xinjiang Uighur Autonomous Region after continuing
financial subsidies(5). Consequently, household consumption
of qualified iodised salt in Xinjiang has exceeded 90·0 % in the
past decade.

In 2012, the Centre for EndemicDisease Control, which is part
of the Chinese Centre for Disease Control and Prevention, organ-
ised multidisciplinary experts to conduct a survey on the current
state of prevention and control of IDD in Hotan and Kizilsu
Kirghiz Autonomous Prefecture areas, both of which have a
history of serious iodine deficiency. The results showed that in
children aged 8–10 years and women of childbearing age
(20–50 years), IDD had been effectively controlled, which
demonstrated an obvious positive effect of prevention and con-
trol efforts(6). In 2007, the WHO, the United Nations Children’s
Fund (UNICEF) and the International Council for Control of
IDD (ICCIDD) proposed that ‘when universal salt iodisation
has been carried out effectively for more than 2 years (coverage
of household use of qualified iodised salt >90 %), and the
median urinary iodine of children is more than 100 μg/l, it can
be considered that dietary iodine meets the needs of women
of childbearing age, pregnant women, and lactating women.
There is no need for additional iodine fortification’(7). Iodine sup-
plementation using Lipiodol capsules began in 2006 in iodine-
deficient areas of Southern Xinjiang. However, after more than
a decade of implementation, data are not available yet on this
initiative. Therefore, the long-term benefits and safety of such
supplementation in iodine-deficient areas of Xinjiang are uncer-
tain. The purpose of this study was to determine the effects of
long-term use of Lipiodol capsules by assessing iodine nutrition
status, thyroid function and prevalence of goitre and thyroid
nodules among three groups of women, including women of
childbearing age (who were neither pregnant nor lactating at
the time of survey), pregnant women and lactating women in
four areas of Xinjiang. In addition, we evaluated the prevention
and treatment efficacy of emergency iodine supplementation
and fortification measures.

Materials and methods

Survey areas

Four areas of Xinjiang Uighur Autonomous Region in China,
including Kashgar, Aksu, Turpan and Yili Prefectures, were
selected for the present study. The selection of these areas

was guided by reports on iodised salt coverage (>95 %) and
administration of Lipiodol capsules from the 2014 technical
report of surveillance and emergency iodine enhancement in
high-risk areas of IDD in China(8). The median water iodine in
all the three areas was <10 μg/l. Lipiodol capsules were admin-
istered twice per year in Kashgar (oral Lipiodol dose: 100 mg)
and once per year in Aksu (oral Lipiodol dose: 200 mg). In
Turpan, Lipiodol capsules were also administered once per year
(oral Lipiodol dose: 200 mg), but this ended in 2015. Yili was
used as a control in the present study since Lipiodol capsules
were not administered in this area. In order to ensure the com-
pliance with the subjects, all the women in Kashgar, Aksu and
Turpan took Lipiodol capsules in maternal and child health sta-
tions during the implementation of iodine supplementationmea-
sures using Lipiodol capsules. The use of Lipiodol capsules by
the women was monitored and evaluated by provincial and
municipal health administrative departments and disease pre-
vention and control agencies.

Sampling method

A multi-stage, stratified, random sampling method was used
in this study. In the first stage, one county/district was ran-
domly selected from each of the areas mentioned above. In
the second stage, according to the expected sample size,
three towns were randomly selected from each county/
district. In the final stage, individuals meeting the inclusion
criteria in the selected towns were randomly chosen as the
subjects for the study.

Based on the sampling method, the following towns
were selected: Xiaputule, Yingmaili and Hexiaawati towns
in Peyziwat County of Kashgar Prefecture; Tuohula, Jiamu
and Gule’awanti towns in Wensu County of Aksu Prefecture;
Qiatekale, Aidinghu and Putao towns in Gaochang District of
Turpan Prefecture and Tulupanyuzi, Wenyaer and Yingtamu
towns in Yining County of Yili Prefecture. Fig. 1 shows the geo-
graphical distributions of the survey areas.

Study design and participant selection

This study was cross-sectional by design and was conducted in
line with the guidelines of the Declaration of Helsinki. Approval
for the study was obtained from the Ethical Review Board of
Harbin Medical University (ID no. hrbmuecdc20200501). Data
collection was conducted from 1 June 2017 to 14 June 2017.
Survey participants included women of childbearing age
(20–50 years) who were neither pregnant nor lactating at the
time of the survey, pregnant women and lactating women
(breast-feeding within 2 years postpartum). We surveyed these
groups for they are considered to be high risk for IDD.
Moreover, iodine requirements during pregnancy and lactation
are greatly increased relative to those for women who are not
pregnant or lactating, owing to metabolic changes(9,10). To con-
trol for confounding factors, women in the following categories
were excluded: those who were town residents for <5 years,
those currently taking anti-thyroid drugs, those who had previ-
ously taken anti-thyroid drugs within 1 year preceding the sur-
vey, those who had eaten seafood within 3 d and those with a
family history of thyroid diseases or congenital thyroid diseases.
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The sample size for each area was determined by the varia-
tion in urinary iodine concentration (UIC); approximately 120
spot urine samples were needed to estimate the iodine level in
a population with 95 % confidence within a precision range of
±10 %, and about thirty samples were needed for a precision
range of ±20 %(11). Overall, a total of 1220 subjects were
included, of which 311, 302, 300 and 307 were from
Kashgar, Aksu, Turpan and Yili, respectively. Of the women
of childbearing age, 104, 96, 96 and 99 were from Kashgar,
Aksu, Turpan and Yili, respectively, of the pregnant women,
101, 102, 104 and 104 were from Kashgar, Aksu, Turpan and
Yili, respectively; and of the lactating women, 106, 104, 100
and 104 were from Kashgar, Aksu, Turpan and Yili, respec-
tively. According to the basic profile of the four areas in this
survey, the four areas were similar with respect to socio-
economic factors, including income and education. Moreover,
all the subjects are of the Uyghur nationality of Xinjiang.
Therefore, the eating habits in four areas were also similar.
Written informed consents were obtained from all participants
before data collection. The purpose of the study, including the
risks and benefits of participating, was communicated to partic-
ipants. In addition, in order to ensure the confidentiality and ano-
nymity of the participants, all personal identifiers of respondents
were removed. More importantly, all investigators signed a con-
fidentiality agreement for the personal information of the
respondents.

Survey indicators and measurements

According to WHO recommendations, UIC and thyroid-stimulating
hormone (TSH) levels were used to evaluate the iodine nutrition
status of the population(12). However, we acknowledge some
limitations of UIC and TSH as biomarkers; UIC is easily affected
by diet, urine volume and collection time(13–15), and TSH is
usually used to screen newborns for congenital hypothyroidism
and is seldom used to assess iodine nutrition in the entire
population(16,17). For that matter, we also included free triiodo-
thyronine (FT3), free thyroxine (FT4), thyroglobulin antibody
(TgAb) and thyroid peroxidase antibody (TPOAb) levels as
novel indicators for testing. In addition, we collected at least
50 g of household table salt from all participants in clean,
labelled Ziplock bags and tested for iodine content. In some
instances, the total number of samples collected for each survey
indicator did not correspond with the total number of partici-
pants; some participants were unwilling to produce samples
or refused sample collection, especially urinary samples.

Water sample collection

Before the survey was conducted, water iodine levels in the
areas were measured to determine whether the value was
<10 μg/l cut-off that was used for inclusion in the present study.
Each of the four areas has a centralised water supply system,
and two parallel samples were collected from each survey area.

500 km
2500 km

N

Fig. 1. The geographical distributions of the survey areas in Xinjiang Uygur Autonomous Region of China. , Kashgar Prefecture; , Aksu Prefecture; , Turpan
Prefecture; , Yili Prefecture; , provincial boundary; , city boundary; , rivers. Elevation (m): , 155–683; , 684–1068; , 1069–1469; , 1470–
1999; , 2000–2608; , 2609–3248; , 3249–3900; , 3901–4586; , 4587–5245; , 5246–8611.
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Thewater iodine level for each area was recorded as the average
value of the two samples.

Urine sample collection

From each participant, a fasting single-spot urine sample was
collected in the morning (between 08.00 hours and 11.00 hours)
in a clean, well-labelled plastic tube and stored at −20°C. The
analysis was completed within 2 weeks of collection.

Thyroid volume measurements and goitre

Thyroid ultrasonography was performed by an experienced
examiner using a 7·5MHz transducer and mainly measured
the thyroid volume, nodule diameter and echo. The depth (d),
width (w) and length (l) of each lobe were measured, and the
thyroid lobe volumewas then calculated using the following for-
mula: V (ml)= 0·479 × d ×w × l (mm)/1000, and recorded as the
sum of both lobes.

Blood sample collection

Twomillilitres of venous blood (no anticoagulant) was collected
from study subjects, allowed to stand at room temperature for 2 h
and was then centrifuged at 3000 g. The serum was separated
and stored at –80°C.

Determination of iodine in water, salt and urine samples

The iodine concentration of drinking water was determined
using the method of As3þ–Ce4þ Catalytic Spectrophotometry,
as recommended by the Chinese National Reference
Laboratory for Iodine Deficiency Disorders (NRLIDD) and
the Chinese Centre for Disease Control and Prevention(18).
The iodine content in the salt samples was determined using
the general test method of the salt industry(19). The UIC was
measured according to the health standard method of China
for determination of iodine in urine by As3þ–Ce4þ catalytic
spectrophotometry(20).

Determination of thyroid hormones in blood samples

Levels of FT3, FT4, TSH, TPOAb and TgAb were determined
using a chemiluminescent immunoassay (Elecsys and Cobas
Diagnostics; Bayer Healthcare Company).

Reference standard

The standard for iodine content of edible salt in Xinjiang was
30 mg/kg, and the allowable range of qualified iodised salt
was 21–39 mg/kg(21). According to WHO/UNICEF/ICCIDD
recommendations, the adequate range of urinary iodine for
adults, pregnant women and lactating women is 100–199,
150–249 and >100 μg/l, respectively. The reference values
were 3·1–6·8 pmol/l (FT3), 12·0–22·0 pmol/l (FT4), 0·27–
4·2 μIU/ml (TSH), 0–34 U/ml (TPOAb) and 0–115 U/ml
(TgAb). Thyroid ultrasonography was performed according
to Chinese health standards(22). Normal female thyroid volume
is <18 ml.

Diagnostic criteria for thyroid disease

Hypothyroxinaemia was defined as FT4< 12 pmol/l and TSH
within the normal range; overt hypothyroidism was defined as
TSH> 4·20 mIU/l and FT4< 12 pmol/l; subclinical hypothyroid-
ism was defined as TSH> 4·20 mIU/l and FT4 within the normal
range; overt hyperthyroidism was defined as TSH< 0·27 mIU/l
and FT4 > 22 or FT3> 6·8 pmol/l; subclinical hyperthyroidism
was defined as TSH< 0·27 mIU/l with FT3 and FT4 within the
normal range; autoimmune thyroiditis was defined as
TPOAb> 34 U/ml or TgAb> 115 U/ml, with overt or subclinical
hypothyroidism; positive thyroid antibody titers were defined as
TPOAb> 34 U/ml or TgAb> 115 U/ml; and goitre was defined
by a thyroid volume >18 ml (female).

Statistical analysis

SPSS (version 17.0; SPSS Inc.) for Windows was used for data
processing and descriptive statistical analysis. The continuous data
were analysed by ANOVA. Normally distributed continuous data
were presented as means and standard deviations; non-normally
distributed data were expressed as medians and interquartile
ranges. Variables with skewed distributions were assessed with a
Kruskal–Wallis test. A χ2 test was used to compare differences in
rates between groups. A P value <0·05 was considered statistically
significant; all tests were two-tailed.

Results

Demographic characteristics of the participants

The demographic characteristics of participants from the four
areas are shown in Table 1. The median water iodine in
Kashgar, Aksu, Turpan and Yili was 8·1, 1·5, 5·6 and 0·8 μg/l,
respectively. The coverage rate of household consumption
of qualified iodised salt exceeded 90 % in all areas except
Aksu (74·2 %) and the coverage rate of iodised salt exceeded
95·0 % in all areas. There were no significant differences with
respect to age or BMI between women from the four areas.
Moreover, the composition, age and BMI of pregnant women
at different trimesters in the four areas did not differ signifi-
cantly (all P > 0·05).

Iodine nutritional status

The UIC data for women from different groups across the four
areas are shown in Table 2. According to the UIC measured in
this survey, all women in all four areas were iodine sufficient.
The UIC data showed a downwards trend in childbearing age,
pregnant and lactating women in Kashgar, Aksu and Turpan.

By the end of the study, Lipiodol capsules had been admin-
istered in Kashgar for <1 month. However, the UIC of child-
bearing age, pregnant and lactating women in that area was
631·9, 667·9 and 517·2 μg/l, respectively. For pregnant women
in first, second and third trimesters, the UIC was 695·1, 646·9
and 517·2 μg/l, respectively. In Aksu, iodine supplementation
with Lipiodol capsules had been ongoing for more than
6 months. We noted that, comparatively, the UIC of each of
the three groups was significantly lower than that of Kashgar
(women of childbearing age: 320·7 v. 631·9 μg/l, Z=−9·946,
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P< 0·001; all pregnant women: 230·9 v. 667·9 μg/l, Z=−10·694,
P< 0·001; lactating women: 278·6 v. 517·2 μg/l, Z=−10·142,
P< 0·001). At the same time, the level of UIC of pregnant women
at different trimesters in the two areas also showed the same
trend as all pregnant women taken together. The level of UIC
in Aksu was lower than that in Kashgar (the first trimester:
389·7·9 v. 695·1 μg/l, Z=−6·006, P< 0·001; the second trimester:
276·0 v. 646·9 μg/l, Z=−6·387, P< 0·001; and the third trimester:
155·4 v. 517·2 μg/l, Z=−5·25, P< 0·001). UIC was higher in
women of childbearing age and lactating women in Aksu com-
pared with those in Turpan (320·7 v. 262·7 μg/l, Z=−2·992,
P= 0·003; 278·6 v. 234·1 μg/l, Z=−3·083, P= 0·002) and Yili
(320·7 v. 165·4 μg/l, Z=−6·155, P< 0·001; 278·6 v. 177·6 μg/l,
Z=−6·804, P< 0·001). There were also significant differences
in UIC between Turpan and Yili with regard to women of child-
bearing age (P< 0·001), pregnant women (all pregnant women,
P= 0·021; pregnant women in first trimester, P= 0·033) and lac-
tating women (P< 0·001). Nevertheless, although the UIC was
higher for both women of childbearing age and lactating women
in Turpan, it was lower for all pregnant women.

Thyroid hormones and autoimmune antibodies

Table 3 shows levels of thyroid hormones and autoimmune anti-
bodies in women from Kashgar, Aksu, Turpan and Yili. There
were significant differences in levels of FT3 (F= 6·193,
P< 0·01), FT4 (F= 4·333, P= 0·005) and TSH (H= 16·924,
P= 0·01) in women across the four areas. We found that thyroid
hormone levels were significantly lower in Turpan women than
in Yili women. However, we found no significant differences
across the four areas with regard to TgAb positive rate,
TPOAb positive rate or double antibody positive rate.

Further analysis by group revealed significantly lower FT4 levels
in women of childbearing age and lactating women in Kashgar
compared with those in Yili (14·0 v. 15·1 pmol/l and 13·4 v.
14·2 pmol/l, respectively). Furthermore, TSH levels of all pregnant
women in Kashgarwere significantly lower than those in Yili (1·9 v.
2·6mIU/l). However, FT4 levels of all pregnant women in Kashgar
were significantly higher than those in Yili (14·4 v. 13·4 pmol/l;
P= 0·008). There were no significant differences in thyroid hor-
mone levels between women in Aksu and Yili. There were signifi-
cantly lower levels of FT3, FT4 and TSH in women in Turpan

Table 1. Demographic characteristics in four areas*†
(Normally distributed mean values and standard deviations; non-normally distributed medians and 25th and 75th percentiles (P25–P75); numbers and
percentages)

Characteristic

Kashgar Aksu Turpan Yili‡

PMean SD Mean SD Mean SD Mean SD

Water iodine (μg/l)
Median 8·1 1·5 5·6 0·8
P25–P75 7·7–10·5 1·2–3·5 4·8–5·9 0·6–3·4

Iodine content of iodised salt (mg/kg)
Median 30·5 26·4 26·9 28·9
P25–P75 28·2–33·9 20·1–29·5 25·6–28·6 27·2–31·2

Coverage of household consumption of qualified iodised salt
(%) 94·9 74·2 100·0 92·9

Iodised salt coverage (%) 99·0 100·0 100·0 96·1
Women of childbearing age
n 104 96 96 99
Age (years) 28·8 4·9 29·9 5·2 29·9 7·0 30·1 6·7 0·366
BMI (kg/m2) 21·5 3·6 21·6 3·3 22·3 4·8 22·6 4·5 0·190

Pregnant women
n 101 102 104 104
First trimester

n 41 24 23 32
Age (years) 26·7 3·7 26·1 5·1 27·7 6·1 27·6 6·1 0·641
BMI (kg/m2) 21·5 2·9 22·2 3·2 21·9 3·9 22·2 3·7 0·827

Second trimester
n 37 44 42 41
Age (years) 26·6 4·7 25·5 4·5 27·3 5·8 27·4 4·3 0·249
BMI (kg/m2) 22·1 3·1 22·2 3·0 22·6 4·1 22·8 3·9 0·776

Third trimester
n 23 34 39 31
Age (years) 27·9 5·8 26·1 5·4 28·4 5·6 26·2 5·1 0·189
BMI (kg/m2) 23·4 2·9 24·0 3·3 24·7 4·5 25·0 5·2 0·495

All pregnant women
Age (years) 27·0 4·6 25·8 4·9 27·8 5·7 27·1 5·2 0·056
BMI (kg/m2) 22·1 3·0 22·9 3·3 23·1 4·4 23·2 4·8 0·204

Lactating women
n 106 104 100 104
Age (years) 27·3 5·0 28·1 4·5 28·6 5·4 28·6 5·4 0·185
BMI (kg/m2) 21·7 3·1 22·0 3·6 22·6 4·2 22·5 3·6 0·212

* One-way ANOVA was used for age and BMI. P< 0·05 was considered significant.
† There was no significant difference in the composition of pregnant women at different trimesters in the four areas (P= 0·064).
‡ Yili as the control in each area.
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comparedwith women in Yili. As for thyroid autoimmune antibod-
ies, there were no statistically significant differences between the
groups with respect to TPOAb positive rate, TgAb positive rate
and TPOAb and/or TgAb (Table 3).

Thyroid hormone and antibody levels of pregnant women at
different trimesters in the four areas are shown in Table 4. As
pregnancy progressed, the levels of FT3 and FT4 in each area
tended to decrease, while the level of TSH reached the highest
level in the third trimester. Except for the TgAb positive rate in
Aksu (χ2= 9·674, P= 0·008) and the TPOAb and/or TgAb posi-
tive rate in Turpan (χ2= 6·760, P= 0·034), there was no signifi-
cant difference in antibodies among other areas during
different trimesters of pregnancy.

The results of thyroid function in each trimester of pregnancy
among the pregnant women in the four areas showed that there
were statistically significant differences in the levels of FT4 and
TSHbetween the four areas in the first and second trimester of preg-
nancy (FT4: F= 4·231, P= 0. 007 and F= 2·723, P= 0·046; TSH:
χ2= 8·721, P= 0·033 and χ2= 8·156, P= 0·043). In contrast, the lev-
els of FT3 only showed statistically significant differences among the
four regions in the first trimester (F= 6·669, P< 0·001). For thyroid
autoimmune antibodies, there were no statistically significant
differences between the groupswith respect to the TPOAb positive
rate, the TgAb positive rate or the TPOAb and/or TgAb positive rate
in pregnant women at different trimesters in the four areas
(Table 4).

Thyroid diseases in the four areas

Thyroid diseases in the four areas are shown in Fig. 2. We noted
significant differences in the detection rate of subclinical hypothy-
roidism between women in Kashgar, Aksu, Turpan and Yili
(χ2= 14·532,P= 0·002). The detection rate of subclinical hypothy-
roidismwas significantly lower in Kashgar and Turpan than in Yili
(9·3 v. 16·6%, χ2= 7·281, P= 0·007; 7·7 v. 16·6%, χ2= 11·343;
P= 0·001). We found no significant differences in the detection
rates for hypothyroidism, hyperthyroidism or subclinical hyper-
thyroidism between the areas. However, significant differences
were found between the areas for total detection rate of thyroid
dysfunction cases; the total detection rate of thyroid dysfunction
cases in Turpan was significantly lower than that in Yili (14·3 v.
25·4 %, χ2= 11·658,P= 0·001). The difference in the detection rate

for hypothyroxinaemia across the four areas was statistically sig-
nificant (χ2= 11·138, P= 0·011), with Aksu having the lowest
detection rate of 9·6%. The detection rates of autoimmune thy-
roiditis in women in Kashgar (5·8%), Aksu (5·0%) and Turpan
(5·0%) did not vary significantly, although the rates in these three
areas were slightly higher than that in Yili (3·6%; Fig. 2(d)).

The detection rates of thyroid diseases across the groups of
women are shown in Fig. 2. There were significant differences in
the detection rate of subclinical hypothyroidism in the different
areas for women of childbearing age (χ2= 8·314, P= 0·04), and
the detection rate was significantly lower in Kashgar than in Yili
(6·7 v. 18·2%, χ2= 6·159, P= 0·013; Fig. 2(a)). The detection rate
of hypothyroxinaemia among the all pregnant women showed sta-
tistically significant differences across the four areas (χ2= 17·925,
P< 0·001). The findings showed that the detection rate of hypothyr-
oxinaemia in all pregnant women was lower in Kashgar and Aksu
than in Yili (9·9 v. 30·8%, χ2= 13·698, P< 0·001; 15·8 v. 30·8%,
χ2= 6·367; P= 0·012; Fig. 2(b)). By contrast, there were no signifi-
cant differences between lactating women in the four areas with
respect to thyroid diseases or the detection rate of autoimmune thy-
roiditis (Fig. 2(c)).

Table 5 shows thyroid ultrasound results for 1217 women in
the four study areas. The total goitre rate in the four areas was
1·1 %, and the total detection rate of thyroid nodules was
5·9 %. No significant differences were observed in detection rate
of goitre and thyroid nodules across the four areas (χ2= 2·461,
P= 0·482; χ2= 1·411, P= 0·703).

Discussion

Growing evidence suggests that thyroid hormone disorders can
be caused by either insufficient or excessive iodine intake(23–25).
Therefore, we investigated the iodine nutrition status of women
in Xinjiang after more than a decade of iodine supplementation
with Lipiodol capsules. The results showed that in each of the
four areas, medianwater iodinewas<10 μg/l and the iodised salt
coveragewas>95·0 %. These data imply that, despite these areas
being iodine-deficient, there was effective coverage of iodised
salt in the population. However, a high population coverage
of iodised salt does not always translate into high consumption
of qualified iodised salt. Indeed, we noted low household

Table 2. Urinary iodine concentration of different women in four areas (μg/l)†
(Non-normally distributed medians and 25th and 75th percentiles (P25–P75))

Kashgar Aksu Turpan Yili‡

n Median P25–P75 n Median P25–P75 n Median P25–P75 n Median P25–P75

Women of childbearing age 104 631·9** 518·1–707·9 96 320·7** 213·1–422·6 93 262·7** 175·9–339·0 99 165·4 102·7–102·7
Pregnant women
First trimester 41 695·1** 506·6–734·2 24 389·6 218·0–453·6 22 255·9* 116·3–311·9 33 320·9 180·5–434·5
Second trimester 37 646·9** 513·6–697·3 44 276·0 166·8–394·9 41 194·6 117·9–302·1 39 219·7 103·5–370·5
Third trimester 23 517·2** 332·1–660·0 34 155·4* 125·7–223·8 36 164·9 87·5–299·4 26 239·3 151·9–446·1
All pregnant women 101 667·9** 492·3–718·0 102 230·9 147·1–381·6 99 204·1* 115·8–307·3 98 242·6 132·7–427·5

Lactating women 106 517·2** 462·1–654·3 103 278·6* 188·0–365·1 99 234·1* 150·7–323·0 104 177·6 89·7–221·3
Total women 311 619·4** 493·8–707·9 301 278·6** 177·8–391·5 291 233·3** 146·5–327·9 301 190·1 107·8–286·7

Median value was significantly different from that for Yili: * P< 0·05, ** P < 0·01.
† The Kruskal–Wallis test was adopted for urinary iodine concentration.
‡ Yili as the control in each area.
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Table 3. Thyroid hormone and antibody levels of different women in four areas†
(Normally distributed mean values and standard deviations; non-normally distributed medians and 25th and 75th percentiles (P25–P75); numbers and
percentages)

Kashgar Aksu Turpan Yili‡

n % n % n % n %

Women of childbearing age
n 104 96 96 99
FT3 (pmol/l)

Mean 4·6 4·9 4·5* 4·8
SD 0·6 0·5 0·9 1·0

FT4 (pmol/l)
Mean 14·0** 15·2 14·1** 15·1
SD 2·0 2·1 1·9 3·1

TSH (mIU/l)
Median 2·5 2·5 2·0** 2·7
P25–P75 1·63–3·8 1·5–3·8 1·5–3·1 1·9–4·1

TgAb (þ) 9 8·7 10 10·4 15 15·6 13 13·1
TPOAb (þ) 8 7·7 10 10·4 14 14·6 16 16·2
TPOAb (þ) and/or TgAb (þ) 13 12·5 12 12·5 25 26·04 23 23·23

All pregnant women
n 101 101 104 104
FT3 (pmol/l)

Mean 4·3 4·3 4·1 4·2
SD 0·6 0·8 1·4 0·6

FT4 (pmol/l)
Mean 14·4** 14·0 13·6 13·4
SD 2·3 2·8 4·4 2·3

TSH (mIU/l)
Median 1·9* 2·1 1·8** 2·6
P25–P75 1·1–3·5 1·4–3·2 1·2–2·8 1·6–3·8

TgAb (þ) 7 6·9 5 5·0 11 10·6 7 6·7
TPOAb (þ) 9 8·9 7 6·9 8 7·7 6 5·8
TPOAb (þ) and/or TgAb (þ) 12 11·88 9 8·91 14 13·46 9 8·65

Lactating women
n 106 104 100 104
FT3 (pmol/l)

Mean 4·6 4·9 4·6* 4·78
SD 0·7 0·7 0·5 0·8

FT4 (pmol/l)
Mean 13·4** 14·3 13·6 14·2
SD 2·4 2·0 1·9 2·7

TSH (mIU/l)
Median 2·8 2·4 2·4 2·6
P25–P75 1·7–3·8 1·5–3·8 1·6–3·5 1·5–4·2

TgAb (þ) 18 17·0 13 12·5 11 11·0 13 12·5
TPOAb (þ) 14 13·2 11 10·6 8 8·0 4 3·9
TPOAb (þ) and/or TgAb (þ) 23 21·7 17 16·35 17 17 14 13·46

Total women
n 311 301 300 307
FT3 (pmol/l)

Mean 4·5 4·7 4·4* 4·6
SD 0·7 0·8 1·0 0·8

FT4 (pmol/l)
Mean 13·9 14·5 13·8* 14·2
SD 2·3 2·4 3·0 2·8

TSH (mIU/l)
Median 2·4 2·3 2·0** 2·7
P25–P75 1·5–3·7 1·5–3·5 1·5–3·1 1·7–4·0

TgAb (þ) 34 10·9 28 9·3 37 12·3 33 10·8
TPOAb (þ) 31 10·0 28 9·3 30 10·0 26 8·5
TPOAb (þ) and/or TgAb (þ) 17 5·5 18 6·0 11 3·7 1 4·2

FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; TGAb, thyroglobulin antibody; TGAb(þ), test value>115 U/ml; TPOAb, thyroid peroxidase antibody;
TPOAb(þ), test value >34 U/ml.
Value was significantly different from that for Yili: * P< 0·05, ** P < 0·01.
† One-way ANOVA was used for FT3 and FT4; Kruskal–Wallis test was adopted for TSH; χ2 test was used for TPOAb (þ), TgAb (þ), and TPOAb (þ) and/or TgAb (þ).
‡ Yili as the control in each area.

Lipiodol supplementation and iodine status 15

https://doi.org/10.1017/S0007114520003918  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520003918


consumption of qualified iodised salt in Aksu. This observation
may have resulted from the unstable quality of local iodised salt
due to poor storage, as well as inadequate health education and
promotion of iodised salt consumption(26).

The study investigated the iodine nutrition status for women
of childbearing age, pregnant women and lactating women in
Turpan and Yili and found that these women were in a non-
iodine deficiency state. The median UIC of women of child-
bearing age, pregnant women and lactating women in
Kashgar was in excess of the recommended levels of median
UIC (>500·0 μg/l). Similarly, women of childbearing age in
Aksu were also in a state of iodine excess (320·7 μg/l). It should

be noted that the composition, age and BMI of pregnant women
at different trimesters in our study were also well comparable in
the four areas. Furthermore, the UIC levels of pregnant women at
different trimesters showed the same trend as the UIC levels of all
pregnant women among the four areas. This finding may be
explained by the short duration between the time of supplemen-
tation and data collection, which likely caused a transient increase
in UIC among the sampled population(27). Specifically, Lipiodol
capsules were administered to women in Kashgar in May 2017,
and data were collected in June 2017; in Aksu, iodine supple-
ments were administered in December 2016, 6 months prior
to data collection. Interestingly, in Aksu, we found iodine

Table 4. Thyroid hormone and antibody levels of pregnant women at different trimesters in four areas†
(Normally distributed mean values and standard deviations; non-normally distributed medians and 25th and 75th percentiles (P25–P75); numbers and
percentages)

Kashgar Aksu Turpan Yili‡

n % n % n % n %

n 101 101 104 104
FT3 (pmol/l)
First trimester

Mean 4·3** 4·8 4·2* 4·7
SD 0·7 0·6 0·5 0·5

Second trimester
Mean 4·3 4·1 4·5 4·1
SD 0·6 0·5 1·9 0·5

Third trimester
Mean 4·1 4·0 3·7 3·8
SD 0·6 1·1 0·6 0·5

FT4 (pmol/l)
First trimester

Mean 14·5 15·7 13·3** 15·3
SD 2·7 2·7 2·2 2·5

Second trimester
Mean 14·3* 13·7 14·7** 12·6
SD 2·1 1·8 6·3 1·6

Third trimester
Mean 13·7 13·2 12·6 12·4
SD 1·5 3·5 1·9 1·4

TSH (mIU/l)
First trimester

Median 1·3** 2·1 1·9 2·6
P25–P75 0·8–2·9 1·3–3·2 1·5–2·9 1·5–4·2

Second trimester
Median 2·2 2·0 1·6* 2·3
P25–P75 1·2–3·5 1·6–3·2 0·8–2·3 1·4–3·7

Third trimester
Median 2·8 2·2 2·0 2·7
P25–P75 1·8–6·3 1·3–3·1 1·4–3·0 1·9–3·4

TgAb (þ)
First trimester 3 7·3 4 16·7 0 0·0 4 12·5
Second trimester 2 5·4 0 0·0 4 9·5 1 2·4
Third trimester 2 8·7 1 2·9 7 17·9 2 6·5

TPOAb (þ)
First trimester 4 9·8 3 12·5 0 0·0 1 3·1
Second trimester 3 8·1 2 4·7 2 4·8 2 4·8
Third trimester 2 8·7 2 5·9 6 15·4 3 9·7

TPOAb (þ) and/or TgAb (þ)
First trimester 6 14·6 5 20·8 0 0·0 4 12·5
Second trimester 3 8·1 2 4·7 5 11·9 2 4·8
Third trimester 3 13·0 2 5·9 9 23·1 3 9·7

FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; TGAb, thyroglobulin antibody; TGAb(þ), test value> 115 U/ml; TPOAb, thyroid peroxidase antibody;
TPOAb(þ), test value> 34 U/ml.
Value was significantly different from that for Yili: * P< 0·05, ** P < 0·01.
† One-way ANOVA was used for FT3 and FT4; Kruskal–Wallis test was adopted for TSH; χ2 test was used for TPOAb (þ), TgAb (þ), and TPOAb (þ) and/or TgAb (þ).
‡ Yili as the control in each area.
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nutrition to be adequate among pregnant women (230·9 μg/l)
and sufficient among lactating women (278·6 μg/l), which may
reflect an increased utilisation of iodine during pregnancy and
lactation(9,10). A study in Gansu Province of China showed that
the iodine nutrition status of pregnant and lactating women
was significantly improved after a single oral administration of
200mg Lipiodol capsules(28). However, in the same study, the
level of urinary iodine peaked at the first day after taking
Lipiodol capsules. The quantity of urinary iodine excretedwithin
21 d was greater than that at 1 month after taking Lipiodol
capsules. Then, from 3 to 9 months after taking Lipiodol cap-
sules, the UIC gradually tended to be >150 μg/l, the ideal

cut-off for pregnant women proposed by the WHO(12). Also, a
study from Qinghai Province of China, where emergency iodine
supplementation with Lipiodol capsules was implemented,
demonstrated that the pregnant and lactating women took
Lipiodol capsules continuously for 3 years, which was effective
in prevention and treatment of IDD(29). The above data suggest
that the national policy of iodine supplementation and fortifica-
tion has effectively improved the iodine deficiency state of the
population in this survey area, although there was evidence of
excess iodine intake. This finding was similar to a case–control
study by Isa et al. from Malaysia, which demonstrated that oral
iodised oil can effectively reduce thyroid size and improve
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Fig. 2. Thyroid disease detection rates of different women in four areas. (a)Women of childbearing age; (b) all pregnant women; (c) lactatingwomen; (d) total women; Yili
as the control area and ‡P< 0·0167. , Overt hypothyroidism; , subclinical hypothyroidism; , overt hyperthyroidism; , subclinical hyperthyroidism; ,
hyroid dysfunction cases; , hypothyroxinaemia; , autoimmune thyroiditis.

Table 5. Detection rates of goitre and thyroid nodule in four areas*†
(Number of goitre and thyroid nodules and percentages)

Kashgar Aksu Turpan Yili‡ Total

n % n % n % n % n %

n 308 302 300 307 1217
Goitre 2 0·7 6 2·0 4 1·3 3 1·0 13 1·1
Thyroid nodules 17 5·5 22 7·3 17 5·6 16 5·2 72 5·9

* Four areas were compared, the prevalence of goitre and the prevalence of thyroid nodules did not differ significantly.
† The χ2 test was used for goitre and thyroid nodules.
‡ Yili as the control in each area.
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iodine nutrition levels among schoolchildren and pregnant
mothers in endemic goitre areas. However, the related long-term
effects need to be monitored more closely(30).

The results of thyroid function of women in the survey areas
showed that levels of FT3, FT4 and TSH were significantly differ-
ent in Turpan compared with Yili. However, there were no sig-
nificant differences in FT3, FT4 or TSH levels between women in
Kashgar, Aksu and Yili. The results of thyroid function in preg-
nant women at different trimesters showed that the levels of FT3
and FT4 were significantly lower in the third trimester than in the
first trimester, while the level of TSH increased in the third trimes-
ter. Previous studies(31,32) have suggested that after pregnancy,
the synthesis of thyroxine binding globulin in the liver increases
due to the rise in oestrogen. This leads to the increase of
Triiodothyronine (T3)/Thyroxine (T4) binding to thyroxine bind-
ing globulin and ultimately a decrease in FT3 and FT4 serum lev-
els. Our findings are consistent with these previous studies.
Furthermore, no significant differences were noted in the posi-
tive rates of TgAb and/or TPOAb among the four areas including
pregnant women in different trimesters. Nevertheless, the detec-
tion rate of autoimmune thyroiditis among all women was
slightly higher in Kashgar, Aksu and Turpan, where Lipiodol cap-
sules were administered, compared with Yili, where iodine sup-
plementation with Lipiodol capsules was not implemented.
When iodine supplementation or fortification is administered
in an iodine-deficient state, there is a risk for overdose if supple-
mentation is continued after iodine supply improves. This claim
has been supported by empirical studies which reported that
long-term fortification of iodine after iodine deficiency would
have an impact on thyroid autoimmune status and could result
in the production of abnormal thyroid antibodies in susceptible
people(33,34). Similarly, a study of schoolchildren from areas with
severe iodine deficiency in Azerbaijan showed that thyroid auto-
antibody (TPOAb) was significantly higher when taking 190 mg
Lipiodol capsules twice a year (at intervals of 6 months) than
once a year(35). Therefore, iodine supplementation and fortifica-
tion programmes must be monitored and evaluated regularly to
avoid excess iodine intake and the associated adverse effects.

According to our results, the total detection rate of thyroid
dysfunction cases was 18·7, 20·6, 14·3 and 25·4 % in Kashi,
Aksu, Turpan and Yili, respectively. The detection rate of hypo-
thyroidism among women in Kashgar was 6·4 %. Although this
was slightly higher than the detection rate observed in the other
three areas, it was closely aligned with the prevalence rate of
hypothyroidism among lactating women (6·8 %) reported in
2014 by the Centre for Endemic Disease Control, Chinese
Centre for Disease Control and Prevention(8). Among the four
areas, the detection rate of subclinical hypothyroidism varied sig-
nificantly, with the highest rate of 16·6 % recorded among
women in Yili. Notably, Yining County of Yili is located in the
north of Xinjiang, where living standards and economic condi-
tions are comparatively better than in other regions. Iodine levels
in the water of the villages and towns of Yining County range
from 0·1 to 7·2 μg/l and the external environment are in a state
of iodine deficiency. In 2006, the coverage rate of iodised salt in
Yining County was 58·33 %, the median UIC of children was
91·9 μg/l and the goitre rate was 15·9 %; none of these measures
met the national standard for eliminating IDD(36). In recent years,

intervention by the Chinese government resulted in remarkable
progress in the prevention and control of IDD in Yining and the
coverage rate of iodised salt has increased significantly. National
reports showed that iodised salt coverage and consumption of
qualified iodised salt in Yining exceeded 95·0 % in 2015 and
2016, which is the standard for the elimination of IDD(36). In
2017, surveillance results of IDD in Yining County, Xinjiang
showed the median UIC of children was 120·43 μg/l and the
goitre rate in children was 1·0 %. Thus, the iodine nutrition level
of children in Yining County has improved to an iodine-sufficient
state, and the goitre rate in children has reached the elimination
standard of IDD. Although the present study found the median
UIC of women in Yili to be in an adequate state, the detection
rate of subclinical hypothyroidism in Yili was the highest of
any survey region, indicating a need for further investigation.

It has been reported that increased prevalence of goitre, thy-
roid nodules and hyperthyroidism is the main consequences of
long-term iodine deficiency in adults(37). The goitre rates were
<5 % in all four areas surveyed, and detection rates of hyperthy-
roidism and thyroid nodules were relatively low. It is evident that
with the annual increase of iodised salt coverage rate, iodine
nutrition is becoming more adequate for the population. The
iodine deficiency in the four areas was greatly improved. A con-
trolled trial in an iodine-deficient area of Zaire demonstrated that
after 2 years of supplementation with Lipiodol, the age–sex
standardised total goitre prevalence in the population decreased
from 64 to 54 %(38). According to a study by Phillips and his col-
leagues, the effects of a single oral Lipiodol dose can last up to
8 months(39). It is worth mentioning that the detection rates of
thyroid nodules among women were 5·5, 7·3, 5·6 and 5·2 % in
Kashgar, Aksu, Turpan and Yili, respectively; these rates are
lower than those reported in other areas of China. In 2014, it
was reported that the detection rate of thyroid nodules was
23·36 % in women and 16·04 % in lactating women in the
Beihai area of Guangxi Province(40). Investigation of iodine lev-
els in Juye County of Shandong Province showed that the detec-
tion rate of thyroid nodules in adults was 16·5 %(41). A survey
conducted by Du et al. in areas of iodine deficiency, iodine suf-
ficiency and iodine excess found detection rates of thyroid nod-
ules in adults to be 10·8, 22·2 and 8·66 %, respectively(42). A large
number of epidemiological studies have shown that the use of
high-resolution B-ultrasound can detect nodules in 19–67 % of
randomly selected people, mostly in women and the elderly(43).
The above surveys reported detection rates of thyroid nodules
that were higher than those found in this survey, which may
be explained by differences between Xinjiang and other areas
in mainland China with respect to external environment iodine
nutrition, eating habits, lifestyle, work stress or other factors.

Xinjiang spans across a wide area and has an uneven distri-
bution of rivers. Historically, IDD in southern Xinjiang was more
serious than in northern Xinjiang. Of the four areas surveyed,
Kashgar and Aksu are located in the south of Xinjiang, Turpan
is located in the central and eastern parts of Xinjiang and Yili
is located in the north of Xinjiang. In Turpan, both the iodised
salt coverage and consumption rate of qualified iodised salt were
100 %. At the time of this study, it had been a year and a half since
the last oral administration of Lipiodol capsules and the effect of
these supplements was no longer evident(44). The survey
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showed that, in Turpan, iodine nutrition status was sufficient in
women of childbearing age (UIC: 262·7 μg/l), adequate for preg-
nant women (UIC: 204·1 μg/l) and sufficient for lactating women
(234·1 μg/l). Moreover, the total detection rate of thyroid dys-
function cases was lower in Turpan than in the areas surveyed.
These data suggest that consumption of iodised salt provides
necessary iodine nutrition for the population in these areas
and that there is no need for additional iodine supplementation
or fortification.

According to the results of this survey, IDD has been effec-
tively controlled in Kashgar and Aksu. Therefore, it is appropri-
ate to provide free supply of iodised salt for disadvantaged
people along with emergency iodine supplementation with
Lipiodol capsules for people in special need. These preventions
and control measures should be adopted in the areas where the
coverage rate of iodised salt, and the consumption rate of quali-
fied iodised salt do not meet recommended standards, and the
price subsidy of iodised salt should continue for the key popu-
lation. Since either iodine deficiency or iodine excess can have
adverse effects on the human body, it is important to note that
iodised salt alone is shown to be adequate for women who
are not pregnant or lactating and there is no need for supplemen-
tation with Lipiodol capsules in this population. In order to avoid
negative effects of iodine excess, we suggest that the use of
Lipiodol capsules in womenwith special needs should be gradu-
ally discontinued based on the existing iodine nutrition levels of
local women aged 20–50 years.

Strengths and limitations

This study has several strengths. First, it is the first to evaluate the
effect of Lipiodol capsules on women aged 20–50 years in
iodine-deficient areas over the course of 10 years. This type of
study is critical to guide follow-up implementation and emer-
gency use of Lipiodol capsules for key populations in iodine-
deficient areas. Second, the subjects of this study are of the
Uyghur nationality of Xinjiang. At present, there are few studies
on the effect of long-term use of Lipiodol capsules in Chinese
ethnic minorities. Our results provide a theoretical reference
for the prevention and treatment of IDD in minorities. Despite
the notable strengths of the present study, there are also some
limitations. First, dietary habits were not surveyed to determine
possible food-based sources of iodine. Second, a small number
of urine and blood samples could not be collected, resulting in
inconsistencies in the numbers of urine and blood test results
across groups. Therefore, future research should focus on the
collection of basic information and samples. Third, the diagnos-
tic criteria of thyroid diseases in pregnant and lactating women
were based on the general population in this study. The refer-
ence range for thyroid hormone in pregnant and lactating
women has not been established in China, especially in
Xinjiang. The residents of this study area are all Uyghurs who
differ from the previous survey population (Han nationality),
which may contribute to ethnic differences in the survey results.
Last, we acknowledge the contribution of iodised salt consump-
tion in reducing the prevalence of IDD in China(45). Lipiodol cap-
sules were administered as a supplement to iodised salt.
Therefore, we cannot solely attribute the improved iodine

nutrition status and reduced prevalence of endemic goitre found
in this study to the effect of Lipiodol capsules. It was methodo-
logically too complex to distinguish which of the gains made in
the control of IDD resulted from salt iodisation and which were
from iodine supplementation with Lipiodol capsules.

Conclusion

The policy of taking Lipiodol capsules as a supplement to iodised
salt has improved the iodine nutrition status of women in iodine-
deficient areas of Xinjiang since 2006. The external environments
of the survey areas in Xinjiang are in a state of iodine deficiency,
and thus, there remains a risk for new cretinism. Generally speak-
ing, the rural network of iodised salt supply in Xinjiang is sound,
but the quality of iodised salt is not very stable. Since iodine defi-
ciency and iodine excess can both have adverse effects on the
human body, it is important to note that this study found that
iodised salt alone was adequate for women who were not preg-
nant or lactating. Therefore, this suggests no need for supplemen-
tation with Lipiodol capsules in women who are not pregnant or
lactating. In order to avoid the effects of iodine excess, we suggest
a gradual discontinuationof Lipiodol capsules inwomenwith spe-
cial needs, based on the existing iodine nutrition level of local
women aged 20–50 years. In addition, while actively taking com-
prehensive prevention and control measures, it is necessary to
improve monitoring of iodine deficiency disorders and iodine
nutrition, especially the monitoring of pregnant women, children
and other key groups to allow for timely intervention.
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