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Abstract 

Context: The effectiveness of saliva iodine concentration (SIC) in evaluating children's iodine 

status is not clear. 

Objective: We aimed to explore associations between SIC and assessed indicators of iodine 

status and thyroid function. 

Design: Cross-sectional study. 

Setting: Primary schools in Shandong, China. 

Participants: Local children aged 8-13 with no known thyroid disease were recruited to this 

study. 

Main outcome measures: Blood, saliva, and urine samples were collected to evaluate thyroid 

function and iodine status. 

Results: SIC positively correlated with spot urinary iodine concentration (SUIC) (r=0.29, 

p<0.0001), 24-hour urinary iodine concentration (24-h UIC) (r=0.35, p<0.0001), and 24-hour 

urinary iodine excretion (24-h UIE) (r=0.40, p<0.0001). The prevalence of thyroid nodules 

(TN) and goiter showed an upward trend with SIC quantiles (p for trend<0.05). Children with 

SIC<105 μg/L had a higher risk of insufficient iodine status (OR=4.18, 95% CI: 2.67-6.56) 

compared to those with higher SIC. Those having SIC>273 μg/L were associated with greater 

risks of TN (OR=2.70, 95% CI:1.38-5.26) and excessive iodine status (OR=18.56, 95% CI: 

5.66-60.91) than those with lower SIC values. 
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Conclusions: There is a good correlation between SIC and urinary iodine concentrations (UIC). 

It is of great reference value for the diagnosis of iodine deficiency with SIC of less than 105 

μg/L and for the diagnosis of iodine excess and TN with SIC of more than 273 μg/L. Given the 

sanitary nature and convenience of saliva iodine collection, SIC is highly recommended as a 

good biomarker of school-aged children’s recent iodine status. 

Key words: saliva iodine, iodine status, thyroid function 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/doi/10.1210/clinem
/dgaa471/5873876 by U

niversity of W
estern Sydney user on 26 July 2020



Acc
ep

te
d 

M
an

us
cr

ipt

 

4 

 

Introduction 

Suitable iodine nutrition is essential for the biosynthesis of thyroid hormones, which are crucial 

to growth and neurodevelopment. According to the universal salt iodization strategy, iodine 

deficiency disorders have been successfully controlled in China. However, mild iodine 

deficiency and iodine excess, which may cause adverse effects1,2, frequently coexist in some 

areas3,4. Ensuring optimal population iodine nutrition is a vital public health concern. Generally, 

the iodine status of school-aged children is representative in evaluating the iodine nutritional 

status of the population5. Hence, a convenient and reliable assessed indicator of iodine status 

in school-aged children is necessary. 

Urinary iodine concentration, which serves as a biomarker for recent dietary iodine intake, is 

the most common method of assessing population iodine status. For individual estimates, a 

large number of repeated urine samples is a major limitation. The 24-hour sample is preferable 

than spot urine, but it is hard to collect6. Some alternative indicators are complementary for 

assessing iodine status, such as serum iodine, thyroid volume (Tvol), free triiodothyronine 

(FT3), free thyroxine (FT4), thyroid-stimulating hormone (TSH), and thyroglobulin (Tg) 

concentrations in the blood7-9. However, because venous blood collection is invasive and time-

consuming, it is challenging to implement. Currently, there is no consensus on the most 

appropriate measure of iodine status at the individual level10. 

Previous studies indicate that the SIC is associated with iodine intake11. Salivary glands are 

derived from primitive I− concentrating oral cells during embryogenesis and migrate to 
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specialize in the secretion of saliva and iodine12. In the salivary glands, I− secretion is 

considered to protect the cells from peroxidation and serves an antimicrobial function13. 

Salivary glands, stomach and thyroid share I− concentrating capacity via an efficient sodium 

iodide symporter (NIS)14. Gastro-salivary clearance and secretions of iodides are considered 

an important part of the "gastro-intestinal cycle of iodides", which constitutes approximately 

23% of the iodide pool in the human body15. Saliva has a higher iodine concentration than 

serum16. In the clinical diagnosis of congenital hypothyroidism, the ability of the salivary 

glands to concentrate I− is an important tool for the detection of thyroid disorders in newborns 

through the saliva-to-plasma I− ratio17. According to the above, we hypothesized that the SIC 

might also have the capacity to be a biomarker of iodine nutritional status. 

However, there is not enough information regarding saliva iodine and its association with 

iodine status. This study aimed to analyze the relationship between SIC and iodine intake, UIC 

and thyroid function to explore the efficiency of SIC as a functional biomarker for assessing 

iodine status in school-aged children. 

Materials and Methods 

Participants and study design 

School-aged children were recruited from three primary schools in Ningjin County, Dezhou 

City, Shandong, China, during May 2019 using random cluster sampling. All participants 

included in this study were required to be native-born and to reside locally for at least five 

years. All participants had neither a previous history of thyroid disease nor the use of iodine 
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medication. Children and their parents were informed of study aims and procedures, and 

written consent was obtained. The Medical Ethics Committee of Tianjin Medical University 

approved the research protocol. 

Sample collection 

Children and their parents and teachers were trained before sample collection. The methods for 

collecting 24-h urine, spot urine, drinking water, and saliva were carefully described to them. 

The obtainment of spot urine was before the collection of 24-h urine. The hours of 24-h urine 

collection were from 08:00 on the first day to 08:00 on the next day, and urine volume was 

measured once the collection was completed. The 7-mL specimens of spot and 24-h urine were 

stored in 10-mL polyethylene vials. Five milliliters of venous blood was obtained from children. 

All urine and serum samples were stored at −80℃ for further determinations. Saliva was 

collected with 15-mL screw-cap polyethylene bottles. Children were required to secrete saliva 

naturally without any stimulation. A 10-ml sample of drinking water was collected using an 

iodine-free polyethylene plastic bottle. The samples of drinking water and saliva were kept at 

room temperature and tested within 1 week after collection. Tvol was measured by an 

experienced examiner using a portable ultrasound diagnostic system (DP-10; Mindray Medical 

care; Shenzhen; China) equipped with linear array transducers (4 cm, 7.5 MHz). 

Definition and diagnostic 

Body mass index (BMI) was calculated as weight in kilograms divided by height in meters 

squared. Body surface area (BSA) was calculated using the formula: BSA=weight(kg)0.425 × 
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height(cm)0.725×0.007184. Total 24-h UIE was calculated for each subject by multiplying UIC 

(μg/l) by total urine volume (liter). The estimated iodine intake (EII) was calculated by the 

following formula: Daily iodine intake = UIC (μg/L) ÷ 0.92 × (0.0009 L/h/kg × 24-h/d) × 

weight (kg)18. The value 0.92 refers to 92% bioavailability. The value of UIC × (0.0009 L/h/kg 

× 24 h/d) × weight (kg) refers to 24-h UIE. In our study, the value of 24-h UIE was obtained. 

The volume of each lobe was calculated using the following formula: Volume = 0.479 × width 

(cm) × length (cm) × depth (cm), and Tvol was the sum of 2 lobes. The child was defined as 

having a goiter when Tvol exceeded the reference values for both the Chinese and WHO 

criteria5,19. TN was described as additional ultrasound structural focal abnormalities. Thyroid 

dysfunction was defined as antibody positivity, subclinical hyperthyroidism or subclinical 

hypothyroidism. Overt hyperthyroidism or hypothyroidism were not found in our subjects. The 

normal ranges were 0.35–5.5 mIU/L for TSH, 3.0-8.0 pmol/L for FT3, 12.0-26.0 pmol/L for 

FT4, 0–60 IU/mL for thyroperoxidase antibody (TPOAb) and 0–60 IU/mL for thyroglobulin 

antibody (TGAb). 

Laboratory analysis 

The iodine concentrations of spot urine, 24-h urine, drinking water, serum, and saliva were 

measured at the Key Laboratory of the Environment at Tianjin Medical University using 

inductively coupled plasma mass spectrometry (ICP-MS; iCAP Q, Thermo Fisher Scientific). 

Reference materials were digested like the samples and measured for analytical quality control. 

For urine samples, the total inter- and intra-assay CV values were 1.4-3.2% and 0.6-1.8%. For 

water iodine samples, the inter- and intra-assay CV values of the method were 1.8-3.0% and 
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0.7-2.3%, respectively. The determination of serum total iodine (StI) used tellurium for mass 

bias correction. The mean concentration of freeze-dried human serum (Ref. 201405, Seronorm, 

Norway) was 71.7±2.2 μg/L when using this method, which well agreed with the certified value 

of 71.8 μg/L. Serum nonprotein-bound iodine (SnbI) was detected after protein was 

precipitated by acetonitrile and distilled with 50 μL supernatant into 1 mL of 7 mmol/L 

ammonia solution. The inter- and intra-assay CV values for StI and SnbI were 2.2-3.8% and 

1.3-2.2%, and 2.3-3.2% and 1.8-3.0%, respectively. The saliva sample was centrifuged at 3000 

r/min for 5 min, and 50 μL of the saliva supernatant was added to 0.95 mL of 7 mmol/L 

ammonia water to dilute 20 times. The inter- and intra-assay CV values were 1.3-3.2% and 0.8-

2.4%, respectively. The accuracy of the method was 93.6–101.1%. Thyroid function 

measurements, including serum FT3, FT4, TSH, TPOAb, and TGAb, were carried out in 

Tianjin Maternal and Child Health Hospital using an ADVIA Centaur automatic 

chemiluminescence immunoassay (Siemens Healthcare Diagnostics). 

Statistical analysis 

SAS version 9.4 (SAS Institute) and GraphPad Prism (version 6.0c; GraphPad Software Inc.) 

were used for data processing and statistical analysis. Summary statistics for normally 

distributed quantitative variables were expressed as the means and standard deviations. For 

nonnormally distributed variables, we used median and IQR; categorical data were summarized 

by ratios and percentages. Boys and girls were compared using t-tests for normally distributed 

variables and Kruskal–Wallis tests for those that were not. Spearman rank correlation was used 

to assess associations between SIC and water iodine concentration (WIC), SUIC, 24-h UIC, 
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24-h UIE, EII, StI, SnbI, TSH, FT3, FT4, and Tvol. The partial correlation coefficient was 

calculated when adjusting for sex, age, height, and weight. SIC values were categorized by 

quartiles, and log transformation was used to transform all the continuous variables to calculate 

the P values for the linear trend. Comparisons between groups were performed using analysis 

of covariance for continuous variables. The Cochran-Armitage trend test was performed to 

assess the changing trend of prevalence of TN, goiter, and thyroid dysfunction by SIC quartiles. 

To detect the optimal cut-off points of SIC value for diagnosing deficient or excessive iodine 

intake, receiver operating characteristic (ROC) curve analysis was performed using groups of 

insufficient and excessive EII, according to Chinese Dietary Reference Intakes (DRIs)20. 

Logistic regression was used to assess whether cut-off points of SIC values can be used to 

judge iodine deficiency, iodine excess, or thyroid dysfunction. We calculated Cohen's kappa 

coefficient for agreement when using SIC and 24-h UIC and SUIC for assessing iodine status 

classifications. In addition, we used multiple imputation based on five replications and the 

Markov-chain Monte Carlo method in SAS MI procedure to account for missing data in WIC, 

SUIC, 24-h UIC, 24-h UIE, StI, and SnbI. Sensitivity analysis was performed to determine 

statistical differences before and after imputing missing values. A two-sided P-value 0.05 was 

considered statistically significant. 

Results 

Baseline data 

A total of 423 school-aged children, including 223 boys and 200 girls recruited to the study, 
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had saliva samples collected. Children were aged 8–13 y. The height, weight, BMI, and BSA 

of boys were relatively higher than those of girls (P<0.05). The characteristics of children are 

shown in Table 1. There were not significantly different between the two groups before and 

after filling in missing data in WIC, SUIC, 24-h UIC, 24-h UIE, StI, and SnbI (P>0.05). 

Iodine status and thyroid function 

Table 2 shows the iodine status and thyroid function of subjects stratified by gender. The 

median value of SUIC was 124 μg/L, which indicated adequate iodine status of participants. 

The medians (IQRs) for SIC were 106 μg/L (67.9–185 μg/L) in boys and 106 μg/L (66.3–175 

μg/L) in girls, respectively. There was no significant difference in EII between the sexes. The 

prevalence rates of TN and goiter were 21.5% and 5.2%, and the differences between girls and 

boys were not significant (p>0.05). 

The relationship between SIC and iodine status and thyroid function 

In Spearman correlation analysis (Table 3), SIC was positively correlated with SUIC (r=0.27, 

p<0.0001), 24-h UIC (r=0.37, p<0.0001), 24-h UIE (r=0.40, p<0.0001) and EII (r=0.40, 

p<0.0001). These correlated trends remained after adjusting for confounders, including sex, 

age, height, and weight. However, no significant correlation was found between SIC and Stl, 

SnbI, TSH, FT3, or FT4. Figure 1 demonstrates the positive relationship between SIC and 

variables indicating iodine status and Tvol. 

The change trends of iodine status and thyroid function with SIC quantiles are shown in Table 

4. We found significant increasing trends for SUIC, 24-h UIC, and 24-h UIE as well as for EII 
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with SIC quantiles (p for trend<0.05), and all differences in SIC quantiles groups were 

significant (p<0.0001). In contrast, no obvious uptrends were observed in serum iodine 

concentration and thyroid function indexes with SIC quantile groups (p for trend>0.05). 

ROC curves for optimal cut-off points of SIC for assessing iodine deficiency and iodine excess 

are shown in Figure 2. We found that 105 μg/L of SIC for assessing iodine deficiency and 273 

μg/L of SIC for assessing iodine excess had the largest youden index values (0.3193 and 0.5148) 

based on the definitions of iodine deficiency and excess by EII. The EII groups are according 

to the Chinese criteria of dietary iodine reference intake20. The areas under ROC curves for two 

cut-off points were higher than 0.70. Logistic regression analysis showed the application of 

SIC<105 μg/L and SIC>273 μg/L when assessing inappropriate iodine status and thyroid 

dysfunction (Table 5). The odds ratio (OR) for having a SUIC lower than 100 μg/L in children 

with SIC higher than 105 μg/L was 1.98 compared to that with higher SIC values. Moreover, 

children with SIC lower than 105 μg/L were associated with an increased risk of 24-h UIC 

lower than 100 μg/L and the prevalence of insufficient EII (OR: 2.74, 95% CI: 1.77–4.24; OR: 

4.18, 95% CI: 2.67–6.56; respectively). Similarly, it was of significance to diagnose iodine 

excess when the SIC was higher than 273 μg/L. There were significantly increased risks of 

SUIC higher than 300 μg/L (OR: 6.61, 95% CI: 3.13–13.96), 24-h UIC higher than 300 μg/L 

(OR: 9.42, 95% CI: 4.12–21.54), and the prevalence of excessive of EII (OR: 18.56, 95% CI: 

5.66–60.91). The OR for having TN in children with SIC higher than 273μg/L was 2.70 

compared to those with SIC lower than 273μg/L. However, we did not find an increased risk 

of the prevalence of goiter and thyroid dysfunction when SIC<105 μg/L or SIC>273 μg/L. 
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When using SIC and 24-h UIC and SUIC for assessing iodine status classifications, the Cohen's 

kappa coefficients were 0.61 and 0.54, respectively. Figure 3 shows the frequency distributions 

of insufficient iodine intake, adequate iodine intake, and excessive iodine intake when 

assessing by SIC and 24-h UIC and SUIC. 

Discussion 

It has been reported in the literature that the salivary gland, such as the thyroid, has a high 

capacity to concentrate iodide21. The main place where iodide is transported into saliva is the 

epithelium of the parotid salivary gland’s intralobular ducts22,23. Iodide is extracted from 

periductal capillaries, concentrated by the ductal epithelium, and then secreted into the duct 

lumen and transported into the oral cavity21. Studies have shown that human saliva has been 

used to assess the presence of essential and potentially toxic elements at trace levels24. 

Meanwhile, there have been several studies on the detection of saliva iodine concentration25,26. 

Some methods are generally recommended for the assessment of iodine nutrition in populations. 

UIC is a common indicator of recent iodine intake because more than 90% of ingested iodine 

is excreted in the urine27. However, it is impractical to collect 24-hour urine samples in large-

scale population studies. Spot urine samples would likely be preferable because of their ease 

of collection, but SUIC is highly variable between days and seasons28. Konig et al.6 suggested 

that 10 repeat spot urine collections could be used to assess individual iodine status with 20% 

precision, but there are some difficulties involved in obtaining 10 collections from an individual. 

The goiter rate can reflect long-term iodine status; neck inspection and palpation or thyroid 
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ultrasonography could be used to measure goiter27. In areas with mild iodine deficiency, 

palpation of goiter has poor sensitivity and specificity29. TSH and Tg could be used as 

indicators reflecting iodine nutrition27. However, TSH is a relatively insensitive indicator of 

iodine nutrition in adults5. Tg has been reported as a sensitive measure of both deficient and 

excessive iodine intake in children and can be measured by commercially available detection 

methods27. However, it requires venipuncture, centrifugation, and frozen sample transport. 

Saliva offers distinctive advantages over serum because it can be collected noninvasively and 

is accomplished quickly and is feasible by individuals with modest training.  

The median SUIC in the present study was 124 μg/L, indicating that the participants had 

adequate iodine status. The median SIC was 106 μg/L, which was similar to that reported in a 

study on adults in which the median SIC was 102.7 μg/L, and there was a good relationship 

between saliva iodine and urine iodine5. Gulaboglul et al.30 also found a close relationship 

between saliva iodine and urine iodine, and the correlation coefficient was 0.75. As median 

UIC has been shown to be a reliable biomarker of recent iodine intake for the population as a 

whole31, the positive correlation may demonstrate the potential utility of saliva to be another 

population biomarker of iodine status. Moreover, our data suggested a good correlation 

between SIC and 24-h UIE, indicating that SIC also had the diagnostic efficacy in evaluating 

the recent iodine status of an individual. No significant correlations were found between SIC 

and serum iodine and thyroid function indicators in this study. There is hardly any literature 

reporting the above relationships thus far. 
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When the SIC is grouped by quartiles, as the SIC increased, the SUIC, 24-h UIC, 24-h UIE, 

EII showed an increasing trend. Vought and London reported that the dietary intake had a close 

relationship with saliva iodine11. In contrast, with the increase in SIC, the StI, SnbI, Tvol, TN, 

goiter rates and thyroid function showed no increasing trend. The weak correlation between 

SCI and serum iodine might be because the iodine concentration and secretion rate of saliva 

increase more than does the serum11. Serum iodine is not substantially influenced by recent 

fluctuations in dietary iodine intake9. Currently, there have been no previous studies on the 

associations between saliva iodine and thyroid hormones to refer to. Salivary glands, stomach 

and thyroid share I− concentrating ability by NIS32. The main component of saliva iodine is 

iodide, and almost no organic iodine compound is present in saliva33. Thus, the iodine 

concentration in saliva is directly and highly associated with dietary iodine intake rather than 

thyroid function. In most population subgroups other than newborns, thyroid function tests are 

not considered sensitive indicators of population iodine status34. 

The dietary iodine intake could directly reflect the iodine nutrition level. In this study, 24-h 

urine samples, which were collected at the same time with saliva samples, were used to estimate 

the iodine intake of school-aged children, which ensures the ability of the SIC to predict iodine 

nutrition and thyroid dysfunction. Our data showed that the areas under the ROC curves for the 

optimal cut-off point for SIC to diagnose iodine deficiency or iodine excess were both more 

than 0.70, suggesting that SIC has a high diagnostic value. Furthermore, in logistic regression 

analysis, we found there was a higher risk of iodine deficiency when SIC was below the bottom 

of the diagnostic value. Similarly, the incidence of iodine excess was significantly higher when 
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SIC was higher than the top of the diagnostic value. The determination of iodine nutritional 

status was based on UIC levels and estimated dietary iodine intake. These results also showed 

that the UIC and SIC had a high correlation, and SIC might be a potential biomarker for recent 

iodine status of a population and an individual. There is currently no literature on this subject. 

A study on astronaut reported that saliva iodine could be a useful medium for the biological 

monitoring of people exposed to high doses of iodine in drinking water35. 

This study has several strengths. First, it is the first study to assess the effectiveness of saliva 

iodine to evaluate the iodine status in school-aged children. Second, 24-h urine samples were 

collected to calculate iodine excretion and to estimate dietary iodine intake. Third, the analysis 

in this study is highly comprehensive. We evaluated the relationship between urine iodine, 

serum iodine, thyroid function, Tvol, and saliva iodine. Despite its considerable strengths, 

there were some limitations to this study. The study is limited by small sample size. A few 

school-aged children with excessive iodine status were recruited, and the data were limited at 

higher levels. Further study will be needed to definite the influences of seasonal variations and 

other factors to ensure the feasibility of SIC as a biomarker of iodine nutrition and to establish 

a reference range. However, as the first study to evaluate the iodine nutritional status using 

saliva iodine, our results provide valuable information for subsequent research. In summary, 

the saliva iodine level is associated with UIC in school-aged children. Low SIC was associated 

with increased risk for iodine deficiency, while high SIC was related to TN and iodine excess.
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Figure legends 

Figure 1 Association between the SIC and SUIC (a), 24-h UIC (b), 24-h UIE (c), and Tvol (d). SIC, saliva iodine 

concentration; SUIC, spot urinary iodine concentration; 24-h UIC, 24-hour urinary iodine concentration; 24-h UIE, 

24-hour urinary iodine excretion; Tvol, thyroid volume. 

Figure 2 ROC curve analysis of SIC regarding the ability to identify the iodine deficiency (a) and iodine excess (b). 

(a): youden index, 0.3193; sensitivity, 65.42%; specificity, 66.51%; AUC, 0.71 (0.67, 0.75). (b): youden index, 0.5148; 

sensitivity, 60.11%; specificity, 90.37%; AUC, 0.75 (0.70, 0.79). 

Figure 3 Frequency distributions of iodine status groups assessed by SIC and SUIC (a) and 24-h UIC (b). SIC, saliva 

iodine concentration; SUIC, spot urinary iodine concentration; 24-h UIC, 24-hour urinary iodine concentration. 
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               Table 1 Baseline characteristics of participants 

Variables Total Boys Girls p 

Num 423 223 200  

Age (years) 10.3±1.0 10.4±1.1 10.2±1.1 0.03 

Height (cm) 139±8.1 140±8.3 138±7.7 0.002 

Weight (kg) 34.8±11.2 36.5±12.9 33.1±8.8 0.003 

BMI (kg/m2) 17.8±4.0 18.3±4.5 17.3±3.2 0.02 

BSA (m2) 1.2±0.2 1.2±0.2 1.1±0.2 0.002 

                Num, number; BMI, body mass index; BSA, body surface area. 
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       Table 2 Iodine status and thyroid function of participants 

 

Variables Total Boys Girls p 

WIC (μg/L) 12.2 (11.3-13.2) 12.2 (11.3-13.4) 12.1 (11.2-12.9) 0.41 

SIC (μg/L) 106 (67.8-181) 106 (67.9-185) 106 (66.3-175) 0.75 

SUIC (μg/L) 124 (63.8-231) 132 (66.4-247) 117 (60.0-219) 0.13 

24-h UIC (μg/L) 121 (75.9-199) 128 (78.4-206) 116 (73.0-191) 0.43 

24-h UIE (μg/d) 89.6 (57.3-136) 94.8 (60.1-141) 83.3 (56.0-124) 0.07 

EII (μg/d) 97.3 (62.3-148) 103 (65.3-153) 90.5 (60.9-134) 0.07 

StI (μg/L) 102 (90.1-114) 103 (93.0-116) 100 (89.1-109.7) 0.06 

SnbI (μg/L) 48.2 (42.1-56.4) 49.0 (42.2-56.8) 47.5 (41.9-55.9) 0.83 

TSH (mIU/L) 2.2 (1.6-2.9) 2.1 (1.6-3.0) 2.2 (1.7-2.9) 0.54 

FT3 (pmol/L) 6.2±0.6 6.2±0.6 6.3±0.6 0.03 

FT4 (pmol/L) 18.2±2.1 18.4±2.1 18.0±2.0 0.06 

Tvol (mL) 3.8 (3.0-4.5) 3.8 (3.1-4.7) 3.7 (3.0-4.4) 0.37 
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TN (n,%) 91 (21.5) 50 (22.4) 41(20.5) 0.51 

Goiter (n,%) 22 (5.2) 11(4.9) 11(5.5) 0.85 

Thyroid dysfunction, n (%) 20(4.7) 11(4.9) 9(4.5) 0.78 

        WIC, water iodine concentration; SIC, saliva iodine concentration; SUIC, spot urinary iodine  

       concentration; 24-h UIC, 24-hour urinary iodine concentration; 24-h UIE, 24-hour urinary iodine  

       excretion; EII, estimated iodine intake; StI, serum total iodine; SnbI; serum non-protein-bound iodine; 

       TSH, thyroid-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; Tvol, thyroid  

       volume; TN, thyroid nodules. 
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   Table 3 Spearman correlations between SIC and iodine status and thyroid function variables 

Variables CC p PCC* p 

WIC (μg/L) 0.08 0.08 0.07 0.16 

SUIC (μg/L) 0.27 <0.0001 0.29 <0.0001 

24-h UIC (μg/L) 0.37 <0.0001 0.35 <0.0001 

24-h UIE (μg/d) 0.40 <0.0001 0.40 <0.0001 

EII (μg/d) 0.40 <0.0001 0.40 <0.0001 

StI (μg/L) 0.05 0.38 0.04 0.43 

SnbI (μg/L) 0.00 0.96 0.00 0.92 

TSH (mIU/L) -0.00 0.70 -0.02 0.68 

FT3 (pmol/L) -0.04 0.44 -0.04 0.43 

FT4 (pmol/L) -0.06 0.28 -0.06 0.29 

Tvol (mL) 0.12 0.02 0.16 0.003 

     *Adjusted for sex, age, height, weight. 

    SIC, saliva iodine concentration; WIC, water iodine concentration; SUIC, spot urinary iodine   

    concentration; 24-h UIC, 24-hour urinary iodine concentration; 24-h UIE, 24-hour urinary iodine  

    excretion; EII, estimated iodine intake; StI, serum total iodine; SnbI; serum non-protein-bound  

    iodine; TSH, thyroid-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; Tvol,   

    thyroid volume; CC, correlation coefficient; PCC, partial correlation coefficient. 
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           Table 4 Iodine status and thyroid function by SIC quantiles 

 

Variables 
Salivary Iodine Concentration Quartiles 

p p for trend 
Q1  Q2  Q3  Q4 

WIC (μg/L) 12.1 (11.1-12.7)  12.3 (11.6-13.6)  12.3 (11.3-12.9)  12.4 (11.2-14.6) 0.22    0.048 

SUIC (μg/L) 99.8 (49.2-160)  116 (61.0-205)  127 (66.9-218)  215 (99.7-328) <0.0001 0.0002 

24-h UIC (μg/L) 97.3 (64.5-149)  110 (72.0-158)  122 (76.9-184)  206 (112-297) <0.0001 <0.0001 

24-h UIE (μg/d) 66.7 (49.2-87.5)  86.4 (56.0-111)  98.8 (69.6-140)  126 (87.6.0-200) <0.0001 <0.0001 

EII (μg/d) 72.5 (53.5-95.1)  93.9 (61.0-120)  107 (75.7-152)  137 (95.2-217) <0.0001 <0.0001 

StI (μg/L) 102 (92.2-114)  100 (88.0-114)  102 (89.7-114)  102 (92.3-116) 0.96 0.75 

SnbI (μg/L) 46.7 (42.6-55.2)  47.9 (42.6-57.9)  50.7 (42.0-57.4)  46.3 (41.0-55.7) 0.37 0.31 

TSH (mIU/L) 2.2 (1.7-3.0)  2.2 (1.8-3.0)  2.1 (1.7-2.8)  2.2 (1.5-3.0) 0.71 0.38 

FT3 (pmol/L) 6.4 (5.9-6.7)  6.1 (5.9-6.5)  6.3 (5.9-6.7)  6.1 (5.8-6.7) 0.16 0.32 

FT4 (pmol/L) 18.5 (17.3-19.8)  17.7 (16.8-19.1)  18.4 (16.8-19.6)  17.8 (16.5-19.2) 0.09 0.16 

Tvol (mL) 3.5 (2.9-4.4)  3.6 (3.0-4.4)  3.8 (3.3-4.4)  4.0 (3.1-5.1) 0.10 0.17 

TN (n,%) 14 (15.4)  26 (28.3)  22 (23.9)  29 (33.3) 0.04 0.02 

Goiter (n,%) 3 (3.3)  5 (5.4)  4 (4.4)  10 (11.5) 0.10 0.04 

Thyroid dysfunction (n,%) 5 (5.5)  5 (5.4)  5 (5.4)  5 (5.8) 0.99 0.95 

       Quartiles ranges: Q1: SIC≤67.77 μg/L; Q2: SIC>67.77 μg/L and SIC≤106.21 μg/L; Q3: SIC>106.21 μg/L and SIC≤180.57 μg/L; Q4: 

       SIC>180.57 μg/L. 

          SIC, saliva iodine concentration; WIC, water iodine concentration; SUIC, spot urinary iodine concentration; 24-h UIC, 24-hour urinary iodine 

          concentration; 24-h UIE, 24-hour urinary iodine excretion; EII, estimated iodine intake; StI, serum total iodine; SnbI; serum non-protein-bound 
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          iodine; TSH, thyroid-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; Tvol, thyroid volume; TN, thyroid nodules. 
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      Table 5 Logistic analysis of cutoff points of SIC as a risk factor for inappropriate 

iodine status and thyroid  

            dysfunction 

Variables 
Unadjusted  Adjusted* 

OR 95% CI p  OR 95% CI p 

When SIC is < 

105μg/L 
       

SUIC < 100 

μg/L 
1.90 (1.28, 2.82) 0.001  1.98 (1.30, 3.04) 0.002 

24-h UIC < 100 

μg/L 
2.70 (1.80, 4.06) 

< 

0.0001 
 2.74 (1.77, 4.24) < 0.0001 

Insufficient EII 3.76 (2.51, 5.62) 
< 

0.0001 
 4.18 (2.67, 6.56) < 0.0001 

TN 0.69 (0.43, 1.12) 0.13  0.69 (0.43, 1.12) 0.13 

Goiter 0.56 (0.23, 1.37) 0.20  0.62 (0.25, 1.58) 0.32 

Thyroid 

dysfunction 
1.00 (0.41, 2.46) 1.00  0.99 (0.40, 2.46) 0.99 

When SIC is > 

273μg/L 
       

SUIC > 300 

μg/L 
5.09 (2.61,9.94) 

< 

0.0001 
 6.61 

(3.13, 

13.96) 
< 0.0001 

24-h UIC > 300 

μg/L 
9.60 (4.63,19.92) 

< 

0.0001 
 9.42 

(4.12, 

21.54) 
< 0.0001 

Excessive EII 14.34 (5.26,39.07) 
< 

0.0001 
 18.56 

(5.66, 

60.91) 
< 0.0001 

TN 2.74 (1.42, 5.28) 0.003  2.70 (1.38, 5.26) 0.004 
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Goiter 1.73 (0.56, 5.36) 0.35  2.28 (0.69, 7.52) 0.18 

Thyroid 

dysfunction 
1.37 (0.38, 4.89) 0.63  1.31 (0.36, 4.71) 0.68 

           *Adjusted for sex, age, height, weight. 

        SIC, saliva iodine concentration; SUIC, spot urinary iodine 

concentration; EII, estimated iodine    

        intake; TN, thyroid nodules. 
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Figure 1 
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Figure 2 
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Figure 3 
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