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Abstract
There is still controversy about optimal dietary iodine intake as the Universal Salt Iodization policy enforcement in China. A modified iodine
balance study was thus conducted to explore the suitable iodine intake in Chinese adult males using the iodine overflow hypothesis. In this
study, thirty-eight apparently healthymales (19·1 (SD 0·6) years) were recruited and providedwith designed diets. After the 14-d iodine depletion,
daily iodine intake gradually increased in the 30-d iodine supplementation, consisting of six stages and each of 5 d. All foods and excreta (urine,
faeces) were collected to examine daily iodine intake, iodine excretion and the changes of iodine increment in relation to those values at stage 1.
The dose–response associations of iodine intake increment with excretion increment were fitted by the mixed effects models, as well as with
retention increment. Daily iodine intake and excretion were 16·3 and 54·3 μg/d at stage 1, and iodine intake increment increased from 11·2 μg/d
at stage 2 to 118·0 μg/d at stage 6, while excretion increment elevated from 21·5 to 95·0 μg/d. A zero iodine balance was dynamically achieved as
48·0 μg/d of iodine intake. The estimated average requirement and recommended nutrient intakewere severally 48·0 and 67·2 μg/d, which could
be corresponded to a daily iodine intake of 0·74 and 1·04 μg/kg per d. The results of our study indicate that roughly half of current iodine intakes
recommendation could be enough in Chinese adult males, which would be beneficial for the revision of dietary reference intakes.

Key words: Iodine requirement: Zero iodine balance: Iodine overflow hypothesis: Dietary reference intakes: Mixed effects
models

Iodine is one of the essential elements required for normal
body functioning, and it is an intrinsic constituent of thyroid
hormones, including thyroxine (T4) and triiodothyronine (T3),
that are important regulators of multiple biological process
and metabolism(1,2). So far, accumulating adverse consequences
in populations with iodine deficiency has been documented,
such as goitre, lower intelligence quotient, growth retardation
and reproductive health problems(3,4). However, as is the case
for virtually all essential nutrients, long-term inadequate
or excessive iodine intake will potentially cause thyroid
dysfunctions(5).

Iodine deficiency is a serious public health problem, and its
prevalence is considerably high in China compared with that in
other countries. Approximately 425 million Chinese people liv-
ing in iodine-deficient areas are affected, and nearly 35 million
cases of goitre have been reported before 1995(6). Fortunately,
the status quo of iodine deficiency had been greatly improved
as the implementation of Universal Salt Iodization policy(7).
Yet, numerous potential threats probably due to excessive
iodine intake have gradually attracted more attention, although
its health association has not well understood(8,9). Excessive
iodine intake can increase the risk of clinical hypothyroidism,
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which has been reported in the Chinese populations(10). The
U-shaped curve relationship has also been observed between
urinary iodine concentration and the prevalence of thyroid
nodules(11). Thus, a rigorous problem is repeatedly mentioned,
that is, whether the current dietary iodine intake is much higher
than that required for a certain population.

To date, the WHO, the United Nations International
Children’s Emergency Fund (UNICEF) and the International
Council for Control of Iodine Deficiency Disorders (ICCIDD)
had jointly recommended iodine intakes of 120 μg/d for school-
children, 150 μg/d for adolescents and adults and 250 μg/d
for pregnant and lactating women(12). The Chinese Nutrition
Society also suggested that the dietary iodine intake was calcu-
lated by the adjustment of adult body weight in the data from
other countries’ studies. In theory, the dietary reference intakes
should be set according to the physiological requirement of cer-
tain population in the traditional balance study(13,14). Regrettably,
only a few relevant studies have been conducted(13,15,16). The
issue on whether superfluous iodine is stored in the thyroid is
mentioned in current China, and the traditional balance study
may no longer be suitable for the individuals with iodine
over-nutrition. The iodine overflow hypothesis was thus pro-
posed in order to avoid the interferences, and that had been vali-
dated by recent studies in the south and north China(17,18).
However, some points should be noted that the smaller iodine
intake range and sex difference, especially female menstrual
cycle, can affect the collection of urine specimens.

Therefore, to avoid the known interferences, this study
aimed to examine the iodine dynamic changes and to explore
the iodine requirement in Chinese adult males based on a
modified iodine balance study using the iodine overflow
hypothesis; furthermore, it aimed to provide the data refer-
ence to the new Chinese iodine dietary reference intakes,
such as the estimated average requirement (EAR) and recom-
mended nutrient intake (RNI).

Methods

Participants

Participants were recruited in Changzhi Medical College, located
in northern China; participants were required of 18–21 years;
with a BMI of 18·5–27; with no thyroid, liver and kidney dysfunc-
tion; with no infection and inflammatory condition; with no overt
constipation and who were not exposed to iodine-containing
drugs and iodinated contrast media within the previous 6
months. The sample size of participant was estimated using
the software of G × Power (version 3.1.9). As this study was a
self-control study, it was estimated that thirty-four participants
would be required for a paired t test to detect a medium effect
size (F= 0·5) with a statistical power (1–β error probability) of
80 % and an α of 0·05. Thus, the sample size of 38 was adequate.

Iodine overflow hypothesis

The hypothesis demonstrated that the ingested iodine could be
effectively absorbed and utilised only before or only when thy-
roid hormone biosynthesis and necessary for storage in vivo
are adequate; meanwhile, the remaining iodine will be totally

excreted from the body. The increment (Δ) iodine excretion
will increase as the Δ iodine intake increases until a certain
threshold (i.e. Δ iodine excretion=Δ iodine intake) after a
short-term iodine depletion following a long-term superfluous
status. A zero iodine balance will dynamically arrive to a similar
iodine imminent ‘overflow’ in the human body. In this case, the
iodine intake was exactly regarded as the basic iodine require-
ment of the individuals.

Study design

As shown in Fig. 1, this studywas carried out for 44 d. The former
14 dwas set as the depletion period to reduce the supersaturated
iodine level in the thyroid. The later 30 d was set as the supple-
mentation period to increase the iodine intake by stages, which
involved the provision of milk or eggs based on the participants’
daily diet; the 30 d was divided into six stages, and each stage
lasted for 5 d. Physical examination was arranged at baseline
day (Day0) before iodine depletion, at start day (Daystart) and
at end day (Dayend) for iodine supplementation. The weight
and height of participants were measured by calibrated instru-
ments, and blood samples were together collected through
venous puncture after fasting for 8 h. Serum thyroid-stimulating
hormone, free thyroxine, free triiodothyronine, alanine trans-
aminase and aspartate aminotransferase levels were measured.
The study protocol was conducted according to the guidelines of
the Declaration of Helsinki of the World Medical Association(19)

and approved by the Ethics Committee of National Institute of
Nutrition and Health of Chinese Center for Disease Control
and Prevention. Signed informed consent was obtained from
all participants after explaining the nature of the study. This study
was registered in medresman.org (ChiCTR1800016184).

Diet preparation, sample collection and determination

The iodine contents of rawmaterials such as rice, flour and other
food items and the compound condiments were measured in
advance. Diet plans were then carefully designed by a profes-
sional dietician based on balancedmeals to avoid the use of con-
diments and foods with high iodine content, including kelp,
seaweed and marine products and uniformly prepared with
non-iodised salt. Details of the recipe used in preparing a typical
daily meal are provided in Table 1. In this study, serving foods
and drinking water were restrictively monitored and provided to
all participants at the college canteen. The amounts of daily con-
sumed foods were weighed and recorded. All foods were col-
lected by duplicate portion method and stored in a cryogenic
refrigerator at –20°C. The 24-h urine specimens were collected
and weighed upon delivery at baseline and the whole study,
and the estimated amount of missed urine was accordingly
recorded. To ensure the integrity of the faecal sample collection,
all participants were asked to take a carmine capsule to visually
label the faeces at the onset of each stage and at the end of the
6th stage. The faecal samples were subsequently collected
and homogenised at each stage according to the labelled
red pigmentation; a portion was proportionally taken, lyophi-
lised and stored at –20°C. After this study, all specimens were
sent to the National Institute of Nutrition and Health in Chinese
Center for Disease Control and Prevention for analysis. The
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iodine contents in urine specimens, faecal samples from all
six stages and foods were determined using inductively
coupled plasma MS and the Sandell–Kolthoff method after
acid wet washing(20). The urinary creatinine level was measured
by kinetic calorimetric assay(21). The quality control samples
were analysed in each assay. The recovery of measurement
was between 92·3 and 106·7 %. The intra-day and inter-day pre-
cision for urinary indicators ranged from 2·1 % to 5·7 %.

Quality control

All exogenous sources of iodine were determined to eliminate
unknown food sources of iodine or iodine-containing drugs.
In addition, the excreta sample was deemed incomplete or
invalid if any one of the following occurred: (1) the urinary cre-
atinine concentration was< 0·1 mmol/kg per d, (2) the 24-h
urine volume was< 500 ml and (3) no red pigmentation was
observed in staged faeces.

Statistical analysis

All analyses were performed in the SAS 9.3 (SAS Institute) and
R statistical software (version 3.5.1) using the nlme and ggplot
2 packages for data processing and statistical analyses. The
Shapiro−Wilk test was used to evaluate the distribution of data,
while the Mauchly’s test was used to assess whether the
assumption of sphericity was met or not. The differences in
height, weight, urinary electrolytes excretion, alanine trans-
aminase, aspartate aminotransferase, and serum thyroid-
stimulating hormone, free triiodothyronine and free thyroxine
were compared using ANOVA with Bonferroni correction or
Kruskal−Wallis test for multiple comparisons. P value < 0·05
was considered significant.

The data on iodine intake and urinary and faecal iodine
excretion per stage in each participant were provided. Iodine
intake, iodine excretion and iodine retention were expressed
in micrograms per day (μg/d) and in micrograms per kilogram

Fig. 1. Flow chart of iodine balance study in Chinese adult males.

Table 1. Typical daily meal plan

Diet Dietary component

Breakfast Rice, steamed bread, oil-fried vegetables such as cabbage, spinach and
pumpkin

Rice 100 g, flour 100 g, salad oil 5–10 g, green vegetables
100–150 g

Lunch Rice, steamed bread, oil-fried vegetables such as cabbage, celery, green
pepper, tomato and pork or chicken

Rice 100 g, flour 100 g, salad oil 15–20 g, vegetables
150–300 g, pork 100 g or chicken 100 g

Supper Rice, steamed bread, oil-fried vegetables such as cabbage, celery, green
pepper, tomato and pork or chicken

Rice 100 g, flour 100 g, salad oil 15 g, vegetable 150–300 g,
pork 100 g or chicken 100 g

Fruit Apple, banana, pear, peach Apple 100–150 g, or banana 100 g, or pear 100–150 g, or
peach 100–150 g
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of body weight per day (μg/kg per d) in order to obtain a clearer
illustration. According to the iodine overflow hypothesis, the Δ
iodine intake was calculated by subtracting the corresponding
iodine intake at stage 1 of each participant from the daily iodine
intake from stage 2 to stage 6; meanwhile, theΔ iodine excretion
was calculated by subtracting the corresponding excretion at
stage 1 from the iodine excretion from stage 2 to stage 6.
Lastly, the Δ iodine retention was calculated by subtracting
the Δ iodine excretion from the Δ iodine intake.

In this study, 1140 data points for iodine intake and iodine
excretion were collected, while 1031 data points were origi-
nally retained through the data screening for the incomplete
collection. Data on theΔ iodine intake and theΔ iodine excre-
tion were further removed as outliers for triple standard differ-
ence method, leaving 985 data for statistical analysis. The
association of the Δ iodine intake and the Δ iodine excretion
was assessed using the mixed effects models (MEM) for micro-
grams per day and micrograms per kilogram of body weight
per day, with the Δ iodine intake of the individuals as fixed
factor and the participants as random factor compared with
those used in previous literature(14). The selection of predicted
function was determined based on the Akaike information cri-
terion and evaluated using goodness-of-fit plots. In addition, a
linear regression function was built to determine the associa-
tion between the Δ iodine intake and the Δ iodine excretion,
as well as between the Δ iodine intake and the Δ iodine reten-
tion. The predicted Δ iodine excretion and predicted Δ iodine
retention increment based on the actual Δ iodine intake of
each participant were obtained. The association between
measured and predicted values of the Δ iodine excretion
and theΔ iodine retention was further evaluated using Pearson’s
correlation coefficient (r). The dynamic zero iodine balance (Δ
iodine intake=Δ iodine excretion, Δ iodine retention= 0 μg/d)
was obtained from the MEM of the Δ iodine intake compared
with the Δ iodine retention per day or per kilogram of body
weight per day, with the former used to estimate the proposed
EAR. In addition, a 20 % variable coefficient (CV) of the EAR is
more inclined to suggest the estimation of iodine RNI, rather than
the 10 % CV if considering a relative variation in populations
according to previous studies(22). In this case, the current iodine
RNI was calculated as equal to the EAR plus twice the CV (i.e. 1·4
times the EAR) to satisfy the requirement among the majority of
individuals.

Results

Participants’ characteristic

The baseline characteristics of all participants are shown in
Table 2. In total, thirty-eight healthy male adults aged 19·1 (SD
0·6) years were enrolled and finished the modified iodine bal-
ance study. The mean 24-h urinary iodine concentration was
237·7 μg/l at baseline (Day0), initially decreased to 30·9 μg/l at
the Daystart, and then eventually increased to 88·8 μg/l at the
Dayend. Significant differences were found in the 24-h urinary
iodine concentration, 24-h urinary iodine excretion, alanine
transaminase, aspartate aminotransferase, urea, creatinine, uric

acid and thyroid-stimulating hormone (P< 0·05), but no signifi-
cant differences were observed in other indicators, including
weight, 24-h urine volume, Hb, free triiodothyronine and free
thyroxine (P> 0·05).

Iodine intake and excretion

Iodine status of participants was assessed using WHO/UNICEF/
ICCIDD references ranges(23), as shown in Table 3; the majority
of participants had more than adequate iodine levels at baseline,
while the urinary iodine levels were distinctly changed to induce
iodine depletion. The median 24-h urinary iodine concentration
immediately decreased from 256·1−205·5 μg/l to 28·7−28·8 μg/l,
whilst the median 24-h urinary iodine excretion decreased from
197·0−198·6 μg/d to 47·7−50·0 μg/d at the end of iodine
depletion.

The dynamic changes in iodine balance are shown in Table 4.
The iodine excretion and iodine retention increased with
the iodine intake increased; the Δ iodine excretion and the Δ
iodine retention also increased with iodine supplementation.
Significant differences were found in the iodine intake, iodine
excretion, iodine retention, and theΔ iodine intake, theΔ iodine
excretion and theΔ iodine retention among all stages (P< 0·001
for all comparisons). In this study, the dose–response relation-
ship between the Δ iodine intake and the Δ iodine excretion
was investigated based on the MEM estimate each day, as well
as that between the Δ iodine intake and the Δ iodine retention
according to the data distribution. We fitted the linear function
for the Δ iodine excretion or the Δ iodine retention along with
the Δ iodine intake per kilogram of body weight to intuitively
understand the correlation; these predicted formulas were
expressed as follows:

Table 2. Baseline characteristics of thirty-eight Chinese adult males
(Mean values and standard deviations)

Variables

Day0 Daystart Dayend

Mean SD Mean SD Mean SD

Age (years) 19·1 0·6 19·1 0·6 19·1 0·6
Height (cm) 171·9 6·7 173·3 7·1 172·5 8·2
Weight (kg) 64·6 11·0 64·7 10·3 63·6 9·8
24-h UIC (μg/l) 237·7 67·5 a 30·9 13·4 b 88·8 35·8 c

Urine Volume (L) 1·0 0·4 a 1·8 0·6 b 1·7 0·8 b

24-h UIE (μg/day) 213·8 39·0 a 49·5 12·4 b 134·9 30·1 c

ALT (U/L) 12·5 6·3 a 17·8 8·1 b 17·6 7·9 b

AST (U/L) 16·2 3·5 a 19·0 4·6 b 19·2 3·7 b

Hb (g/L) 164·7 8·6 162·0 8·4 161·0 7·9
Urea (mmol/l) 4·8 1·1 a 4·4 0·8 a 5·7 0·9 b

Creatinine (μmol/L) 86·7 13·4 a 75·0 8·3 b 81·3 9·5 a

Uric acid (mmol/L) 442·2 74·6 a 378·5 57·1 b 350·5 51·1 b

TSH (uIU/ml) 2·4 0·7 a 1·4 0·4 b 1·9 0·7 c

FT4 (pmol/l) 18·5 2·1 18·6 2·2 18·3 1·7
FT3 (pmol/l) 5·6 0·5 6·0 0·4 5·9 0·3

Day0, means the day at baseline; Day start and Day end, mean the start and the end day
for iodine supplementation; 24-h UIC, 24-h urinary iodine concentration; 24-h UIE, 24-
h urinary iodine excretion; ALT, alanine transaminase; AST, aspartate aminotransfer-
ase; TSH, thyroid-stimulating hormone; FT4, free thyroxine; FT3, free triiodothyronine
and other values are expressed as mean values and standard deviations. Differences
are examined by repeated-measures ANOVA by use of Bonferroni correction for multi-
ple comparisons. Values with different superscript letters (a, b, c) are significantly dif-
ferent (P< 0·05).
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Δ iodine excretion (μg/d)= 0·736 ×Δ iodine intake
(μg/d)þ 8·359

Δ iodine retention (μg/d)= 0·262 ×Δ iodine intake (μg/d)
– 8·216

Δ iodine excretion (μg/kg per d)= 0·738 ×Δ iodine intake
(μg/kg per d)þ 0·134

Δ iodine retention (μg/kg per d)= 0·259 ×Δ iodine intake
(μg/kg per d) – 0·129

The graphical demonstration showed that the dose–response
association of the Δ iodine excretion and the Δ iodine intake
obtained from the MEM agreed well with the measured data,
as well as the Δ iodine retention and the Δ iodine intake. As
shown in Figs. 2 and 3, the locally weighted scatter plot

smoothing lines were comparable with the predicted function
obtained from theMEM analysis. Furthermore, a distinct correlation
was observed between themeasured and predicted data for iodine
excretion (r= 0·749, P= 0·0001, for μg/d) and iodine retention
(r= 0·392, P= 0·0001, for μg/d) and that between iodine excretion
(r= 0·766, P= 0·0001, for μg/kg per d) and iodine retention
(r= 0·387, P= 0·0001, for μg/kg per d). In this study, the dynamic
zero iodinebalance (Δ iodine intake=Δ iodine excretion,Δ iodine
retention= 0 μg/d) was obtained using the MEM based on the
incremental change and achieved at a transient Δ iodine intake
of 31·7 μg/d. Therefore, an iodine intake of 48·0 μg/d was pre-
cisely suitable when the dynamic zero iodine balance was
reached in the body. As shown in Figs. 2 and 3, the use of a linear
regression function also yielded a similar estimation of the Δ

Table 3. Comparison of 24-h UIC and 24-h UIE at baseline and last 2 d of iodine depletion for thirty-eight Chinese adult males
(Median values and inter-quartile ranges)

Variables*

Urinary iodine at baseline Last 2-d data of iodine depletion

Day 1 Day 2 Day 1 Day 2

Median
(M0)

Interquartile
(P25, P75)

Median
(M0)

Interquartile
(P25, P75)

Median
(M0)

Interquartile
(P25, P75)

Median
(M0)

Interquartile
(P25, P75)

24-h UIC, μg/l 256·1 201·5, 295·2 205·5 158·8, 265·5 28·7 21·5, 41·8 28·8 22·2, 40·5
24-h UIE, μg/d 197·0 151·0, 277·3 198·6 155·4, 225·1 47·7 41·6, 58·6 50·0 41·2, 57·0

* Values are expressed as median (M0) and interquartile (P25, P75); 24-h UIC, 24-h urinary iodine concentration; 24-h UIE, 24-h urinary iodine excretion.

Table 4. Iodine intake, excretion, retention andΔ iodine intake,Δ excretion andΔ retention for thirty-eight Chinese adult males among the six stages of iodine
supplementation*
(Mean values and standard deviations)

Variables

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Observed (μg/d)
Iodine intake 16·3 6·2a 28·7 7·4b 55·3 7·3c 78·8 5·3d 108·6 9·3e 134·2 9·1f

Iodine excretion 54·3 19·1a 65·7 21·2a 84·3 20·1b 107·0 20·1c 126·9 25·0d 154·5 30·6e

Iodine retention –38·0 21·7a –37·0 24·2ab –29·0 20·6bc –28·2 21·5bc –18·4 26·8d –20·3 29·7d

Δ Observed (μg/d)
Δ Iodine intake ― 11·8 4·7a 37·6 7·4b 62·5 5·2c 92·2 6·9d 118·1 8·3e

Δ Iodine excretion ― 18·1 14·8a 35·2 18·5b 53·4 20·2c 72·7 26·7d 99·8 29·3e

Δ Iodine retention ― –6·3 16·3a 2·4 20·3ab 9·1 21·7b 19·5 27·7c 18·3 30·0c

Δ Predicted† (μg/d)
Iodine intake† ― n. a. n. a. n. a. n. a. n. a.
Iodine excretion† ― 17·2 4·1a 36·0 5·9b 54·3 4·5c 76·2 5·6d 95·1 6·5e

Iodine retention† ― –5·3 2·9a 1·7 3·5ab 8·2 3·2bc 16·0 3·3cd 22·8 3·5d

Observed (μg/kg per d)
Iodine intake 0·26 0·10a 0·46 0·13b 0·87 0·17c 1·25 0·20d 1·73 0·29e 2·14 0·35f

Iodine excretion 0·86 0·31a 1·06 0·37b 1·33 0·36c 1·70 0·40d 2·02 0·46e 2·47 0·61f

Iodine retention –0·60 0·35a –0·60 0·40ab –0·45 0·33bc –0·45 0·35bc –0·29 0·43d –0·32 0·48d

Δ Observed (μg/kg per d)
Δ Iodine intake ― 0·19 0·08a 0·59 0·14b 1·00 0·18c 1·47 0·25d 1·89 0·33e

Δ Iodine excretion ― 0·29 0·25a 0·56 0·31b 0·85 0·35c 1·16 0·47d 1·60 0·55e

Δ Iodine retention ― –0·10 0·27a 0·03 0·32ab 0·14 0·34b 0·31 0·46c 0·29 0·49c

Δ Predicted‡ (μg/kg per d)
Iodine intake‡ ― n. a. n. a. n. a. n. a. n. a.
Iodine excretion‡ ― 0·24 0·07a 0·53 0·11b 0·83 0·13c 1·18 0·19d 1·49 0·24e

Iodine retention‡ ― –0·02 0·05a –0·09 0·06ab 0·20 0·07bc 0·32 0·08cd 0·43 0·10d

* Values are expressed asmean values and standard deviations. Difference of iodine intake and excretion is evaluated using repeated-measures ANOVAwith Bonferroni correlation.
Values with different superscript letters (a, b, c, d, e) are significantly different (P< 0·05); n. a., not applicable.

† Predicted excretions are calculated fromobserved intake by use ofMEM:Δ iodine excretion (μg/d)= 0·736 ×Δ iodine intake (μg/d)þ 8·359; predictedΔ iodine retention is calculated
from observed Δ iodine intake by use of MEM: Δ iodine retention (μg/d)= 0·262 ×Δ iodine intake (μg/d) – 8·216.

‡ PredictedΔ iodine excretions is calculated from observedΔ iodine intake by use ofMEM:Δ iodine excretion (μg/kg per d)= 0·738 ×Δ iodine intake (μg/kg per d)þ 0·134; predictedΔ
iodine retention is calculated from observed Δ iodine intake by use of MEM: Δ iodine retention (μg/kg per d)= 0·259 ×Δ iodine intake (μg/kg per d) – 0·129.

1312 X. Liu et al.

https://doi.org/10.1017/S0007114523000569  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114523000569


iodine intake at null balance as the MEM but did not change the
data interpretation for the association.

Discussion

This was a modified iodine balance study, which was performed
on a group of Chinese adult males according to our suggested
iodine overflow hypothesis. In this study, the dose–response
functions were consecutively established between the Δ iodine
intake and the Δ iodine excretion using the MEM and linear
regression analysis, as well as between the Δ iodine intake
and theΔ iodine retention. Through these formulas derived from
the available data, the estimates of dietary iodine intake were
considered as appropriate for 48·0 μg/d of EAR and 67·2 μg/d

of RNI. These values further corresponded to daily iodine intakes
of 0·74 μg/kg per d and 1·04 μg/kg per d.

Given that the enforcement of Universal Salt Iodization policy
in China over 20 years, it had probably induced the iodine over-
saturation in the most individuals(24,25), particularly those living
in areas whose drinking water contains high iodine levels(26).
Furthermore, daily consumption of salt and iodine is usually
higher in male than that in female. In our study, the majority
of participants were more than adequate iodine levels at base-
line; this finding is slightly higher as compared with the results
of a national survey, which reported that nearly 42 % of the pop-
ulation had more than adequate and excess iodine intake(7). In
this case, the traditional balance study could no longer be used,
as previously mentioned(17,18). With regard to the dilemma, our
iodine overflow hypothesis could accurately simulate the iodine
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dynamic change in vivo; moreover, iodine depletion was only
required within a short period of time in those individuals with
excess iodine exposure. Noteworthy, after iodine supplementa-
tion, the Δ iodine excretion gradually increased with the Δ
iodine intake increased until the iodine ‘overflow’ threshold
was reached, following the excretion of excess iodine.

In line with previous studies(15,27), negative iodine balance
without exception occurred in the participants following a low
iodine supplementation (from 16·3 to 134·2 μg/d). In our opin-
ion, it is only a short-term adaptation to the changes of iodine
intake levels rather than a long-term change in the body, consid-
ering that the thyroid hormone levels remained normal if the
absence of iodine recycling and depletion of iodine storage in
the thyroid for over 3 months. This might be attributed to the
excessive amounts of iodine administered previously or the
delayed response in iodine insufficiency. By contrast, a recent
iodine balance study reported that there was no negative iodine
balance in Chinese women(28). It was believed to be due to the
high iodine intake (194·8–487·1 μg/d), that is, the administrative
iodine intake far exceeds itsmetabolic absorption and redundant
iodine be then excreted.

In our study, the proposed EAR was 48·0 μg/d, and the RNI
was 67·2 μg/d based on an EAR of 1·4 times in view of the
characteristics and complexity of the balance study design
in the population(22). These estimates of iodine requirement
are relatively consistent with those of previous studies
reported(18,27,29,30), but significantly lower than the recom-
mended iodine intake of adults, based on the new EAR
(85 μg/d) and RNI (120 μg/d)(31). In addition, the USA and
Canada used an iodine intake of 90 μg/d as a safe EAR limit
for adults(29), while Australia and New Zealand suggested
an EAR of 100 μg/d and RNI of 150 μg/d(32,33). The European
Scientific Committee for Food recommended 100 and
130 μg/d(34), while Chinese women suggested 110 and
155 μg/d as the EAR and RNI of iodine, respectively(28). The
values reported in the current study are almost one-half of
the current recommended iodine intakes.

When interpreting our findings, some advantages and limita-
tions should be noted. First, the iodine contents in foods and
excreta (urine and faeces) were extremely low to measure the
dynamic change in iodine intake and the amounts of urine
and faeces excreted were smaller during the depletion and sup-
plementation stages, resulting in the uncertainty of the actual
iodine contents. The application of inductively coupled plasma
MS has resolved the difficulty in analysing low iodine levels, and
the obtained results were relatively reliable. Second, the daily
iodine intake and excretion are well controlled throughout the
study, although it is fairly low and easily disrupted by exogenous
factors. However, the amount of iodine excretedmight be under-
estimated as the iodine loss from sweat or other sources was not
measured. Third, the current study was only conducted on a
group of Chinese adult males, so the generalisability of the
results might have some practical difficulties in the general pop-
ulation. Thus, many factors should be taken into account in the
following studies, such as sex or age or geographical location.

In summary, this modified iodine balance study was con-
ducted in Chinese adult males using our suggested iodine over-
flow hypothesis and provided a reliable experimental data on

the iodine metabolic balance of individuals with superfluous
iodine status. The findings of our study indicated that rough half
of the current dietary iodine intake recommendation is enough
as an iodine requirement for Chinese male adults, which would
be beneficial for the revision of iodine dietary reference intakes
in China.
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