
Is the urinary iodine/Creatinine ratio
applicable to assess individual iodine status in
Chinese adults? Comparison of iodine estimates
from 24-hour urine and timed-spot urine samples
in different periods of the day
Zhuan Liu 

Fujian Medical University A�liated First Quanzhou Hospital
Yixuan Lin 

Fujian Medical University
Jiani Wu 

Fujian Center for Disease Control and Prevention
Diqun Chen 

Fujian Center for Disease Control and Prevention
Xiaoyan Wu 

Fujian Center for Disease Control and Prevention
Ying Lan 

Fujian Center for Disease Control and Prevention
Zhihui Chen  (  zhihuichen@fjcdc.com.cn )

Fujian Center for Disease Control and Prevention https://orcid.org/0000-0002-1375-8254

Research

Keywords: Urinary iodine/Creatinine ratio, Individual iodine status, Urinary iodine excretion, Timed-spot
urine

Posted Date: October 11th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-940158/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-940158/v1
mailto:zhihuichen@fjcdc.com.cn
https://orcid.org/0000-0002-1375-8254
https://doi.org/10.21203/rs.3.rs-940158/v1
https://creativecommons.org/licenses/by/4.0/


Is the urinary iodine/Creatinine ratio applicable to assess1

individual iodine status in Chinese adults? Comparison of2

iodine estimates from 24-hour urine and timed-spot urine3

samples in different periods of the day4

Zhuan Liu1, 2†,Yixuan Lin3†, Jiani Wu1†, Diqun Chen1, Xiaoyan Wu1, Ying Lan15

and Zhihui Chen1, 3*6
* Correspondence: zhihuichen@fjcdc.com.cn7
† Zhuan Liu, Yixuan Lin and Jiani Wu contributed equally to this article.8
1 Fujian Center for Disease Control and Prevention, the Department of Endemic Diseases, Fujian, No. 3869
Chongan Road, Fujian 350012 Fuzhou, People’s Republic of China.10
2 The First Hospital of Quanzhou Affiliated to Fujian Medical University, the Department of Disease Control11
and Prevention, Fujian, No.248-252, Dongjie Road, Fujian 362000 Quanzhou,People’s Republic of China.12
3 School of Public Health, Fujian Medical University, University of New Area, No.1 Xueyuan Road, Fujian13
350122 Fuzhou, People’s Republic of China14
Full list of author information is available at the end of the article15

16
Abstract17

Background: Urinary iodine concentration (UIC) is routinely used to evaluate the population18

iodine status while the uniform method for the individual level assessment is uncertain.19

Objectives: To explore the 24-hour urinary iodine excretion (UIE) in five different periods of20

the day and the corresponding prediction equations respect by the use of creatinine-corrected21

UIC.22

Methods: We collected 24-hour, spot and fasting urine in five periods of the day to estimate23

24-hour UIE by the six different prediction equations. We compared the estimated24

creatinine-corrected UIC to the collected 24-hour UIE and identified the most suitable25

equations in each period of the day.26

Results: Among the six different prediction equations, the equation of Kawasaki T was the27

best to estimate the 24-hour UIE by fasting urine among Chinese adults. Among the five28

periods of time, the equation of Knudsen N was the best to estimate the 24-hour UIE except29

the morning period.30

Conclusion: Urinary iodine status at the individual level could be estimated by different31

creatinine-based equations at different periods of the day.32

Key words: Urinary iodine/Creatinine ratio, Individual iodine status, Urinary iodine excretion,33
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Timed-spot urine34

35

Background36

Iodine, as a key micronutrient for thyroid hormone synthesis [1], plays an essential role37

in metabolism. It is estimated that around 1.88 billion people globally are still at risk of38

insufficient iodine intake [2], and therefore iodine deficiency is regarded as a public health39

issue in both developing and developed countries [2-3], especially in Eastern Mediterranean,40

Asian, African and most of the Eastern European countries [2,4]. Due to the limited kinds of41

iodine rich food [5], WHO introduced a salt iodization program to improve iodine status at the42

populational level as a way of lowering the risk of iodine insufficiency [6]. China, as well as43

most other countries [7-8], has considerably improved this issue by the universal salt44

iodization program [9].45

In order to identify people at risk of iodine deficiency, it is important to monitor iodine46

status at both population and the individual level [10-11]. The amount of iodine collected at47

the spot urine sample is usually presented as the urinary iodine concentration (UIC) or the48

urinary iodine/creatinine concentration ratio [12]. UIC can be used to evaluate the population49

iodine status [8,13], however, we still lack the uniform standard in the prediction of the50

individual iodine status. Some researchers used serum iodine [14], serum thyroglobulin [15]51

and 24-hour urine [16] to assess individual iodine status. This study compared the six52

prediction equations in five periods of the day to the real 24-hour urine iodine excretion (UIE),53

aiming for providing evidence of individual iodine status assessment.54

Methods55

Participants56

126 healthy adults aged 18-to-59-year olds were recruited from May to September 201657

in Fujian Province. Data on age and sex was collected.58

People included in this study were based on the following criteria: (1) non- pregnant and59

breastfeeding women; (2) no history of thyroid illnesses; (3) no recent (within 6 months) use60

of iodine contrast agents or amiodarone medications; (4) no severe infectious disorders,61

chronic diseases, renal or other systemic diseases; (5) long-term residency (Longer than six62

months) in Fujian Province. And the exclusion criteria were: (1) pregnant and lactating63

women; (2) recent (within 6 months) coronary angiography, endoscopic retrograde64

cholangiopancreatography (ERCP), and other use of iodinated contrast agent and amiodarone65

drugs; (3) having renal dysfunction and (or) other major diseases; (4) with mental diseases; (5)66



having cognitive disorders; (6) not living in Fujian Province for six months.67

Urine samples collection68

Participants were given a uniform urine collection bag, a sterile plastic urine collection69

tube with a handle for dipping, and clear instructions for 24-hour urine collection. Participants70

were required to record the start and finish times. All the participants were informed about the71

collection methods and announcements. The urine was firstly collected after the first urination72

in the early morning; then it was collected till the first urination on the next morning, lasting73

for 24 hours. Each voiding time was recorded. There were five periods of the day for urine74

collection: morning (after discarding the first void -12:30), afternoon (12:31-17:30), evening75

(17:31-23:59), early morning (00:00-03:59), and fasting time (the first void collected the next76

morning after the longest duration of sleep) [17]. 24-hour urinary creatinine excretion [18]77

was used as quality control for 24-hour urine collection, and participants with urinary78

creatinine excretion of less than 75 per cent were eliminated across genders and ages [19].79

Laboratory Analysis80

All results were assayed in the Fujian Provincial Center for Disease Control and81

Prevention, which satisfied the requirements of the quality control of the National Iodine82

Deficiency Disorders Reference Laboratory in China. Urine iodine concentration was assayed83

by Arsenic-Cerium Catalytic Spectrophotometry for Urine Determination (WS/T107-2016)84

[20], and urinary creatinine concentration was assayed applying urinary creatinine alkaline85

picric acid spectrophotometry (WS/T97-1996) [21].86

Equations of the estimated and measured 24-hour urinary iodine excretion87

For spot urine and fasting urine in five periods of the day, the six prediction equations88

were employed to estimate 24-hour UIE in the same individual. The equations in Table 1 were89

used to estimate UIE.90

Table 1 Equations of the estimated and measured 24-hour urinary iodine excretion91
Measure Abbreviation Calculation

Iodine: creatinine ratio
(μg/g)

I/Cr UIC (μg/L) / UCr (g/L)

Measured 24-hour urine
iodine excretion (μg/d)

Measured 24h
UIE

24hUIC (μg/L) × 24h urine (L)

Estimated 24-hour urine
iodine excretion1 (μg/d)

Estimated 24h
UIE1

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

Estimated 24-hour urine Estimated 24h I/Cr (μg/g) × Pr24hCr (g/d)



iodine excretion2 (μg/d)
(Tanaka T, et al [22])

UIE2 Pr24hCr (mg/d) = [(-2.04 × age (year)] + [(14.89 × weight
(kg)] + [16.14 × height (cm)] - 2244.45

Estimated 24-hour urine
iodine excretion3 (μg/d)
(Kawasaki T, et al [23])

Estimated 24h
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-hour urine
iodine excretion4 (μg/d)
(Mage, et al [24])

Estimated 24h
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-hour urine
iodine excretion5 (μg/d)
(Knudsen N, et al [18])

Estimated 24h
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 (50-59years)

Estimated 24-hour urine
iodine excretion6 (µg/d)
(IOM [25])

Estimated 24h
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 · 24h · d-1) × weight (kg)

I, Iodine; Cr, creatinine; UIC, urinary iodine concentration; UIE, urine iodine excretion; Pr24hCr, 24-hour92
creatinine prediction.93

Statistical analysis94

The analysis was conducted by SPSS software (SPSS 20.0; IBM Corp, Armonk, NY,95

USA). The normality of data was checked by the Kolmogorov-Smirnoff test. Age, height and96

weight were presented as means ± SD for normally distributed data, and 24-hour urine97

volume was presented as medians (95% CI). The difference between the estimated UIE and98

measured UIE (standard method) were examined by applying independent samples t-tests for99

normally distributed continuous variables, Mann-Whitney U tests for non-normally100



distributed continuous variables. The correlations between the estimated UIE and measured101

UIE (standard method) were tested by Pearson correlation for normally distributed data and102

Spearman correlation for non-normally distributed data. The consistency between the103

estimated UIE and measured UIE (standard method) was tested by a Bland-Altman plot.104

P<0.05 was considered as significantly different.105

Ethics approval was obtained from the Ethics Committee of Fujian Provincial Centers106

for Disease Control and Prevention (No. 2017002). Written informed consents were obtained107

from all the participants before their urine samples were collected.108

Results109

Demographic characteristics of the participants110

A total of 126 healthy adults, of which 59 males and 67 females were enrolled in this111

study. Age, height, weight, and 24-hour urine volume were shown in Table 2.112

Table 2 Demographic characteristics of 126 participants113
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-hour urine volume (L), IQR 2.14 (1.54, 2.68) 2.09 (1.45, 2.59) 2.09 (1.47, 2.62)
SD, standard deviation; IQR, inter-quartile range.114

Comparison between the measured and the estimated 24-hour urinary iodine excretion115

in different periods of the day116

In this study, 121 spot urine samples were collected in the morning, 126 spot urine117

samples were collected in the afternoon, 125 spot urine samples were collected in the evening,118

and 48 spot urine samples were collected in the early morning, and 126 in the fasting time.119

The 24-hour UIE of spot urine in the morning was estimated by Estimated 24h UIE1 and120

Estimated 24h UIE5, and there was a significant difference between measured and estimated121

UIE (P<0.001). Similarly, there was no significant difference (P>0.05) between measured and122

estimated 24-hour UIE of fasting urine and spot urine in the afternoon, evening, and early123

morning, respectively. Estimated 24-hour UIE2 and Estimated 24-hour UIE3 were used to124

estimate 24-hour UIE of spot urine in the morning, afternoon, and evening, and significant125

differences between measured and estimated results (P<0.01 for all) were found. Likewise,126

file:///D:/%E5%BA%94%E7%94%A8%E4%B8%8B%E8%BD%BD/Dict/8.9.6.0/resultui/html/index.html
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the difference between measured and estimated 24-hour UIE of fasting urine and spot urine in127

the early morning was non-significant (P>0.05). In all periods of time, the Estimated UIE4128

was significantly different from the measured ones (P<0.05 for all). The difference between129

the measured iodine concentration and the estimated one was statistically significant (P<0.001130

for all) by Estimated 24-hour UIE6 in the morning, afternoon, and nighttime. Similarly, the131

estimated 24-hour UIE of fasting urine and spot urine in the early morning showed that the132

measured and estimated results were not significantly different (P >0.05 for both). (Figure 1).133

Figure 1 Difference between measured and estimated urinary iodine excretion in different periods of the day.134
UIE, urine iodine excretion; mUIC, median urinary iodine concentration;135
*Estimated urinary iodine excretion was significantly different compared to the measured urinary iodine136
excretion (P<0.05) by Spearman rank correlation analysis;137
**Estimated urinary iodine excretion was significantly different compared to the measured urinary iodine138
excretion (P<0.01) by Spearman rank correlation analysis;139
***Estimated urinary iodine excretion was significantly different compared to the measured urinary iodine140
excretion (P<0.001) by Spearman rank correlation analysis.141

Correlation between the measured and estimated 24-hour urinary iodine excretion in the142

different time periods of the day143

The estimated UIE showed a significant linear correlation compared to the Measured144

24-hour UIE urine samples collected in all periods of the day (P<0.01 for all). (Table 3)145



Table 3 Correlation between the measured and estimated urinary iodine excretion in different146
periods of the day147

UIE, urine iodine excretion;148
# Estimated urinary iodine excretion was significantly different compared to measured urinary iodine excretion149
(P<0.01) by Spearman rank correlation analysis;150
## Estimated urinary iodine excretion was significantly different compared to measured urinary iodine excretion151
(P<0.001) by Spearman rank correlation analysis.152

Consistency between the measured and estimated 24-hour urinary iodine excretion153

With the exception of the morning, there was no significant difference but a strong154

correlation between the measured and estimated 24-hour UIE in the different time periods.155

For all prediction equations except Estimated 24-h UIE4, fasting urine might be a choice to156

measure 24-hour UIE.157

Hereby, Bland-Altman plots were also designed to evaluate the consistency between the158

measured and the estimated 24-hour UIE. The bias of Estimated 24-hour UIE1 varied from159

-0.21 to 0.19 by urine sample collected time at the individual level. The high consistency160

occurred in the evening time period (bias= 0.07) and fasting time (bias= -0.09). (Figure 2)161

162

Measured
24h UIE
VS

Estimated
24h UIE1

Measured
24h UIE
VS

Estimated
24h UIE2

Measured
24h UIE
VS

Estimated
24h UIE3

Measured
24h UIE
VS

Estimated
24h UIE4

Measured
24h UIE
VS

Estimated
24h UIE5

Measured
24h UIE
VS

Estimated
24h 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##
Night <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##



Figure 2 Consistency between log-transformed Estimated 24-hour urinary iodine excretion1 and log-transformed163
Measured 24-hour urinary iodine excretion in different periods of the day.164
UIE, urine iodine excretion;165
The X-axis is the mean of log-transformed estimated 24-hour urinary iodine excretion1 and log-transformed166
measured 24-hour urinary iodine excretion;167
The Y-axis is the difference between log-transformed estimated 24-hour urinary iodine excretion1 and168
log-transformed measured 24-hour urine iodine excretion;169
The solid black line represents the bias, and the dashed line represents the 95% range of consistency for the170
mean relative difference;171
Upper limit: upper 95% limit of consistency; lower limit: lower 95% limit of consistency.172

We also discovered that the bias of Estimated 24-h UIE5 varied from -0.16 to 0.19 in173

different periods of the day. As for point urine, the estimated UIE showed a high consistency174

when compared to the measured ones in the afternoon (bias = 0.09) and evening (bias = 0.05).175

(Figure 3)176

Figure 3 Consistency between log-transformed Estimated 24-hour urinary iodine excretion5 and log-transformed177
Measured 24-hour urinary iodine excretion in different periods of the day.178
UIE, urinary iodine excretion.179

In the prediction of fasting urinary iodine excretion, Estimated 24-hour UIE3 (bias=180

-0.02) showed the best consistency while Estimated 24-hour UIE4 (bias= 0.23)was the worst181

one, and Estimated 24-hour UIE1 (bias=-0.09), Estimated 24-hour UIE2 (bias=0.06), Estimated182

24-hour UIE5 (bias=-0.10), and Estimated 24-hour UIE6 (bias=0.06) showed a relatively good183

consistency. (Figure 4)184

185
186
187
188



Figure 4 Consistency of the six estimated 24-hour urinary iodine excretion equations and the measured 24-hour189
urinary iodine excretion in fasting urine.190
UIE, urine iodine excretion.191
Estimated 24h UIE1 for (A), Estimated 24h UIE2 for (B), Estimated 24h UIE3 for (C), Estimated 24h UIE4 for192
(D), Estimated 24h UIE5 for (E) and Estimated 24h UIE6 for (F);193

Discussion194

The findings of our study demonstrated that Estimated 24-h UIE5 might be a choice to195

estimate 24-hour UIE at all times except the morning. Fasting urine could be used to estimate196

24-hour UIE in several prediction equations. With the exception of Estimated 24-hour UIE4,197

the other prediction equations by fasting urine are feasible in the prediction of 24-hour UIE,198

especially Estimated 24-hour UIE3.199

Currently, there is no uniform method for individual iodine status assessment and each200

method has its limitations. The 24-hour UIE, computed by multiplying the 24-hour UIC and201

the 24-hour urine volume, is the acknowledged as "gold standard" for individual iodine status202

assessment. Some researchers have proposed numerous equations to estimate individual203

24-hour UIE given that it is not easy to collect 24-hour urine. Jakobsen J et al. verified the204

completeness of 24-hour urine collection by comparing the concentration of205

para-aminobenzoic acid (PABA) in urine to tablets, but it may be harmful to people’s health206

[26]. To perform the quality control of the completeness of 24-hour urine collection, we set a207

creatinine reference value at 75%, which ensured that the 24-hour urine volume for all208

volunteers was entirely collected. The equation concerning 24-hour urine volume seemed209

reliable due to its results, particularly the Measured 24-hour UIE. Once it was reliable, the210



estimated equation which was compared to Measured 24-hour UIE could be used in the211

evaluation of individual iodine status. Although it is easy for spot urine collection, there is212

little evidence to support spot urine as a way to reflect iodine intake over the course of 24213

hours[27]. As a consequence, some researchers have proposed a variety of prediction214

equations to estimate 24-hour UIE[18, 22-25]. Some researches showed that multiplying I/Cr215

by estimated 24-hour urine creatinine could be used to estimate 24-hour UIE while others216

could not [28].217

Moreover, UIE varies during the day, but it is controversial on the circadian pattern.218

UIC which was at the lowest level in the morning showed an upward trend from the morning219

to the evening; and spot urine in the afternoon can represent 24-hour UIE, according to Als C220

and Vanacor R et al [29-30]. As for fasting urine, one article pointed out that the UIC in221

fasting urine samples was 10% lower compared to non-fasting urine samples [31].222

Nonetheless, some investigations reported that UIC in spot samples do not have a similar223

tendency during the day [32]. Similarly, the results presented in Figure 1 do not have an224

upward trend for all the participants, conversely, each participant had a different tendency.225

According to our findings, the six prediction equations may have the applicability in the226

assessment of individual iodine status. We still needed to employ 24-hour urine volumes for227

calculation when using Estimated 24-hour UIE1 albeit the most periods of the day (except the228

morning) showed the good consistency. In addition, there was a large difference in 24-hour229

urine volume between male and female [33-34]. Furthermore, there is currently no reference230

range for urine volume by sex in China. Despite the fact that Estimated 24h UIE2 and231

Estimated 24h UIE3 were proposed on the Japanese population, which means there seems no232

racial differences in the Chinese and Japanese population. And these two equations can be233

used to estimate measured 24-hour UIE in the early morning and fasting time. Figure 1 also234

showed that the 24-hour UIE in any period could not be predicted by Estimated 24-hour UIE4,235

which implied that iodine excretion in various groups varied considerably depending on236

ethnicity, social economic status, and dietary patterns [35]. Estimated 24-hour UIE5 was one237

of the prediction equations that may be suggested to estimate UIE in all periods except the238

morning. However, it was difficult to collect urine samples in the evening although it had the239

highest consistency. Estimated 24-hour UIE6, as an equation for children UIE prediction,240



showed the infeasibility among adults, which verified the premise that only for the children241

population.242

Similarly, estimated 24-hour UIE in different periods of the day also showed the243

inconsistent results. The prediction equation except Estimated 24-hour UIE4 showed no244

significant difference between the early morning spot urine and fasting urine although they245

had a high correlation. It is not suggested to estimate by early morning spot urine since not all246

participants urinate during this period of the day, therefore, it is hard to assess iodine status for247

every person by collecting early morning spot urine. In addition, several researchers pointed248

that it was better to estimate 24-hour UIE by fasting urine compared to other spot urine249

[36-37]. The findings of this study also suggested that it was preferable to estimate 24-hour250

UIE by fasting urine samples in the most periods of the day. Also, The Bland-Altman diagram251

indicated that estimated 24-hour UIE3 was the best for fasting urine estimation.252

There are some strengths and limitations in this study. One strength was the efficiency of253

creatinine-corrected UIC in the evaluation of individual iodine status among Chinese adults.254

Secondly, the quality of the 24-hour urine collection completeness was assured. Lastly, a255

number of prediction equations were employed to identify the optimum prediction equation256

for 24-hour UIE assessment. For the limitation, firstly, currently, there is no reference range of257

creatinine for the Chinese population by age groups, so Knudsen N's equation has its limited258

replication within the Chinese adults. Secondly, we had only 126 participants,which meant the259

sample size was not big enough. The external validity is uncertain since the participants were260

only recruited from Fujian Province instead of all the provinces in China. Lastly, the261

applicability for school-age children, pregnant women and lactating women was of262

uncertainty since adults were the target population in our study.263

Conclusion264

It is feasible to estimate 24-hour UIE of Chinese adults by the creatinine-corrected265

fasting urine iodine concentration, especially Kawasaki T' s equation. 24-hour UIE for adults266

could be estimated by Knudsen N’s equation except for the morning period. And the267

prediction equations could be suggested for the assessment of the individual iodine status268

among adults, but the feasibility for school-age children, pregnant women and lactating269



women is unknown.270
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