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Graves’ disease recurrence was higher when using the cut-off of 25(OH)D ≤ 14.23 ng/mL (hazard ratio (HR) 
3.016, 95% confidence interval (CI) 1.163–7.819, P = 0.023)12. Recently, Planck et al. observed no difference in 
clinical parameters, including thyroid function, TSH-binding inhibitory immunoglobulin (TBII), and recurrence 
rate, in 292 patients with Graves’ disease in a Swedish cohort13.

All studies of vitamin D and Graves’ disease were cross-sectional; thus, they had limitations in regard to 
assessing the association between vitamin D levels and disease consequences. Notably, no study has examined the 
use of vitamin D among patients with Graves’ disease. Therefore, we investigated the clinical outcomes of Graves’ 
disease patients, including recurrence rate, one year after anti-thyroid drug (ATD) cessation according to daily 
vitamin D supplementation status.

Results
Demographics according to vitamin D supplementation status. The clinical characteristics of the 
participants were described according to vitamin D supplementation (Table 1): 60 patients took vitamin D sup-
plements and 150 patients did not take vitamin D supplements. The two groups had similar baseline parameters 
in terms of age and thyroid function at diagnosis and ATD discontinuation; however, sex (female, 65% vs. 79%, 
P = 0.015) and TBII levels at the time of ATD discontinuation (0.89 IU/L vs. 1.15 IU/L, P = 0.015) were differ-
ent between two groups at baseline. In the vitamin D supplementation group, the mean (±SD) vitamin D level 
increased from 10.6 (±5.4) ng/mL to 25.7 (±3.6) ng/mL. The vitamin D supplementation group took vitamin D 
supplements for a mean duration of 31 months and at a mean dose of 1383 IU per day; 28 patients (47%) took 
1000 IU vitamin D per day, 18 patients (30%) took 1500 IU per day, and 14 patients (23%) took 2000 IU per day. 
The time to recurrence was delayed in the supplementation group compared to the time to recurrence of the no 
supplementation group (7 ± 3 months vs. 5 ± 3 months, P = 0.016). However, the difference in recurrence rate 
within one year was similar with borderline significance (38% vs. 49%, P = 0.086) (Fig. 1).

Vitamin D levels as a protective factor for Graves’ disease recurrence. We used Cox regression 
analysis to identify risk factors for the recurrence of Graves’ disease (Table 2). In the univariate analysis, TBII 
levels at the time of ATD discontinuation (HR 1.07, 95% CI 1.01–1.13, P = 0.018) and vitamin D levels (HR 0.96, 
95% CI 0.94–0.99, P = 0.009) were significant risk factors. In the multivariate analysis, the two variables remained 
significant factors. Vitamin D supplementation was related to the recurrence of Graves’ disease with borderline 
significance (P = 0.078). Vitamin D levels did not affect thyroid function tests or TBII titers at diagnosis; however, 
vitamin D levels were related to TBII levels at the time of ATD discontinuation (R = −0.143, P = 0.041) (Table 3 
and Fig. 2).

Variables Supplementation (n = 60) No supplementation (n = 150) P

Age, years 41 ± 15 39 ± 12 0.197

Sex, female 39 (65%) 118 (79%) 0.015

Thyroid function at diagnosis

  T3, ng/dL 216 (129, 369) 268 (139, 363) 0.537

  FT4, ng/dL 2.62 (1.49, 3.89) 2.72 (1.67, 3.69) 0.693

  TSH, mU/L 0.01 (0.01, 0.01) 0.01 (0.01, 0.01) 0.990

  TBII, IU/L 5.07 (2.94, 14.60) 7.16 (3.94, 11.69) 0.458

Thyroid function at the time of ATD discontinuation

  T3, ng/dL 88 (75, 98) 90 (80, 104) 0.083

  FT4, ng/dL 1.17 (1.07, 1.31) 1.14 (1.06, 1.28) 0.494

  TSH, mU/L 2.01 (1.11, 3.59) 1.68 (0.93, 2.85) 0.405

  TBII, IU/L 0.89 (0.45, 1.32) 1.15 (0.68, 2.22) 0.015

Vitamin D supplementation

  Daily dose, IU 1383 ± 405 NA NA

  Duration, months (range) 31 ± 7 (14–36) NA NA

  Adjusted vitamin D level, ng/mL <0.001*
  Before supplementation 10.6 ± 5.4 11.6 ± 4.9 0.708

  After supplementation 25.7 ± 3.6 NA

Vitamin D measurement, no. 4.0 ± 1.3 1.0 ± 0.2  < 0.001

Recurrence within one year after ATD discontinuation 23 (38%) 74 (49%) 0.086

Time to recurrence, months 7 ± 3 5 ± 3 0.016

Table 1. Clinical characteristics according to vitamin D supplementation status. T3, triiodothyronine; FT4, 
free thyroxine; TSH, thyrotropin; TBII, TSH-binding inhibitory immunoglobulin; ATD, anti-thyroid drug; 
NA, not available Variables are presented as number (percentage), mean ± SD, or median (interquartile range). 
Significant results (P < 0.05) are indicated in bold. *P value was calculated based on the supplementation 
group (vitamin D level after supplementation) vs. the non-supplementation group (vitamin D level before 
supplementation).
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Discussion
We demonstrated no beneficial effect of daily supplementation of vitamin D on the recurrence of Graves’ disease 
within one year after ATD discontinuation. However, the time to recurrence was delayed in patients who reached 
sufficient levels of vitamin D after vitamin D supplementation. A total of 210 individuals included in our study 
were vitamin D deficient at study enrolment; among them, 60 subjects were prescribed vitamin D. We considered 
a level of 25(OH)D ≥ 20 ng/mL as a sufficient vitamin D level after supplementation.

Vitamin D plays an important role in modulating the immune system and the pathogenesis of autoim-
mune diseases. 25(OH)D (calcidiol) is the inactive but major circulating form of vitamin D and is converted to 
1,25(OH)D2 (calcitriol), the active form of vitamin D, by 1α-hydroxylase in the kidneys. 1,25(OH)D2 binds to 
the nuclear VDR, which acts on the vitamin D response element (VDRE) of target genes3. Recent studies have 
investigated genetic susceptibilities for the development of Graves’ disease associated with specific variants of 
single nuclear polymorphisms (SNPs) in VDR genes13,14. Aside from the diversity in the genetic background of 
each individual in terms of vitamin D function, most immune cells are involved in vitamin D action by express-
ing VDRs, 1α-hydroxylase, and a degrading enzyme15,16. 1,25(OH)D2 directly enhances the production of Th2 
cytokines, whereas it suppresses the production of Th1 cytokines and indirectly shifts the polarization of T cells 

Figure 1. Kaplan-Meier curves for the recurrence of Graves’ disease according to vitamin D supplementation 
status.

Variables

Univariate Multivariate

P HR (95% CI) P HR (95% CI)

Age 0.283 0.354

Sex 0.937 0.564

Thyroid function at diagnosis

  T3 0.692 0.533

  FT4 0.710 0.582

  TSH 0.873 0.874

  TBII 0.781 0.704

Thyroid function at the time of ATD discontinuation

  T3 0.373 0.708

  FT4 0.451 0.441

  TSH 0.691 0.114

  TBII 0.018 1.07 (1.01–1.13) 0.026 1.07 (1.01–1.13)

Vitamin D supplementation 0.085 0.078

Vitamin D level, ng/mL 0.009 0.96 (0.94–0.99) 0.013 0.97 (0.94–0.99)

Table 2. Cox regression model for the recurrence of Graves’ disease. T3, triiodothyronine; FT4, free thyroxine; 
TSH, thyrotropin; TBII, TSH-binding inhibitory immunoglobulin; HR, hazard ratio; CI, confidence interval 
Significant results (P < 0.05) are indicated in bold.
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from a Th1 phenotype to a Th2 phenotype. At the level of antigen-presenting cells (APCs), 1,25(OH)D2 inhibits 
the expression of major histocompatibility complex (MHC) class II antigens and co-stimulatory molecules and 
prevents the differentiation and maturation of dendritic cells, which leads to decreased antigen presentation and 
T-cell activation. As one of the pathogenic factors of Graves’ disease, B cells accumulate within thyroid glands 
and produce thyroid autoantibodies, especially thyroid-stimulating antibodies17. 1,25(OH)D2 inhibits B-cell pro-
liferation and differentiation into plasma cells and induces B cell apoptosis18. These actions of 1,25(OH)D2 may 
suppress thyroid autoantibodies and improve the clinical outcomes of Graves’ disease, which supports our data 
demonstrating a negative correlation between vitamin D levels and TBII titers at ATD discontinuation, although 
the correlation power was weak. In brief, active vitamin D, 1,25(OH)D2, enhances immune tolerance by suppress-
ing adaptive immunity, which might be beneficial in the context of Graves’ disease. Many studies have shown a 
higher prevalence of vitamin D deficiency in patients with Graves’ disease than in healthy controls, focusing on 
the role of vitamin D deficiency in the development of Graves’ disease; however, studies regarding the effects of 
vitamin D on the clinical course of Graves’ disease are scarce.

The recurrence of Graves’ disease occurred sooner and the recurrence rate tended to be higher in subjects 
who did not supplement vitamin D than in individuals with sufficient vitamin D levels; however, the difference 
in the recurrence rate between the two groups was borderline significant. Yasuda et al. reported higher vitamin 
D levels in 18 patients in remission than in 36 patients with active disease (25(OH)D3 levels of 18.2 ng/mL vs. 
14.5 ng/mL, P < 0.005), but all patients with active disease had positive TBII titers (16.7% vs. 100%, P < 0.0001), 
suggesting that this may be a determining factor for disease recurrence11. In the present study, subjects who 
supplemented vitamin D achieved vitamin D levels that were twice as high as those of patients who did not 
supplement vitamin D (25.7 ng/mL vs. 11.6 ng/mL, P < 0.001); however, the TBII titers at the time of ATD dis-
continuation as well as vitamin D levels were risk factors for the recurrence of Graves’ disease in the multivariate 
analysis. Planck et al. reported no difference in vitamin D levels at baseline between individuals who achieved 
remission (78 subjects) and those who relapsed (22 subjects) within one year after ATD cessation (vitamin D 

Variables P

Thyroid function at diagnosis

  T3 0.658

  FT4 0.837

  TSH 0.133

  TBII 0.724

Thyroid function at the time of ATD discontinuation

  T3 0.154

  FT4 0.502

  TSH 0.493

  TBII 0.041*

Table 3. Spearman correlation between thyroid function and vitamin D levels. T3, triiodothyronine; FT4, free 
thyroxine; TSH, thyrotropin; TBII, TSH-binding inhibitory immunoglobulin; ATD, anti-thyroid drug. *R (rho): 
- 0.143.

Figure 2. Correlation between vitamin D levels and TBII titers at the time of anti-thyroid drug discontinuation.
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