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Dietary iodine intake and urinary iodine concentration
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Background and Objectives: An adequate iodine status during pregnancy is very important for maternal and infant health. The aim of this study was to characterize the iodine nutritional status of healthy pregnant women in
Chengdu by measuring urinary iodine (UI) and analyzing dietary iodine intake. Methods and Study Design:
Pregnant women who underwent regular antenatal examinations were invited to participate in this study. Each
woman underwent UI determination and urinary creatinine (Cr) measurement and recorded the details of her diet
and salt intake at the beginning and end of one week. Results: In total, 139 healthy pregnant women underwent
UI determination in this study; among them, 116 participants completed the diet survey. The median urine iodine/creatinine (UI/Cr) of the 139 patients was 216 µg/g, and the median dietary iodine level of 104 patients who
completed the 7-day dietary record was 230 µg/d. The dietary iodine sources of the pregnant women were mainly
seafood (11%), iodized salt (51%), iodized multivitamins (17%) and daily food (21%). Conclusions: We concluded that healthy pregnant women in Chengdu showed appropriate iodine nutritional status. The 7-day dietary
record can be a nice way to evaluate dietary iodine nutritional status, and there is a strong correlation between dietary iodine intake and UI concentration.
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INTRODUCTION
Iodine, an essential element in thyroid hormone synthesis,
is key to healthy fetal and childhood brain development.
The critical period for brain development starts in pregnancy and continues to 2 years after birth, with the first 35 months of the embryonic period being especially important.1 After 12 weeks of pregnancy, the fetal thyroid
gland begins to develop and secrete thyroid hormones
independently, but the fetal thyroid gland matures only
after 24 weeks of gestation.2 However, the placental
transport supply of maternal thyroid hormone does not
decrease until the end of pregnancy.3
In 2013, the World Health Organization (WHO) rated
China as an iodine-suitable country. The latest survey of
the International Council for the Control of Iodine Deficiency Disorder (ICCIDD) in 2018 showed that the median urinary iodine (MUI) concentration of school-age children in China was 198 µg/L and that the MUI of Chinese
pregnant women was 155 µg/L.4 However, the iodine
nutritional status of pregnant women varies greatly
among different regions of China. Iodine deficiency in
pregnancy can increase the risk of preterm delivery, abortion, stillbirth, congenital malformation and perinatal
mortality, as well as pregnancy complications such as

gestational hypertension and placental abruption.3 Conversely, excessive iodine intake during pregnancy can
inhibit the synthesis and secretion of thyroid hormones, a
phenomenon known as the acute Wolff-Chaikoff effect.
In the mother, excessive iodine intake can lead to subclinical hypothyroidism, clinical hypothyroidism or clinical
hyperthyroidism, depending on the individual’s amount
of iodine intake, susceptibility and thyroid functional status prior to pregnancy. In the fetus, excessive iodine can
cause congenital hypothyroidism.5
UI is the most commonly used index to evaluate iodine
nutritional status. The methods for determination of UI
can be divided into three types: (1) urinary iodine excretion (UIE): it is considered the gold standard, but it is
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difficult to collect 24-hour urine samples,6 (2) urinary
iodine excretion (UIC): it is very convenient when collecting a large number of samples; however, the results
vary greatly due to diet, drinking, weather and urine volume, so the MUI is generally used to assess the iodine
nutritional status of a whole population,6 (3) UI/Cr: studies have shown that gestational blood flow increases by
40% from 26-36 weeks of gestation7 and that the glomerular filtration rate (GFR) increases during pregnancy,8
resulting in UI dilution; UI/Cr corrects the change in the
UIC caused by urine volume differences and UI dilution.6-9 In the case of an adequate iodine supply, the iodine excreted by the human body is almost equal to the
total iodine intake, and UI can directly reflect dietary iodine intake. More than 80% of the iodine consumed by
humans comes from food, 10% comes from drinking water, and 0-5% comes from the air. The daily iodine intake
of individuals varies greatly, making dietary iodine intake
difficult to measure accurately. There is no reliable method for evaluating dietary iodine intake currently. The purpose of the present study was to understand the iodine
nutritional status of healthy pregnant women in Chengdu
through the determination of UI. In addition, we hypothesized that the food-based diet can be a nice way to estimate dietary iodine intake.
METHODS
Study population and data collection
To ensure reliability and validity, the study included
healthy pregnant women aged 20-39 years who had lived
in Chengdu for 5 years and who had normal thyroid function and good compliance at West China Women's and
Children's Hospital of Sichuan University from February
2018 to November 2019. The inclusion criteria of the
subjects were as follows: (1) natural conception and singleton pregnancy; (2) normal thyroid function during
pregnancy, with no thyroid nodules or enlargement; (3)
history of good health; and (4) compliance, defined as
being serious about completing the study. The exclusion
criteria of the subjects were as follows: (1) hyperemesis
gravidarum, abnormal routine urinalysis, or irregular vaginal bleeding or (2) abnormal kidney function or any other conditions that may affect the functional examination.
We consecutively recruited 139 healthy pregnant
women, including 72 in the second trimester and 67 in the
third trimester. The first stage was missed because the
maternity examinations started in the 13th week of pregnancy. All of the participants signed informed consent
forms, and the Ethics Committee on Biomedical Research,
West China Hospital of Sichuan University approved the
study.
Urine iodine determination
UIE or UIC were obtained from each pregnant woman,
and urinary Cr was simultaneously measured to obtain the
UI/Cr. Urinary samples were collected when the pregnant
woman completed a 7-day dietary record. UI was determined by inductively coupled plasma mass spectrometry
(ICP-MS), and urinary Cr was determined by the enzyme
method.

Assessment of dietary iodine intake
The sources of dietary iodine intake for pregnant women
include iodine in food, iodine in water, iodized salt and
iodized vitamins.
Iodine in food
The key point of the 24-hour dietary diary record was to
accurately obtain the weight of iodine-containing foods in
the diet. Participants were required to finish a 7-day dietary record, and only foods containing iodine were included in the dietary scale. All edible foods with iodine
contents greater than 0.1 µg/100 g were selected from the
Chinese food composition table (see Table 1).
All pregnant women had received special rigorous
training by researchers through color food model pictures
(accurately weighing the base weight of the food) or
standard food models to accurately estimate the portion
size for detailed recording. All subjects could contact the
researcher at any time via WeChat and mobile phone.
Iodine in water
The iodine in water was ignored, as a survey in 2019
showed that our research area was in a low water-iodine
province, with a median iodine level in water of 2.1 µg/L,
but our study was designed in 2017 and implemented in
2018.
Iodized salt
24-Hour urinary sodium determination is the gold standard for salt quantification. Studies have shown that urinary sodium excretion accounts for 95% of salt intake,10
however, this method is tedious and cannot rule out the
influence of other factors on urinary sodium. The purpose
of this study was to determine iodine intake from dietary
iodized salt, and we mainly referred to the one-week salt
estimation method10 to evaluate salt intake, simultaneously used the standard person/day in the 2002 National Nutrition and Health Survey of residents (see supplementary
material). The researchers gave each pregnant woman an
accurate household kitchen electronic scale (accurate to
0.1 g) and asked her to weigh and record the household
cooking salt strictly for one week and enter the salt brand
and survey date. The standard for salt iodization is 20-30
mg/kg, and the standard for iodized salt in Chengdu is
usually 21 mg/kg.
Iodized vitamins
The types of vitamins, units and usage are shown in Table
2.
Criteria for assessing iodine nutritional status
Epidemiological criteria for UI
MUI was proposed as a widely used criterion for evaluating the overall iodine nutritional status of pregnant women by the WHO/ICCIDD/UNICEF in 2007.11 The classification was as follows: deficient, MUI <150 µg/L; adequate, 150 ≤ MUI <249 µg/L; more than adequate, 250 ≤
MUI <499 µg/L and excessive, MUI ≥500 µg/L. The
UI/Cr is considered to be the most suitable index for the
evaluation of pregnant women. UI/Cr was dichotomized
to <150 μg/g or ≥150 μg/g
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Table 1. The content of iodine for food products
Food group and food
Staple food
Pancake
Fresh meat buns
Rice
Dumplings
Tangyuan
Vegetables
Chinese cabbage
Spinach
Potato, onion, parsley, eggplant
Green pepper
Tomato
Luffa, cucumber, squash
Algae
Kelp (dry)
Kelp
Porphyra (dry)
Undaria pinnatifida
Sea sedge
Fruits
Orange, kumquat
Red grapes
Pineapple
Winter jujube
Persimmon
Durian
Pitaya
Meat
Lean pork
Lean beef
Chicken
Squab
Roast squab
Crispy intestine
Hot dog
Ham sausage
Sausage
Dried meat floss
Fish
Grass carp
Carp
Herring
Hairtail
Yellow croaker
Grouper
Pomfret
Cuttlefish, squid, inkfish
Tuna
Mackerel
Shrimp and shellfish
Shelled shrimps
Dried small shrimps
Shrimp paste
Mussel
Eggs and dairy products
Egg
Duck egg
Preserved egg
Quail egg, pigeon egg
Soft-shelled turtle egg
Yogurt
Bean products
Soybean
Kidney bean
Tofu pudding, tofu
Dried bean curd, sheets of bean curd

Serving size
150-250 g
80 g
20-30 g
20-30 g

80-100 g
200-250 g

Iodine µg/100 g
7.9
3.2
2.3
12
3.5
10
24
1.2
9.6
2.5
0.2
36240
114
4323
15878
290

200-300 g
10 g
200-250 g
20-30 g
200-300 g
150 g
50 g (half of the palm of a small hand)

4 slices, approximately 50 g
60-120 g
5-10 g (slice)
50 g (half of the palm of a small hand)

5 slices, approximately 150 g
40 g
60 g
5 slices, approximately 60 g

30 g (handful)
30-50 g

5.3
2
4.1
6.7
6.3
5.6
0.4
1.7
10.4
12.4
16.3
61.1
49.6
38.8
46.2
91.6
37.7
6.4
4.7
6.5
5.5
5.8
6.5
7.7
13.9
14
3.5
82.5
364
166
346
27.2
5
6.8
37.6
18.5
0.9
9.7
4.7
7.7
46.2
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Table 1. The content of iodine for food products (cont.)
Food group and food
Nuts and snacks
Walnut kernel
Peanut
Almond
Pine nut kernel
Hazelnut kernel
Pistachio
Instant noodles
Filled cookies
Condiments
Soy sauce, vinegar
Chicken essence
Pepper powder

Serving size
30 g (handful)

10 g (slice)

10.4
2.7
8.4
12.3
6.3
37.9
8.4
3.4
2.4
26.7
8.2

on the basis of the WHO criteria for iodine deficiency or
sufficiency in pregnancy.12 This study took the UI/Cr as
the main research indicator with cut-offs in which 150
µg/g ≤UI/Cr<250 µg/g indicated adequate, 250 µg/g
≤UI/Cr <500 µg/g indicated more than adequate, and
UI/Cr ≥500 µg/g indicated excessive.
Criteria for evaluating dietary iodine intake
The dietary iodine intake indicators include (i) the estimated average requirement (EAR) is minimum daily average dietary intake that meets the needs of 50% of the
individuals in the group; (ii) the recommended nutrient
intake (RNI) is the average daily nutrient intake estimated
to meet the needs of 97-98% of individuals in the population; and (iii) the tolerable upper intake level (UL), which
is the tolerable daily intake of certain nutrients without
harm to the individual’s health. Dietary iodine intake
above the UL or below the RNI may be harmful to the
health of the mother and child. The dietary iodine RNI for
pregnant women recommended by the European Thyroid
Association (ETA)/American Thyroid Association
(ATA)/The Endocrine Society (TES) is 250 µg/d. Additionally, the Chinese Nutrition Society recommends an
EAR for pregnant women in China of 160 µg/d, a RNI of
230 µg/d, and a UL of 600 µg/d. The ATA and ETA believe that it is safer to keep the UL at 500 µg/d.
Statistical analysis
Data analysis was performed by means of SPSS 21. The
data were tested for normality using the KolmogorovSmirnov test or Shapiro-Wilk test. The relationship between different iodine nutrition statuses and the intake of
various iodine-containing foods was analyzed. A multiple
Table 2. Vitamins consumed during pregnancy
Vitamin
Elevit in China
Elevit in Australia
Elevit in Germany
Materna in China
Materna in Italy
Blackmores in Australia
Pregnacare Max
Pregnacare Plus
Afalin · run Kang

Iodine µg/100 g

Iodine content/µg
0
220
150
150
225
75
75
150
50

Usage
qd
qd
qd
qd
qd
bid
bid
qd
qd

linear regression model was established to analyze the
factors influencing dietary iodine intake. The Spearman
rank correlation test was used for comparison of correlations involving various iodine indexes. It is generally understood that r values >0.8 indicate a very strong correlation, r values between 0.6 and 0.8 indicate a strong correlation, r values between 0.4 and 0.59 indicate a moderate
correlation, and r values <0.4 indicate a weak correlation.
RESULTS
Basic characteristics of the pregnant women
A total of 139 healthy pregnant women, including 72 in
the second trimester and 67 in the third trimester, participated in the determination of UI and urinary Cr in this
study. (A flowchart is provided in Figure 1). Among the
participants, 62 completed the UIE, and 77 completed the
UIC. In the diet survey, 116 of the 139 participants completed the dietary iodine record, 110 participants ate iodized salt and completed one week of salt intake measurements, 6 individuals ate noniodized salt, and 31 participants took iodized multivitamins during pregnancy.

Evaluation of iodine nutritional status by urinary iodine
concentration
The median UI/Cr of the 139 healthy pregnant women
was 216 µg/g. The UIE, UIC, and UI/Cr did not follow a
normal distribution. The UIC measured by the three
methods was the highest when the gestational week was
less than 20 (the first half of pregnancy) and decreased
with increasing gestational month. (Figure 2).
Characteristics and composition ratio of dietary iodine
intake
The normal distribution of dietary iodine intake changed
under the influence of extreme values. Dietary iodine
intake ≥250 µg/d is generally considered sufficient; we
took the average dietary iodine intake over seven days as
the main research index. The median dietary iodine index
of 104 pregnant women with complete 7-day records was
230 µg/d.
The dietary iodine sources of the pregnant women included mainly seafood (11%), iodized salt (51%), iodized
multivitamins (17%), and daily food 21% (Figure 3).
We found that the iodine content of daily food fluctuated within 36.5~65.1µg/d; seafood was rich in iodine,
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Figure 1. Flowchart of participants.

Figure 2. Urine iodine concentration changes with gestational week.

but it was not consumed every day; thus, the overall intake amount was low. Iodine deficiency would occur
when the intake of iodized salt was less than 4 g/d; the
iodine demand during pregnancy could be met if the intake of iodized salt was 6 g/d with appropriate seafood
consumption levels. Iodine excess would occur if the intake of iodized salt was greater than 6 g/d and the pregnant woman consumed too many iodized vitamins and
too much seafood at the same time. Participants exhibited
four types of iodine intake patterns (Table 3): 26 participants consumed iodized salt and iodized vitamins, 84
participants consumed iodized salt and noniodized vitamins, 5 participants consumed noniodized salt and iodized vitamins, and 1 participant consumed noniodized
salt and noniodized vitamins.
All pregnant women in the four abovementioned
groups generally showed adequate or excessive iodine
nutritional status. The multiple linear regression model of
dietary iodine intake showed that kelp, shrimp, dried
porphyra, iodized salt, and iodized multivitamins ac-

counted for 91.4% of all factors, and the effect of each of
the five factors on dietary iodine fluctuation could be ordered as follows: multivitamins > salt > dried porphyra >
shrimp > kelp.
Spearman correlation analysis between urine iodine
concentration and dietary iodine intake
The Spearman rank correlation coefficient between dietary iodine intake and the UI/Cr ratio fluctuated within
0.67~0.72 (p<0.001). Additionally, the Spearman rank
correlation coefficient between dietary iodine intake and
the UIE was within 0.52~0.56 (p<0.001), and that between dietary iodine intake and the UIC varied from 0.38
to 0.40 (p=0.002).
DISCUSSION
Urinary iodine analysis
UI/Cr was regarded as the main UI index in this study.
The results showed that the UIE, UIC and UI/Cr were not
affected by extreme values and did not always follow a
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Figure 3. Source of dietary iodine intake.

Table 3. Four dietary iodine intake patterns
Dietary iodine
n
Iodized salt (µg/d)
Iodized vitamins (µg/d)
Daily food/d (µg/d)
Seafood/week (µg)
Dietary iodine (µg/d)
UI/Cr (µg/g)

Iodized salt + iodized vitamins
26
105
150
52.4
42.9
326
266

Iodized salt +
noniodized vitamins
84
126
45.4
83.9
218
195

normal distribution. UI/Cr of 139 healthy pregnant women was 216 µg/g, which indicated a suitable iodine status
overall. A study in 2016 showed that in iodine-sufficient
areas in China, the changes in the UIC and UI/Cr were
different among pregnant women but the same among
women of childbearing age.13 A study of 981 school-age
children in 2015 showed that UI/Cr from 24-h urine samples differed from UI/Cr obtained from morning spot
urine samples, and even values for the same index varied
greatly among different months of the year,14 however,
there have been no similar reports involving pregnant
women. The Spearman rank correlation between the UIE
and UI/Cr was strongest (r=0.73, p<0.001), and the correlation between the UIC and UI/Cr was moderate (r=0.53,
p<0.001), which indicated that UI/Cr was the closest reliable indicator of the iodine nutritional status to the UIE
because the urine volume variation and GFR during pregnancy were corrected. A study in 2020 that included 9164
early pregnant women in Shenyang, Dalian and Dandong
found that UI/Cr of pregnant women decreased with increasing body mass index (BMI). When the BMI of the
pregnant woman was >27.5 kg/m², the evaluation of iodine nutritional status in pregnancy by UI/Cr was unstable; therefore, UIE might be a more accurate index for
evaluating iodine nutrition.15
The Sandell-Kolthoff spectrophotometric method is
generally recommended as the standard for UI determination. The National Health and Nutrition Examination
Survey (NHANES) has widely used ICP-MS to determine
UI since 2000. ICP-MS was added to the industry standard for the determination of UI in 2016 and was considered to be more accurate and advanced than the Sandell-

Noniodized salt +
iodized vitamins
5
150
63.7
186
296
280

Noniodized salt +
noniodized vitamins
1
18.6
403
76.4
284

Kolthoff(S-K) method; the limit of detection for UI by
ICP-MS is 1 µg/L.16 A study reported that the determination difference between ICP-MS and the S-K method was
3.7 µg/L; when UIC was less than 250 µg/L, the value by
the S-K method was 2.7-15.8 µg/L higher than that by
ICP-MS.16 In 2018, a study showed that the lower limit
of detection of the ICP-MS method was 0.87 µg/L and
that the correlation between ICP-MS and the S-K method
was excellent (r=0.98).17
Exploration of dietary iodine intake
There are hundreds of iodine-containing foods in the diet,
and dietary iodine intake varies greatly from day to day;
therefore, it is difficult to obtain and measure dietary iodine intake accurately. There have been very few reports
on dietary iodine intake in the past. Precise dietary iodine
intake quantification depends on the type, consumption
amount and frequency of iodine-containing food.18 Considering that the 24-hour dietary recall method would be
affected by recall bias in terms of the outcome, weighing
the iodine-containing food would seriously affect the
normal eating habits of pregnant women in the group;
therefore, it is reasonable to estimate the weight of food
consumed by standard food model pictures and to record
the diet for 7 days. Our results supported the hypothesis
that dietary records indeed accurately reflect dietary iodine intake. In fact, only a few dietary surveys can last
more than 3-4 days, after which the participants will likely stop because of the tediousness of the task.19 In a study
in Denmark in 2001 that included 254 pregnant women,
115 participants completed a 4-day dietary record by
means of food models, and 119 participants completed a
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food frequency questionnaire and UIE determination. The
results revealed a moderate correlation between dietary
records and the food frequency questionnaire (r=0.52),
and the dietary frequency questionnaire overestimated
dietary iodine intake.20
The WHO and Endocrine guidelines recommend a RNI
for iodine intake of 250 μg/d in pregnancy.18 Therefore,
we generally considered dietary iodine intake of at least
250 µg/d to be a sufficient standard. Our study found that
to achieve 250 µg/d of dietary iodine intake, we should
appropriately increase the intake of seafood and daily
food without changing the added salt amount of 6 g/d and
that 75 µg/d of iodine from iodized supplements may be
enough. Blindly increasing salt intake would increase the
risk of hypertension.
Our study comprehensively assessed the effects of four
dietary combination patterns of iodized salt and iodized
vitamin intake on dietary iodine and found that taking
iodized salt and noniodized vitamins was the best dietary
model for Chinese pregnant women, with consumption of
noniodized salt and noniodized vitamins being an unreasonable dietary model. In other words, pregnancy multivitamins such as Elevit in Australia, Elevit in Germany,
Blackmores in Australia, and Pregnacare Max or Plus in
Britain were not suitable for this group of pregnant women who ate iodized salt in Chengdu.
The dietary iodine sources of the pregnant women in
this research were mainly seafood (11%), iodized salt
(51%), iodized multivitamins (17%) and daily food (21%).
In Bohai and Huang Huai Seas, as well as low-lying inland areas in Shanxi Province, high concentrations of
iodine were detected in the drinking water.21 A survey in
2019 showed that our research area was in a low wateriodine province (median iodine concentration in water:
2.1 µg/L),22 but our study was designed in 2017 and implemented in 2018; thus, iodine in the water was ignored.
A study in 2016 assessed dietary iodine intake among
31,352 people in the NHANES from 2003-2010 and concluded that the sources of dietary iodine intake included
water, food, iodine supplements and iodized salt. Cooking
salt accounted for approximately 80% of the total iodine
intake for pregnant women, and the other three sources of
iodine accounted for approximately 20% of the total iodine intake.23 A multiple linear regression model showed
that kelp, shrimp, porphyra, iodized vitamins and iodized
salt accounted for 91.4% of all iodine sources; furthermore, multivitamins had the greatest influence on the
fluctuation of dietary iodine intake rather than iodized salt.
This strange phenomenon occurred because 116 participants in this study completed a diet survey, and 110 of
them consumed iodized salt; additionally, 31 pregnant
women consumed iodized vitamins, of whom 26 consumed iodized salt; therefore, vitamins had the greatest
impact on dietary iodine intake based on the baseline universal consumption of iodized salt. In 2017, there was a
report that the source of iodine in a typical Polish diet was
mainly dairy products, fish, wine and iodized salt. In their
diet, deep-sea fish are richest in iodine, followed by foods
such as cheese and milk.24 Their salt iodization strategy is
different from that of China: there is usually 114 µg of
iodine per 5 g of salt, while the standard for iodized table
salt in Chengdu is usually 210 µg/10 g. In some countries
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where residents consume noniodized salt, such as the
United Kingdom and Norway, iodine in dairy products is
the main source of dietary iodine intake; marine fish and
seafood are naturally high in iodine, but they contribute
little to the total dietary iodine intake unless eaten every
day.25
Correlation analysis
Overall, the Spearman rank correlation between the UIE
and UI/Cr was strongest (r = 0.73, p<0.001), demonstrating that the UI/Cr was the closest reliable indicator of
iodine nutritional status to the traditional gold standard. In
general, the correlation between dietary iodine intake and
UI was lower than that between UIE and UI/Cr. Furthermore, the Spearman rank correlation between dietary iodine intake and UI/Cr was statistically strong, the Spearman rank correlation between dietary iodine intake and
UIE fluctuation was moderate, and the Spearman rank
correlation between dietary iodine intake and the UIC
was relatively weak. Integral 7-day dietary records
showed high clinical value for assessing iodine nutritional
status, and the correlation between dietary iodine intake
and UI was significantly higher than that with incomplete
records. A study analyzing NHANES data from 2003 to
2010 found that the correlation r between dietary iodine
intake and UI in pregnant women aged 14-50 years varied
from 0.36 to 0.40.23
Conclusion
In this study, UI determination showed that healthy pregnant women in Chengdu were in a state of adequate iodine nutrition. UI/Cr might be a more suitable index to
assess the iodine nutrition status of pregnant women than
UIE. The UI concentration measured was highest when
the gestational week was less than 20 (the first half of
pregnancy), and it decreased with increasing gestational
month.
The sources of dietary iodine intake for pregnant women included food, water, iodized salt and iodized vitamins.
The 7-day dietary record proved to be a novel and useful
way to assess dietary iodine intake; moreover, there was a
strong correlation between dietary iodine intake and UI
concentration.
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