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Is the urinary iodine/creatinine ratio 
applicable to assess short term individual iodine 
status in Chinese adults? Comparison of iodine 
estimates from 24-h urine and timed-spot urine 
samples in different periods of the day
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Abstract 

Background: Urinary iodine concentration (UIC) is routinely used to evaluate the population iodine status while the 
uniform method for the individual level assessment is uncertain.

Objectives: To explore the 24-h urinary iodine excretion (UIE) in five different periods of the day and the correspond-
ing prediction equations respect by the use of creatinine-corrected UIC.

Methods: We collected 24-h, spot and fasting urine in five periods of the day to estimate 24-h UIE by the six different 
prediction equations. We compared the estimated creatinine-corrected UIC to the collected 24-h UIE and identified 
the most suitable equations in each period of the day.

Results: Among the six different prediction equations, the equation of Kawasaki T was the best to estimate the 24-h 
UIE by fasting urine among Chinese adults. Among the five periods of time, the equation of Knudsen N was the best 
to estimate the 24-h UIE in the non-morning period.

Conclusion: Urinary iodine status at the individual level could be estimated by different creatinine-based equations 
at different periods of the day.
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Background
Iodine is a trace element that is demanded by the human 
body. However, iodine deficiency has multiple adverse 
effects on human growth and development [1], caus-
ing goitre and increasing the thyroid gland susceptibility 
to nuclear radiation in people of all ages. It can lead to 

abortion and premature birth in fetuses, endemic cre-
tinism in neonate, and impaired mental function and 
delayed physical development in children [2]. For adults, 
especially the elderly, it can cause hyperthyroidism and 
hypothyroidism [3]. Iodine deficiency is regarded as a 
public health issue in both developing and developed 
countries, with an estimated number of 1.90 billion peo-
ple worldwide at risk of insufficient iodine intake [4], 
especially in the Eastern Mediterranean, Asia, African 
and most of the Eastern European countries [5]. Iodine 
deficiency is a risk factor for most thyroid disorders, 
according to a recent epidemiological study conducted 
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among Chinese adults whose median urinary iodine con-
centration (mUIC) were less than 100ug/L [6]. This study 
showed that the prevalence of subclinical hyperthyroid-
ism was 0.34 percent among iodine deficiency popula-
tion, for Graves’ disease was 0.83 percent, for subclinical 
hypothyroidism was 11.62 percent, for goiter was 1.58 
percent and for thyroid nodule was 25.63 percent [6]. In 
another study regardingt of iodine status on pregnancy 
outcomes, miscarriage (with a prevalence of 6.2% among 
iodine deficiency population), placental the impacabrup-
tion (with a prevalence of 1.09% among iodine deficiency 
population), and neonatal cord entanglement (with a 
prevalence of 1.82% among iodine deficiency population) 
were all found to be more common among early preg-
nancy women with iodine deficiency than in those with 
other iodine status [7]. Excessive iodine consumption, on 
the other hand, can cause thyroid diseases. Excess iodine 
was linked to a higher prevalence of overt hyperthyroid-
ism and subclinical hypothyroidism (with a prevalence 
of 1.22% and 15.99% among the excessive iodine intake 
people, respectively) [6]. An increased incidence of auto-
immune thyroiditis (AT) and hypothyroidism can also be 
caused by much iodine consumption [8].

Iodine, as a nutrient demanded for thyroid hormone 
synthesis [2], has an impact on body functions, such as 
brain development, pituitary support, and metabolism. 
The average amount of iodine within a human body is 
around 20 mg [9]. The body’s iodine reserves only last for 
a period of time if iodine intake discontinues. The major-
ity of iodine ingested by the human body comes from 
food, the remaining part comes from drinking water and 
the air.    Due to the scarcity of iodine-rich foods [10], 
World Health Organization (WHO) introduced a salt 
iodization program to improve iodine status at the popu-
lational level as a way of lowering the risk of iodine insuf-
ficiency [11]. China [12], as well as most other countries 
[13, 14] has considerably improved this issue by the uni-
versal salt iodization (USI) program [15]. Iodised salt has 
become the primary source of iodine for the human body 
in the countries that have adopted the USI program. The 
limited dietary salt intake is recommended by the guide-
lines to prevent hypertension [16] which is a long-stand-
ing concern as a major cause of death and the second 
leading cause of disability [17]. However, a low-salt diet 
inhibits the amount of intake of iodine, which increases 
the risk of iodine deficiency in hypertension patients. In 
order to identify people who are at risk of iodine defi-
ciency, it is critical to trace iodine status at both popula-
tion and the individual level [18, 19].

More than 90% of dietary iodine is absorbed in the 
duodenum and excreted in urine via kidneys within 
24–48 h [20]. The remaining is excreted in the feces, as 
well as in the lungs, skin, and mucous membranes to a 

lesser extent, and even in the breasts during lactation. 
And therefore, urinary iodine concentration (UIC) is 
applied in the assessment of recent iodine intake. Iodine 
excretion in the urine sample collected at the time point 
is often expressed as UIC or the urinary iodine/creatinine 
concentration ratio [21]. However, the spot urine UIC is 
limited by the daily variations of iodine intake and water 
intake, resulting in an uncorrected spot urine UIC that 
does not objectively reflect the actual individual iodine 
status and can therefore only be used to assess the iodine 
status of a population [14, 22]. Individual iodine status 
assessment methods are still in the exploration phase. 
Some researchers used serum iodine [23], serum thy-
roglobulin [24] and 24-h urine [25] to assess individual 
iodine status. Given that spot urine samples are easier to 
collect than other indicators, and 24-h urine can more 
objectively reflect individual iodine status, we compared 
the six creatinine-corrected spot urine UIC prediction 
equations in five periods of the day to the real 24-h urine 
iodine excretion (UIE), aiming for providing the evidence 
of individual iodine status assessment and promoting the 
study of the relationship between individual iodine status 
and diseases.

Methods
Participants
126 healthy adults aged 18-to-59-year olds were recruited 
through an advertisement from May to September 2016. 
Data on age and sex was collected. All spot urine and 
24-h urine samples over a 24-h period were collected.

People included in this study were based on the follow-
ing criteria: (1) non- pregnant and breastfeeding women; 
(2) no history of thyroid diseases; (3) no recent (within 
6  months) use of iodine contrast agents or amiodarone 
medications; (4) no severe infectious disorders, chronic 
diseases, renal or other systemic diseases; (5) long-term 
residency (longer than six months) in Fujian Province. 
And the exclusion criteria were: (1) pregnant and lac-
tating women; (2) recent (within 6  months) coronary 
angiography, endoscopic retrograde cholangiopancrea-
tography (ERCP), and other use of iodinated contrast 
agent and amiodarone drugs; (3) having renal dysfunc-
tion and (or) other major diseases; (4) with mental dis-
eases; (5) having cognitive disorders; (6) not living in 
Fujian Province for six months.

Urine samples collection
Participants were given a uniform urine collection bag, 
a sterile plastic urine collection tube with a handle for 
dipping, and clear instructions for 24-h urine collec-
tion. Participants were required to record the start and 
finish times. All the participants were informed about 
the collection methods and announcements. The urine 
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was firstly collected after the first urination in the early 
morning; then it was collected till the first urination on 
the next morning, lasting for 24 h. Each voiding time was 
recorded. There were five periods of the day for urine col-
lection: morning (after discarding the first void − 12:30), 
afternoon (12:31–17:30), evening (17:31–23:59), early 
morning (00:00–03:59), and fasting time (the first void 
collected the next morning after the longest duration 
of sleep) [26]. 24-h urinary creatinine excretion [27]was 
used as quality control for 24-h urine collection, and 

participants with urinary creatinine excretion of less than 
75 per cent were eliminated across genders and ages [28].

Laboratory analysis
All results were assayed in the Fujian Provincial Cen-
tre for Disease Control and Prevention, which satisfied 
the requirements of the quality control of the National 
Iodine Deficiency Disorders Reference Laboratory in 
China. Urine iodine concentration was assayed by Arse-
nic-Cerium Catalytic Spectrophotometry for Urine 

Table 1 Equations of the estimated and measured 24-h urinary iodine excretion

I, Iodine; Cr, creatinine; UIC, urinary iodine concentration; UIE, urine iodine excretion; Pr24hCr, 24-h creatinine prediction

Stepwise forward linear regression analysis was used to model the Estimated 24 h  UIE2

Regression analysis a regression equation was used to model the Estimated 24 h  UIE3

Body surface area (BSA) was used to model the Estimated 24 h  UIE4

The data from a large Belgian population study was used to model the Estimated 24 h  UIE5

The Iowa State University method was used to model the Estimated 24 h  UIE6

Measure Abbreviation Calculation

Iodine: creatinine ratio (μg/g) I/Cr UIC (μg/L) / UCr (g/L)

Measured 24-h urine iodine excretion (μg/d) Measured 24hUIE 24hUIC (μg/L) × 24 h urine (L)

Estimated 24-h urine iodine  excretion1 (μg/d) Estimated 24 h  UIE1 I/Cr (μg/g) × Pr24hCr (g/d)

Pr24hCr (g/d) = 24hUCr (g/L) × 24 h urine (L)

Estimated 24-h urine iodine  excretion2 (μg/d) (Tanaka T, et al.
[31])

Estimated 24 h  UIE2 I/Cr (μg/g) × Pr24hCr (g/d)

Pr24hCr (mg/d) = [(− 2.04 × age (year)] + [(14.89 × weight

(kg)] + [16.14 × height (cm)]—2244.45

Estimated 24-h urine iodine  excretion3 (μg/d) (Kawasaki T, et al.
[32])

Estimated 24 h  UIE3 I/Cr (μg/g) × Pr24hCr (g/d)

Males:

Pr24hCr (mg/d) = [− 12.63 × age (year)] + [15.12 × weight

(kg)] + [7.39 × height (cm)]—79.9

Females:

Pr24hCr (mg/d) = [− 4.72 × age (year)] + [8.58 × weight (kg)]

+ [5.09 × height (cm)]—74.5

Estimated 24-h urine iodine  excretion4 (μg/d) (Mage, et al.[33]) Estimated 24 h  UIE4 I/Cr (μg/g) × Pr24hCr (g/d)

Males:

Pr24hCr (mg/d) = 0.00179 × [140—age (year)] × [weight

(kg)1.5 × height (cm)0.5] × [1 + 0.18 × A × [1.366–0.0159 ×
BMI (kg/m2)].

Females:

Pr24hCr (mg/d) = 0.00163 × [140—age (year)] × [weight

(kg)1.5 × height (cm)0.5] × [1 + 0.18 × A × [1.429–0.0198 ×
BMI (kg/m2)]; where A is African American or black race = 1,

other race = 0

Estimated 24-h urine iodine  excretion5 (μg/d) (Knudsen N, et al.
[27])

Estimated 24 h  UIE5 I/Cr (μg/g) × Pr24hCr (g/d)

Males:

pr24hCr (g/d) = 1.74 g (25–49 years), 1.63 g (50–59 years)

Females:

pr24hCr (g/d) = 1.23 g (25–49 years), 1.15 g (50–59 years)

Estimated 24-h urine iodine  excretion6 (µg/d) (IOM[34]) Estimated 24 h  UIE6 iodine excretion (µg/d) = 0.9 × iodine intake (µg/d)

iodine intake (µg/d) = spot UIC (µg/L)/ 0.92 × (0.0009 L ·  h−1

·  kg−1 · 24 h ·  d−1) × weight (kg)
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Determination (WS/T107-2016) [29], and urinary cre-
atinine concentration was assayed applying urinary cre-
atinine alkaline picric acid spectrophotometry (WS/
T97-1996) [30].

The laboratory assaying process included quality con-
trol. The reference substances were used, and the stand-
ard curve’s correlation coefficient had to be greater than 
0.999.

Equations of the estimated and measured 24‑h urinary 
iodine excretion
For spot urine and fasting urine in five periods of the day, 
the six prediction equations were employed to estimate 
24-h UIE in the same individual. The equations in Table 1 
were used to estimate UIE.

Statistical analysis
The analysis was conducted by SPSS software (SPSS 20.0; 
IBM Corp, Armonk, NY, USA). The normality of data was 
checked by the Kolmogorov-Smirnoff test. Age, height 
and weight were presented as means ± SD for normally 
distributed data, and 24-h urine volume was presented as 
medians (95% CI). The difference between the estimated 
UIE and measured UIE (standard method) were exam-
ined by applying independent samples t-tests for nor-
mally distributed continuous variables, Mann–Whitney 
U tests for non-normally distributed continuous vari-
ables. The correlations between the estimated UIE and 
measured UIE (standard method) were tested by Pearson 
correlation for normally distributed data and Spearman 
correlation for non-normally distributed data. The con-
sistency between the estimated UIE and measured UIE 
(standard method) was tested by a Bland–Altman plot. 
P < 0.05 was considered as significantly different.

Ethics approval was obtained from the Ethics Commit-
tee of Fujian Provincial Centers for Disease Control and 
Prevention (No. 2017002). Written informed consents 
were obtained from all the participants before their urine 
samples were collected.

Results
Demographic characteristics of the participants
A total of 126 healthy adults of which 59 males and 67 
females were enrolled in this study. Age, height, weight, 
and 24-h urine volume were shown in Table 2.

Comparison between the measured and the estimated 
24‑h urinary iodine excretion in different periods 
of the day
In this study, 121 spot urine samples were collected in the 
morning, 126 spot urine samples were collected in the 
afternoon, 125 spot urine samples were collected in the 
evening, and 48 spot urine samples were collected in the 
early morning, and 126 in the fasting time.

The 24-h UIE of spot urine in the morning was esti-
mated by Estimated 24 h  UIE1 and Estimated 24 h  UIE5, 
and there was a significant difference between measured 
and estimated UIE (P < 0.001). Similarly, there was no 
significant difference (P > 0.05) between measured and 
estimated 24-h UIE of fasting urine and spot urine in 
the afternoon, evening, and early morning, respectively. 
Estimated 24-h  UIE2 and Estimated 24-h  UIE3 were 
used to estimate 24-h UIE of spot urine in the morn-
ing, afternoon, and evening, and significant differences 
between measured and estimated results (P < 0.01 for all) 
were found. Likewise, the difference between measured 
and estimated 24-h UIE of fasting urine and spot urine 
in the early morning was non-significant (P > 0.05). In all 
periods of time, the Estimated  UIE4 was significantly dif-
ferent from the measured ones (P < 0.05 for all). The dif-
ference between the measured iodine concentration and 
the estimated one was statistically significant (P < 0.001 
for all) by Estimated 24-h  UIE6 in the morning, after-
noon, and evening. Similarly, the estimated 24-h UIE of 
fasting urine and spot urine in the early morning showed 
that the measured and estimated results were not signifi-
cantly different (P > 0.05 for both) (Fig. 1).

Correlation between the measured and estimated 24‑h 
urinary iodine excretion in the different time periods 
of the day
The estimated UIE showed a significant linear correlation 
compared to the Measured 24-h UIE urine samples col-
lected in all periods of the day (P < 0.01 for all). (Table 3).

Consistency between the measured and estimated 24‑h 
urinary iodine excretion
With the exception of the morning, there was no sig-
nificant difference but a strong correlation between the 
measured and estimated 24-h UIE in the different time 
periods. For all prediction equations except Estimated 
24-h  UIE4, fasting urine might be a choice to measure 
24-h UIE.

Table 2 Demographic characteristics of 126 participants

SD, standard deviation; IQR, inter-quartile range

Sex Female (n = 67) Male (n = 59) Total (n = 126)

Age (year), 
mean ± SD

40.1 ± 11.83 37.2 ± 10.45 38.7 ± 11.25

Height (m), 
mean ± SD

1.60 ± 0.04 1.69 ± 0.05 1.64 ± 0.07

Weight (kg), 
mean ± SD

55.5 ± 7.47 67.3 ± 8.15 61.0 ± 9.74

24-h urine volume 
(L), IQR

2.14 (1.54, 2.68) 2.09 (1.45, 2.59) 2.09 (1.47, 2.62)
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Hereby, Bland–Altman plots were also designed to 
evaluate the consistency between the measured and the 
estimated 24-h UIE. The bias of Estimated 24-h  UIE1 var-
ied from − 0.21 to 0.19 by urine sample collected time 

at the individual level. The high consistency occurred in 
the evening time period (bias = 0.07) and fasting time 
(bias = − 0.09) (Fig. 2).

Fig. 1 Difference between measured and estimated urinary iodine excretion in different periods of the day. UIE, urine iodine excretion; mUIC, 
median urinary iodine concentration; *Estimated urinary iodine excretion was significantly different compared to the measured urinary iodine 
excretion (P < 0.05) by Spearman rank correlation analysis; **Estimated urinary iodine excretion was significantly different compared to the measured 
urinary iodine excretion (P < 0.01) by Spearman rank correlation analysis; ***Estimated urinary iodine excretion was significantly different compared 
to the measured urinary iodine excretion (P < 0.001) by Spearman rank correlation analysis

Table 3 Correlation between the measured and estimated urinary iodine excretion in different periods of the day

UIE, urine iodine excretion;
# Estimated urinary iodine excretion was significantly different compared to measured urinary iodine excretion (P < 0.01) by Spearman rank correlation analysis;
## Estimated urinary iodine excretion was significantly different compared to measured urinary iodine excretion (P < 0.001) by Spearman rank correlation analysis

Measured 24 h UIE 
VS estimated 24 h 
 UIE1

Measured 24 h UIE 
VS estimated 24 h 
 UIE2

Measured 24 h UIE 
VS estimated 24 h 
 UIE3

Measured 24 h UIE 
VS estimated 24 h 
 UIE4

Measured 24 h UIE 
VS estimated 24 h 
 UIE5

Measured 24 h UIE 
VS estimated 24 h 
 UIE6

Morning  < 0.001##  < 0.001##  < 0.001##  < 0.001##  < 0.001##  < 0.001##

Afternoon  < 0.001##  < 0.001##  < 0.001##  < 0.001##  < 0.001## 0.001#

Evening  < 0.001##  < 0.001##  < 0.001##  < 0.001##  < 0.001##  < 0.001##

Early morn-
ing

 < 0.001##  < 0.001##  < 0.001##  < 0.001##  < 0.001## 0.002#

Fasting time  < 0.001##  < 0.001##  < 0.001##  < 0.001##  < 0.001##  < 0.001##
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We also discovered that the bias of Estimated 24-h 
 UIE5 varied from − 0.16 to 0.19 in different periods of the 
day. As for spot urine, the estimated UIE showed a high 
consistency when compared to the measured ones in the 
afternoon (bias = 0.09) and evening (bias = 0.05) (Fig. 3).

In the prediction of fasting urinary iodine excretion, 
Estimated 24-h  UIE3 (bias = − 0.02) showed the best 

consistency while Estimated 24-h  UIE4 (bias = 0.23)was 
the worst one, and Estimated 24-h  UIE1 (bias = − 0.09), 
Estimated 24-h  UIE2 (bias = 0.06), Estimated 24-h  UIE5 
(bias = − 0.10), and Estimated 24-h  UIE6 (bias = 0.06) 
showed a relatively good consistency (Fig. 4).

Fig. 2 Consistency between log-transformed Estimated 24-h urinary iodine  excretion1 and log-transformed Measured 24-h urinary iodine excretion 
in different periods of the day. UIE, urine iodine excretion; The X-axis is the mean of log-transformed estimated 24-h urinary iodine  excretion1 
and log-transformed measured 24-h urinary iodine excretion; The Y-axis is the difference between log-transformed estimated 24-h urinary iodine 
 excretion1 and log-transformed measured 24-h urine iodine excretion; The solid black line represents the bias, and the dashed line represents the 
95% range of consistency for the mean relative difference; Upper limit: upper 95% limit of consistency; lower limit: lower 95% limit of consistency

Fig. 3 Consistency between log-transformed Estimated 24-h urinary iodine  excretion5 and log-transformed Measured 24-h urinary iodine excretion 
in different periods of the day. UIE, urinary iodine excretion
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Discussion
The findings of our study demonstrated that Estimated 
24-h  UIE5 might be a choice to estimate 24-h UIE at all 
times except the morning. Fasting urine could be used to 
estimate 24-h UIE in several prediction equations. With 
the exception of Estimated 24-h  UIE4, the other predic-
tion equations by fasting urine are feasible in the predic-
tion of 24-h UIE, especially Estimated 24-h  UIE3.

Currently, there is no uniform method for individual 
iodine status assessment and each method has its limita-
tions. The 24-h UIE, computed by multiplying the 24-h 
UIC and the 24-h urine volume, is the acknowledged as 
"gold standard" for individual iodine status assessment. 
Some researchers have proposed numerous equations 
to estimate individual 24-h UIE given that it is not easy 
to collect 24-h urine. Jakobsen J et  al. verified the com-
pleteness of 24-h urine collection by comparing the con-
centration of para-aminobenzoic acid (PABA) in urine 
to tablets, but it may be harmful to people’s health [35]. 
To perform the quality control of the completeness of 
24-h urine collection, we set a creatinine reference value 
at 75%, which ensured that the 24-h urine volume for all 
volunteers was entirely collected. The equation concern-
ing 24-h urine volume seemed reliable due to its results, 
particularly the Measured 24-h UIE. Once it was reliable, 
the estimated equation which was compared to Meas-
ured 24-h UIE could be used in the evaluation of indi-
vidual iodine status. Although it is easy for spot urine 
collection, there is little evidence to support spot urine as 
a way to reflect iodine intake over the course of 24 h [36]. 

As a consequence, some researchers have proposed a 
variety of prediction equations to estimate 24-h UIE [27, 
31–33]. Some researches showed that multiplying I/Cr by 
estimated 24-h urine creatinine could be used to estimate 
24-h UIE while others could not [37].

Moreover, UIE varies during the day, but it is contro-
versial on the circadian pattern. UIC which was at the 
lowest level in the morning showed an upward trend 
from the morning to the evening; and spot urine in the 
afternoon can represent 24-h UIE, according to Als C 
and Vanacor R et  al. [28, 38]. As for fasting urine, one 
article pointed out that the UIC in fasting urine samples 
was 10% lower compared to non-fasting urine samples 
[39]. Nonetheless, some investigations reported that UIC 
in spot samples do not have a similar tendency during the 
day [40]. Similarly, the results presented in Fig. 1 do not 
have an upward trend for all the participants, conversely, 
each participant had a different tendency.

Other researchers have chosen blood samples to assess 
individual iodine status [23–25]. Although the metabo-
lites in blood are more stable compared to urine and 
more representative of iodine status over a longer period 
of time, blood collection presents many challenges, 
including the demand of the blood collection specialist, 
the consumption of needles and biochemical tubes dur-
ing blood collection, and the prevention of contamina-
tion of blood products after collection. Blood collection 
is more time-consuming and complicated than urine col-
lection in terms of input costs and output results. As a 

Fig. 4 Consistency of the six estimated 24-h urinary iodine excretion equations and the measured 24-h urinary iodine excretion in fasting urine. UIE, 
urine iodine excretion. Estimated 24 h  UIE1 for (A), Estimated 24 h  UIE2 for (B), Estimated 24 h  UIE3 for (C), Estimated 24 h  UIE4 for (D), Estimated 24 h 
 UIE5 for (E) and Estimated 24 h  UIE6 for (F);
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result, it is very cost-effective to assess individual urinary 
iodine status by urine.

According to our findings, the six prediction equa-
tions may have applicability in the assessment of indi-
vidual iodine status. We still needed to employ 24-h 
urine volumes for calculation when using Estimated 24-h 
 UIE1 albeit most periods of the day (except the morn-
ing) showed good consistency. In addition, there was a 
large difference in 24-h urine volume between males and 
females [41, 42]. Furthermore, there is currently no ref-
erence range for urine volume by sex in China. Despite 
the fact that Estimated 24  h  UIE2 and Estimated 24  h 
 UIE3 were proposed on the Japanese population, which 
means there seem no racial differences between the Chi-
nese and Japanese populations. And these two equations 
can be used to estimate measured 24-h UIE in the early 
morning and fasting time. Figure 1 also showed that the 
24-h UIE in any period could not be predicted by Esti-
mated 24-h  UIE4, which implied that iodine excretion in 
various groups varied considerably depending on eth-
nicity, social-economic status, and dietary patterns [43]. 
Estimated 24-h  UIE5 was one of the prediction equa-
tions that may be suggested to estimate UIE in all periods 
except the morning. However, it was difficult to collect 
urine samples in the evening although they had the high-
est consistency. Estimated 24-h  UIE6, as an equation for 
children UIE prediction, showed the infeasibility among 
adults, which verified the premise that only for the chil-
dren population.

Similarly, estimated 24-h UIE in different periods of 
the day also showed inconsistent results. The prediction 
equation except Estimated 24-h  UIE4 showed no signifi-
cant difference between the early morning spot urine and 
fasting urine although they had a high correlation. It is 
not suggested to estimate by early morning spot urine 
since not all participants urinate during this period of 
the day, therefore, it is hard to assess iodine status for 
every person by collecting early morning spot urine. In 
addition, several researchers pointed that it was better 
to estimate 24-h UIE by fasting urine compared to other 
spot urine [44, 45]. The findings of this study also sug-
gested that it was preferable to estimate 24-h UIE by fast-
ing urine samples in most periods of the day. Also, The 
Bland–Altman diagram indicated that estimated 24-h 
 UIE3 was the best for fasting urine estimation.

Salt iodization is a good way to get enough iodine in 
a consistent, convenient, and cost-effective way [46, 47]. 
We can benefit from this small investment and improve 
the quality of life for the population. A high-salt diet, 
on the other hand, is linked to hypertension. Currently, 
the Sydney Technical Consultation recommends that 
population health can be improved by salt reduction and 
iodine fortification strategies. While preventing iodine 

deficiency, it also protects against the harmful effects of 
salt on cardiovascular disease (CVD), especially hyper-
tension [17]. In this study, the equations of creatinine 
corrected UIC can be used to evaluate individual iodine 
status and serve as the method in the prevention of CVD. 
Although the findings of the American Food and Drug 
Administration Total Diet Study suggest that cereals, 
milk, and cheese can be served as dietary iodine carriers 
[48], some researchers have found a negative association 
between dairy products consumption and hypertension 
among college students [16]. However, dairy products 
such as milk are only minor components in the Chinese 
diet, and dairy products cannot replace iodized salt in 
meeting the iodine needs of the Chinese people’s iodine 
intake. Iodine deficiency, on the other hand, is a deter-
minant of adult thyroid diseases [49]. Iodine deficiency 
not only leads to iodine deficiency disorders, but also 
increases the risk of papillary and follicular thyroid can-
cer [50]. The risk of goitre rises with the increasing iodine 
levels [51]. As a result, establishing a method for indi-
vidual iodine status is beneficial not only for determining 
individual iodine status but also for preventing CVD and 
thyroid diseases.

There are some strengths and limitations in this study. 
To our knowledge, this was the first time in China that 
individual iodine status in adults were estimated by 
equations with different creatinine-corrected urinary 
iodine concentrations at different times. Secondly, this 
study demonstrates that individual iodine status can be 
assessed by creatinine-corrected urinary iodine con-
centrations albeit single UIC has been previously used 
to assess iodine status among populations. For the limi-
tation, firstly, currently, there is no reference range of 
creatinine for the Chinese population by age group, so 
Knudsen N’s equation has its limited replication within 
the Chinese adults. Secondly, we had only 126 partici-
pants, which meant the sample size was not big enough. 
The external validity is uncertain since the participants 
were only recruited from Fujian Province instead of 
all the provinces in China. Lastly, the applicability for 
school-age children, pregnant women and lactating 
women were uncertaint since adults were the target pop-
ulation in our study.

Conclusion
The application of the prediction equation proposed by 
Kawasaki T et al. was the best choice for the evaluation 
of individual iodine status in fasting urine. The prediction 
equation proposed by Knudsen N et al. is also suitable for 
the evaluation of individual iodine status if urine was col-
lected in the non-morning period.



Page 9 of 10Liu et al. Nutrition & Metabolism           (2022) 19:27  

Abbreviations
I: Iodine; Cr: Creatinine; UIC: Urinary iodine concentration; UIE: Urine iodine 
excretion; Pr24hCr: 24-Hour creatinine prediction; SD: Standard deviation; IQR: 
Inter-quartile range; mUIC: Median urinary iodine concentration.

Acknowledgements
The authors appreciate the support and assistance in the payment of the 
open access publication fee from the Fujian Provincial Center for Disease 
Control and Prevention in China. Likewise, the authors express their gratitude 
to all of the participants, all of the investigators participating in this study, and 
all of the study participants for their time.

Authors’ contributions
ZC was involved in the study’s design and served as the corresponding author. 
This article was written by ZL, who analyzed the data and wrote it. The paper 
was revised by ZC, ZL, and YL. Participants were recruited and urine samples 
were collected by JW, DC, XW, and LY. The laboratory analysis was carried 
out by JW and XW. The published version of the work has been read and 
approved by all of the writers. ZL, YL and JW contributed equally to this article. 
All authors read and approved the final manuscript.

Funding
This study was sponsored  by Fujian provincial health technology project 
(2020CXA020) and Construction of Fujian Provincial Scientific and Technologi-
cal Innovation Platform (2019Y2001).

Availability of data and materials
Please contact author (Zhihui Chen) for data or material requests.

Declarations

Ethics approval and consent to participate
All the participants were recruited following the informed consent and ethical 
review.

Consent for publication
The authors consent to the publication of the data.

Competing interests
The authors declare that they have no competing interests.

Author details
1 The Department of Endemic Diseases, Fujian Center for Disease Control 
and Prevention Fujian, No. 386 Chong’an Road, Fuzhou 350012, Fujian, People’s 
Republic of China. 2 The Department of Disease Control and Prevention, The 
First Hospital of Quanzhou Affiliated to Fujian Medical University, No.248-252, 
Dongjie Road, Quanzhou 362000, Fujian, People’s Republic of China. 3 School 
of Public Health, Fujian Medical University, University of New Area, No.1 
Xueyuan Road, Fuzhou 350122, Fujian, People’s Republic of China. 

Received: 1 October 2021   Accepted: 1 March 2022

References
 1. Zimmermann MB, Andersson M. GLOBAL ENDOCRINOLOGY: Global per-

spectives in endocrinology: coverage of iodized salt programs and iodine 
status in 2020. Eur J Endocrinol. 2021;185:R13–21.

 2. Farebrother J, Zimmermann MB, Andersson M. Excess iodine intake: 
sources, assessment, and effects on thyroid function. Ann N Y Acad Sci. 
2019;1446(1):44–65.

 3. Laurberg P, Pedersen IB, Knudsen N, et al. Environmental iodine intake 
affects the type of nonmalignant thyroid disease. Thyroid. 2001;11(5):457.

 4. Joseph, Alvin, R, et al. Iodine fortification of foods and condiments, other 
than salt, for preventing iodine deficiency disorders. Cochrane Database 
of Systematic Reviews, 2019.

 5. Andersson M, Karumbunathan V, Zimmermann MB. Global iodine status 
in 2011 and trends over the past decade. J Nutr. 2012;142(4):744.

 6. Yongze Li, Di T, Jianming Ba, et al. Efficacy and safety of long-term univer-
sal salt iodization on thyroid disorders: epidemiological evidence from 31 
provinces of mainland China. Thyroid. 2020;30:568–79.

 7. Yue X, Huakun S, Chenyan Li, et al. Effect of iodine nutrition on pregnancy 
outcomes in an iodine-sufficient area in China. Biol Trace Elem Res. 
2018;182:231–7.

 8. Armando F-R, Iván P-D, Olynka V-V, et al. Prevalence of thyroid dysfunc-
tion in healthy adults according to the estimated iodine intake in 24-hour 
urine samples: the SALMEX cohort. Eur J Nutr. 2021;60:399–409.

 9. Zimmermann MB. The role of iodine in human growth and development. 
Semin Cell Dev Biol. 2011;22(6):645–52.

 10. Demetre E, Gostas D, Enette LM, et al. Dietary relationship with 24 h uri-
nary iodine concentrations of young adults in the mountain west region 
of the United States. Nutrients. 2020;12:121.

 11. World Health Organization. Assessment of iodine deficiency disorders 
and monitoring their elimination: a guide for programme managers. 3rd 
ed. Geneva, Switzerland: WHO; 2007.

 12. Lin Y, Chen D, Wu J, et al. Iodine status five years after the adjustment of 
universal salt iodization: a cross-sectional study in Fujian Province, China. 
Nutr J. 2021;20:17.

 13. Manousou S, Stl M, Eggertsen R, et al. Correlations of water iodine 
concentration to earlier goitre frequency in sweden-an iodine sufficient 
country with long-term iodination of table salt. Environ Health Prev Med, 
2019; 24(1).

 14. Charlton K, Probst YC. Dietary iodine intake of the australian population 
after introduction of a mandatory iodine fortification programme. Nutri-
ents. 2016;8(11):701.

 15. Susanne D, Zimmermann MB, Tomislav J, et al. Universal salt iodization 
provides sufficient dietary iodine to achieve adequate iodine nutrition 
during the first 1000 days: a cross-sectional multicenter study. J Nutr. 
2018;4:587–98.

 16. Mansouri M, Pahlavani N, Sharifi F, et al. Dairy consumption in relation 
to hypertension among a large population of university students: the 
MEPHASOUS study. Diabet Metab Syndrom Obes. 2020;13:1633–42.

 17. Campbell N, Dary O, Cappuccio FP, et al. Need for coordinated programs 
to improve global health by optimizing salt and iodine intake. Rev Panam 
Salud Publica. 2012;32(4):281–6.

 18. Gordon RC, Rose MC, Skeaf SA, et al. Iodine supplementation 
improves cognition in mildly iodine-defcient children. Am J Clin Nutr. 
2009;90(5):1264–71.

 19. Zimmermann MB, Connolly K, Bozo M, et al. Iodine supplementa-
tion improves cognition in iodine-defcient schoolchildren in Alba-
nia: a randomized, controlled, double-blind study. Am J Clin Nutr. 
2006;83(1):108–14.

 20. Salvatore S, Enke B, Daniele P, et al. Iodine: its role in thyroid hormone 
biosynthesis and beyond. Nutrients. 2021;13:4469.

 21. Montenegro-Bethancourt G, Johner SA, Stehle P, et al. Iodine status 
assessment in children: spot urine iodine concentration reasonably 
refects true twenty-fourhour iodine excretion only when scaled to creati-
nine. Thyroid. 2015;25(6):688–97.

 22. Zhang H, M Wu, Yang L, et al. Evaluation of median urinary iodine con-
centration cut-off for defining iodine deficiency in pregnant women after 
a long term USI in China. Nutrit Metab, 2019; 16(1).

 23. Xing J, Peng J, Liu L, et al. The application of serum iodine in assessing 
individual iodine status. Clin Endocrinol. 2017;87(6):807.

 24. Andersen S, Noahsen P, Westergaard L, et al. Reliability of thyroglobulin 
in serum compared with urinary iodine when assessing individual and 
population iodine nutrition status. Br J Nutr. 2017;117(03):441–9.

 25. Peniamina R, Skeaff S, Haszard JJ, et al. Comparison of 24-h diet records, 
24-h urine, and duplicate diets for estimating dietary intakes of potas-
sium, sodium, and iodine in children. Nutrients. 2019;11(12):2927.

 26. CDC. National Health and Nutrition Examination Survey 
(NHANES).2009-2010. Home Urine Collection. January 2009. http:// www. 
cdc. gov/ nchs/ data/ nhanes/ nhanes_ 09_ 10/ HomeU rine. pdf (cited 28 July 
2012).

 27. Knudsen N, Christiansen E, Brandt-Christensen M, et al. Age- and sex-
adjusted iodine/creatinine ratio. A new standard in epidemiological 
surveys? Evaluation of three different estimates of iodine excretion based 
on casual urine samples and comparison to 24-h values. Eur J Clin Nutr. 
2000;54:361–3.

http://www.cdc.gov/nchs/data/nhanes/nhanes_09_10/HomeUrine.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_09_10/HomeUrine.pdf


Page 10 of 10Liu et al. Nutrition & Metabolism           (2022) 19:27 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 28. Vanacor R, Soares R, Manica D, et al. Urinary iodine in 24 h is associated 
with natriuresis and is better reflected by an afternoon sample. Ann Nutr 
Metab. 2008;53(1):43–9.

 29. Chinese Criteria Publishing. Method for Determination of Iodine in Urine 
by  As3+ -Ce4+ Catalytic Spectrophotometry, WS/T 107–2016. Beijing: 
China’s Ministry of Health (in Chinese).

 30. Chinese Criteria Publishing. Method for Creatinine in Urine by Alkaline 
Picric Acid Spectrophotometry, WS/T97–1996. Beijing: China’s Ministry of 
Health (in Chinese).

 31. Tanaka T, Okamura T, Miura K, et al. A simple method to estimate popula-
tional 24-h urinary sodium and potassium excretion using a casual urine 
specimen. J Hum Hypertens. 2002;16(2):97–103.

 32. Kawasaki T, Itoh K, Uezono K, et al. A simple method for estimating 24 h 
urinary sodium and potassium excretion from second morning voiding 
urine specimen in adults. Clin Exp Pharmacol Physiol. 1993;20(1):7–14.

 33. Mage DT, Allen RH, Kodali A. Creatinine corrections for estimating 
children’s and adult’s pesticide intake doses in equilibrium with urinary 
pesticide and creatinine concentrations. J Expo Sci Environ Epidemiol. 
2008;18(4):360–8.

 34. CousinsR, Russell R, Beard J. Dietary Reference Intakes (DRI) for vitamin 
A, vitamin K, arsenic, boron, chromium, cooper, iodine, iron, manganese, 
molybdenum, nickel, silicon, vanadium and zinc. 2000.

 35. Jakobsen J, Pedersen AN, Ovesen L. Para-aminobenzoic acid (paba) used 
as a marker for completeness of 24 hour urine: effects of age and dosage 
scheduling. Eur J Clin Nutr. 2003;57(1):138.

 36. Ji C, Lu T, Dary O, et al. Systematic review of studies evaluating urinary 
iodine concentration as a predictor of 24-h urinary iodine excre-
tion for estimating population iodine intake. Rev Panam Salud Publ. 
2015;38(1):73–81.

 37. Tingkai C, Wei W, Wen C, et al. Serum iodine is correlated with iodine 
intake and thyroid function in school-age children from a sufficient-to-
excessive iodine intake area. J Nutr. 2019;149:1012–8.

 38. Als C, Helbling A, et al. Urinary iodine concentration follows a circadian 
rhythm: a study with 3023 spot urine samples in adults and children. J 
Clin Endocrinol Metab. 2000;85(4):1367–9.

 39. Rasmussen LB, Ovesen L, Christiansen E. Day-to-day and within-day varia-
tion in urinary iodine excretion. Eur J Clin Nutr. 1999;53(5):401–7.

 40. Thomson CD, Smith TE, Butler KA, et al. An evaluation of urinary measures 
of iodine and selenium status. J Trace Elem Med Biol. 1996;10(4):214–22.

 41. Simpson FO, Nye ER, Bolli P, et al. The milton survey: part 1, general meth-
ods, height, weight and 24-hour excretion of sodium, potassium, calcium, 
magnesium and creatinine. N Z Med J. 1978;87(613):379–82.

 42. Konig F, Andersson M, Hotz K, et al. Ten repeat collections for urinary 
iodine from spot samples or 24-hour samples are needed to reliably 
estimate individual iodine status in women. J Nutr. 2011;141(11):2049–54.

 43. Chen W, Gao S, Guo W, et al. Intra-individual and inter-individual vari-
ations in iodine intake and excretion in adult women: Implications for 
sampling. Bri J Nutr, 2019; 1–17.

 44. Konno N, Yuri K, Miura K, et al. (1993). Clinical evaluation of the iodide/
creatinine ratio of casual urine samples as an index of daily iodide excre-
tion in a population study. Endocrine J, 1993; 40(1): 163–169

 45. Liu W, Zhang P, Zhao X, et al. Consistent iodine status assessment in 
chinese adults by different spot urinary iodine concentrations in a day 
together with corresponding correction coefficients. J Am Coll Nutr, 
2019; 1–8.

 46. Pandav CS, Yadav K, Kumar R, et al. Sustainable elimination of iodine 
deficiency disorders: an essential maternal and child health intervention. 
Natl Med J India. 2014;27(1):1–3.

 47. UNICEF-WHO. World Summit for Children: Mid-decade goal-Iodine 
deficiency disorders’, report from UNICEF and WHO Joint Committee on 
Health Policy Special Session. Geneva. 1994.

 48. Angela, Leung, Elizabeth, et al. Role of iodine in thyroid physiology. Expert 
Rev Endocrinol Metab, 2010.

 49. Zimmermann MB, Boelaert K. Iodine deficiency and thyroid disorders. 
Lancet Diabet Endocrinol. 2015;3(4):286–95.

 50. Sakafu LL, Mselle TF, Mwaiselage JD, et al. Thyroid cancer and iodine 
deficiency status: a 10-year review at a single cancer center in Tanzania. 
Oto Open, 2018; 2(2).

 51. Tingting Xu, Zhiyuan R, Shaohan Li, et al. The relationship of different 
levels of high iodine and goiter in school children: a meta-analysis. Nutr 
Metab (Lond). 2021;18:46.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Is the urinary iodinecreatinine ratio applicable to assess short term individual iodine status in Chinese adults? Comparison of iodine estimates from 24-h urine and timed-spot urine samples in different periods of the day
	Abstract 
	Background: 
	Objectives: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Participants
	Urine samples collection
	Laboratory analysis
	Equations of the estimated and measured 24-h urinary iodine excretion
	Statistical analysis

	Results
	Demographic characteristics of the participants
	Comparison between the measured and the estimated 24-h urinary iodine excretion in different periods of the day
	Correlation between the measured and estimated 24-h urinary iodine excretion in the different time periods of the day
	Consistency between the measured and estimated 24-h urinary iodine excretion

	Discussion
	Conclusion
	Acknowledgements
	References


