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Objective: To investigate iodine status among pregnant women in an iodine-sufficient region in China after the implementation of revised universal salt iodization (USI) standards in 2012 and assess the association between urinary iodine concentrations (UIC) in early pregnancy and the incidence of subclinical hypothyroidism (SCH) in euthyroid women negative for antithyroid Ab during different trimesters.

Methods: We measured the iodine status of 1,264 pregnant women, and performed follow-up assessment of thyroid function at 20 and 30 weeks of gestation among a cohort of 250 euthyroid women. We assessed the association of UIC in the 1st trimester with the incidence of SCH in subsequent trimesters. UIC and serum free triiodothyronine (FT3), free thyroxine (FT4), thyroid-stimulating hormone (TSH), thyroid peroxidase antibody (TPOAb), and thyroglobulin antibody (TgAb) were measured.

Results: The median UIC was 135.95 μg/L among 1,264 women. Serum FT4 level was significantly higher in the group of UIC 150 to 249 μg/L compared with other UIC groups (P < 0.001). TSH was significantly higher in the UIC more than or equal to 250 μg/L group than the UIC 150 to 249 g/L group (P = 0.043). Of the 250 euthyroid women negative for antithyroid Ab (TSH value of 2.5–3.55 mU/L) in the 1st trimester, pregnant women with UIC lower than 100 μg/L in the 1st trimester exhibited a significantly increased risk of SCH (odds ratio [OR] = 2.47; 95% confidence interval [CI] = 1.22–5.71; P = 0.012, according to the Chinese Medical Association criteria; OR = 5.22, 95% CI = 1.73–6.09, P = 0.004, according to ATA criteria) during the latter half of pregnancy compared with the UIC 150 to 249 μg/L group.

Conclusion: Moderate-to-severe iodine deficiency (UIC lower than 100 μg/L) in the 1st trimester was associated with a significantly higher risk of SCH during the 2nd or 3rd trimesters among euthyroid pregnant women who had negative for antithyroid Ab. Women with SCH during pregnancy require regular UIC tests to maintain appropriate iodine status.
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INTRODUCTION

The most common thyroid disease during pregnancy is hypothyroidism, especially subclinical hypothyroidism (SCH). SCH is diagnosed by elevated serum thyroid-stimulating hormone (TSH) without elevated serum free thyroxine (FT4). A higher incidence can be observed in women who has a family history of thyroid disease, iodine insufficiency, and increasing age. Iodine insufficiency during pregnancy often leads to hypothyroidism and adverse pregnancy outcomes.

Iodine requirements are higher in pregnant women than in non-pregnant adults because of the increased fetal thyroid hormone requirements for brain development and increased maternal renal excretion (1). Previous studies have indicated that inappropriate iodine statues in pregnancy were potentially associated with a higher prevalence of thyroid dysfunction and negative effects on fetal neurological and cognitive development (2–6). Adequate iodine nutrition status is especially beneficial to the sufficient synthesis of thyroid hormones and the maintenance of normal thyroid function in the 1st trimester of pregnancy. In 2007, the World Health Organization (WHO)/UNICEF/IGD recommended criteria for iodine status assessment in pregnant women according to median urinary iodine concentrations (UICs); a median level of UIC of 150 to 249 μg/L denotes iodine sufficiency, a UIC of lower than 150 μg/L denotes iodine deficiency, and a UIC of more than or equal to 250 μg/L denotes iodine excess (7).

The Chinese Ministry of Health (MOH) released new standards for the iodine content in household iodized salt in 2012 (Chinese Standard GB 26878–2011). In the standard, the average level of iodine content in household iodized salt was lowered from 50 mg/kg to 25 mg/kg. In March 2012, Jiangsu Province complied with the regulations and allowed a range of 18–33 mg/kg for iodine content in salt. Implementation of the revised regulations may have resulted in increased iodine deficiency, especially in pregnant women. According to the latest national iodine nutrition survey, the urinary iodine level of the general population and children in Jiangsu Province belongs to the state of iodine sufficiency (8). Recently, an observational study conducted in northern Jiangsu Province assessed iodine status by the neonatal TSH and suggested an iodine deficiency in the region, in which the prevalence of neonatal TSH values > 5 mIU/L was 29.3% (9). However, UIC is currently the most practical biochemical marker of iodine nutrition according to the WHO and the 2017 American Thyroid Association (ATA) Guidelines (1). Now that 7 years have passed since the updated universal salt iodization (USI) standards in China, evaluating urinary iodine among pregnant women on the basis of appropriate indicators and screening thyroid function is a crucial task. The 2017 ATA Guidelines recommended raising the cutoff point for SCH from 2.5 to 4.0 mU/L TSH (1, 10). Cutoff values also depend on the measurement system used. The 2019 Chinese Medical Association (10) defined 3.55 mU/L TSH as the cutoff point for SCH when a Beckman Coulter measurement system is used. According to the guidelines, the assessment frequency for thyroid function throughout pregnancy depends on the level of thyroid-related hormones and antibodies at the first prenatal visit and the diagnostic criteria for thyroid diseases during pregnancy. Therefore, the guidelines recommended that thyroid function and UIC monitoring were not necessary for women negative for thyroid peroxidase antibody (TPOAb) with a TSH value of 2.5–3.55 mU/L at their first prenatal visit. However, one study reported that the prevalence of SCH in subsequent trimesters was not lower for such women (11), and ultimately the new guidelines may result in a missed diagnosis of SCH. Thyroid hormones are necessary throughout pregnancy, and normal maternal thyroid function in the 2nd and 3rd trimesters of pregnancy remains crucial for fetal nervous system development. SCH has been associated with negative pregnancy outcomes and neurocognitive deficits in fetal development, even in women negative for antithyroid Ab (12, 13). Therefore, euthyroid pregnant women with a TSH between the cutoff values of the old and new SCH criteria (TSH value of 2.5–3.55 mU/L) should be monitored for SCH. Identifying a simple, non-invasive index of SCH risk for such groups should be a priority.

The aim of this study was two-fold: first, to assess the iodine status of pregnant women 7 years after the implementation of the adjusted USI standards in Jiangsu, China; second, to conduct a longitudinal study on euthyroid pregnant women who were negative for antithyroid Ab (TSH value of 2.5–3.55 mU/L) to identify an association between maternal iodine status in the 1st trimester of pregnancy and the risk of SCH in subsequent trimesters of pregnancy in an iodine-sufficient region.



METHODS


Participants and Data Collection

A total of 1,264 pregnant women with a single pregnancy in the Affiliated Hospital of Jiangsu University (Zhenjiang, Jiangsu, China) from January 2019 to December 2019 were included in this study, and the area map for the sampling territory was shown in Supplementary Figure 1. All participants were aged 19–43 years and had lived in Jiangsu Province for more than 1 year. Women with a history or family history of thyroid diseases or chronic diseases, (e.g., hypertension, diabetes, liver insufficiency, and renal insufficiency and so on), or who had taken an iodine-containing multivitamin or iodinated contrast agents before pregnancy were excluded. Demographic characteristics including age, education level, ethnicity, gestational weeks, height, weight, body mass index (BMI) and medical and supplement-taking histories were collected by a questionnaire. In the first part of the cross-sectional study, 1,264 pregnant women were divided into three groups: 1st trimester (4–12 weeks), 2nd trimester (13–27 weeks), and 3rd trimester (≥ 28 weeks). UIC frequency distributions were assessed according to the WHO criteria: moderate-to-severe iodine deficiency (UIC lower than 100 μg/L), mild iodine deficiency (UIC 100 to 149 μg/L), adequate iodine (UIC 150 to 249 μg/L), above requirements (UIC 250 to 499 μg/L), and excessive (UIC more than or equal to 500 μg/L). This study was approved by the Medical Ethics Committee of the Affiliated Hospital of Jiangsu University (Approval # K0122).



Sample Collection and Laboratory Measurements

Overnight fasting blood samples were obtained in evacuated tubes for blood specimen collection (4–5 mL), serum was separated and stored in the eppendorf tube at −80 °C for testing serum concentrations of free triiodothyronine (FT3), FT4, TSH, TPOAb, and thyroglobulin antibody (TGAb). Thyroid hormones and antibodies were measured using chemiluminescent detection on a Beckman Coulter Unicel DxI 800 (Beckman Coulter Inc., Miami, FL, USA) in the Nuclear Medicine Laboratory of our hospital. The intra-assay coefficients of variation of serum FT3, FT4, TSH, TPOAb, and TgAb were 1.47–4.64%, 1.80–5.01%, 1.31–3.79%, 2.35–4.23%, and 1.66–4.21%, respectively. The inter-assay coefficients of variation of serum FT3, FT4, TSH, TPOAb and TgAb were 2.02–5.13%, 2.42–6.57%, 1.35–4.71%, 4.03–5.16%, and 2.54–5.78%, respectively. Spot urine samples were collected 3 days after the first prenatal visit to ensure that pregnant women did not consume any iodine-rich foods (e.g., seaweed, kelp, and seafood) within 3 days of the sampling. Subsequently, further spot urinary iodine samples were collected twice after the first prenatal visit; three samples were collected in all subsequent weeks, and the mean value of the three urinary iodine tests was used as the final urinary iodine value to reduce the effect of glomerular filtration on measured UIC. Participants determined to be iodine deficient after the UIC spot-tests were recommended an iodine-rich diet but not iodine-containing multivitamins or drugs; likewise, a decrease in iodine-rich food was suggested to participants with excessive iodine. The urine samples (10 mL) were stored in plastic bottles and stored at 4 °C until analysis. Of the 1,264 participants, follow-up visits at 20 and 30 weeks of gestation were performed for 257 participants who were euthyroid and antithyroid Ab-negative with a TSH value of 2.5–3.55 mU/L in the 1st trimester. Four participants were lost to follow-up, and three pregnancies ended in miscarriage. Therefore, 250 women completed the longitudinal study. Blood samples were obtained at the first visit and at 20 and 30 weeks of gestation (Figure 1). UIC was evaluated using As3+-Ce4+ catalytic spectrophotometry on a iodine meter (OTT-I-P, Xiangyang Wentes Health Technology Co., Ltd, Hubei, China) according to a health industry standard method released by the National Health Commission of China in 2016 (WS/T 107.1–2016) in the Nuclear Medicine Laboratory of our hospital, in which freeze-dried human urinary iodine component obtained from National Institute for Nutrition and Health Chinese Center for Disease Control and Prevention is used as the certified reference material.
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FIGURE 1. Participant selection.




Diagnosis of Thyroid Disease

The evaluation of thyroid dysfunction was conducted using different reference intervals, one of which was recommended by the 2019 Chinese Medical Association guidelines (14): T1: FT4 9.01–15.89 pmol/L,TSH 0.05–3.55 mU/L, T2: FT4 6.62–13.51 pmol/L„TSH 0.21–3.31 mU/L; T3: FT4 6.42–10.75 pmol/L, TSH 0.43–3.71 mU/L; TPOAb 0–9 IU/mL, and TGAb 0–4 IU/mL for three trimestres. A cutpoint of 4.0 mU/L for TSH proposed by the ATA in 2017 (1) was also used. Diagnosis of thyroid disease: Clinical hypothyroidism: TSH is higher than the normal range with FT4 lower than normal range; SCH: TSH is higher than the reference range and FT4 within the reference values; isolated hypothyroxinemia: TSH within the reference values and FT4 lower than the normal range as well as negative TPOAb and negative TgAb. Positive TPOAb: TPOAb > 9 IU/mL. Positive TGAb: TGAb > 4 IU/mL.



Statistical Analysis

Statistical analysis was performed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA). Variables were presented as mean ± standard deviation or medians with interquartile ranges. One-way analysis of variance was used to compared continous variables, Kruskal-Wallis method was used to compared non-normally distributed data, Dunn's test with Bonferroni correction was used for pairwise multiple comparision. Categorical variables were compared using the chi-square test and were expressed as counts and percentages. Multivariate analyses were used to estimate the association between iodine deficiency and SCH during different trimesters. All the tests were two-tailed and values of P < 0.05 were considered statistically significant.




RESULTS


Participant Characteristics

Table 1 shows the demographic characteristics, UICs, serum FT3, FT4, TSH, and UIC frequency distribution according to pregnancy trimesters. A total of 987 (78.09%), 169 (13.37%), and 108 (8.54%) participants were in the 1st, 2nd and 3rd trimesters of pregnancy, respectively. The average age was 28.36 ± 3.64 (range: 18–43) years. The average BMI was 21.69 ± 2.05 kg/m2. Age, ethnicity, educational level, and pre-pregnancy BMI did not significantly differ between the three trimesters of pregnancy.


Table 1. Demographic characteristics and urinary iodine concentration frequency distribution based on pregnant trimesters.
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Iodine Status

The overall median UIC was 135.95 μg/L, and the median UIC was 147.1 μg/L, 122.1 μg/L, and 110.6 μg/L in the 1st, 2nd, and 3rd trimesters, respectively, suggesting that pregnant women in this area were iodine deficient in all stages of pregnancy. Compared with participants in the 1st trimester, pregnant women in the 2nd trimester had a significantly lower UIC (P = 0.017). No significant differences were observed in UIC among the other groups. According to the WHO criteria, 441 participants (34.89%) were iodine sufficient (UIC 150 to 249 μg/L), 372 (29.43%) had moderate-to-severe iodine deficiency (UIC lower than 100 μg/L), 303 (23.97%) had mild iodine deficient (UIC 100 to 149 μg/L), 111 (8.78%) had above requirements of iodine intake(UIC 250 to 499 μg/L), and 37 (2.93%) were iodine excessive (UIC more than or equal to 500 μg/L). The prevalence of sufficient iodine in pregnant women in the 1st trimester was higher than those in the 2nd and 3rd trimesters (36.88% vs. 27.22% and 28.70%; P = 0.019).



Baseline Thyroid Function

Serum FT4 was found significantly higher in participants in the 1st trimester than in the 2nd (12.15 vs. 9.88 pmol/L; P < 0.001) or 3rd trimester (12.15 vs. 9.36 pmol/L; P < 0.001). Likewise, serum FT4 was significantly higher in the 2nd trimester than in the 3rd trimester (9.88 vs. 9.36 pmol/L; P < 0.001). No significant differences were observed between FT3 and TSH among the three trimesters of pregnancy (Table 1). Serum FT4 was found significantly lower in pregnant women with UIC lower than 100 μg/L (P < 0.001), UIC 100 to 149 μg/L (P < 0.001), and UIC more than or equal to 250 μg/L than those with UIC 150 to 249 μg (P < 0.001). By contrast, TSH showed significantly higher in women with UIC more than or equal to 250 μg/L compared with UIC 150 to 249 μg/L group (P = 0.043), but no significant differences in TSH values were observed among the other groups (Table 2).


Table 2. Serum concentrations of FT3, FT4 and TSH in the first trimester among women by UIC group.
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Prevalence of Thyroid Disorders

Table 3 lists the prevalence of thyroid diseases according to the Chinese Medical Association and ATA criteria. The lowest prevalence of TPOAb and TgAb positivity was in the UIC 150 to 249 μg/L group. The highest prevalence of SCH was in pregnant women with UIC more than or equal to 250 μg/L. The highest rate of clinical hypothyroidism, isolated hypothyroxinemia, and TPOAb positivity was in pregnant women with UIC lower than 100 μg/L, but the difference between groups was non-significant. Compared with the UIC 150 to 249 μg/L group, the prevalence of TgAb positivity was significantly higher in UIC lower than 100 μg/L group (12.37% vs. 6.12%, P = 0.002). The prevalence of SCH and clinical hypothyroidism was higher according to the Chinese Medical Association criteria than the ATA criteria (4.43% vs. 3.09%; P = 0.075, 1.27% vs. 0.64%; P = 0.101).


Table 3. Prevalence of thyroid disorders among women by UIC group.
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Prevalence of SCH in the 2nd and 3rd Trimesters

To assess the association between UIC in the 1st trimester and the incidence of SCH in the 2nd and 3rd trimesters, follow-up visits were performed at 20 and 30 weeks of gestation with 250 women who had normal thyroid function (TSH 2.5–3.55 mU/L) and negative TPOAb and TgAb tests in the 1st trimester. Table 4 presents the baseline characteristics and thyroid function in the 1st trimester and in follow-up visits. No significant differences in age, gestational weeks, pre-pregnancy BMI or serum concentrations of FT3, FT4 or TSH in the 1st trimester were observed across UIC groups.


Table 4. Baseline characteristics and thyroid function in the first trimester among follow-up visits of pregnant women by UIC group.
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Of the 250 euthyroid pregnant women negative for antithyroid Ab (TSH 2.5–3.55 mU/L) in the 1st trimester, the incidence of SCH in the 2nd or 3rd trimesters according to different diagnostic criteria is presented in Table 5. According to the Chinese Medical Association criteria, 56 (22.40%) participants were confirmed to have SCH in the 2nd or 3rd trimesters, whereas according to the ATA criteria, 29 (11.60%) participants were confirmed to have SCH (TSH ≥ 4.00 mU/L). If the ATA 2012 criteria were used (TSH ≥ 3.0 mU/L), 131 (52.4%) participants would be considered as having SCH. The lowest prevalence of SCH in the 2nd or 3rd trimester was observed in the UIC 150 to 249 μg/L group (15.96% according to the Chinese Medical Association criteria and 5.32% according to the ATA criteria). We performed multiple logistic regression analyses to evaluate the association between UIC and SCH, and found that UIC lower than 100 μg/L in early pregnancy exhibited an increased risk of SCH (odds ratio [OR] = 2.47, 95% confidence interval [CI] = 1.22–5.71; P = 0.012, according to the Chinese Medical Association criteria; and OR = 5.22, 95% CI = 1.73–6.09; P = 0.004, according to the ATA criteria) in late pregnancy than those in the iodine sufficient group after adjusting for age, gestational age, and BMI.


Table 5. Multivariable logistic regression analyses of association between urinary iodine concentrations in the first trimester and incidence of subclinical hypothyroidism in second and third trimesters among pregnant women by Chinese and ATA diagnostic criteria.
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DISCUSSION

According to the WHO (7) and 2017 ATA Guidelines (1), pregnant women are recommended to ingest approximately 250 μg of iodine daily to meet the requirements for fetal neurocognitive development and reduce the risk of thyroid dysfunction.

UIC is currently the most practical biochemical marker for iodine nutrition according to the WHO and ATA (7). UIC can be conveniently measured from a single spot urine sample, and such samples are commonly used in field research. However, single spot urine samples have reduced value for assessing iodine status during pregnancy because of the substantial increases in renal iodine and urine volume as the pregnancy progresses, resulting in variation in day-to-day spot urinary iodine values (1). In this study, three spot urinary iodine samples were collected every week beginning from 3 days after the first prenatal visit, and the median of the three urinary iodine values was used as the final urinary iodine value; the goal of this approach was to reduce the effect of glomerular filtration on measured UIC values.

In, 2012, China reduced the USI standards to prevent adverse effects from excessive iodine excess intake (8). A previous population-based study in Zhenjiang, Jiangsu Province in 2016 reported that the median UIC of pregnant women and school-age children was 161.5 and 225 μg/L, respectively, indicating that Zhenjiang residents had sufficient iodine intake (15). However, the rate of iodine deficiency in the participants in our study (as defined by the WHO; UIC lower than 150 μg/L) was 53.40%. The overall mean UIC determined in this study (135.95 μg/L) in pregnant women is similar to that reported in Zhejiang Province (130.47 μg/L) (16). The median UIC was the highest in the 1st trimester and the lowest in the 3rd trimester; these findings are consistent with studies in Shanghai and Switzerland (16, 17). The neglect of assessing iodine status and the lowering of iodine content in salt may be the causes of the iodine deficiency observed in this study. The fetal thyroid can begin to function and initiate the synthesis of thyroid hormones required for brain development with the support of maternal iodine transfer in the middle phase of gestation (18, 19). Therefore, pregnant women in the 2nd and 3rd trimesters should consider taking iodine supplements to ensure a normal iodine status.

However, no universally agreed upon diagnostic criteria exist for thyroid diseases during pregnancy because of the diversity in geography, ethnicity, trimester timing, and measurement systems. In 2017, the ATA raised the TSH cutoff point for SCH from 2.5 to 4.0 mU/L (3). The 2019 Chinese Medical Association guidelines recommended separate, specific reference ranges of pregnancy for thyroid function index based on several of the most widely used measurement systems in China (Abbott Laboratories, Roche Diagnostics, and Beckman Coulter) (14). In this study, a Beckman Coulter measurement system was used to assess serum thyroid functional parameters; therefore, a TSH cutoff of 3.55 mU/L was applied as the reference range.

Previous studies have indicated that both iodine deficiency and iodine excess during pregnancy can increase the risk of thyroid dysfunction (2–6). Our study revealed that the level of serum FT4 concentration was lower in the UIC more than or equal to 250 μg/L group than the iodine sufficient group. TSH was significantly higher in the UIC more than or equal to 250 μg/L group compared with the iodine sufficient group. Moreover, the prevalence of TPOAb positivity and SCH tended to be higher in the UIC more than or equal to 250 μg/L group compared with the iodine sufficient group, although the difference was non-significant, suggesting that thyroid autoimmunity may damage thyroid function due to increased iodination of thyroglobulin or direct stimulation of immune cells (20). This result is similar to that of Shi et al. (21) who reported a U-shaped relationship between UIC and the prevalence of TPOAb positivity. UIC more than or equal to 250 μg/L was identified to be associated with an increased risk of SCH (21).

Fetal and infant neurodevelopment depend on adequate thyroid hormone (22), and the increasing requirement for iodine during pregnancy makes pregnant women prone to iodine deficiency. In this study, FT4 was significantly lower in UIC 100 to 149 μg/L and UIC lower than 100 μg/L than that in the iodine sufficient group, indicating that sufficient iodine status is beneficial to achieving normal thyroid hormone levels. With the implementation of USI projects all over the world, severe iodine deficiencies have been greatly reduced (1). However, mild to moderate iodine deficiencies are still common during pregnancy (23). Mild iodine deficiencies have been reported in most European countries as well as the United States (24, 25). Similarly, iodine deficiencies have been widely reported in many regions of China since the implementation of the revised USI standards (15, 16, 26–30). Severe iodine deficiency (UIC lower than 50 μg/L) during pregnancy is associated with maternal and fetal thyroid dysfunction and destructive consequences on fetal intrauterine growth and neurological and cognitive development that can result in miscarriage, stillbirth, and infant mortality (31–33). Mild to moderate iodine deficiencies have also been associated with impaired cognitive outcomes in offsping (34–37), but not in all studies (38–40), The WHO recommends a daily iodine intake of approximately 250 μg during pregnancy. However, a randomized, double-blind, placebo-controlled trial (41) determined that iodine supplementation of 200 μg daily for women with UIC 131 μg/L in 1st trimenser had no benefit on offspring neurodevelopment in an iodine-sufficient area, in which mild iodine deficiency might have biased the above trial toward a null effect. Pregnant women whose TSH is between the cutoff values of the old and new ATA criteria (TSH value of 2.5–3.55) are likely to be identified as euthyroid and thyroid monitoring or even spot UIC measurements may not be a priority. In this study, most women (76%) with UIC lower than 100 μg/L in the 1st trimester of pregnancy remained at this level for the subsequent two tests, suggesting that iodine deficiency may be a long-term condition and increasing intake of iodine-rich food may not improve iodine status in the short term. Furthermore, we found that UIC lower than 100 μg/L in the 1st trimester of pregnancy is associated with a higher risk of SCH in subsequent stages of pregnancy. The underlying mechanisms may involve insufficient thyroid hormone synthesis and feedback stimulation of increased pituitary TSH production due to maternal iodine deficiency (42). Moreover, some cohort studies found that the offspring of pregnant women with UIC <100 μg/L showed adverse educational outcomes at school ages, which including lower intelligence quotient and reduced reading ability (36, 37). Future intervention trials in pregnant women with UIC <100 μg/L would be valuable.

The present study has several strengths, this is a longitudinal study, although the sample size was relatively small, the causal relationship between moderate-to-severe iodine deficiency in the first trimester of pregnancy and the increased risks of SCH in euthyroid women negative for antithyroid Ab during different trimesters could be convincing. In addition, our results identify a simple, non-invasive index of SCH risk during pregnancy. At the same time, the present study has several limitations that need to be addressed in future prospective studies. First, the number of participants in the final study was relatively small in part due to the strict inclusion criteria used. In particular, we excluded women who took an iodine-containing multivitamin before or during pregnancy, which was relatively common. Second, neonatal thyroid function and pregnancy outcomes were not observed in the follow-up analysis. Third, although UIC was determined on the basis of three spot urine samples to reduce the impact of glomerular filtration on the study results, we did not examine the urinary iodine-to-creatinine ratio, which has been suggested to be a valid index for correcting daily urinary volume for pregnant women (43). Fourth, the iodine intake from salt and other food of pregnant women wasn't evaluated according to a validated food-frequency questionnaire, the reason of iodine deficiency was unclear.



CONCLUSION

In conclusion, we evaluated the iodine status and thyroid function of 1,264 women during pregnancy seven years after the modification of the USI standards. Our results revealed widespread iodine deficiency at any stage of pregnancy among women who did not take iodine supplements in Jiangsu Province. The follow-up study on euthyroid women negative for antithyroid Ab (TSH value of 2.5–3.55) confirmed that moderate-to-severe iodine deficiency (UIC lower than 100 μg/L) in the 1st trimester of pregnancy is associated with a significantly higher risk of SCH in subsequent stages of pregnancy. Our study is the first to report the association between iodine deficiency and the increased risks of SCH on the basis of two criteria. Our results highlight the need for periodic monitoring of iodine, especially in early pregnancy in Jiangsu Province, and present a basis for reducing the prevalence of SCH in the early stages of pregnancy.
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