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Serum 25-hydroxyvitamin D might be
an independent prognostic factor
for Graves disease recurrence
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Abstract
Graves disease is the most common cause of thyrotoxicosis. Although medical intervention with antithyroid drugs (ATDs) is
commonly the first choice of treatment in Korea, the remission rate associated with this approach is not satisfactory. During ATD
therapy, low or undetectable serum levels of thyroid-stimulating hormone (TSH) receptor antibodies (TRAbs) have been reported to
affect the incidence of Graves disease remission. This study evaluated the correlation between serum 25-hydroxyvitamin D levels and
TRAb levels, as well as the effect of 25-hydroxyvitamin D on the recurrence of Graves disease.
A total of 143 patients, who were diagnosed with Graves disease and treated with ATDs, were retrospectively included in our

observational study. These patients were followed for more than 1 year after ATD discontinuation. The levels of serum 25-
hydroxyvitamin D and TRAb (ie, thyroid-stimulating antibody [TSAb], as detected by bioassay, and TSH-binding inhibitory
immunoglobulins [TBIIs]) were measured, and a thyroid function test was performed upon ATD discontinuation. Recurrence was
evaluated every 3 months, and was defined as an occurrence of overt thyrotoxicosis during the follow-up period.
A total of 95 patients (66.4%) experienced recurrence with a median latency period of 182 days (ranging 28–1219 days). The

serum 25-hydroxyvitamin D levels at the time of ATD discontinuation were not correlated with either TBII or TSAb. In the Cox
proportional hazard regression analysis, higher free T4 levels (>1.4ng/dL; hazard ratio [HR], 3.252; 95% confidence interval [CI],
1.022–10.347) and low levels of 25-hydroxyvitamin D (�14.23ng/mL) were associated with a higher probability of Graves disease
recurrence (HR, 3.016; 95% CI, 1.163–7.819).
Lower serum 25-hydroxyvitamin D levels were associated with a higher incidence of Graves disease recurrence. Therefore, serum

25-hydroxyvitamin D might be an independent risk factor for predicting Graves disease recurrence after ATD discontinuation.

Abbreviations: ATD = antithyroid drug, RAI = radioactive iodine, TBII = TSH-binding inhibitory immunoglobulin, TPO-Ab =
antiperoxidase antibody, TRAb = thyroid-stimulating hormone (TSH) receptor antibody, TSAb = thyroid-stimulating antibody, TSH =
thyroid-stimulating hormone, UNL = upper normal limit, VDR = vitamin D receptor.
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1. Introduction

Vitamin D (25-hydroxyvitamin D) is known to play essential
roles in the metabolism of calcium, phosphorous, and bone.
Recently, it has been shown that vitamin D is related to
autoimmune diseases in addition to its classic effects on bone
metabolism. Vitamin D deficiency has been associated with

several autoimmune diseases, such as multiple sclerosis,[1] Crohn
disease,[2] rheumatoid arthritis,[3] systemic lupus erythemato-
sus,[4] and type 1 diabetes mellitus.[5] In addition, clinical forms of
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autoimmune thyroiditis, such as Graves disease and Hashimoto
thyroiditis, have also been reported to be associated with vitamin
D deficiency.[6] Some studies suggest that the prevalence of
vitamin D deficiency is higher among individuals with autoim-
mune thyroid disease than among healthy controls.[6,7] Regard-
ing the association between serum vitamin D levels and
Hashimoto thyroiditis, Bozkurt et al reported that serum vitamin
D levels were significantly lower in patients with Hashimoto
thyroiditis and that the severity of vitamin D deficiency was
correlated with the thyroid volume, antibody levels, and duration
of Hashimoto thyroiditis.[8] In another study of premenopausal
Korean women, lower serum vitamin D3 levels were associated
with the positivity of antiperoxidase antibody (TPO-Ab).[9]

Regarding Graves disease, Yasuda et al reported that vitamin
D levels were significantly lower in patients with Graves disease
and negatively correlated with thyroid volume.[10] Additionally,
another study found that serum vitamin D levels were
significantly lower in patients without remission of Graves
disease than in patients with remission, or in control partic-
ipants[11]; however, no significant association between serum
vitamin D levels and thyroid-stimulating hormone (TSH)
receptor antibody (TRAb) titers in the nonremission group
was identified.[11] In contrast, Zhang et al reported that a lower

vitamin D status was associated with increased TRAb titers in 70
Graves disease patients.[12] Therefore, the association between
serum vitamin D levels and TRAb titers is currently inconclusive.



Additionally, the levels of vitamin D that are sufficient to regulate
the immune response of Graves disease patients remain unclear.
Radioactive iodine (RAI) therapy, thyroidectomy, and antithy-

roid drugs (ATDs) have been shown to be effective and relatively
safe for the initial treatment of Graves disease.[13] The results of a
2011 survey suggested that in the United States, 59.7% of clinical
endocrinologists used RAI therapy for the primary treatment of
Graves disease.[14] In contrast, ATD therapy has been the preferred
primary treatment ofGraves disease inEurope, LatinAmerica, and
Japan.[15] In Korea, the data suggest that 97.1% of clinical
endocrinologists use ATD therapy as the primary treatment of
choice for Graves disease.[16] If ATDs are chosen as the primary
treatment option, medication should be continued for approxi-
mately 12 to 18 months and then considered discontinued if TSH
and TRAb levels reach normality; however, another study
indicated that remission of Graves disease was not achieved in
50%to60%ofpatients treatedwithATD therapy.[17] TRAb levels
at the time of ATD discontinuation have been reported to be
predictive of Graves disease relapse.[18]

Therefore, we aimed to examine the correlation between 25-
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hydroxyvitamin D levels at the time of ATD discontinuation and

Athens, OH). Sensitivity was 92% and inter- and intra-assay CV

study subjects to evaluate, initially, the thyroid volumeandnumber
TRAb levels as well as the effect of 25-hydroxyvitamin D on
Graves disease recurrence.

2. Methods

2.1. Study subjects

This study was approved by the Institutional Review Board of
Chung-Ang University Hospital.We retrospectively identified 143
patients whowere treated for Graves disease betweenMarch 2011
and April 2014 at Chung-Ang University Hospital, and who
received at least 1 year of follow-up after ATD discontinuation. Of
the included patients, 57 were newly diagnosed with Graves
disease at our hospital, and 86 patients had been previously
diagnosed with Graves disease and were referred to our hospital.
The mean age was 39.4 years (range 16–71 years); there were 31
(21.5%) male subjects and 113 (78.5%) female subjects. All
patients were treated with ATD, and we excluded patients treated
with either RAI or thyroidectomy. We also excluded patients who
were taking vitamin D supplements, pregnant, or diagnosed with
cancer during the study period. Initial thyroid-stimulating
antibody (TSAb) levels, as measured by a bioassay and TSH-
binding inhibitory immunoglobulin (TBII) levels, were examined
in 57 patients newly diagnosed with Graves disease.
ATD therapy was discontinued when total serum T3, free T4,

and TSH levels were maintained within the normal range for
more than 6 months with the following minimal maintenance
doses of ATDs: methimazole �2.5mg/d, carbimazole �5mg/d,
and propylthiouracil�50mg/d. The levels of TBII, TSAb, and 25-
hydroxyvitamin D at the time of discontinuation were measured
for all study subjects. To adjust for seasonal differences in the 25-
hydroxyvitamin D levels, we included in the models information
regarding the season at the time of blood sampling. Following
ATD discontinuation, the patients underwent routine thyroid
function tests (TSH, free T4, and total T3 levels) and TBII
measurements at 3-month intervals.
Recurrence was defined as concomitant suppression of TSH

levels (less than 0.4mU/L) and elevation of free T4 (>1.76ng/dL)
and/or T3 (>181ng/dL) levels. Recurrence was determined by the

date when thyroid function test was performed. Remission was
defined as the maintenance of a normal thyroid status for at least
1 year after discontinuation of ATD therapy.
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2.2. Laboratory measurements

Serum TSH (reference range, 0.55–4.78mU/L; lower detection
limit, 0.01mU/L), free T4 (reference range, 0.89–1.76ng/dL), and
T3 (reference range, 60–181ng/dL) were measured using a
chemiluminescence immunoassay (Siemens Advia Centaur XP,
Siemens Healthcare Diagnostics Inc, Tarrytown, NY). Sensitivity
was 0.008mU/L, 0.1ng/dL, and 0.1ng/mL, respectively. The
inter-assay coefficients of variation (CV) were <5%, <5%, and
<2%, and intra-assay CV were <5%, <4%, and <4%,
respectively.
Levels of 25-hydroxyvitamin D (reference range of 4.2–150ng/

mL) were measured using a chemiluminescence immunoassay
(Siemens Advia Centaur XP, Siemens Healthcare Diagnostics Inc,
Tarrytown, NY). Sensitivity was 4.2ng/mL. The inter- and intra-
assay CV were �12% and �8%, respectively.
Antithyroglobulin and antimicrosomal antibody levels (refer-

ence range, 0–60U/mL) were measured using a radioimmunoas-
say kit (B.R.A.H.M.S. GmbH, Hennigsdorf, Germany).
Sensitivity was 5.5U/mL. The inter-assay CV was <6% and
<10% and intra-assay CV was <8% and <5%, respectively.
TBII levels (reference range, 0–1.75 IU/L) were evaluated using

an automated electrochemiluminescence immunoassay kit
(Elecsys Anti-TSHR, Roche Diagnostics, Mannheim, Germany).
Sensitivity was 0.3 IU/L and inter- and intra-assay CV were
<12% and <8%, respectively.
TSAb levels (reference range, 0%–140%) were measured by

using a TSH receptor bioassay (Thyretain, Diagnostic Hybrids,
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were <20% and <7%, respectively. Each assay was performed
according to the manufacturer’s instructions.

2.3. Thyroid volume estimation by ultrasonography

Thyroid ultrasonography was performed on 127 (89%) of the
of nodules. The volume of each thyroid lobe was calculated using
the following formula: P/6(0.52)∗length∗width∗depth.[19]

2.4. Statistical analyses

Statistical analyses were performed using R (a free software
program for statistical computing and graphics). Continuous
variables were analyzed using 2-sample t tests to compare their
distributionbetween the recurrence andremissiongroups andwere
expressed as the mean± standard deviation (SD). Chi-square test
was used to identify differences in the distribution of categorical
variables. The correlations between serum 25-hydroxyvitamin D
levels and theTBII andTSAb levelswere examinedusing Spearman
rank correlation coefficient. To identify risk factors for Graves
disease recurrence, we performed univariate and multivariate
analyses using the Cox proportional hazard model. Multivariate
analysis included all potential risk factors for recurrence with a P
value less than .2 in univariate analysis. Kaplan-Meier curves were
calculated to measure cumulative rate of recurrence-free state.
Using maximally selected rank statistics available in the maxstat
package for R,[20] we calculated the cutoff values for free T4 (1.4
ng/dL) and 25-hydroxyvitamin D (14.23ng/mL). To adjust for
seasonal variations in 25-hydroxyvitaminD levels, we categorized
patients into the following 4 seasonal groups based on the time of

blood collection: group 1, June to August; group 2, September to
November; group3,December toFebruary; andgroup4,March to
May.[21] A P value < .05 was considered statistically significant.



function tests and the levels of TBII, TSAb, and 25-hydrox-

Table 1

Clinical characteristics of study subjects.

Remission group (N=48) Recurrence group (N=95) P

Age at the time of diagnosis, y 42.0±12.9 (19–70) 38.0±11.4 (16–71) .043
Gender .638
Male 12 (25.0%) 19 (20.0%)
Female 36 (75.0%) 76 (80.0%)

Smoking history, % 11 (22.9%) 15 (15.8%) .825
TBII at the time of diagnosis, IU/L

∗
11.5±10.0 11.3±10.8 .962

TSAb at the time of diagnosis, %
∗

506.4±144.8 412.3±163.5 .031
Thyroglobulin antibody, U/mL 239.4±561.9 179.7±432.0 .586
Microsomal antibody, U/mL 1152.6±1259.3 1111.7±1291.4 .889
Thyroid volume, cm3 28.0±15.3 31.8±15.7 .198
Treatment duration, mo 23.7±21.8 27.6±24.6 .353
Laboratory findings at the time of ATD discontinuation
T3, ng/dL 89.2±17.9 93.1±19.1 .239
Free T4, ng/dL 1.2±0.2 1.2±0.2 .617
TSH, mU/L 2.5±3.5 3.1±9.6 .571
TBII, IU/L 1.9±5.5 2.1±2.3 .756
TSAb, % 218.3±126.6 217.8±131.0 .982
25-hydroxyvitamin D, ng/mL 11.8±7.6 10.8±5.4 .405

Seasons at the time of ATD discontinuation .334
June to August 9 (18.8%) 25 (26.3%)
September to November 15 (31.2%) 18 (18.9%)
December to February 11 (22.9%) 28 (29.5%)
March to May 13 (27.1%) 24 (25.3%)

Outcomes .000
Recurrence within 6 mo 0 (0.0%) 51 (53.7%)
Recurrence within 1 y 0 (0.0%) 23 (24.2%)
Recurrence after 1 y 0 (0.0%) 21 (22.1%)
Remission 48 (100.0%) 0 (0.0%)

Total follow-up duration, y 3.6±2.1 4.9±2.3 .002

ibod
ase
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3. Results

3.1. Clinical characteristics of study subjects stratified
by remission or recurrence of Graves disease

A total of 143 patients were followed, and recurrence occurred in
95 patients (66.4%) during the follow-up period. The median
latency period prior to recurrence was 182 days (range 28–1219
days). Compared to members of the remission group (Table 1),
members of the recurrence group were younger (38.0±11.4 vs

ATD= antithyroid drug, TBII=TSH-binding inhibitory immunoglobulin, TSAb= thyroid-stimulating ant
∗
Initial TBII and TSAb were measured in 57 patients who initially were diagnosed with Graves dise
42.0±12.9 years, respectively; P= .043) and had lower initial
TSAb levels (412.3±163.5% vs 506.4±144.8%, respectively;
P= .031). The total follow-up period was longer in the recurrence

Figure 1. Correlation between serum 25-hydroxyvitamin D and TBII titers (A)
immunoglobulin, TSAb= thyroid-stimulating antibody.

3

group when compared to the remission group (4.9±2.3 vs 3.6±
2.1 years, P= .002). However, the mean values of the thyroid

y, TSH = thyroid-stimulating hormone.
in our hospital.
yvitamin D did not differ between the groups at the time of ATD
discontinuation.

3.2. Association between serum 25-hydroxyvitamin D
levels and TBII and TSAb titers
The TBII and TSAb titers at the time of ATD discontinuation
were not correlated with serum 25-hydroxyvitamin D levels
(Fig. 1). In addition, when we compared the TBII and TRAb titers

or TSAb activities (B) at the end of therapy. TBII=TSH-binding inhibitory
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Figure 2. Kaplan-Meier curves and cutoff values of the recurrence-free state
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between the 3 groups of 25-hydroxyvitamin D levels (<10,
10–20, >20ng/mL), no significant differences between the 25-
hydroxyvitamin D levels and either the TBII or TSAb titers were
identified (data not shown).

3.3. Risk factors associated with Graves disease
recurrence

First, we constructed Cox proportional hazard regression models
including all variables as continuousvariables, except sex, smoking
status, and season. In thismodel, high levels of freeT4at the timeof

for 25-hydroxyvitamin D (A) and free T4 (B). 25(OH)Vit D=25-hydroxyvitamin D.
ATD discontinuation were associated with Graves disease
recurrence (hazard ratio [HR], 7.62; 95% confidence interval
[CI], 1.11–52.60). In contrast, elevated 25-hydroxyvitamin D

Table 2

Univariate and multivariate Cox proportional hazard models with bac

HR (9

Age 0.99 (0.
Sex 1.10 (0.
Smoking 0.74 (0.
Initial TBII 0.99 (0.
Initial TSAb 1.00 (0.
Initial microsomal antibody 1.00 (1.
Initial thyroid volume 1.01 (1.
Treatment duration of ATD 1.00 (1.
Total follow-up duration 1.16 (1.
Higher free T4 at the time of ATD discontinuation, >1.4ng/dL 2.04 (1.
TSH at the time of ATD discontinuation 1.00 (0.
TBII at the time of ATD discontinuation 1.17 (1.
TSAb at the time of ATD discontinuation 1.00 (1.
Lower vitamin D at the time of ATD discontinuation, �14.23ng/mL 1.91 (1.
Season at the time of ATD discontinuation 1.08 (0.

ATD= antithyroid drug, CI = confidence interval, HR = hazard ratio, TBII=TSH-binding inhibitory immu
∗
Age, initial TSAb, initial thyroid volume, treatment duration of ATD, total follow-up duration, and free

4

levels at the time of ATD discontinuation (HR, 0.933; 95% CI,
0.876–0.993) were identified as a protective factor for the
recurrence of Graves disease. To examine the prognostic
implications of the free T4 and 25-hydroxyvitamin D levels at
the time of ATD discontinuation, we used the cutoff values
calculated by using the maxstat package of R. In this analysis, the
optimal cutoff points for 25-hydroxyvitamin D and free T4 were
14.23ng/mL and 1.4ng/dL, respectively (Fig. 2). Using these
values, we performed additional Cox regression analyses. In the
univariate analysis, higher TBII titers (>1.4ng/dL;HR, 1.17; 95%
CI, 1.08–1.26) and lower vitamin D levels (�14.23ng/mL; HR,
1.91; 95%CI, 1.18–3.09) at the time ofATDdiscontinuationwere
associated with the recurrence of Graves disease (Table 2). In
multivariate analysis, when we used the stepwise backward
elimination method, larger thyroid volumes (HR, 1.032; 95% CI,
1.003–1.061), higher free T4 levels (>1.4ng/dL; HR, 3.252; 95%
CI, 1.022–10.347), and lower vitamin D levels (�14.23ng/mL;
HR, 3.016; 95% CI, 1.163–7.819) at the time of ATD
discontinuation were identified as independent risk factors for
the recurrence of Graves disease (Table 2).

4. Discussion

In this study, we evaluated the correlation between 25-
hydroxyvitamin D levels and TRAb titers as well as the effect
of 25-hydroxyvitamin D on the recurrence of Graves disease.
Serum 25-hydroxyvitamin D levels were not correlated with
TRAb titers; however, when we used a cutoff value of 14.23ng/
mL, lower 25-hydroxyvitamin D levels at the time of ATD
discontinuation were associated with higher rates of Graves
disease recurrence.
Previous animal and small-scale human studies have evaluated

the effect of vitamin D deficiency on the prognosis of Graves
disease patients. Misharin et al investigated whether vitamin D
deficiency could modulate Graves hyperthyroidism induced by
thyrotropin receptor immunization in BALB/c mice and found
that vitamin D-deficient BALB/c mice were more likely to develop
persistent hyperthyroidism than mice with sufficient vitamin D

Medicine
levels.[22] In human studies, Graves disease patients receiving a
24-week course of combination treatment with methimazole and
1a-hydroxyvitamin D3 achieved normal thyroid function more

kward elimination for predicting recurrence of Graves disease.

Univariate Multivariate
∗

5% CI) P HR (95% CI) P

97–1.00) .085
67–1.83) .700
36–1.52) .415
96–1.02) .674
99–1.00) .005 0.996 (0.993–0.999) .012
00–1.00) .982
00–1.02) .136 1.032 (1.003–1.061) .029
00–1.00) .006
06–1.26) .001
13–3.68) .018 3.252 (1.022–10.347) .046
98–1.03) .683
08–1.26) .000
00–1.00) .633
18–3.09) .009 3.016 (1.163–7.819) .023
90–1.30) .394

noglobulin, TSAb= thyroid-stimulating antibody.
T4, TBII, and vitamin D at the time of ATD discontinuation were included in multivariate analysis.



rapidly than patients receiving methimazole alone.[23] In
addition, Yasuda et al reported that compared with patients
with Graves disease remission, serum 25-hydroxyvitamin D
levels were significantly lower in patients without remission of
Graves disease (18.2±5.1 vs 14.5±2.9ng/mL, respectively;
P< .005).[11] In addition, there was a review suggesting that
vitamin D levels not only are related to the cause of Graves
disease, but also may have a beneficial therapeutic effect on the
remission of Graves disease.[24] Therefore, lower 25-hydrox-
yvitamin D levels might affect the recurrence of Graves disease.
Possible mechanisms underlying the association between lower

25-hydroxyvitamin D levels and the recurrence of Graves disease
include the immunological modulatory effect of 25-hydroxyvi-
tamin D, which is converted into calcitriol (an active form of
vitamin D that binds vitamin D receptors [VDRs] by 1-alpha-
hydroxylase [CYP27B1]).[25] Immune cells express both
CYP27B1 and a degradation enzyme, 1,25-dihydroxyvitamin
D3 24-hydroxylase (CYP24A1).[26] Additionally, nearly all
immune cells, including T cells, B cells, and antigen-presenting
cells (ie, macrophages and dendritic cells), express VDR.[27,28]

Calcitriol inhibits the proliferation of Th1 cells as well as the
expression of interleukin-2 (IL-2) and IFN-g, whereas Th2 cell
responses are promoted by calcitriol.[29] Additionally, calcitriol
inhibits B cell proliferation, plasma cell differentiation, immuno-
globulin secretion, and memory B cell generation.[30] In patients
with Graves disease, B cells accumulate within the thyroid gland
and secrete TRAb (IgG1 subclass)[31]; these subsequently
increased levels of TRAb continuously stimulate thyroid cells
and cause hyperthyroidism. Therefore, calcitriol may suppress
the production of TRAb by suppressing B cells, thereby
contributing to Graves disease remission.
Previous prospective studies reported that higher TRAb levels

at the end of therapy, larger goiters, and smoking were identified
as predictive factors for Graves disease relapse.[32,33] In our
study, at the time of therapy discontinuation, large goiters, free
T4 levels toward the upper normal limit (UNL), and lower
vitamin D levels were significantly associated with the recurrence
of Graves disease. These findings indicate that higher levels of free
T4, even if the levels lie within the normal reference range, and
vitamin D deficiency can be considered as independent risk
factors for predicting Graves disease recurrence. High TBII titer
at the time of ATD discontinuation was associated with the
recurrence of Graves disease in univariate analysis. However, in
our study, the risk of high TBII titer to the recurrence of Graves
disease disappeared in multivariate analysis.
The current study has several limitations, the first of which is

the retrospective design and the possibility of selection bias. All
study subjects were retrospectively identified from one hospital
(Chung-Ang University Hospital); and most lived in an urban
area. Therefore, the patients included in our study may have been
more likely to be vitamin D-deficient. In addition, since more
severe patients were transferred to the university hospital,
patients with a high risk for recurrence of Graves disease might
have been included in our study group. Another limitation was
that we could not consider the effects of polymorphisms of the
VDR gene. A previous meta-analysis reported that in Asian
populations, VDR gene polymorphisms such as ApaI, BsmI, and
FokI were associated with Graves disease.[34] Lastly, serum 25-
hydroxyvitamin D levels were measured 1 time during various
seasons. To overcome this potential limitation, before performing
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the regression analysis, we divided the patients into 4 groups
according to the season during which their blood was collected.
Nevertheless, the results of our study have useful clinical

5

implications in suggesting that, in addition to other known
predictive factors such as large goiters and higher TRAb levels,
vitamin D deficiency and free T4 levels toward the UNLmight be
considered as independent risk factors for predicting the outcome
of Graves disease. These findings may affect clinical decision-
making regarding the treatment of Graves disease. Based on our
findings, vitamin D status should be evaluated regularly and, if
vitamin D is insufficient, supplementation of vitamin D should be
considered in patients with Graves disease.
In conclusion, lower serum 25-hydroxyvitamin D levels were

associated with a higher incidence of Graves disease recurrence.
Therefore, serum 25-hydroxyvitamin D levels might be an
independent risk factor for predicting the outcome of patients
with Graves disease after ATD discontinuation. To prove this
hypothesis, future prospective studies are needed to determine the
effect of vitamin D replacement on the recurrence of Graves
disease.
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