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Background

Children with Down syndrome (DS) are prone to developing autoimmune thyroid disease (AITD). Previous studies found lower selenium (Se) levels in children with AITD. Glutathione peroxidase-3 (GPx3) and selenoprotein-P (SePP) are widely used to measure Se levels. DS children tend to have lower Se levels, the main contributor to hypothyroidism in this population. This study aimed to analyze the Se’s role in AITD in Indonesian children with DS.





Methods

This cross-sectional study was conducted between February 2021-June 2022 at the Pediatric Outpatient Clinic of Dr Soetomo Hospital. DS children aged 1 month to 18 years were enrolled using consecutive sampling. Thyroid-stimulating hormone, free thyroxine, thyroid peroxidase (TPO-Ab) and thyroglobulin (Tg-Ab) autoantibody, GPx3, and SePP levels were measured in plasma samples using enzyme-linked immunosorbent assays. Statistical analyses used Chi-square, Mann–Whitney, and Spearman’s rank correlation (rs). All results with p<0.05 were considered statistically significant.





Results

Among 62 children with DS, SePP and GPx3 levels were significantly lower in those with AITD than those without AITD (p=0.013 and p=0.018, respectively). SePP and GPx3 levels correlated significantly with lower TPO-Ab (rs=−0.439 with p=1×10-5 and rs=−0.396 with p=0.001, respectively) and Tg-Ab (rs=−0.474 with p=1×10-5 and rs=−0.410 with p=0.001, respectively) levels. SePP levels correlated significantly with lower thyroid dysfunction incidence (rs=-0.252, p=0.048) in the AITD group.





Conclusion

Selenium deficiency contributes to autoimmune process in the thyroid and to thyroid dysfunction in children with Down syndrome. Our findings recommend increasing Se levels through Se-containing foods to reduce the risks of AITD and thyroid dysfunction in DS children with AITD.
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1 Introduction

Autoimmune thyroid disease (AITD) is the most frequent cause of acquired thyroid dysfunction, presenting either as Hashimoto’s thyroiditis (HT) or Graves’ disease (GD). AITD arises from the complex interplay between genetic and environmental such as micronutrient deficiency, leading to loss of self-tolerance to thyroid antigens and production of antibodies such as thyroid peroxidase (TPO) and thyroglobulin (Tg) (1).

Selenium (Se) is a trace element that is known to play a role in the thyroid metabolism. The thyroid gland has higher Se concentrations than other organs (2). Se’s biological effects are mediated by Se-containing proteins (SePs) (3–5) which are widely measured in the form of selenoprotein-P (SePP) and gluthation peroxidase-3 (GPx3) (6–8). SePP functions in Se transport and antioxidant defence, while GPx is an antioxidant enzyme that removes hydrogen peroxide (H2O2) and protects thyroid cells from oxidative damage (9, 10). Se deficiency may increase autoimmunity risk (11). Several studies reported lower selenium (Se) levels in children with AITD (12–14).

Patients with Down syndrome (DS) are prone to developing autoimmune disorders, with the most frequent is autoimmune hypothyroidism. DS children experience increased oxidative stress due to the overexpression of several chromosome 21 genes, including copper-zinc superoxide dismutase 1 (SOD1) (15). Therefore, DS patients may have below-normal plasma Se levels (16, 17) due to the high demand for Se in SeP (GPx) production induced by high SOD-mediated H2O2 production (17). Indonesian children have low Se levels (18, 19). In addition, Se content of rice, a staple food in Indonesia, is lower than in other countries (20). While many studies have shown an association between Se deficiency and AITD in adults and children in the general population, until recently, no published studies have examined in DS population. Therefore, this study examines Se’s role in thyroid autoimmunity and function in Indonesian children with DS.




2 Materials and methods



2.1 Study participants

This cross-sectional study was conducted at the Pediatric Outpatient Clinic of Child Health at the Dr Soetomo General Hospital in Surabaya, Indonesia, between February 2021 and June 2022. This study was approved by the Institutional Review Board of Dr Soetomo General Hospital (0397/KEPK/III/2022). The parents of participants provided informed consent. It included 62 DS children aged between one month and 18 years enrolled using consecutive sampling. The inclusion criteria were patients regularly visiting the hospital during the study and parental informed consent to participate. The exclusion criteria were mother with AITD, children with acute medical conditions, severe malnutrition, or history of micronutrient deficiencies.

This study used a self-reported questionnaire completed by parents to record participants’ sex, age, and sociodemographic status. DS was diagnosed through karyotyping. Thyroid function was classified as hypothyroidism, hyperthyroidism, or euthyroidism based on typical free thyroxine (FT4) and thyroid-stimulating hormone (TSH) values (21). Positive autoimmune thyroid antibodies against TPO (TPO-Ab) or Tg (Tg-Ab) with or without thyroid function problems formed the basis for AITD diagnosis (22). Se levels were assessed based on SePP and GPx3 levels. TSH, FT4, TPO-Ab, Tg-Ab, SePP, and GPx3 levels were measured in plasma samples.




2.2 Plasma measurements



2.2.1 TPO-Ab and Tg-Ab levels

TPO-Ab and Tg-Ab levels were measured using commercial enzyme-linked immunosorbent assays (ELISA) obtained from Demeditec Diagnostics GmbH: TPO-Ab ELISA kit (Cat. No. DE7580) and Tg-Ab ELISA kit (Cat. No. DE7590). The manufacturer-specified threshold values were used to interpret the autoimmune thyroid markers: >75 IU/mL (positive), 50–75 IU/mL (borderline), and <50 IU/mL (negative) for TPO-Ab, and >150 IU/mL (positive), 100-150 IU/mL (intermediate), and 100 IU/mL (negative) for Tg-Ab.




2.2.2 FT4 and TSH levels

Thyroid function was assessed based on FT4 (Cat. No. CAN-FT4-4340) and TSH (Cat. No. CAN-TSH-4080) levels measured using commercial ELISA kits obtained from DBC-Diagnostics Biochem Canada Inc. The reference values were those reported by Sperling et al. for pediatric care (23).




2.2.3 Se levels

Se levels were measured using commercial ELISA kits for human SePP (Cat. No. E2196Hu) and GPx3 (Cat. No. E3922Hu) obtained from BT Lab.





2.3 Statistical analyses

Kolmogorov–Smirnov and Levene tests were used to assess the normality and homogeneity of the data, respectively. Participants were placed into two groups: AITD and non-AITD. Descriptive analyses compared the demographic characteristics of DS patients in the AITD and non-AITD groups. SePP, GPx3, TPO-Ab, and Tg-Ab levels were compared between the AITD and non-AITD groups using Chi-square, and Mann–Whitney tests. Spearman’s rank correlation coefficient (rs) was used to assess the correlation between Se levels and AITD status. All results with p<0.05 were considered statistically significant.





3 Results

This study involved 62 DS patients, of which 48 had positive thyroid autoimmune markers (TPO-Ab and/or Tg-Ab) and were placed in the AITD group, while the remaining 14 were placed in the non-AITD group. Patients in the AITD group were younger at enrolment than those in the non-AITD group. Standardised body mass index (BMI-SDS) did not differ significantly between groups. Congenital abnormalities and thyroid dysfunction were more common in the AITD group than in the non-AITD group. The demographic characteristics of the subjects in each group are shown in Table 1.


Table 1 | Demographic characteristics of each group.



Mean TPO-Ab and Tg-Ab levels were significantly higher in the AITD group than in the non-AITD group. Median SePP and GPx3 levels were significantly lower in the AITD group than in the non-AITD group. The laboratory descriptions of Se (SePP and GPx3) and thyroid autoantibody (TPO-Ab and Tg-Ab) levels are presented in Table 2.


Table 2 | Se, TPO-Ab, and Tg-Ab levels in each group.



SePP and GPx3 levels were higher in AITD patients with normal thyroid function than with thyroid dysfunction. However, only the SePP difference was significant (p=0.049). More detailed information on the correlations between Se levels and thyroid function in the two groups is provided in Table 3.


Table 3 | Relationship between Se levels and thyroid function in DS children with AITD.



SePP levels were significantly negatively correlated with AITD incidence (rs=−0.319, p=0.011) and TPO-Ab (rs=−0.439, p=1×10-5) and Tg-Ab (rs=−0.396, p=0.001) levels. GPx3 levels were also significantly negatively correlated with AITD incidence (rs=−0.302, p=0.017) and TPO-Ab (rs=−0.474, p=1×10-5) and Tg-Ab (rs=−0.410, p=0.001) levels. The correlations between SePP and GPx3 levels and AITD status and mean thyroid antibody levels are shown in Table 4.


Table 4 | Correlations between Se levels and AITD status and TPO-Ab and Tg-Ab levels.



The correlations between SePP and GPx3 levels and thyroid function are shown in Table 5. While SePP levels were significantly negatively correlated with thyroid dysfunction incidence in AITD children, GPx3 levels were not significantly correlated.


Table 5 | Correlations between Se levels and thyroid function in the AITD group.






4 Discussion

Our study showed that DS children with AITD had considerably lower Se levels than children without AITD based on SePP and GPx3 levels. We cannot compare these findings with other studies since none have examined Se levels and AITD in children with DS. Two population-based cross-sectional Chinese studies reported that AITD prevalence was significantly lower in adequate-Se than in the low-Se areas (24, 25). Another Danish population study also reported similar results (26). Several studies reported lower Se levels in AITD patients than in controls (27–29). While studies in children remain very limited, several have reported that children with HT have lower Se levels than controls (30, 31). As the main SeP involved in circulating Se transport (>50% of blood-borne Se), SePP levels strongly reflect circulating Se levels (7), while GPx3 is the only extracellular GPx family member and underlies all the GPx activity in the plasma, protecting cells against reactive oxygen species in the extracellular environment. A study in adults newly diagnosed with AITD (GD and HT) showed that GPx3 activity was significantly lower in GD and HT patients than in controls (p<0.01 and p<0.001, respectively) (32). In contrast, Rostami et al. reported higher GPx3 activity in adults newly diagnosed with HT than in controls and in Se-deficient patients compared to Se-sufficient patients (29).

In this study, SePP and GPx3 levels were significantly negatively correlated with TPO-Ab and Tg-Ab levels and AITD incidence. One study on adults reported that serum Se levels were negatively correlated with serum TPO-Ab (r=−0.161, p=0.021) and Tg-Ab (r=−0.237, p=0.001) levels (24). Another adult study showed that higher serum Se levels were associated with significantly lower odds ratios (ORs) for AITD (0.47; 95% confidence interval: 0.35–0.65) (24). Mseddi et al. reported negative correlations between Se and Tg-Ab levels and TR-Ab levels in GD patients (r=−0.71 with p<0.05 and r=−0.73 with p<0.05, respectively) (32). They also reported a positive correlation between Se levels and GPx activity in HT patients (r=0.64, p<0.01), hypothesising that Se deficiency may be one main cause of low GPx activity in HT patients (32). The selenoenzyme GPx protects the thyroid from H2O2, a crucial co-factor for TPO’s catalysis of the iodination and coupling of tyrosyl residues in Tg to produce thyroid hormones (32). Decreased glutathione levels appear to be a specific parameter related to oxidative stress activation and development in HT since oxidative stress is associated with thyroid hormone deficiency, inflammation, and autoimmune parameters (33).

Our study showed that adequate SePP levels were significantly correlated with decreased thyroid dysfunction incidence in AITD. Limited studies on children reported that Se levels were found to be within normal limits in those with AITD and normal thyroid function (34, 35). However, another study found that GPx activity and SePP levels were non-significantly lower in AITD patients with hypothyroidism undergoing LT4 therapy (30). Our findings could be due to the fact that several SePs are required for thyroid hormone synthesis, so that Se deficiency directly impairs thyroid function (36), as demonstrated by a population study in China showed that populations with normal Se levels had lower prevalences of subclinical hypothyroidism, hypothyroidism and thyroid enlargement compared to the population with low Se levels (4).

In addition to these direct thyroid synthesis mechanisms, adequate Se levels in patients with AITD can modify the inflammatory and immune responses (37, 38) and are thought to be associated with improvements in thyroid function. A 6-month study of Se supplementation showed that Se levels significantly correlated with GPx3 (r=0.325, p=0.002), SePP (r=0.225, p=0.033) levels and changes in TPO-Ab (r=−0.278, p=0.008), Tg-Ab (r=−0. 437, p=0.003), TSH (r=−0.314, p<0.001), and Treg (r=0.275, p=0.009) levels (39). Se supplementation at a dose of 100 g/day for 6 months was reported to significantly reduce TPO-Ab levels and improve thyroid function in a meta-analysis of children with AITD (40). Se supplementation for 6 months in adult with HT showed beneficial effect on thyroid autoantibodies and thyroid function by increasing the antioxidant activity and upregulating the activated Treg cells. In addition, in subgroup analysis, subclinical HT that not receive LT4 therapy may benefit more from this treatment in the decrease of TSH levels (41). Selenium intake was aimed at achieving maximal GPx activity in plasma or erythrocytes (42), however it is suspected that GPx activity in humans is not sensitive to changes in Se supply unless the person has low baseline Se levels (43).

In this study, we found no significant correlation between GPx3 and thyroid dysfunction in our AITD patients. Several research groups have found discrepant GPx3 activity in HT patients compared to controls, possibly due to the variability and complexity of mechanisms regulating oxidative stress in humans (28). The substrate being used to measure GPx activity was also reported to have a role in the difference results. GPx measurement in red blood cells being more sensitive than plasma (44, 45).

In this study, the median age of DS children suffering from AITD was 18.5 (1-175) months. In between them, 17 children were less than one year old. Children with DS are more likely to have AITD at a younger age than the population average (46). Several studies reported that AITD is rare in children under three years (47, 48) and commonly diagnosed at eight years (49). However, one case series reported that thyroid antibodies had been detected in DS infants aged five months and eight months (50). In addition, a study by Johnson et al., 2019 reported that trisomy 21 was the cause of permanent neonatal diabetes, with median onset at diabetes diagnosis was 2.3 (0.4, 7.5) weeks, and 44% of them had positive islet autoantibodies at 4 month-10 years old (51). Those studies supported data that autoimmunity can already occur in infants with Down syndrome as the most common genetic syndrome associated with immune dysregulation, involving both innate and adaptive immunity.

A major strength of this study is that it is the first to examine Se status in DS children with AITD. Our findings show that DS children with AITD had considerably lower Se levels than children without AITD based on SePP and GPx3 levels. SePP levels not only correlated with lower antibody levels but also with thyroid dysfunction, thus it is necessary to consider a policy to optimise Se levels in AITD patients with thyroid dysfunction in addition to LT4 therapy. These results can be used as a reference for further studies with larger sample sizes to achieve statistical significance. It can also be used as a basis for formulating recommendations to maintain adequate Se levels in DS Children with AITD in Indonesia, a country with staple foods low in Se. The weaknesses of this study were that it was cross-sectional and could not assess causality. This study was limited to a single centre, and its results may not generalise to the entire population. Therefore, further studies with larger sample sizes and different study designs are needed to provide consistent data on the role of Se on thyroid autoimmunity in DS children with AITD.




5 Conclusion

This study showed that Se, through its function in antioxidant defense, played an essential role in reducing AITD. Monitoring Se levels and promoting a diet high in Se should be areas of focus to optimize outcomes in children with DS who are physiologically susceptible to lower Se levels and a higher risk of developing AITD than children without DS. This research can also be used to formulate recommendations for maintaining adequate Se levels in DS children with AITD in Indonesia, a country with low-Se staple foods. To provide consistent data on the role of Se on thyroid autoimmunity in DS children with AITD, additional studies with larger sample sizes and different study designs are required.
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