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Abstract
Background and ObjectivesThis study was to investigate the association between the previous history of seaweed intake after childbirth and subclinical hypothyroidism (SCH) occurrence in Korean women based on the latest nationally representative epidemiological survey data, the Sixth Korea National Health and Nutrition Examination Survey (KNHANES VI).

Materials and MethodsThis study used data from KNHANES VI, a cross-sectional, nationally representative survey that comprises a health interview survey, health examination survey, and nutrition survey. Of the initial 22,948 Korean participants enrolled in KNHANES VI, 2,046 women were selected for this analysis. To examine SCH, the thyroid-stimulating hormone (TSH) reference range was defined using a population-based TSH range.

ResultsSubclinical hypothyroidism was increased in those who consumed seaweed soup after childbirth, but this was not significant (OR 1.3, CI: 0.80–2.13, p=0.293). However, the odd ratio for SCH differed according to the duration of seaweed soup consumption. When seaweed soup was consumed within 1 week after birth, the OR was increased in the crude model (OR 2.61, CI: 1.39–4.89, p=0.002), but this was no longer significant in the adjusted model (OR 1.89, CI: 0.79–4.50).

ConclusionThe notable finding from this study is that the previous history of excessive seaweed consumption during post-partum period may not be a risk factor for SCH in Korean women.
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Introduction
Subclinical hypothyroidism (SCH) is defined as an isolated elevated serum thyrotropin level despite a normal serum thyroid hormone level.1) The prevalence of SCH ranges from 3% to 12%2, 3) and can be up to 20% in women older than 60 years.4) The prevalence is dependent on the thyroid-stimulating hormone (TSH) reference range used, and the TSH level is strongly influenced by sex, area of residence, iodine intake, and presence of autoantibodies.2, 5, 6) A prevalence of SCH up to 18% has been reported in iodine-rich areas,7, 8) and Korea is classified as an iodine-rich area. A previous study reported that the average iodine intake of healthy adults in Korea is 479 µg/day and that the average urinary iodine concentration (UIC) is 674 µg/g creatinine.9) Given that more than 500 µg/g creatinine of the UIC is considered to indicate excessive iodine intake,10) Korea is a high iodine-intake area.11) This high intake may reflect the frequent nationwide dietary intake of iodine-rich seaweeds such as laver and kelp.11) In Korea, it is a tradition for a mother to consume seaweed soup after childbirth to increase breast milk supply. The purposes of this study were to investigate the association between the previous history of seaweed intake after childbirth and SCH occurrence in Korean women based on the latest nationally representative epidemiological survey data, the Sixth Korea National Health and Nutrition Examination Survey (KNHANES VI).

Materials and Methods
Study Population
KNHANES VI was performed by the Korea Centers for Disease Control and Prevention (CDC) and comprises a health interview survey, health examination survey, and nutrition survey. It uses a stratified multistage probability sampling design. Informed written consent for participation was obtained from all study participants. The study was approved by the Korea CDC Institutional Review Board.
The TSH reference range was calculated based on the enrolled population, and the values corresponding to 2.5th and 97.5th percentiles were defined as reference ranges (0.62–6.68 µIU/mL). Of the initial 22,948 Korean participants, 2,046 women were selected for this analysis by excluding those who did not meet the inclusion criteria: male gender (n=10,411), age <19 years (n=2,338), pregnant (n=16), history of delivery within 1 year (n=96), history of treatment for thyroid disease (n=71), insufficient urine iodine data (n=390), insufficient serum free thyroxine (FT4) data or FT4 level not within the normal range (n=7,345), or insufficient TSH data or concentration <0.62 µIU/mL (n=235).

Measurements
All measurements and data from questionnaires were collected by specially trained investigators. Detailed anthropometric measurements were made as in previous studies.12, 13, 14) Creatinine, TSH, FT4 were measured in blood collected after overnight fasting. TSH concentration was measured using an E-TSH kit (Roche Diagnostics). FT4 concentration was measured using an E-Free T4 kit (Roche Diagnostics) for which the reference range was 0.89–1.76 ng/mL. Clinical practice guidelines suggest the use of population-based reference ranges for TSH.15) In the present study, the range 0.62–6.68 µIU/mL, which corresponds to the 2.5th to 97.5th percentiles of serum TSH concentration in the studied population, was used to define SCH. Iodine-intake status was evaluated using the urine iodine/creatinine ratio determined using inductively coupled plasma-mass spectrometry (PerkinElmer; Waltham, MA, USA). The duration of ingestion of seaweed soup after birth was classified as 1 week, 2 weeks, 3 weeks, 1 month, 2 months, and more than 2 months after birth.

Statistical Analysis
Statistical analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA). P-values <0.05 were significant. The data are expressed as number and percentage or as mean±standard deviation. Differences between participants with SCH and without SCH were evaluated using the Wilcoxon rank-sum test or the χ2 test, as appropriate. Differences between the four quartiles of serum TSH concentration were identified using a generalized linear model (Duncan's test of multiple comparisons). Multivariable adjusted logistic regression analysis was conducted to determine odds ratios (ORs) and 95% confidence intervals (CIs) for the risk of SCH across variables. Because of the complex sampling design, a weighted sampling method was used to assign participants representative of the Korean population in the analysis of data. Detailed characteristics of the statistical analysis of KNHANES have been reported previously.13, 14)


Results
The characteristics of the study population are shown in Table 1. Of the total 2,046 Korean women included, 108 (5.28%) were confirmed to have SCH. Participants with SCH were more likely to be older. Of those with SCH, 51.8% were aged >50 years, and 4.6% were aged >70 years. The median TSH concentration was highest (2.66 µIU/mL) in the >70–year age group (Supplementary Table 1). TPOAb was detected in 26 (24.1%) participants with SCH. The urine iodine creatinine ratio (UICR) was uniformly distributed in the non-SCH group, whereas more participants fell within in the higher UICR quartile in the SCH group. It was found that 70.9% of Korean women consumed seaweed soup for more than one week after childbirth. The remaining 29.1% were found to not consume seaweed soup at all or consume seaweed soup for less than one week after childbirth. Participants who consumed seaweed soup for more than one week after childbirth mostly consumed seaweed soup for up to 3 to 4 weeks after childbirth (21.9%). The SCH group most often consumed seaweed soup in the first week after childbirth, and the non-SCH group for up to 3 to 4 weeks after childbirth.
[image: Table  ]Table 1
Characteristics of study population**Data are presented as mean±SD, n (weighted %), Statistics were carried out using Rao-Scott Chi-square test; †Iodine intake status was evaluated by urine iodine creatinine ratio, UICR, Quartile 1: <Q1 (141.5), Quartile 2: ≥Q1 and <Q2 (281.8), Quartile 3: ≥Q2 and <Q3 (664.6), Quartile 4: ≥Q3.
SD: standard deviation




The OR for SCH was increased in those who consumed seaweed soup after childbirth, but this was not significant (OR 1.3, CI: 0.809–2.13, p=0.293) (Table 2). The ORs for SCH differed according to the duration of seaweed soup consumption. When seaweed soup was consumed within 1 week after birth, the OR was increased in the crude model (OR 2.61, CI: 1.399–4.89, p=0.002), but this was no longer significant in the adjusted model (OR 1.89, CI: 0.79–4.50) (Table 2).
[image: Table  ]Table 2
Logistic regression analysis of subjects with subclinical hypothyroidism**Data are presented OR (95% CI), Statistics were carried out using Logistic regression; †Iodine intake status was evaluated by urine iodine creatinine ratio, UICR, Quartile 1: <Q1 (141.5), Quartile 2: ≥Q1 and <Q2 (281.8), Quartile 3: ≥Q2 and <Q3 (664.6), Quartile 4: ≥Q3.





Discussion
This study evaluated the association between the history of excessive seaweed intake after childbirth and SCH occurrence in Korean women based on the most recently released nationally representative data. In Korean women, seaweed soup intake after childbirth was not significantly related to SCH occurrence.
SCH is known to be a risk factor for cardiovascular disease,16, 17, 18) especially for vascular calcification.19, 20) Therefore, treatment is recommended for those who have cardiovascular diseases.21)
Most studies have reported that age, presence of TPOAb, female sex, and high iodine intake are risk factors for SCH.7) Vadiveloo et al.22) analyzed data of 153,127 participants and found that the median TSH concentration increased with age. The US National Health and Nutrition Examination Survey III reported a trend toward a higher prevalence of SCH in individuals positive for TPOAb.2) The Whickham survey reported that the risk of developing overt hypothyroidism was four times higher in individuals positive for TPOAb.23) Iodine intake is another risk factor for SCH. Excessive iodine intake alters thyroid function through direct toxic effects or immunological alterations.24)
Australia's New South Wales (NSW) government has officially warned that seaweed soup is harmful to mothers and newborns because it contains excessive iodine.25) Korean women traditionally consume brown seaweed soup (Undaria pinnatifida), called “Miyeok Guk”, daily during the early postpartum period to increase breast milk production. According to the NSW government, dried seaweed soup contains 9000 µg of iodine per 100 g of seaweed, which is >33 times the recommended daily intake.25) Benotti et al.26) measured the amount of iodine content in dried seaweed soup spectrophotometrically and suggested that 1 bowl (250 mL) of seaweed broth contains an average of 487±178 µg of iodine. Korean women consume seaweed soup at least three times daily in the first postpartum week.27) Rhee et al.28) reported that Korean women consume on average at least 1400 µg/day of iodine in the first postpartum week, which was calculated based on the consumption of 250 mL of seaweed soup broth three times daily. Given that the World Health Organization (WHO) guidelines recommend 250 µg/day (upper limit of 500 µg/day) of iodine intake during pregnancy and lactation, Korean women seem to be consuming excess iodine during the postpartum period.27) Our study clarifies if seaweed soup intake during the postpartum period is related to the occurrence of SCH. In the crude model, the intake of seaweed soup within the first postpartum week seemed to increase the risk of SCH in mothers, but this association was no longer significant in the adjusted model.
The mechanism to explain this apparent lack of association between SCH risk and intake of seaweed soup is unclear. The effects of excessive iodine are dependent on several factors, including an underlying thyroid disease, thyroid autoimmunity, and the iodine levels before iodine exposure.28) Although the thyroid gland is the main reservoir for iodine, breast and cervical tissues are also involved in iodine storage,29) thus causing women to store excess iodine. Even if iodine is absorbed excessively, it can be stored in each tissue to some extent to prevent any harmful effects of excessive iodine intake. Possibly, SCH develops only when a certain threshold of iodine intake is exceeded. Changes in the breast and cervix associated with pregnancy may increase the capacity for iodine storage.
Our study has several limitations. First, it was a cross-sectional study; therefore, our results do not prove causality. Second, the data were self-reported because of the nature of the questionnaire-based research. The presence of medical illness and a detailed history of treatment were assessed based on the information provided by the participants. Third, due to the nature of data acquisition, the amount of iodine in seaweed soup was not quantified. Based on the results of a previous study on Korean individuals, it is estimated that about 1400 µg/day of iodine was consumed after childbirth.28) Additional quantitative analysis of the iodine content in seaweed soup is necessary.
This study has shown that the seaweed soup commonly consumed by Korean women does not have a significant effect on SCH occurrence, and that, although the duration of intake during postpartum is long, the effect is not significant. In a prospective study of the effects of excessive iodine on postpartum thyroiditis in Korean mothers, it was reported that intake of seaweed soup did not affect the incidence of postpartum thyroiditis.30) Therefore, the NSW recommendation should be interpreted only as a warning that excessive seaweed soup intake will possibly result in thyroid dysfunction in Korean postpartum women. In the present study, seaweed soup consumption for even more than 8 weeks did not affect the occurrence of SCH in Korean women. Excessive concern about Korea's tradition of postpartum care with seaweed soup is not appropriate. However, individuals within the Korean population may have different responses to iodine consumption depending on the presence of autoimmune markers and the residential area. Further research is needed to determine whether these results are characteristic only to Korean women and if they differ depending on the ethnicity or residential area.
To our knowledge, this is the first study to investigate the association between the duration of seaweed soup consumption and the occurrence of SCH in Korean women who commonly consume seaweed soup during the postpartum period. Our analysis of population-based data showed that seaweed intake after childbirth and SCH occurrence may not be related. Further prospective studies are needed to determine whether there is a causal relationship and the long-term outcomes of high iodine intake during the postpartum period.
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[image: Table  ]Table 1

Characteristics of study population**Data are presented as mean±SD, n (weighted %), Statistics were carried out using Rao-Scott Chi-square test; †Iodine intake status was evaluated by urine iodine creatinine ratio, UICR, Quartile 1: <Q1 (141.5), Quartile 2: ≥Q1 and <Q2 (281.8), Quartile 3: ≥Q2 and <Q3 (664.6), Quartile 4: ≥Q3.
SD: standard deviation
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Logistic regression analysis of subjects with subclinical hypothyroidism**Data are presented OR (95% CI), Statistics were carried out using Logistic regression; †Iodine intake status was evaluated by urine iodine creatinine ratio, UICR, Quartile 1: <Q1 (141.5), Quartile 2: ≥Q1 and <Q2 (281.8), Quartile 3: ≥Q2 and <Q3 (664.6), Quartile 4: ≥Q3.
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