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Background

The effect of iodine on papillary thyroid cancer (PTC) has been controversial for many years. Since urinary iodine is an effective indicator of iodine intake, some recent epidemiological studies have described the relationship between urinary iodine concentration (UIC) and PTC.



Methods

We searched PubMed, Embase, Cochrane Library, and Web of Science for case-control studies about UIC and PTC published before September 2022. Results are presented as the overall odds ratio (OR) and 95% confidence intervals (CI).



Results

According to the analysis of the included studies, excessive iodine intake (UIC≥300ug/L) was positively associated with the occurrence of PTC patients compared with healthy controls (OR4.05, 95%CI 1.64-10.02, P=0.002). Meanwhile, adequate iodine exposure (100≤UIC<200ug/L) may play a protective role in the occurrence of PTC compared with healthy individuals (OR 0.36, 95%CI 0.14-0.91, P=0.03) while the difference in the prevalence of insufficient iodine intake (UIC<100ug/L) and iodine above requirements (200≤UIC<300ug/L) among the two groups were not significant (deficiency: OR 0.38, 95%CI 0.13-1.16, P=0.09; above requirements: OR 0.92, 95%CI 0.40-2.10, P=0.84). After comparing the UIC levels of PTC patients with those of other thyroid diseases, we found that there was also no significant difference in the incidence of different levels of UIC in the two groups (excessive: OR 1.25, 95%CI 0.87-1.80, P=0.22; above requirements: OR 0.93, 95%CI 0.77-1.14, P=0.49; adequate: OR 0.96, 95%CI 0.78-1.17, P=0.67; deficiency: OR 1.02, 95%CI 0.86-1.22, P=0.80). The result of this meta-analysis also did not support the relationship between UIC and the BRAF mutation and lymph node metastasis (LNM) of PTC patients. Besides, we also found that studies on the relationship between urinary iodine and PTC may be influenced by the way UIC was measured.



Conclusion

The 10 case-control included studies involved a total of 6,544 participants. The results of this meta-analysis showed excessive iodine intake, that is, UIC≥300ug/L was associated with the occurrence of PTC but not with BRAF mutation and LNM while adequate iodine intake (100≤UIC<200ug/L) may be one of the protective factors for PTC.
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Introduction

Since the 1990s, the incidence of thyroid cancer (TC) especially papillary thyroid carcinoma (PTC) has continued to increase worldwide (1, 2). Therefore, numerous experts around the world have explored the causes of this phenomenon. Risk factors including radiation exposure, dietary nutrition, environmental pollutants, family history, and overdiagnosis have been reported by many previous studies (3, 4). Among these factors, iodine is an important trace element that is closely related to thyroid function, it has also become a focus and has been debated for many years because of numerous inconsistent epidemiological findings. As a crucial micronutrient and a vital composition for the biosynthesis of thyroid hormone, iodine plays an important part in biochemical and metabolic pathways throughout the human body (5). At the same time, iodine status is a primary determinant of thyroid disorders (6), a U curve has been verified by many studies, which means that iodine deficiency or excess can lead to thyroid dysfunction (7, 8).

Through extensive literature review, we found that many epidemiological studies assessed iodine intake by regional water iodine (9), consumption of iodized salt (10), vegetable intake (11), and seafood intake of residents (12–14) and verified that iodine nutrition may be an important factor for the development of PTC. Due to the different methods of iodine nutrition detection used in these above studies on the association between iodine nutrition and PTC, the conclusions they obtained have great inconsistency and are difficult to interpret. During these years, many epidemiological studies have assessed the relationship between PTC and iodine nutrition based on the measurement of urinary iodine concentration (UIC) for the reason that urine is the main excretion route of ingested iodine (15, 16). The median UIC has also been considered an excellent biomarker of recent exposure to iodine in populations (17). According to WHO iodine recommendations, the status of iodine nutrition can be divided into four stages: UIC<100µg/L(insufficient), 100–199µg/L(adequate),200–299µg/L (above requirements), and ≥300 µg/L (excessive) (17, 18). Though many studies were affected by many factors such as ethnic differences, and diet customs (19), some researchers have found that different UIC levels may affect the occurrence of PTC. In addition, there have also been some epidemiological studies on the relationship between UIC and the invasiveness of PTC such as BRAF mutation (20) and lymph node metastases (LNM). However, the correlation between UIC and these alterations in PTC patients remains controversial (21).

Due to the limited conditions of most studies, the observed evidence is not sufficient, it is necessary to combine those similar studies, which may help to find the real answer to the controversial conclusions. Therefore, we collected case-control studies that investigated the relationship between UIC and PTC, which can find an answer about the correlation between iodine nutrition and PTC, and provide a reasonable, secure UIC range.



Materials and methods


Search strategy

We investigated the relationship between UIC and PTC by conducting a systematic literature search in PubMed, Embase, Cochrane Library, and Web of Science databases until September 2022. The search was conducted by using the search terms “thyroid cancer, papillary”; “Case-Control Studies” with the following keywords: iodine; iodine nutrition; iodine intake, and urinary iodine concentration. We selected relevant articles by classifying the title, abstract, and full text of all the studies and limiting the included studies to those published in English. Two researchers independently selected articles and reviewed the abstracts and full text of the articles. By searching PubMed (n=322), Embase (n=19), Cochrane Library (n=20), Web of Science(n=287), and references in relevant reviews(n=5), titles and abstracts of 561 articles were reviewed, 35 articles related to the topic were read in full. The process is described in a flow chart (Figure 1). After all these exclusion steps, 10 studies were included in this meta-analysis.




Figure 1 | Flow chart of the inclusion or exclusion procedure.





Inclusion and exclusion criteria

Studies were considered eligible if they met the following criteria (1): urinary iodine levels were investigated and the patient was diagnosed with PTC (2). data on UIC were provided (3). participants were divided into PTC and non-PTC patients(other types of thyroid diseases including patients with benign thyroid nodules, nodular goiter, and thyroid adenomas), PTC patients with LNM or without lymph node metastases (NLNM), or PTC patients with or without BRAF mutation (4). written in English. In contrast, studies were excluded if they met one of the following criteria (1): the article was a case report, review, editorial, letter, or animal model subjects (2). missing relevant data or information (3). duplicate reports of the same original data. The selection process was completed by two authors independently, and differences were resolved through consultation or discussion with the third author.



Data extraction

The following data were extracted (1): basic information (first authors, year of publication, study period, and location) (2); participant characteristics (sample size, number of cases, and controls) (3); the measured time and method of UIC. Two reviewers organized the extracted data, cross-checked the data, and assessed the quality of the included studies based on the Newcastle-Ottawa Quality Assessment Scale, which includes the selection of case and control groups, comparability, and exposure.

The total score ranged from 6 to 9, with high and low scores judging the quality of the research. All discrepancies or inconsistencies were resolved by consensus with the third author.



Statistical analyses

Review-Manager 5 software (Copenhagen: The Nordic Cochrane Centre. The Cochrane Collaboration) was applied to all analysis processes. Odds ratios (ORs) and the corresponding 95% confidence intervals (95% CIs) were calculated to assess the strength of the association between UIC and PTC. The significance of the combined OR was determined by the Z test, and a P value < 0.05 was considered significant. We used the Cochran Q test (P < 0.05 indicated statistical significance) and the I2 statistic to assess heterogeneity. I2 values of 25%, 50%, and 75% were related to low, moderate, and high heterogeneity, respectively. When heterogeneity was high (I2>50%), a random-effects model was used to pool the results. In addition, if the heterogeneity was low, the fixed-effects model was used. To assess the stability of the results, we performed a sensitivity analysis by omitting one report at a time and recomputing the pooled estimates of the remaining studies. Funnel plots were constructed to assess publication bias.




Results


Characteristics of the included studies

We searched relevant literature through PubMed, Embase, Cochrane Library, Web of Science databases, and references in relevant reviews until September 2022, articles published in September 2022 are not included (manuscript submission: 20 September). A total of 653 records were identified from the initial search. A total of 602 articles remained after removing duplicate records, 35 articles were selected for further evaluation by screening titles and abstracts. A total of 10 original studies were finally included in the systematic review and meta-analysis after reading the full text and applying the inclusion and exclusion criteria (Figure 1).

The key characteristics of the studies involved in this meta-analysis are summarized in Table 1. Overall, the pooled data from 10 studies included 6,544 participants, distributed in China, Korea, and Turkey. The sample size of the included studies ranged from 132 to 2,041. 5 of these articles explored the level of UIC in PTC patients versus healthy controls (22, 26, 29–31), 7 of them examined UIC in PTC patients versus non-PTC patients(including patients with benign thyroid nodules, nodular goiter, and thyroid adenomas) (22, 24–27, 30, 31), 3 of them studied the relationship between UIC and BRAF mutation in PTC patients (23, 25, 29), and 3 cases examined the relationship between UIC and LNM in patients with PTC (23, 28, 29). We divided urinary iodine into four categories according to the data in these articles. Excessive iodine intake: UIC≥300ug/L, iodine above requirements: 200≤UIC<300ug/L, iodine in moderation:100≤UIC<200ug/L, and iodine deficiency: UIC ≤ 100ug/L. By extracting and analyzing the data of UIC among the participants, we hope to answer some controversial questions about iodine nutrition and PTC.


Table 1 | Characteristics of the included studies in the meta-analysis.





UIC in PTC patients vs. healthy controls

In the pooled results of 5 studies (22, 26, 29–31), the prevalence of excessive iodine intake(UIC≥200ug/L) was statistically significant (OR 4.05, 95%CI 1.64-10.02 P=0.002, n = 2,414) (Figure 2A), which indicated that higher level of UIC may play a role in the prevalence of PTC. The results also indicated that adequate iodine intake(100≤UIC<200ug/L) was more common in healthy individuals than in patients with PTC (OR 0.36, 95%CI 0.14-0.91, P=0.03, n=2,414) (Figure 2C), which indicated that appropriate iodine nutrition may be one of the protective factors for PTC. However, the analysis result of iodine deficiency (UIC<100ug/L) (OR 0.38, 95%CI 0.13-1.16, P = 0.09, n = 2,414) (Figure 2D) and mild excess (200≤UIC<300ug/L) (OR 0.89, 95%CI 0.40-2.01, P = 0.89, n = 2,414) (Figure 2B) were not statistically significant so we cannot predict the exact effect of iodine deficiency and above requirements on PTC occurrence.




Figure 2 | A between-group meta-analysis of UIC in PTC patients versus healthy individuals (controls).





UIC in PTC patients vs. non-PTC patients

Figure 3 provides the forest plots of the relationship between UIC and the occurrence of PTC compared with non-PTC patients. In the pooled results of 7 studies (22, 24–27, 30, 31), there was no significant difference in UIC level between PTC patients and patients with other thyroid diseases (excessive: OR 1.25, 95%CI 0.87-1.80, P = 0.22, n=4,095; above requirements: OR 0.93, 95%CI 0.77-1.14, P=0.49, n=3,944; adequate: OR 0.96, 95%CI 0.78-1.17, P = 0.67, n = 4,076; insufficient: OR 1.02, 95%CI 0.86-1.22, P=0.80, n = 4,227) (Figure 3). Therefore, we could not indicate an association between UIC and the prevalence of PTC when compared with non-PTC patients.




Figure 3 | A between-group meta-analysis of UIC in PTC patients versus patients with non-PTC patients (controls).





UIC in BRAF mutation vs. non-BRAF mutation in PTC patients

We selected 3 articles (23, 25, 29) that compared the association between different levels of UIC and the occurrence of BRAF mutation in PTC patients and did not find significant differences in the levels of UIC between the BRAF mutation positive and negative groups (Figure 4). This may suggest that excessive iodine intake (OR 0.95, 95%CI 0.51-1.78, P=0.88, n=546) (Figure 4A), above requirements (OR 1.02, 95%CI 0.50-2.07, P=0.96, n=546) (Figure 4B), moderate (OR 0.85, 95%CI 0.52-1.40, P=0.53, n=634) (Figure 4C) or deficiency (OR 1.32, 95%CI 0.66-2.66, P=0.43, n=634) (Figure 4D) do not affect the occurrence of the BRAF mutation in PTC patients.




Figure 4 | A between-group meta-analysis of UIC in BRAF mutation versus non-BRAF mutation in PTC patients.





UIC in LNM vs. NLNM in PTC patients

Three of the included studies (23, 28, 29) compared UIC levels in PTC patients with and without LNM. We extracted and analyzed the data from these studies and found that there was no significant difference in the prevalence of excessive iodine intake (OR 1.23, 95%CI 0.68-2.23, P=0.48, n=989) (Figure 5A), mild overdose (OR 1.22, 95%CI 0.82-1.81, P=0.34, n=989) (Figure 5B), moderate (OR 0.65, 95%CI 0.40-1.07, P=0.09, n=989) (Figure 5C), or deficiency(OR 1.29, 95%CI 0.43-3.84, P=0.65, n=989) (Figure 5D) between PTC patients with or without LNM.




Figure 5 | A between-group meta-analysis of UIC in LNM versus NLNM in PTC patients.





Subgroup analysis based on the UIC detection methods

We focused on 5 studies that examined the prevalence of iodine excess in PTC patients and healthy individuals (22, 26, 29–31). A total of two kinds of UIC detection methods were involved in these studies: inductively coupled plasma mass spectrometry (ICP-MS) and As-Ce catalytic spectrophotometry. To investigate whether different UIC detection methods can lead to different results, subgroup analysis was performed based on UIC assays for studies conducted in PTC patients and healthy controls (Figures 6, 7). Despite the stratification by UIC detection methods iodine intake status, the heterogeneity of subgroups was still high. We also verified significant differences between these subgroups. We analyzed the prevalence of excessive iodine intake(UIC≥300ug/L) according to UIC detection methods, which indicated that the prevalence of iodine overdose was significantly higher in PTC patients than in healthy individuals in the As-Ce catalytic spectrophotometry group (OR 4.07, 95% CI 1.60-10.34, P=0.003, n=1172), while the difference in ICP-MS group was not statistically significant (OR 3.74, 95% CI 0.31-45.24, P=0.30, n=1,242) (Figure 6). In the group of adequate iodine intake (100≤UIC<200ug/L), we have not found a significant difference between the two groups(As-Ce catalytic spectrophotometry group: OR 0.41, 95% CI 0.13-1.28, P=0.13, n=1172; ICP-MS: OR 0.29, 95% CI 0.04-2.14, P=0.23, n=1,242) (Figure 7).




Figure 6 | Subgroup meta-analysis of the incidence of high iodine intake (UIC≥300ug/L) in PTC patients versus healthy controls according to UIC detection methods.






Figure 7 | Subgroup meta-analysis of the incidence of adequate iodine intake (100≤UIC<200ug/L) in PTC patients versus healthy controls according to UIC detection methods.





Sensitivity analysis

To assess the stability of the results, we performed a sensitivity analysis. Each article was successively excluded and a meta-analysis was conducted on the remaining literature, and we observed that the results did not change significantly, which means that the results were stable and reasonable.




Discussion

Our meta-analysis evaluated 10 case-control studies that used UIC as an alternative indicator for iodine nutrition to investigate its association with the occurrence and invasiveness of PTC. In our results, UIC and the incidence of iodine overdose in PTC patients were significantly higher than those in healthy individuals while there was no significant statistical difference between PTC patients and patients with thyroid adenomas, thyroid nodules, and nodular goiter, which means that the level of UIC in PTC patients was higher than that in healthy controls, but not different from that in patients with other thyroid diseases. Our results support that high urinary iodine or excessive iodine nutrition was related to the occurrence of PTC. In addition, by comparing the UIC of PTC patients with healthy controls, we found that the appropriate dose of UIC has a protective effect on the occurrence of PTC while there was no significant difference in UIC levels between PTC patients and patients with other thyroid diseases. As for iodine deficiency, there was no significant difference observed between the groups.

Iodine, an essential molecule for the synthesis of thyroid hormone and thyroxine, is an important trace element in the human body and mainly accumulates in the thyroid gland and plays an important role in regulating thyroid hormone and metabolic function. Previous studies have indicated that both insufficient and excessive iodine intake can drive thyroid diseases, which implies a U curve relationship (8, 32–34), which means that chronic iodine deficiency or excess can lead to thyroid dysfunction by interfering with homeostasis, proper iodine range will help protect thyroid function while excess or insufficient iodine will promote the occurrence of thyroid diseases. Various studies suggested that iodine intake is probably the influencing factor of PTC (35), our research group also raised the point that excessive iodine intake can have toxic side effects to remind the importance of proper iodine supplementation (36). The viewpoint is consistent with this meta-analysis, which also indicates that moderate iodine intake help protects against PTC, while excess iodine promotes PTC compared with healthy controls. Our results reemphasize the importance of dose-based studies, which may be vital for clarifying the true relationship between iodine status and PTC.

In addition, the combined action of more variables are ought to be considered in the research of iodine and PTC. There are several reasons for the inconsistency between the results of previous studies on iodine and PTC. First of all, different studies used different indicators to reflect iodine nutrition level, such as dietary questionnaires (11, 12, 37–39), regional water iodine (9), salt iodization (10), nail iodine (40), urine iodine (41)and so on. Many of these indicators of iodine nutrient levels are influenced by many factors, such as environment and race, so we suggest the most stable indicators should be considered in future studies. Second, though UIC changes depending on dietary iodine intake, it has been used as a proxy in the population (42). The detection methods of UIC are diverse, the studies included in our meta-analysis involve urinary iodine detection kits, As-Ce catalytic spectrophotometry, Sandell–Kolthoff reaction, ICP-MS, and Sandell–Kolthoff reaction. We have found that the effect of different detection methods varied, so it’s better to use the best measurement to get the most convincing results. In addition, different studies have treated urinary iodine data differently, with many focusing on median UIC differences between case and control groups. Some studies provided creatinine-adjusted and unadjusted UICs for that previous studies have shown that creatinine-adjusted UIC can compensate for the changes in dietary intake and excretion, so it is a better indicator because of its stability (43, 44). We did not include them because there were few eligible studies (29, 41, 45). Considering the choice of the control group, some studies used patients with thyroid nodules or other thyroid diseases as controls. The selection of controls in our analysis distinguished patients with other thyroid disorders, such as thyroid nodules, from healthy participants and found that UIC was significantly different mainly in PTC and healthy controls, while thyroid nodules attenuated this difference. It is suggested that future studies should select appropriate control groups to clarify the true relationship between iodine intake and PTC.

Among various previous inconsistent epidemiological investigations, our analysis provides a clear conclusion that maintaining iodine nutrition in the appropriate range is beneficial for PTC, and it is necessary to avoid excessive iodine intake, which may promote the occurrence of PTC. In the conclusion, our study provides a strong basis for rational iodine supplementation and provides insights for future studies by reviewing existing epidemiological studies.
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