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Abstract
As city residents eat out more frequently, it is unknown that if iodised salt is still required in home cooking. We analysed the relationship of
household salt and eating out on urinary iodine concentration (UIC) in pregnant women. A household condiment weighing method was implemented to collect salt data for a week. A household salt sample was collected. A urine sample was taken at the end of the week. Totally,
4640 participants were investigated. The median UIC was 139·1 μg/l in pregnant women and 148·7, 140·0 and 122·9 μg/l in the first, second
and third trimesters. Median UIC in the third trimester was lower than in the other trimesters (P < 0·001). The usage rates of iodised (an iodine
content ≥ 5·0 mg/kg) and qualified-iodised (an iodine content ≥ 21·0 mg/kg) salt were 73·9 and 59·3 %. The median UIC in the qualified-iodised
salt group was higher than in the non-iodised group (P = 0·037). The median UIC in the non-iodised group who did not eat out was lower than in
qualified-salt groups who both did and did not eat out (P = 0·007, <0·001). The proportion of qualified-iodised salt used in home cooking is low,
but foods eaten out have universal salt iodisation according to the national compulsory policy. Household iodised salt did not play a decisive role
in the iodine status of pregnant women. Pregnant women in their third trimester who are not eating out and using non-iodised salt at home
require extra iodine.
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Iodine is necessary for the synthesis of thyroid hormones, such
as triiodothyronine and tetraiodothyronine, which are essential
for all aspects of human metabolism(1,2). Chronic iodine deficiency can lead to iodine deficiency disorders, which may
adversely affect the physical and mental development of people
of all ages(3). Iodised salt has been introduced in many countries,
including Switzerland, Sweden, Croatia, Italy, Spain, Mongolia
and China, as a safe, cost-effective and sustainable way to
eliminate iodine deficiency disorders(4–6). Shanghai, which is
the biggest coastal city with low water iodine in China, has followed the national compulsory universal salt iodisation (USI)
policy since 1996.
The most vulnerable group in terms of iodine deficiency disorders is that of pregnant women, due to the increased need for
iodine during the growth of the fetus as well as the increased
blood volume and urine excretion. The most damaging effects
of iodine deficiency disorders in pregnancy are poor physical
growth and brain development of the fetus and possible

abortion, stillbirth, birth defects, perinatal mortality and endemic
cretinism(7,8). To maintain an appropriate iodine level, Shanghai
has monitored household cooking salt iodine concentration
(SIC) since 1995. The SIC standard has been adjusted three times
in Shanghai: 20–60 mg/kg in 1996, 20–50 mg/kg in 2000 and
21–39 mg/kg in 2012. The median urine iodine concentration
(UIC) of 8–10-year-old children in Shanghai has been in an
appropriate range since 2005, which indicates adequate iodine
intake. However, the median UIC of pregnant women was
139·8 μg/l in 2011 and 126·5 μg/l in 2015; both are slightly below
the adequate median UIC range of 150–249 μg/l as recommended by the WHO/UNICEF/International Council for
Control of Iodine Deficiency Disorders (ICCIDD)(9,10). In 2009,
a cross-sectional survey of all districts in Shanghai showed
that the median iodine concentration in drinking water, which
at 12·8 μg/l, contributed just 10·0 % of the total iodine. The
remainder came from the diet, of which iodised salt contributed
63·5 %(11).

Abbreviations: CDC, Center for Disease Control and Prevention; ICCIDD, International Council for Control of Iodine Deficiency Disorders; SIC, salt iodine concentration; UIC, urinary iodine concentration; USI, universal salt iodisation.
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Monitoring data in Shanghai showed that the percentage
of households choosing iodised salt dropped from 94·6 % in
1999 to 76·5 % in 2017(12). In theory, with more families opting
for non-iodised salt, the median UIC in the population should
be on a downwards trend. However, our monitoring showed
little fluctuation, which may be related to the high rate of eating
out in Shanghai. The USI policy stipulated that all centralised
meal units (including restaurants and canteens) must use iodised
salt. With the development of the economy, eating out is becoming more common in Shanghai: the Shanghai Diet and Health
Survey showed that the proportion of people who eat at least
one meal prepared away from home in the past week was
55·1 %(13). Therefore, we investigated the effect of household
SIC and eating out on UIC in pregnant women, to guide residents
to choose household cooking salt and iodine supplements correctly and rationally as well as to formulate relevant indicators for
policy evaluation.

Materials and methods
Population and study design
The data were taken from a cohort study (April to October 2017)
that investigated the effects of iodine levels in pregnant women
on the growth and development of their offspring. The target
population was pregnant women who had lived in Shanghai
for at least 6 months over the past year with no cognitive and
activity impairment, no infectious disease and cooperation with
the investigation. The formula for calculating complex sampling
 
sample size which was n ¼ ð =2 Þ2  deff was used to calculate
the sample size required for analysis(14). According to the
results of pregnant women iodine nutrition survey in 2009 in
Shanghai, σ = 106·83 μg/l, δ = 15 μg/l. We defined the two-sided
significance level α = 0·05, 1–β = 0·8, μα/2 = 1·96. The deff value
of complex sampling was 2. There were nine levels by gestational weeks (first trimester, second trimester and third trimester)
and the age of pregnant women (<30, 30–35, >35 years old),
at least 3510 pregnant women were needed for analysis.
Considering 20 % would be lost to follow-up and 20 % would
refuse to visit, a total of 5·485 pregnant women were recruited.
A multistage, stratified random sampling method was used to
obtain a representative sample. The number surveyed in each
administrative district was determined according to the required
sample size and the number of pregnant women in each district
in 2016. Each district was divided into five sections, from which a
street was randomly selected. An equal number of pregnant
women were selected from each section and different gestational weeks were evenly distributed.
The medical ethics committee of the Shanghai Municipal
Center for Disease Control and Prevention (CDC) approved the
study. Written informed consent was given by all participants.

Household condiment weighing and questionnaire survey
A household condiment weighing method was used to collect
data on cooking oil, salt and soya sauce by weighing changes
in the condiment inventory over a continuous period of 1 week.
At the same time, the number of people who consumed the

household condiments at each meal was recorded, and a
household salt sample was collected for iodine concentration
detection. Participants were required to complete a standardised
questionnaire, which included demographic information and
food consumption, through face-to-face interviews with
trained and evaluate qualified investigators. All data were
reviewed by the local district CDC project team, and at least
5 % of data were reviewed by the Shanghai CDC project team.
All flawed questionnaires were reexamined until there were
no defects. Participants who were unable to complete the survey
were not included in the final analysis.

Household cooking salt and urine sample collection and
analyses
A 60 g sample of cooking salt was collected from each household
of subject during the condiment weighing week, and a 50 ml
urine sample was collected from each subject at the end of
the week. Household SIC and UIC were measured by titration
and acid digestion, respectively(15,16), at the Central Laboratory
of Shanghai CDC and sixteen District CDC in Shanghai, all of
these laboratories which must past the assessment of the
National Iodine Deficiency Disorders Reference Laboratory of
China CDC before carrying out the test. The internal qualitycontrol samples for the analysis of SIC and UIC were provided
by China CDC.

Definition and classification of relevant indicators
Salt was divided into three types according to the SIC standard
in Shanghai: (1) non-iodised salt with an iodine content
<5 mg/kg; (2) low-iodine salt, 5 mg/kg ≤ iodine content
< 21·0 mg/kg and (3) qualified-iodised salt with an iodine
content ≥ 21·0 mg/kg. The iodised salt usage rate is the amount
consumed with an iodine content ≥ 5·0 mg/kg in all samples.
The qualified-iodised salt usage rate is the amount consumed
with an iodine content ≥ 21·0 mg/kg in all samples.
Frequency of eating out was divided into three groups: never
(not eaten out in the past week), occasionally (eating out less
than once/d in the past week) and frequently (eating out at least
once a day in the past week).
The iodine nutritional status of pregnant women was determined according to the criteria recommended by the WHO/
UNICEF/ICCIDD. Insufficient iodine intake was defined as
median urinary iodine (MUI) < 150 μg/l; adequate iodine intake
as MUI 150–249 μg/l; iodine intake above the requirement
as MUI 250–499 μg/l and excessive iodine intake as MUI
≥ 500 μg/l(10).

Statistical analysis
Data processing and statistical analyses were conducted with
EpiData (version 2.0, The EpiData Association), Excel (2010
edition, Microsoft) and SPSS (version 22.0). Normally distributed
data were expressed as the mean values and standard deviations, and non-parametric data were expressed as the median
(25th percentile, 75th percentile). A one-way ANOVA was
used to compare multiple groups. In pairwise comparisons,
the homogeneity of variance was tested by the least significant
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difference t test (LSD) and the inhomogeneity of variance was
assessed by Tamhane’s T2 test. A Kruskal–Wallis one-way
ANOVA test (K) was used to compare non-parametric data
across multiple groups. A P value of < 0·05 was considered
significant.

Results
General characteristics of study participants were
compared
A total of 4640 valid subjects were investigated. The median UIC
was 139·1 μg/l in all subjects and 148·7, 140·0 and 122·9 μg/l in
women in the first, second and third trimesters, respectively.
There were significant (P < 0·001) differences in median UIC
among the different gestational weeks (first trimester, second trimester and third trimester). Pairwise comparisons showed that
the adjusted P values were <0·001 between the third and first
trimesters, 0·004 between the third and second trimesters and
0·159 between the second and first trimesters. Median UIC
was higher in the first and second trimesters than in the third
trimester.
A total of 3427 households ate iodised salt, of which 2750
were qualified-iodised salt. The usage rates of iodised salt and
qualified-iodised salt were 73·9 and 59·3 %, respectively. The
average iodine content in iodised salt was 24·7 mg/kg. There
were significant differences in iodine supplement intake, education status, family income in the previous year and region
between different gestational weeks with P values of 0·037,
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<0·001, <0·001 and 0·002, respectively (Table 1). There were
no statistically significant differences between any other indexes.

The distribution of urinary iodine concentration and
frequency of eating out
The percentages of UIC which ranged from 150 and 250 μg/l
were 26·7, 27·9 and 24·2 % in the first, second and third trimesters, respectively (Fig. 1).
Pregnant women (40·2 %) had never eaten out in the past
week, 37·7 % had eaten out less than once a day and 22·1 %
had eaten out greater than or equal to once a day (Fig. 2).
Analysis of the constituent ratio of eating out frequencies among
different gestational weeks showed that the difference was statistically significant (P < 0·001).
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Fig. 1. Proportions of different urinary iodine concentration rates in pregnant
women (%). , >250 μg/l; , 150–250 μg/l; , 100–150 μg/l; , 50–100 μg/l;
, <50 μg/l.

Table 1. Characteristics of study participants stratified by gestational week
(Mean values and standard deviations; median values and 25th, 75th percentiles (P25, P75); percentages)

UIC (μg/l)
Median
P25, P75
SIC (mg/kg)
Mean
SD

Usage rate of iodised salt (%)
Usage rate of qualified-iodised salt (%)
Iodine supplements intake (%)
Age ≥35 years (%)
Education status (%)
≤9 years
Senior high school and college
Bachelor degree and above
Occupation status (%)
Physical
Mental
Family income last years (%)
<100 000 yuan
100 000–200 000 yuan
≥200 000 yuan
Region (%)
Urban
Suburban
Rural

First trimester
(n 1705)

Second trimester
(n 1533)

Third trimester
(n 1402)

Pooled
(n 4640)

148·7
87·9, 238·4

140·0
86·0, 218·9

122·9
69·21, 98·4

139·1
81·4, 220·2

24·6
5·8
72·8
57·8
10·6
15·2

24·6
6·3
74·0
59·2
10·3
13·8

24·9
5·0
75·0
61·2
13·3
13·3

24·7
5·8
73·9
59·3
11·3
14·2

12·3
39·3
48·4

18·5
42·4
39·1

17·1
40·5
42·4

42·3
57·7

43·3
56·7

14·4
40·8
44·8
37·6
35·1
27·3

UIC, urinary iodine concentration; SIC, salt iodine concentration.

F

P

46·43

<0·001

1·006

0·366

1·016
1·877
3·311
1·193

0·362
0·153
0·037
0·303

15·8
40·7
43·5

39·682

<0·001

45·6
54·4

43·6
56·4

3·525

0·172

18·9
42·1
39·0

20·1
40·3
39·6

17·6
41·1
41·3

24·697

<0·001

33·2
34·8
32·0

35·1
31·8
33·1

35·4
34·0
30·6

17·376

0·002
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between groups 3 and 4. The results showed that median UIC
was lower in the non-iodised salt with non-eating out group than
in the qualified-iodised salt groups under both conditions of eating out.

40.2

Discussion

22.1

Pooled

Fig. 2. Frequency of eating out in the past week for pregnant women (%).
, ≥1 time/d; , <1 time/d; , 0 times.

Comparison of urinary iodine concentration among
different cooking salt iodine concentration groups and
eating out frequency groups
Among the different SIC groups, there were significant
differences in median UIC only in pooled subjects (F = 6·098,
P = 0·047, Table 2). Pairwise comparisons performed between
the three groups showed that the adjusted F and P were 1·102
and 0·941 between the non-iodised salt group and the lowiodine salt group, 3·399 and 0·037 between the non-iodised salt
group and qualified-iodised salt group and 1·005 and 1·000
between the low-iodine salt group and qualified-iodised salt
group. The median UIC was higher in the qualified-iodised salt
group than in the non-iodised salt group. There were no statistically significant differences in UIC between frequencies of
eating out.
There were significant differences in median UIC among
different regions only in the first trimester and in pooled subjects
(F = 31·186, P < 0·001 and F = 15·720, P < 0·001). The adjusted
F and P were 0·774, 1·000 and <0·001, 1·000 between suburban
and rural subjects, 5·234, <0·001 and 3·359, 0·002 between suburban and urban subjects and 4·097, <0·001 and 3·453, 0·002
between rural and urban subjects, respectively. The median
UIC was higher in urban subjects than in suburban and rural
subjects.

Combined effect of household cooking salt iodine
concentration and eating out on urinary iodine
concentration
The results from the iodised/non-iodised salt groups were combined with the results of eating out/not eating out to form four
groups for discuss the combined effect of these two variables:
(1) non-iodised salt and not eating out (464 women); (2) noniodised salt and eaten out at least once a day in the past week
(280 women); (3) qualified-iodised salt and not eating out
(1087 women) and (4) qualified-iodised salt with eating out
(608 women). The median UIC were 123·4, 142·3, 145·2 and
148·8 μg/l, respectively (Table 3). There were significant
differences in median UIC only in pooled subjects (F = 17·332,
P = 0·001). The adjusted F and P of the pairwise comparisons
were 2·337 and 0·117 between groups 1 and 2, 3·265 and
0·007 between groups 1 and 3, 4·055 and <0·001 between
groups 1 and 4, 0·063 and 1·000 between groups 2 and 3,
1·012 and 1·000 between groups 2 and 4 and 1·361 and 1·000

The quality of nutrition during pregnancy affects not only the
health of the mother and fetus but also the health of the baby
after birth. Although numerous studies have shown a U-shaped
relationship between iodine and human health(17,18), the most
common health problems are associated with iodine deficiency,
especially in iodine-deficient areas(19). Iodine deficiency during
pregnancy is an important global public health issue and the
leading preventable cause of neural and physical developmental
impairments worldwide(20). In our survey, the women were
mildly iodine deficient compared to the range recommended
by international standards(10,21). The proportion of pregnant
women taking an iodine-containing supplement was similar to
previous studies in Switzerland(22,23).
A previous study compared UIC in women during and after
pregnancy and found that in an iodine sufficient area, iodine
excretion was lower during than after pregnancy. However,
the current standard during pregnancy recommended by WHO/
UNICEF/ICCIDD is based on non-pregnant populations: this
might lead to overestimation of iodine deficiency during gestation, so the lower limit may be too high(24). Monitoring by the
Shanghai CDC showed that the median UIC in children aged
8–10 years was >100 μg/l after the implementation of the USI
policy, indicating that children aged 8–10 years have sufficient
iodine intake(12). Since the median UIC from a representative
child’s spot urine sample can be used to classify the iodine status
of a population(25). These suggest that the general population in
Shanghai has been in an iodine sufficient status since the implementation of the USI policy. Based on the above analysis, we
find that the median UIC in the first and second trimesters
of pregnancy are basically sufficient to meet the needs of the
mother and fetus, although they are slightly below the
international standards. However, the UIC in the third trimester
of pregnancy was obvious low. These results are consistent with
previous studies in Australia and Sri Lanka, both of which suggest
that women in the third trimester of pregnancy have a higher risk
of iodine deficiency(26,27). In Shanghai, it is therefore necessary to
remind pregnant women in the third trimester to take an iodine
supplement or to choose iodine-rich food.
Our study found that the median UIC of the qualified-iodised
salt group was higher than in the non-iodised group. The difference was statistically significant, but the practical significance of
the gap is limited. Based on a previous study, salt iodine contributed 63·5 % of dietary iodine intake in Shanghai and so this gap
would be wider if all iodine intake came from home cooking
salt(11). This difference between the salt groups may be related
to the increasing frequency of eating out, which is also an important opportunity for iodised salt intake. With changes in demographic and socio-economic characteristics, eating out is
becoming more popular around the world and generally
involves consuming more food, including salt(28–30). According
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Table 2. Urinary iodine concentration (μg/l) of pregnant women between different cooking salt iodine content groups and eating out frequency groups
(Median values and 25th, 75th percentiles (P25, P75))
Cooking salt iodine content
Non-iodised salt
group

Never eating out
group

Occasionally eating out
group

Frequent eating out
group
P25, P75

Pooled

P25, P75

Median

P25, P75

Median

P25, P75

Median

P25, P75

Median

P25, P75

Median

Median

P25, P75

83·0, 227·7
71·6, 207·0
73·2, 204·3
75·7, 216·4

153·0
118·7
135·5
137·8

93·5, 238·4
68·6, 213·8
80·7, 206·5
77·5, 215·0

149·8
136·0
140·0
142·5

90·8, 240·5
81·1, 218·0
83·4, 216·1
84·7, 222·0

142·5
142·0
137·9
141·0

76·0, 223·7
76·7, 223·0
84·9, 214·3
78·6, 220·4

151·6
121·2
136·4
136·2

93·2, 242·6
76·1, 193·8
73·2, 206·5
82·4, 217·0

150·3
138·3
129·8
140·5

88·8,
71·9,
85·5,
82·4,

237·0
223·2
210·7
223·6

148·4
129·5
136·5
139·1

87·9,
75·7,
80·2,
81·4,

233·6
215·0
210·0
220·2

93·7, 251·7
68·0, 233·3
90·6, 214·0
86·7, 238·8

155·5
105·4
143·8
143·6

100·2, 270·5
66·6, 192·5
85·0, 223·1
82·7, 223·4

179·9
144·8
143·7
151·0

105·1, 287·7
85·5, 230·5
82·5, 219·1
89·2, 244·6

147·4
149·1
152·8
150·1

93·7, 258·1
74·8, 222·0
93·9, 227·4
87·8, 233·5

168·4
124·6
134·4
143·7

104·9, 267·2
75·9, 199·6
75·6, 205·4
86·7, 228·9

185·5
142·5
131·5
153·7

100,
71·0,
88·5,
88·4,

275·3
245·1
212·0
248·7

169·6
135·7
143·7
148·8

98·7,
73·7,
85·7,
87·9,

267·1
223·0
217·4
238·4

71·7, 215·7
74·6, 216·6
74·5, 204·3
74·8, 212·6

147·6
135·8
142·6
142·6

76·2, 213·5
84·5, 229·8
80·1, 209·0
80·1, 221·7

141·3
144·0
143·9
143·0

83·1, 212·4
89·2, 222·5
94·6, 221·9
90·9, 220·4

143·2
156·0
151·5
150·7

68·3, 212·7
88·4, 240·6
94·3, 234·6
87·1, 231·1

149·9
125·7
129·3
134·5

97·3, 238·6
87·1, 195·5
78·3, 201·7
87·1, 214·8

127·9
142·0
130·0
132·4

79·9,
81·1,
89·8,
81·9,

194·6
221·0
202·0
201·3

141·1
140·0
139·0
140·0

80·0,
87·0,
88·8,
86·0,

212·8
222·5
218·5
218·9

65·8, 182·5
71·4, 197·6
52·1, 199·9
63·6, 190·6

157·0
109·4
114·0
119·0

81·8, 263·0
67·3, 203·2
59·1, 189·6
69·6, 204·5

129·4
116·2
133·6
126·0

79·8, 202·4
68·8, 193·0
66·8, 207·8
70·1, 201·4

135·2
121·2
115·7
121·9

71·5, 198·4
70·5, 206·8
59·9, 187·6
68·8, 196·9

124·0
110·0
143·4
124·0

81·1, 201·5
67·7, 182·9
62·2, 225·6
69·8, 198·6

127·2
113·7
118·3
119·9

74·8,
65·5,
61·0,
67·4,

211·4
192·4
232·1
206·7

127·7
116·2
123·6
122·9

75·0,
69·1,
61·4,
69·2,

201·4
194·6
202·0
198·4
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Pooled
Urban
141·0
Suburban
123·5
Rural
129·0
All
131·5
First trimester
Urban
161·3
Suburban
124·0
Rural
137·5
All
145·5
Second trimester
Urban
139·3
Suburban
118·6
Rural
128·3
All
129·6
Third trimester
Urban
115·7
Suburban
123·0
Rural
115·1
All
119·3

Qualified-iodised salt
group

Iodine deficiency of pregnant women

Median

Low-iodised salt group

Eating out frequency
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Table 3. Combined effect of household cooking salt iodine concentration and eating out frequency on urinary iodine concentration (μg/l)
(Median values and 25th, 75th percentiles (P25, P75))
Non-iodised salt with
non-eating out

Pooled
First trimester
Second trimester
Third trimester

Non-iodised salt with
eating out

Qualified iodised salt with
non-eating out

n

Median

P25, P75

n

Median

P25, P75

n

Median

464
140
150
174

123·4
128·6
121·8
107·1

68·5, 202·3
75·4, 231·4
66·9, 205·2
65·3, 177·1

280
122
103
55

142·3
160·4
129·6
122·2

80·1, 221·2
89·6, 243·8
75·4, 201·4
61·3, 220·0

1087
327
364
396

145·2
151·1
152·6
124·9

to the USI policy, all centralised meal units (including restaurants
and canteens) must use iodised salt in non-high iodine areas. As
an iodine-deficient coastal area, centralised meal units in
Shanghai use iodised salt. This study found that 40·2 % of pregnant women had not eaten out in the past week, 37·7 % had
eaten out less than once a day and 22·1 % had eaten out at least
once a day. In addition, women were more likely to eat at home
by the third trimester, which may be related to the Chinese government’s maternity leave policy. On the other hand, it may be
related to the reduced physical and social activities of pregnant
women in the third trimester.
Our study found no statistically significant difference
between the different frequencies of eating out. Considering
the possible interaction between eating out and SIC, we analysed
the two variables together and divided the population into four
groups. The results showed that the median UIC of women
who use non-iodised salt and did not eat out was lower than
those who used qualified-iodised salt and ate out at least once
a day. Even when there was no significant difference (between
non-iodised salt with non-eating out and non-iodised salt with
eating out), the median UIC absolute difference was 18·9 μg/l.
This further shows the importance of iodised salt on the iodine
intake of pregnant women in Shanghai. Especially in the third
trimester, if families use non-iodised salt and the pregnant
woman do not eat out, the median UIC was just 107·1 μg/l:
this is close enough to the upper limit of moderate iodine
deficiency(31) to suggest that this group is at higher risk for
iodine deficiency. While the effects of mild iodine deficiency
in pregnant women on maternal and offspring health have not
been determined, the risks of moderate–severe iodine deficiency during pregnancy are clear(32,33).
A moderate–severe iodine deficiency during pregnancy may
impair the growth and neurodevelopment of the offspring and
increases infant mortality, although this depends on the timing
and severity of the hypothyroidism(34,35). So we suggest that
besides improving the USI policy, additional interventions are
implemented such as increasing health education and encouraging the intake of supplements or iodine-rich foods in the third
trimester(36). In our study, there was a significant difference in
UIC between women who took or did not take an iodinecontaining supplement, suggesting that supplements should
be considered as a source of iodine.
Although rural residents tend to opt for iodised salt, we also
found that the median UIC of these individuals was lower than
in suburban and rural participants. On the one hand, urban

P25, P75
84·7,
91·1,
92·0,
69·4,

223·0
229·2
235·6
200·9

Qualified iodised salt
with eating out
n

Median

608
262
206
140

148·8
171·1
146·0
129·9

P25, P75
89·2,
92·7,
95·2,
68·1,

238·0
274·1
212·1
216·3

residents in Shanghai eat out more frequently; but on the other
hand, with the improvement of social economy and the development of the food industry, global pre-packaged food consumption is increasing(37), urban residents may have a higher
consumption of pre-packaged food. Iodised salt is used in most
pre-packaged food in China. According to a study by the CDC
in 2013, the pre-packaged food consumption rate of adult
Chinese city residents is 85·3 %. Among these pre-packaged
foods, the consumption rates of high-salt convenience
foods and baked goods are 52·8 and 31·7 %, respectively(38).
Therefore, pre-packaged food is also one of the non-negligible
sources of iodised salt. The contribution of iodised salt from
pre-packaged foods was not considered in our study, but is
worth studying.
To the best of our knowledge, this is the first study that examined the relationship of household cooking salt and eating out on
iodine status of pregnant women in environmental iodinedeficient coastal areas. Our research design was reasonable,
the sample size was sufficient and the result and conclusion
were representative. Our study also had some limitations. We
did not test the concentration of salt iodine used in eating out.
We could not exclude the use of non-iodised salt or unqualified-iodised salt in centralised meal units, although this was contrary to the national USI policy. On the other hand, we have not
investigated the consumption of pre-packaged foods, some of
which may use iodised salt.
Based on our findings, iodised salt is important to maintain
the iodine intake of pregnant women in Shanghai, but with
the increase in eating out intake, the need for using iodised salt
as household cooking salt becomes less important. The risk of
iodine deficiency in the third trimester was higher than in the first
and second trimesters in Shanghai. Additional interventions to
encourage the intake of supplements or iodine-rich foods are
necessary if a pregnant woman in the third trimester is not eating
out and uses non-iodised salt at home.
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