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Enormous efforts have been made to evaluate the worldwide prevention and control of iodine deficiency disorders (IDDs). This study evaluated China's achievements in IDD prevention and control against WHO criteria for sustainable elimination of IDD. The study sample consisted of 556,390 school-aged children and 271,935 pregnant women enrolled in the 2018 China National IDD Surveillance. As a result, at the national level, median urine iodine concentration (MUIC) was 206.1 and 163.5 μg/l in children and in pregnant women, respectively. The proportion of households consuming adequate iodized salt (PHCAIS) was 90.2%. The prevalence rates of goiter in children and thyroid disease in pregnant women were 2.0 and 0.8%, respectively. MUIC showed significant non-linear increasing trends with increasing PHCAIS in both children and pregnant women. The prevalence of thyroid disease in pregnant women had a sharp decreasing trend with increasing PHCAIS. Of note, the prevalence of goiter in children and thyroid disease in pregnant women against MUIC both presented as significant U-shaped curves, with the lowest prevalence at 100–300 μg/l of MUIC in children and 150–250 μg/l in pregnant women. PHCAIS, MUIC, and the programmatic indicators at the national level were all above their cut-offs proposed in the 2007 Criteria. Evaluation by adding the prevalence of goiter (<5%) yielded the different results at the county level. Sustainable elimination of IDD has been achieved nationally. 2018 Chinese surveillance data support the expansion of global cut-offs for optimal iodine status in school-age children from 100–199 to 100–299 μg/l as recommended by others and the lower limit of MUIC (150 μg/l) in pregnant women also seems justified. Inclusion of goiter prevalence <5% in our analysis reduced the number of municipalities and counties which had achieved sustainable elimination of IDD.
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INTRODUCTION

Iodine is an essential element required to produce thyroid hormones and plays a major role in human growth and tissue development (1). It is well-known that reduced iodine intake is associated with iodine deficiency disorders (IDDs), namely, endemic goiter, hypothyroidism, and cretinism (2), a decreased fertility rate, an increased incidence of perinatal death, and infant mortality (3).

In the 1990s, the WHO recommended universal salt iodization (USI) as the first-line strategy for IDD prevention and control (4, 5). The WHO, the United Nations International Children's Emergency Fund, and the International Council for Control of Iodine Deficiency Disorders (currently the Iodine Global Network) developed the guideline “Assessment of iodine deficiency disorders and monitoring their elimination: A guide for program managers, 3rd edition.” Chapter 6 of this guide on “Indicators of the sustainable elimination of IDD” includes “technical criteria” for the sustainable elimination of IDD with regards to salt iodization and population iodine status (Table 10) and 10 programmatic indicators, hereafter referred to as the “2007 criteria” (2).

The USI has been implemented in China for over two decades. The latest Chinese surveillance data showed that iodine nutritional status of the general population and pregnant women has been greatly improved (6). A series of programmatic indicators which are similar to those in the 2007 criteria were established in China. By 2000, IDD had been essentially eliminated in China (7).

Since the publication of the 2007 guideline “Assessment of iodine deficiency disorders and monitoring their elimination: A guide for program managers, 3rd edition,” expansion of the range of median of urinary iodine concentration (MUIC) considered optimal in school-age children has been suggested (8, 9) and the necessity to achieve >90% proportion of households consuming adequate iodized salt (PHCAIS) has been questioned (10). This article also suggests the inclusion of the prevalence of goiter >5% as criteria against which to assess the sustainable elimination of IDD. At present, considerable efforts have been made worldwide to evaluate the effect of USI on the sustainable elimination of IDD. Therefore, the revision and application of the 2007 criteria are more important than ever.

This study aims to assess the achievement of the sustainable elimination of IDD in China based on the technical and programmatic indicators in the 2007 criteria and the Chinese criteria and to provide evidence for revision of the guidelines. This aim was achieved by analyzing the 2018 China National IDD Surveillance data (6).



METHODS


Data Source and Sampling Method

In the 2018 China National IDD Surveillance, a multistage sampling procedure was used with the county being the sampling unit. Each county was divided into five sampling areas: east, west, south, north, and middle, and one town or district was randomly sampled from each area. Out of 2,879 counties, we analyzed data from 2,827 counties having water iodine concentration (WIC) <100 μg/l, with 52 counties having WIC ≥ 100 μg/l excluded.

Children of ages 8–10 years (n = 40) from local primary schools and pregnant women (n = 20) from communities around the schools were randomly selected from each of the five sampling areas in each county. A total of 200 children and 100 pregnant women were recruited from each county. The inclusion criteria were as follows: residents living in the sampling site for at least half a year; an equal number of girls and boys; pregnant women who were diagnosed as being pregnant in a medical institution.

Information on geographic regions, coastal living, and capita income was collected from the State Statistical Bureau. Information on date of birth, sex, ethnicity, gestational weeks, and history of thyroid disease (including thyroid nodules, clinical and subclinical hyperthyroidism, clinical and subclinical hypothyroidism, thyroiditis, and thyroid cancer) was obtained using a questionnaire. Spot urine specimens were collected from all participants, and salt samples were collected from their households. We also analyzed the data from the National Survey on Iodine in Drinking Water (11). WIC at the county level was used to establish the inclusion criteria for the current study.

The study protocol was approved by the ethics committee of the Harbin Medical University. Written informed consent was obtained from all participants or their guardians.



Laboratory Analysis

The direct iodine titration method was used to assay the iodine content of salt samples (12). Salt consumed was classified as non-, low-, qualified, and high-iodized salt according to the iodine contents as shown in Supplementary Table 1. In China, provinces are allowed to select one/two of three options for salt iodine content—20, 25, or 30 mg/kg with a variation of ±30%, according to the Chinese standard (GB 26878) (13). At present, 14 provinces selected 25 (14–29) mg/kg, 12 provinces selected 30 (17–35) mg/kg, and 5 provinces selected 25 mg/kg for the general population and 30 mg/kg for pregnant women (13). As3−-Ce4+ catalytic spectrophotometry was used to measure urinary iodine concentration (36), and the iodine nutritional status at different levels was evaluated according to the international standard (2). The thyroid volume of children was measured using B-ultrasonography. Goiter was diagnosed as thyroid volume being above the Chinese standard (37).



Assessment of Elimination of IDD

The 2018 China National IDD Surveillance data have four levels, i.e., national, provincial, municipal, and county. Then for each level, elimination of IDD was assessed based on individual technical indicators and multiple technical indicators in 2007 criteria plus programmatic indicators in both the 2007 criteria and the Chinese criteria. Chinese criteria for evaluating the sustainable elimination of IDD (a scoring table) are shown in Supplementary Table 2. Individual items were scored based on IDD elimination achievements in the past 3 years, and then individual scores were added up as a total score. Areas with a total score ≥ 85 along with relevant technical indicators were classified as sustainable elimination of IDD.



Statistical Analysis

All the survey data were entered into the IDD Information Management System (a standard data management system). Statistical analyses were performed using SAS version 9.1 (SAS Institute, Incorporation, Cary, North Carolina, USA). The differences in continuous and categorical variables between groups were tested using the ANOVA/Wilcoxon's test and the chi-squared test, respectively. The curve between MUIC and PHCAIS in children and pregnant women and the curve of MUIC with the prevalence of goiter in children and prevalence of thyroid disease in pregnant women were fitted by polynomial regression analysis models.




RESULTS


Descriptive Data

Descriptive data of the study sample are given in Table 1. The variables showed significant increasing or decreasing trends across most subgroups. In the total sample of the 2018 China National IDD Surveillance, MUIC was 206.1 and 163.5 μg/l in children and in pregnant women, respectively; PHCAIS was 90.2%; the prevalence rates of goiter in children and thyroid disease in pregnant women were 2.0 and 0.8%, respectively.


Table 1. Descriptive data of the study sample.
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Associations Between PHCAIS, MUIC, and Thyroid Disease

In Figure 1, PHCAIS was divided into the 15 groups (<30% and groups with an interval of 5% from 30% onward) for Figures 1A,C,D. There were significant non-linear increasing trends of MUIC with increasing PHCAIS in children (Figure 1A) and pregnant women (Figure 1C). It is notable that MUIC of school-age children was > 130 μg/l in all the PHCAIS groups, including those <90% and even those groups <40%. This implies sources of iodine other than household salt. The prevalence of thyroid disease in pregnant women slightly increased and then sharply decreased with increasing PHCAIS (Figure 1D). In Figure 1B, thyroid volume showed significant and consistent decreasing trends across the four subgroups consuming different types of iodized salt within age groups (p <0.0001 for the trend in all three age groups). The thyroid volume was the smallest in the qualified iodized salt group in age groups of 8 and 10 years and the largest in the non-iodized salt group for all the age groups.


[image: Figure 1]
FIGURE 1. The influence of iodized salt on thyroid disease and iodine nutrition. MUIC, median urine iodine concentration; PHCAIS, proportion of households consuming adequately iodized salt; TD, thyroid disease. (A,B) children and (C,D) pregnant women. p <0.0001 for trend in all 3 age groups in (B).


Figure 2 presents the relationships of MUIC with goiter in children (Figure 2A) and thyroid disease in pregnant women (Figure 2B). MUIC was divided into 10 groups (<100 μg/l, groups with an interval of 50 and ≥500 μg/l) in Figure 2A and 8 groups (<100 μg/l, groups with an interval of 50 and ≥ 400 μg/l) in Figure 2B. The prevalence rates of goiter in children and thyroid disease in pregnant women both showed a significant U-shaped tendency with increasing MUIC. The prevalence of goiter in children (Figure 2A) and the prevalence of thyroid disease in pregnant women (Figure 2B) were the lowest around 200 μg/l of MUIC.
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FIGURE 2. The relationships of MUIC with goiter in children (A) and TD in pregnant women (B). MUIC, median urine iodine concentration; TD, thyroid disease. (A) R2 = 0.7763 and (B) R2 = 0.3059.




Evaluation of Sustainable Elimination of IDD in China

Achievement of the sustainable elimination of IDD in China was assessed by four different methods using the 2018 China National IDD Surveillance data, as shown in Table 2. The rates at the national level were 100%. The rates by methods 1 and 2 were higher than those by methods 3 and 4 (53.0 vs. 51.4% at the municipal level and 44.5 vs. 41.9% at the county level). When more indicators were used for evaluation (method 3, 4), the rates of elimination of IDD became lower at the municipal and county levels.


Table 2. Evaluation results of IDD in China.
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DISCUSSION

In this study, we assessed the IDD elimination status in China of 2018 based on the 2007 criteria and the Chinese criteria using the 2018 China National IDD Surveillance data. Since China has a vast territory with a huge population, we evaluated the rates of IDD elimination at various levels from nation to the county to examine variation in the attainment of IDD elimination among areas and regions. The 2018 China National IDD Surveillance provided an excellent opportunity to evaluate the IDD elimination status in China. The 2018 surveillance system covers all counties in China and has a huge sample size with data available on thyroid volume in school-age children and a history of thyroid disease in pregnant women. Therefore, we took these advantages to conduct comprehensive analyses to assess the IDD elimination status in China for the purpose of providing convincing evidence for the revision of current international and domestic guidelines.

Goiter has been recognized as a historical indicator for assessing the severity of IDD (38). A prevalence of goiter ≥5% in children is a signal of a public health problem (2). Instead of adults, children have a very low prevalence of autoimmune thyroiditis and other thyroid disease (14, 39). Besides, the cutoff point of 5% allows both for some margin of error of goiter assessment, and for goiter that may occur in iodine-replete populations due to other causes such as goitrogens and autoimmune thyroid diseases based on the WHO's guideline (2). However, the prevalence of goiter was not included as an indicator in the 2007 criteria (2). The major reason might be concerns regarding limitations of B-ultrasound (high cost, electricity usage, and requirement for special training) 14 years ago, especially in some developing countries and regions (15, 16). The results from this study showed that method 3 (the 2007 criteria + prevalence of goiter <5%) identified 72 counties less than method 1 (the 2007 criteria alone) in evaluating the elimination (Table 2). The difference in the number of counties meant that these 72 counties might be at high risk for IDD due to insufficient iodine intake that resulted in a higher prevalence of goiter. Based on the observation of this study, the inclusion of the prevalence of goiter <5% as a technical indicator is recommended for the revision of the 2007 criteria. Furthermore, a goiter prevalence ≥5% in school-aged children showed as a signal of a public health problem (2), while a goiter prevalence <5% reflects a long-term endeavor to reduce IDD prevalence in a country. Under a long-term intervention of USI, goiter prevalence should be <5% in all areas. Once goiter prevalence rises to more than 5% in an area, this area might be a high-risk area that may suffer IDD again. Therefore, although goiter prevalence might be not a timely indicator for “iodine nutrition status,” it should still be an indicator for the inadequacy of “IDD prevention and control measures” for a period past, which identified as to whether the prevention measures have been “sustained” in place, correspondence to “sustained” elimination. Furthermore, at the individual level, thyroid volume changes inversely in response to alterations in iodine intake, with a lag interval that varies between a few months and several years. However, goiter prevalence is a population indicator, and because of the sampling method, participants for each year's surveillance are different. It means if the persons in one group consume iodized salt more than 50%, MUIC will be appropriate. However, even 5% of people consume non-iodized salt for more than 6 months, goiter prevalence can be more than 5%. Therefore, goiter prevalence is even more sensitive than MUIC when iodine deficiency, as only a few individuals present goiter, it could be caught by the surveillance under the long-term USI surroundings. Besides, although ultrasound scan is a precise, safe, and non-invasive measurement of thyroid volume and the limitations of B-ultrasound have been substantially reduced, along with the improvement in the economy worldwide, it may still not be feasible in some countries and regions due to the poverty, and in these areas, it can be replaced by palpation. Goiter examination by palpation is not as accurate as by B-ultrasound, however, the error could be lessened by training. Chinese IDD surveillance data (17–19) also showed the results by palpation were acceptable (Chinese IDD surveillance data from 1997 to 2002, r = 0.88, p <0.0001; shown as Supplementary Figure 1). Therefore, we suggested that under extreme conditions, when thyroid volume assessment using B-ultrasound is not feasible, it might be replaced by palpation.

The proportion of households consuming adequate iodized salt (PHCAIS) (>90%) is one of the technical indicators proposed in the 2007 criteria (2). However, a previous study reported that MUIC in children tended to be adequate, and prevalence of IDD was low in some areas with PHCAIS <90% in China, and then a question was raised, i.e., whether it is necessary to require PHCAIS > 90% in these areas (10). We found in this study that with the increase of PHCAIS, MUIC in both children and pregnant women showed an upward trend (Figures 1A,C). And with increasing PHCAIS, the prevalence of thyroid disease in pregnant women showed a sharp decrease (Figure 1D). The association between PHCAIS and MUIC indicates that PHCAIS is a key factor to maintain iodine nutritional health and a crucial indicator for the evaluation of IDD elimination. Although MUIC in children was adequate in subgroups with PHCAIS <90%, MUIC in pregnant women was below 150 μg/l in almost all these subgroups, suggesting that PHCAIS > 90% is necessary to ensure adequate iodine nutrition levels, especially for pregnant women.

It showed that as well as the lowest thyroid volume, school-age children who consumed qualified and higher iodized salt had the highest MUIC values (Table 1 and Figure 1B), which proved that intake of qualified iodized salt is very important. However, it should also be noted that MUIC in children was higher than 130 μg/l in all subgroups including those with PHCAIS <90% in this study (Figure 1A) and children who consumed non-iodized salt still had adequate iodine status (Table 1). This phenomenon was also seen in the Chinese population in samples/cohorts research that was different from ours (10, 20, 21). Multiple possible reasons may be responsible for these observations. First, part of school-aged children has lunch in school dining rooms where iodized salt is strictly required for cooking. However, the salt in this survey only came from children's households. This might contribute in part to the high MUIC in children in the counties with low PHCAIS in China. Second, other dietary sources of iodine such as milk, eggs, and processed foods containing added iodized salt may account for a proportion of total iodine intake in children. A study on processed food (including instant noodles, biscuits, smoked meat, puffed food, canned meat, milk products, etc.) was performed in six provinces in China, and the results showed that processed foods accounted for 4.0% (10.9 μg/d) of the total iodine intake (22). Third, PHCAIS is defined as the proportion of households consuming “qualified” salt, not including high-iodized salt. Children who consumed high-iodized salt were also classified in the subgroups with low PHCAIS (<90%). Although the situation of iodine intake from school dining room and processed food might be special in China, concerning global status, in this study, it was suggested that proportion of food cooked in school dining rooms and processed food made with iodized salt should be considered as supplementary items in the surveillance to define PHCAIS, especially in urban areas where people more often dine out and have more intake of iodine from the diet such as processed food (23, 24).

We found in this study that the prevalence of goiter in children presented a marked U-shaped relationship with MUIC, with the prevalence being the lowest around 200 μg/l of MUIC (Figure 2A). This observation is consistent with the findings in children from previous studies (25–27). Furthermore, the prevalence of thyroid disease in pregnant women also showed a substantially similar U-shaped relationship to that noted in children, with the prevalence being the lowest at the same value of MUIC (around 200 μg/l) (Figure 2B). Other studies have also reported similar results in pregnant women (28–30). The relation between them could be explained from an etiological aspect. However, although the tendency of the “U” curve is no doubt when MUIC is particularly high, a few points may not fit well with the curve, sometimes, they might be higher or even lower. This wave-like rise at the high side of the curve might be caused by four reasons: first, the thyroid atrophy and fibrosis following enlargement due to extremely high iodine intake occur in some of the subjects (31, 32); second, the wave-like rise might be caused by the less and less sample size from middle to the high end, although the total sample size is huge, it is uneven between groups; third, as the extremely skewed distribution of urinary iodine, logarithm transformation, and grouping analysis methods are normally used to correct the “U” curve, but sometimes the curve is not very symmetrical, with a right tail; last, the sensitivity is different of individual suffered high iodine damage. Therefore, possibly, these points may not be outliers. This phenomenon could also be seen in other published articles (33, 34). Although these points weaken the stability and symmetry of the curve, they were valuable and made the results more reasonable and meaningful. In the fitting model of MUIC with the prevalence of goiter in children, the points were basically around the fitting curve, and the R2 was satisfied with the value around 0.8. In pregnant women, it does not fit as good as in children, but the result was also acceptable. The findings in children and pregnant women of this study provided additional evidence to support the range of MUIC in children (100–299 μg/l) and pregnant women (150–249 μg/l) as the cut-off values of these two indicators proposed in the 2007 criteria (2).

We evaluated the IDD elimination status in China using the 2018 China National IDD Surveillance data by four different methods. The 2007 criteria were recommended to evaluate the IDD elimination status at the national level, and in China, PHCAIS, MUIC in children and pregnant women, and the programmatic indicators at the national level were all above their cutoffs proposed in the 2007 criteria (2). To further assess the IDD elimination in local areas, the 2007 criteria were creatively applied for evaluation in individual provinces, municipalities, and counties in this study. The IDD elimination did not reach the criteria in all provinces, municipalities, and counties. The influencing factor was mainly the MUIC in pregnant women. In most areas under elimination in China, MUIC in pregnant women was slightly lower than 150 μg/l. However, the international organization mentioned that where USI has been effective for at least 2 years, with the PHCAIS more than 90%, it can be reasonably expected that the iodine needs of pregnant women are covered by their diet, and that the iodine stored in the gland is sufficient to ensure adequate hormone synthesis and secretion (35). The sustainable elimination of IDD is a long-term goal. Improvement in technical and programmatic indicators has implications for assessing programs and maintaining the sustainability of the elimination. In the 2007 criteria, the programmatic indicators cover 10 framework aspects which are basal and general requirements but do not have details for every aspect. To overcome these shortcomings, China established its system of programmatic indicators based on the 2007 criteria. The comparison with the 2007 criteria showcased the characteristics of the Chinese programmatic indicators (Supplementary Table 3). A scoring system is more applicable in China. It facilitates strengthening the capacity of teams for IDD prevention and control. Chinese programmatic indicators may provide useful information for the update of the 2007 criteria.

The 2018 China National IDD Surveillance data have strengths for the evaluation of IDD elimination, including the huge sample size and national representativeness. There are a few limitations to this study. Although we discussed the possible reasons for the high MUIC in children in areas with PHCAIS <90% in China, no corresponding investigation such as a detailed questionnaire survey on dining in school or processed food adding iodized salt was conducted in this study. Further research should focus on this phenomenon in the areas with low PHCAIS and high frequency of dining out and consuming processed food adding iodized salt in China. In addition, children with thyroid disease were not excluded in this research, and individual thyroid diseases in pregnant women were not analyzed separately. Last, although the polynomial regression model may be affected by potential “outliers,” information was still provided for reference.

In conclusion, IDD elimination has been essentially achieved in China evaluated by the 2007 criteria and the Chinese criteria; based on the 2018 China National IDD Surveillance data, recommendations and suggestions for revision of the 2007 criteria were made concerning adding the prevalence of goiter (<5%), keeping the ranges of MUIC (100–299 μg/l) in children and MUIC (>150 μg/l) in pregnant women, and the requirement of PHCAIS > 90%, especially for pregnant women. This study has importance and implications for providing evidence for the revision of international and domestic guidelines for IDD elimination and thus promoting global public health.



DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available because they are the national surveillance data. Requests to access the datasets should be directed to Center for Endemic Disease Control, Chinese Center for Disease Control and Prevention.



ETHICS STATEMENT

The study was conducted according to the guidelines of the Declaration of Helsinki and approved by Ethics Committee of Harbin Medical University, the code is ZZXM2018011. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

PL conceived and designed the study. LF wrote the original draft. FM, QS, and YZ performed the statistical analysis. All authors contributed to the acquisition, analysis, interpretation of the data, and approved the final version of the manuscript.



FUNDING

This study was supported by the 2019 National Health Standards Project (20190502) and in part supported by the Natural Science Foundation of China (NSFC 81773370 and NSFC 82173638).



ACKNOWLEDGMENTS

We thank the staff who participated in the 2018 China National IDD Surveillance in the Center for Disease Control and Prevention and the Institute for Endemic Disease Control and Prevention in all provinces in China.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.852398/full#supplementary-material

Supplementary Figure 1. The correlation of goiter prevalence in provinces by B-ultrasound and by palpation (the Chinese IDD surveillance data from 1997 to 2002).

Supplementary Table 1. Classification of salt consumed in China based on iodine content.

Supplementary Table 2. Programmatic indicators for monitoring progress toward sustainable elimination of iodine deficiency disorders (IDDs) in China.

Supplementary Table 3. The comparison between the 2007 criteria and the Chinese criteria.



REFERENCES

 1. Morreale de EG, Obregon MJ, Escobar del RF. Role of thyroid hormone during early brain development. Eur J Endocrinol. (2014) 151(Suppl. 3):U25–U37. doi: 10.1530/eje.0.151u025

 2. WHO/UNICEF/ICCIDD. Assessment of Iodine Deficiency Disorders Monitoring Their Elimination, A Guide for Programme Managers, 3rd Edn. (2007). Available online at: https://www.ign.org/p142003094.html (accessed October 07, 2021).

 3. Zimmermann MB, Boelaert K. Iodine deficiency and thyroid disorders. Lancet Diabetes Endocrinol. (2015) 3:286–95. doi: 10.1016/S2213-8587(14)70225-6

 4. WHO/UNICEF/ICCIDD. Indicators for Assessing Iodine Deficiency Disorders and Their Control Programme. (1994). Available online at: https://www.ign.org/cm_data/1993_WHO_Indicators_for_assessing_IDD_WHO_NUT_93.1.pdf (accessed October 07, 2021).

 5. Zimmermann MB. Assessing iodine status and monitoring progress of iodized salt programs. J Nutr. (2004) 134:1673–7. doi: 10.1093/jn/134.7.1673

 6. Liu P, Fan L, Meng F, Su X, Sun D. Prevention and control of iodine deficiency disorders - China, 1995-2020. China CDC Weekly. (2020) 2:345–9. doi: 10.46234/ccdcw2020.090

 7. Sun D, Codling K, Chang S, Zhang S, Shen H, Su X, et al. Eliminating iodine deficiency in China: achievements, challenges and global implications. Nutrients. (2017) 9:361. doi: 10.3390/nu9040361

 8. UNICEF. Guidance on the Monitoring of Salt Iodization Programmes and Determination of Population Iodine Status. (2018). Available online at: https://www.ign.org/p142003099.html (accessed October 07, 2021).

 9. Liu P, Su X, Li M, Shen H, Yu J, Kelly PJ, et al. Should urinary iodine concentrations of school-aged children continue to be used as proxy for different populations? Analysis of data from Chinese national surveys. Br J Nutr. (2016) 116:1068–76. doi: 10.1017/S0007114516002828

 10. Fan L, Su X, Shen H, Liu P, Meng F, Yan J, et al. Iodized salt consumption and iodine deficiency status in China: a cross-sectional study. Glob Health J. (2017) 1:23–37. doi: 10.1016/S2414-6447(19)30076-4

 11. Chinese National Bureau for Disease Control Prevention. The Report of the National Survey on Iodine in Drinking Water. (2019). Available online at: http://www.nhc.gov.cn/jkj/s5874/201905/bb1da1f5e47040e8820b9378e6db4bd3.shtml (accessed October 07, 2021) (in Chinese).

 12. General Administration of Quality Supervision Inspection Inspection Quarantine of the People's Republic of China. General Test Method in Salt Industry: Determination of Iodine GB GB/T 13025.7-2012. (2012). Available online at: http://c.gb688.cn/bzgk/gb/showGb?type=online&hcno=85D289F3BCE6F6A31822CD0BDAAA7579 (accessed October 07, 2021) (a Chinese national standard).

 13. General Administration of Quality Supervision Inspection Inspection Quarantine of the People's Republic of China Standardization Standardization Administration of People's Republic of China. National Standard for Food Safety: Iodine Content in Edible Salt. GB26878-2011 (2011). Available online at: http://down.foodmate.net/standard/sort/3/28365.html (accessed October 07, 2021) (a Chinese national food standard).

 14. Khan L. Thyroid disease in children and adolescents. Pediatr Ann. (2021) 50:e143–e7. doi: 10.3928/19382359-20210322-01

 15. Ito Y, Amino N, Miyauchi A. Thyroid ultrasonography. World J Surg. (2010) 34:1171–80. doi: 10.1007/s00268-009-0211-3

 16. Stewart KA, Navarro SM, Kambala S, Tan G, Poondla R, Lederman S, et al. Trends in ultrasound use in low and middle income countries: a systematic review. Int J MCH AIDS. (2020) 9:103–20. doi: 10.21106/ijma.294

 17. Chen J, Li Z, Xu H, Hao Y. China National Iodine Deficiency Disorders Surveillance Report 1997. Beijing: People's Medical Publishing House (1999).

 18. Chen X, Li Z, Hao Y, Xu H. China National Iodine Deficiency Disorders Surveillance Report 1999. People's Medical Publishing House (2001).

 19. Chen X, Sun D, Liu S. China National Iodine Deficiency Disorders Surveillance Report 2002. People's Medical Publishing House (2003).

 20. Wang Z, Zang J, Shi Z, Zhu Z, Song J, Zou S, et al. Iodine status of 8 to 10 years old children within 20 years following compulsory salt iodization policy in Shanghai China. Nutr J. (2019) 18:63. doi: 10.1186/s12937-019-0491-x

 21. Lou X, Wang X, Mao G, Zhu W, Mo Z, Wang Y, et al. Geographical influences on the iodine status in pregnant women, neonates, and school-age children in China. Nutr J. (2020) 19:7. doi: 10.1186/s12937-020-0525-4

 22. The Endemic Disease Control Center of Chinese Center for Disease Control and Prevention. Investigation Report on the Assessment of Iodine Deficiency Diseases Elimination. A National Health Report in China (2020).

 23. Spohrer R, Garrett GS, Timmer A, Sankar S, Kar B, Rasool F, et al. Processed foods as an integral part of universal salt iodization programs: a review of global experience and analyses of Bangladesh and Pakistan. Food Nutr Bull. (2012) 33:S272–80. doi: 10.1177/15648265120334S303

 24. Knowles J, van der Haar F, Shehata M, Gerasimov G, Bimo B, Cavenagh B, et al. Iodine intake through processed food: case studies from Egypt, Indonesia, the Philippines, the Russian Federation and Ukraine, 2010-2015. Nutrients. (2017) 9:797. doi: 10.20944/preprints201707.0056.v1

 25. Zimmermann MB, Aeberli I, Andersson M, Assey V, Yorg JAJ, Jooste P, et al. Thyroglobulin is a sensitive measure of both deficient and excess iodine intakes in children and indicates no adverse effects on thyroid function in the UIC range of 100-299 μg/L: a UNICEF/ICCIDD study group report. J Clin Endocrinol Metab. (2013) 98:1271–80. doi: 10.1210/jc.2012-3952

 26. Cui SL, Liu P, Su XH, Liu SJ. Surveys in areas of high risk of iodine deficiency and iodine excess in China, 2012-2014: current status and examination of the relationship between urinary iodine concentration and goiter prevalence in children aged 8-10 years. Biomed Environ Sci. (2017) 30:88–96. doi: 10.3967/bes2017.012

 27. Wang H, Yu D, Tan Z, Hu R, Zhang B, Yu J. Estimation of thyroid volume from scintigraphy through 2D/3D registration of a statistical shape model. Phys Med Biol. (2019) 64:095015. doi: 10.1088/1361-6560/ab186d

 28. Moreno-Reyes R, Glinoer D, Van Oyen H, Vandevijvere S. High prevalence of thyroid disorders in pregnant women in a mildly iodine-deficient country: a population-based study. J Clin Endocrinol Metab. (2013) 98:3694–701. doi: 10.1210/jc.2013-2149

 29. Taylor PN, Okosieme OE, Dayan CM, Lazarus ZH. Therapy of endocrine disease: Impact of iodine supplementation in mild-to-moderate iodine deficiency: systematic review and meta-analysis. Eur J Endocrinol. (2014) 170:R1–R15. doi: 10.1530/EJE-13-0651

 30. Abel MH, Korevaar T, Erlund I, Villanger GD, Caspersen IH, Arohonka P, et al. Iodine intake is associated with thyroid function in mild to moderately iodine deficient pregnant women. Thyroid. (2018) 28:1359–71. doi: 10.1089/thy.2018.0305

 31. Shang L, Zhang Q, Zhou Y, Wang P, Chen Z, Wu M, et al. Thyroid volume among 8~10-year-old school children exposed to iodine excess. Chin J Endemiol. (2007) 26:327–9.

 32. Shen H. Prevention and Control of Water-borne Iodine Excess in China. Beijing: People's Medical Publishing House (2019) (in Chinese).

 33. Liu P, Liu SJ, Su XH, Zhang SB, Ji XH. Relationship between urinary iodine and goiter prevalence: results of the Chinese national iodine deficiency disorders survey. J Endocrinol Invest. (2010) 33:26–31. doi: 10.1007/BF03346545

 34. Song J, Zou SR, Guo CY, Zang JJ, Zhu ZN, Mi M, et al. Prevalence of thyroid nodules and its relationship with iodine status in Shanghai: a population-based study. Biomed Environ Sci. (2016) 29:398–407. doi: 10.3967/bes2016.052

 35. Iodine Requirements in Pregnancy and Infancy. IDD Newsletter (2007). Available online at: https://www.ign.org/newsletter/idd_nl_feb07_pregnancy.pdf (accessed October 07, 2021).

 36. National Health Family Planning Commission of the People's Republic of China. Determination of Iodine in Urine - Part I: As3+-Ce4+ Catalytic Spectrophotometry. WS/T107.1-2016 (2016). Available online at: http://www.doc88.com/p-7738454013156.html (accessed October 07, 2021) (a Chinese health industry standard).

 37. Ministry of Health of the People's Republic of China. Diagnostic Criterion of Endemic Goiter. WS276-2007 (2007). Available online at: https://www.renrendoc.com/paper/86282115.html (accessed October 07, 2021) (a Chinese health industry standard).

 38. Smyth PP, Darke C, Parkes AB, Smith DF, John R, Hetherton AM, et al. Assessment of goiter in an area of endemic iodine deficiency. Thyroid. (1999) 9:895–901. doi: 10.1089/thy.1999.9.895

 39. Hanley P, Lord K, Bauer AJ. Thyroid disorders in children and adolescents: a review. JAMA Pediatrics. (2016) 170:1008–19. doi: 10.1001/jamapediatrics.2016.0486

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Fan, Meng, Sun, Zhai and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fnut-09-852398-t001.jpg
Variable

Children age (year)
8

9

10

Pregnant stage
1st-

2nd-

3rd-

Type of iodized salt
Non-iodized
Low-iodized
Qualified iodized
High-iodized

Water iodine (11g/L)
<10

10~

40~

100~

Coastal region

Yes

No

Landform

Plain

Hilly

Mountain

Capita income
<¥20,000
¥20,000-¥:40,000
>¥40,000
Nationwide

TV (mL)
N Median
70,110 241"
100,793 260
87,701 284
8,678 291
10,772 2.68
240,571 261
2,613 265
232,348 2.60°
26,841 271
2210 286
3,248 290
20,546 263"
160,519 261
62,523 269"
48,008 258
66,293 257
170,756 263
73,755 266
20,136 264
264,740 261

Children

Goiter prevalence

N

70,110
100,793
87,701

8,678

10,772
240,571

2,613

232,348
26,841
2,210
3,248

20,546
160,519

62,523
48,006
66,293

170,756
73,766

20,136

264,740

(%)

215"
1.96
127

3.09"
2.40
1.70
1.95

1.72
216
3.3
2.00

1.81*
172

2.11°
1.61
151

170"
1.91

213
2.00

MUIC (ng/L)

N Median
150,914 203.10*
217,410 206.20
188,008 200.70
18,895 163.10
24,239 195.30
510,150 198.40
5,187 21470
482,599 194.60"
57,010 205.90
9,998 261.25
6,723 281.60
36,774 174.50"
349,317 199.08
135,671 197.80°
113612 196.10
126,975 196.10
260,690 197.10
153,655 197.91
41,232 197.41
570,271 206.10

TV, thyroid volume; MUIC, median urine iodine concentration; TD, thyroid disease; *p < 0.05 for trend.

Pregnant women

D prevalence

N

926
772

238
Il
1,566

1,968
248

453
1,278

753
566
382

1,009
725
501

274,929

(%)

0.94*
0.79
0.77

2.98*
0.85
0.76

0.83
0.83

247
0.74

1417
0.99
0.61

056"
0.80
2.49
0.80

MUIC (ng/L)

N Median
56,306 166.30"
115,577 165.20
100,062 169.20

7,972 125.59"
9,270 158.00
208,245 166.50
2274 164.34
237,588 161.60"
29,619 168.00
3,489 206.00
3,201 22353
18,116 131.19°
172,804 165.60
67,640 162.50
55,920 159.94
62,390 165.40
178,258 165.50"
75,696 160.30
20,033 152.40
274,578 163.50





OPS/images/fnut-09-852398-t002.jpg
Unit Total Number of units assessed by individual indicators. Rates, n (%)

PHCAIS muic® Muict aP Method1 ~ Method2  Method3  Method 4
(>90%) (100-200 pg/l)  (150-249 pg/L) (<5%)
Nation 1 1 1 1 1 1(100.0) 1(100.0) 1(100.0) 1(100.0)
Province 31 22 31 22 31 17 (64.8) 17 (64.8) 17 (64.8) 17 (54.8)
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PHCAIS, proportion of households consuming adequately iociized salt; MUIC, median urine iodine concentration; GR, goiter prevalence.

“Children and bpregnant women.

Method 1 represents the results evaluated by technical indicators of PHCAIS (>90%), MUIC (100-299 ug/) in children and MUIC (150-249 g/} in pregnant women in the 2007 criteria.
Method 2 represents the results evaluated by the indicators in Method 1 plus the programmatic indicators in the 2007 criteria.

Method 3 represents the results evaluated by the indicators in Method 1 plus GP < 5%.

Method 4 represents the results evaluated by the indicators in Method 3 plus a score >85 of programmatic indicators in the Chinese criteria.

Rate (%) = the number of areas meeting the criteria/total number of areas x 100.
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