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MoyaMoya disease (MMD) is a disorder character-
ized by stenosis or occlusion of the terminal por-
tion of the internal carotid artery and the proxi-

mal portion of the anterior and/or middle cerebral arteries 
and is accompanied by the formation of netlike collateral 
vessels, the “moyamoya” vessels.19 Graves disease (GD) 
is an autoimmune disorder in which autoantibodies to 
the thyroid stimulating hormone (TSH) receptor induce 
continuous stimulation of the thyroid gland without any 

negative feedback, thereby inducing hyperthyroidism.1 
Kushima and colleagues first reported concurrent MMD 
and GD.19 Reports of concurrent presentations of these 2 
diseases have gradually increased during the past 2 de-
cades.15,22,23,30,31,33 However, the exact reasons why these 
2 diseases can commonly occur in the same individual 
remain undetermined, making it difficult to draw defini-
tive conclusions about the relationship between MMD and 
GD. Some studies have demonstrated the progression of 
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obJect The present study aimed to clarify the incidence and clinical features of disease progression in adult moy-
amoya disease (MMD) patients with Graves disease (GD) for better management of these patients.
methods During the past 18 years, 320 adult Chinese patients at West China Hospital were diagnosed with MMD, 
and 29 were also diagnosed with GD. A total of 170 patients (25 with GD; 145 without GD) were included in this study 
and were followed up. The mean follow-up was 106.4 ± 48.6 months (range 6–216 months). The progression of the oc-
clusive lesions in the major intracranial arteries was measured using cerebral angiography and was evaluated according 
to Suzuki’s angiographic staging. Information about cerebrovascular strokes was obtained from the records of patients’ 
recent clinical visits. Both angiographic progression and strokes were analyzed to estimate the incidences of angio-
graphic progression and strokes using Kaplan-Meier analysis. A multivariate logistic regression model was used to test 
the effects of sex, age at MMD onset, disease type, strokes, and GD on the onset of MMD progression during follow-up.
results During follow-up, the incidence of disease progression in MMD patients with GD was significantly higher than 
in patients without GD (40.0% vs 20.7%, respectively; p = 0.036). The interval between initial diagnosis and disease pro-
gression was significantly shorter in MMD patients with GD than in patients without GD (p = 0.041). Disease progression 
occurred in both unilateral MMD and bilateral MMD, but the interval before disease progression in patients with unilateral 
disease was significantly longer than in patients with bilateral disease (p = 0.021). The incidence of strokes in MMD pa-
tients with GD was significantly higher than in patients without GD (48% vs 26.2%, respectively; p = 0.027). The Kaplan-
Meier survival curve showed significant differences in the incidence of disease progression (p = 0.038, log-rank test) and 
strokes (p = 0.031, log-rank test) between MMD patients with GD and those without GD. Multivariate analysis suggested 
that GD may contribute to disease progression in MMD (OR 5.97, 95% CI 1.24–33.76, p = 0.043).
coNclusioNs The incidence of disease progression in MMD patients with GD was significantly higher than that in 
MMD patients without GD, and GD may contribute to disease progression in MMD patients. The incidence of strokes 
was significantly higher in MMD patients with GD than in patients without GD. Management guidelines for MMD patients 
with GD should be developed.
http://thejns.org/doi/abs/10.3171/2014.10.JNS141140
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occlusive lesions in MMD patients.18,29 However, no re-
ports have clarified the stages of disease progression in 
a large population of patients with both MMD and GD. 
Therefore, the clinical course and disease progression of 
these patients are unclear. In this study, we aimed to ex-
plore the incidence and clinical features of disease pro-
gression in adult MMD patients with GD.

methods
patient selection

 During the past 18 years (from 1996 to 2013), 320 adult 
Chinese patients (> 18 years at initial diagnosis) were di-
agnosed with MMD at West China Hospital, Sichuan 
University. All of these individuals were diagnosed with 
MMD based on the guidelines set by the Research Com-
mittee on MMD of the Japanese Ministry of Health and 
Welfare.4 Each participant signed an informed consent 
form. This study was carried out in accordance with the 
Code of Ethics of the World Medical Association (Decla-
ration of Helsinki). This study also received approval from 
the Ethics Committee of West China School of Medicine, 
Sichuan University. Of these patients, 29 (9.1%) (Fig. 1) 
were also diagnosed with GD by endocrinologists based 
on the criteria of routine thyroid function tests, including 
thyroxine (T4), triiodothyronine (T3), free T4 (fT4), free 
T3 (fT3), and TSH.6 We further checked the rate of thyroid 
uptake of iodine and conducted the TSH receptor antibody 
test for atypical clinical symptoms such as palpitations, fa-
tigue, and bulimia to exclude temporary hyperthyroidism 
caused by subacute thyroiditis, painless thyroiditis, and 
iodine hyperthyroidism.

antithyroid treatment
Of the 29 patients with MMD and GD, 28 patients first 

received antithyroid drugs (methimazole 10 mg, 3 times 
per day, or propylthiouracil 100 mg, 3 times per day) un-
der the guidance of an endocrinologist according to an-
tithyroid therapy criteria. In addition, radioactive iodine 
therapy for GD was administered to 5 of the 28 patients.6 
Then, surgical treatment was performed according to the 
patient’s condition. After antithyroid therapy, patients’ 
hyperthyroid symptoms were controlled. During a mean 
follow-up period of 106.4 ± 48.6 months, thyroid hormone 
levels in MMD patients with GD were maintained in the 
normal range as shown by tests every 3–6 months. The 
values of TSH, fT3, and fT4 are shown in Table 1.

surgical treatment
Using preoperative cerebral digital subtraction angiog-

raphy (DSA), MRI, PET, or 133Xe- or N-isopropyl-4-[123I]
iodoamphetamine SPECT, we quantitatively measured 
cerebral blood flow and its reactivity to acetazolamide 
in 320 MMD patients at least 4 weeks after the onset of 
symptoms. The affected hemisphere was considered to be 
the target for surgical revascularization when the tests re-
vealed ischemia and/or low cerebral perfusion or impaired 
reactivity to acetazolamide (Figs. 2 and 3). According to 
these criteria or patients’ requests, surgical revasculariza-
tion was performed on 18 sides in 28 patients. Three pa-
tients underwent surgical bilateral revascularization, and 
12 patients underwent surgery on 1 side (i.e., 12 sides did 
not undergo surgery). Thus, 15 patients underwent surgi-
cal procedures, and 13 (26 sides) patients did not. Those 
patients who received surgery on both sides were excluded 
from follow-up. We assessed the progression of disease 
for those patients who did not undergo surgery. Therefore, 
25 (38 sides) patients were included in the group with GD 
during follow-up (Fig. 1). One hundred forty-five patients 
(210 sides) of the 280 MMD patients without GD who did 

Fig. 1. In this study, 29 (9.1%) MMD patients were diagnosed with GD, 28 of these patients received treatment, and 25 were 
included during follow-up.
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not experience surgical revascularization were included 
during follow-up (Fig. 4). Surgical procedures included 
superficial temporal artery to middle cerebral artery anas-
tomosis, superficial temporal artery to middle cerebral 
artery anastomosis combined with encephaloduroarte-
riosynangiosis, or encephaloduroarteriosynangiosis alone. 
Therefore, a total of 170 patients (25 with GD; 145 without 
GD) were included in this study during follow-up.

Follow-up and evaluation of disease progression
Both MRI and MR angiography (MRA) were per-

formed every 6 or 12 months using a 3.0-T whole-body 
MR imager. When progression of the occlusive lesion in 
the major intracranial arteries was suspected, DSA was 
performed for verification. Occlusive lesions in the carotid 
branches were graded according to Suzuki’s 6 stages of 

angiographic staging4,9: Stage I, narrowing of the carotid 
siphon; Stage II, initiation of moyamoya vessels; Stage III, 
intensification of moyamoya vessels; Stage IV, reduction 
of moyamoya vessels; Stage V, minimization of moya-
moya vessels; and Stage VI, disappearance of moyamoya 
vessels. The progression of lesions from lower to higher 
stages in the carotid branches was graded according to 
Suzuki’s angiographic staging by 1 neurosurgical radiolo-
gist and 2 neurosurgeons who were blinded to the patient’s 
GD status. Data about cerebrovascular strokes (including 
ischemic stroke, transient ischemic attack [TIA], or hem-
orrhage) were obtained from the records of patients’ most 
recent clinical visits. The mean follow-up was 106.4 ± 
48.6 months (range 6–216 months).

statistical analysis
To clarify the predictors of disease progression in 

MMD with GD, we performed primary comparisons 
between patients with GD and without GD. Categorical 
variables were analyzed using a Pearson chi-square test 
or Fisher exact test. Continuous variables were compared 
using an independent Student t-test. Continuous variables 
were expressed as a percentage or as mean ± SD. Differ-
ences were considered to be statistically significant if the 
p value was < 0.05. The incidences of both angiographic 
progression and strokes were analyzed using Kaplan-
Meier analysis. The log-rank test was used to analyze the 
survival differences between patients with GD and with-
out GD. Subsequently, a multivariate logistic regression 
analysis was conducted to test the effects of sex, age at 
MMD onset, disease type, cerebrovascular strokes, and 
GD on the onset of MMD progression during follow-up. 
The statistical level of significance was also set at p < 0.05. 
Statistical analysis was completed with SPSS 13.0.

results
clinical characteristics

Of the 320 patients, 148 were male and 172 were fe-
male. The average age was 36.1 ± 12.9 years (range 18–68 
years) at MMD onset. The prevalence of GD in MMD 
patients was 9.1% (n = 29) (Fig. 1). The ratio of males to 
females in the 29 MMD patients with GD (male/female 1: 

table 1. summary of the values of tsh, ft3, and ft4 in mmd 
patients with gd*

Case 
No.

Age 
(yrs) Sex

Measurements During 
Follow-Up of 106.4 ± 48.6 Mos

fT3  
(nmol/L)†

fT4  
(pmol/L)† TSH (mU/L)†

1 30 F 3.7–7.4 17.0–20.5 0.45–1.0
2 37 F 4.6–6.9 12.4–16.0 2.7–4.0
3 41 F 5.5–7.5 14.0–18.0 1.78–2.6
4 44 F 4.3–7.0 20.0–21.4 3.45–3.80
5 46 F 4.0–6.3 13.6–15.0 2.23–2.64
6 28 M 7.0–7.3 15.0–16.8 1.37–2.30
7 48 F 3.8–6.8 12.4–15.5 3.11–4.0
8 24 F 3.61–7.0 18.0–21.4 1.15–2.17
9 35 M 6.5–7.0 16.4–18.5 1.31–3.99
10 35 F 4.5–6.3 12.0–13.5 0.482–1.21
11 38 F 3.9–7.1 14.5–16.4 2.17–3.90
12 32 M 4.1–6.5 13.1–22.0 0.45–2.87
13 25 F 4.0–7.2 15.0–18.5 1.21–1.49
14 29 F 3.6–5.7 14.0–17.5 2.0–2.35
15 26 F 4.4–7.0 12.5–14.3 1.65–2.08
16 24 F 3.8–7.1 17.6–20.4 1.49–4.1
17 26 F 3.9–6.5 18.6–20.5 2.82–3.17
18 51 F 3.6–7.0 19.0–21.6 2.46–3.14
19 39 F 4.8–5.6 14.6–18.6 2.73–3.08
20 24 F 6.0–6.8 15.5–20.6 2.14–2.61
21 45 M 3.8–7.2 17.4–19.6 0.456–2.57
22 21 F 3.8–5.5 20.0–21.5 0.794–1.13
23 38 M 5.3–6.0 12.5–16.6 0.336–0.456
24 18 F 6.6–7.2 18.4–22.0 2.34–3.14
25 65 M 3.9–4.5 13.6–17.4 2.57–3.06

*  The thyroid hormones were examined at 6-month intervals. The data are 
shown as the lowest to the highest values of all tests per patient. The values 
remained in the normal range during follow-up.
†  Normal reference values: fT3 = 3.60–7.50 nmol/L; fT4 = 12.0–22.0 pmol/L; 
and TSH = 0.27–4.2 mU/L. 

Fig. 2. left: Cerebral DSA image revealing stenosis and occlusion of 
the left internal carotid artery bifurcation.  right: Magnetic resonance 
image showing ischemic lesions in the left frontal and parietal lobes.
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3.1) was significantly higher than that in the whole sample 
(p = 0.030), and the mean age was 34.8 ± 11.1 years (range 
18–65 years) at MMD onset. Of the 28 patients, the initial 
symptoms were TIA, cerebral infarction, and hemorrhage 
in 5, 14, and 9 patients, respectively. Twenty-three patients 

had bilateral involvement, and 5 had unilateral moyamoya 
vessels.

Features of disease progression in mmd patients with gd
During the follow-up period, the occlusive lesions in 

the major intracranial arteries progressed in 10 (26.3%) 
of 38 nonoperated sides or in 10 (40.0%) of 25 patients. 
Disease progression was verified in 1 man and 9 women, 
whose age at disease onset was 34.4 ± 9.5 years (range 
23–47 years). The interval between initial MMD diagno-
sis and disease progression was significantly shorter in pa-
tients with GD (mean 40.2 ± 7.5 months, range 2 months 
to 5 years) than in patients without GD (mean 59.6 ± 17.4 
months, range 8 months to 5 years) (p = 0.041). Disease 
progression occurred in all 5 patients (100%) with uni-
lateral MMD, and the interval between initial diagnosis 
and disease progression was 40.6 ± 22.4 months (range 
10 months to 5.0 years). Five (25.0%) of 20 patients with 
bilateral MMD showed progression, and the interval be-
tween initial diagnosis and disease progression varied 
from 7 months to 5.6 years (mean 45.6 ± 26.7 months). 
The incidence of disease progression in patients with GD 
(40.0%) was significantly higher than in patients without 
GD (20.7%) (p = 0.036). Of all of these 25 patients with 
GD who were followed up, the strokes included intracra-
nial bleeding in 3 patients, TIA in 1, and ischemia in 8. A 
PET study revealed the deterioration of cerebral hemody-
namics in 5 patients. Four patients experienced as many 
as 5 strokes per patient during follow-up. The incidence of 
stroke in MMD patients with GD (12 [48%] of 25) was sig-
nificantly higher than that in MMD patients without GD 
(38 [26.2%] of 145) (p = 0.027). Seven of 25 patients with 

Fig. 4. Overall, 145 MMD patients without GD were included during follow-up.

Fig. 3. PET scan revealing low cerebral perfusion and glucose metabo-
lism and indicating ischemia in the left frontal and parietal lobes. Figure 
is available in color online only.
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GD underwent additional bypass surgery, and 12 required 
medical treatment. One patient died following a third oc-
currence of intracranial bleeding in the 7th year following 
the onset of symptoms.

Features of disease progression in mmd patients 
without gd

In our study, 145 patients (210 nonoperated sides) with-
out GD were observed during follow-up (Fig. 4). The oc-
clusive lesions in the major intracranial arteries progressed 
in 30 (14.3%) of 210 sides or in 30 (20.7%) of 145 patients; 
of these 30 patients, 23 were women and 7 were men. The 
age at disease onset was 36.4 ± 12.6 years (range 18–71 
years), and the interval between initial diagnosis and dis-
ease progression was 59.6 ± 17.4 months (range 8 months to 
5 years). During follow-up, intracranial bleeding occurred 
in 17, TIA in 8, and ischemia in 13 of 145 patients. A PET 
study revealed the deterioration of cerebral hemodynamics 
in 5 patients. On the one hand, disease progression occurred 
in 15 (40.5%) of 37 patients with unilateral MMD, and the 
interval between initial diagnosis and disease progression 
varied from 1.3 to 9 years (mean 65.2 ± 32.7 months). On 
the other hand, disease progression occurred in 15 (13.9%) 
of 108 patients with bilateral MMD, and the interval be-
tween initial diagnosis and disease progression varied 
from 1.0 to 13 years (mean 64.6 ± 33.8 months). Fifteen 
of 108 patients with bilateral MMD showed progression of 
the occlusive lesion in the carotid branches, and 4 patients 
with bilateral MMD developed an additional occlusive le-
sion in the posterior cerebral artery during follow-up. The 
interval between diagnosis and disease progression in pa-
tients with unilateral MMD was significantly longer than 
that in patients with bilateral MMD (p = 0.021). During 
the follow-up period, intracranial bleeding occurred in 10, 
TIA in 6, and ischemia in 14 of 30 patients whose disease 
progressed, and a PET study revealed deterioration of cere-
bral hemodynamics in 9 patients. Surgery was performed 
to evacuate hemorrhages in 10 of 30 patients with cerebral 
bleeding, and 9 patients with deterioration of cerebral he-

modynamics underwent additional bypass surgery. All of 
these 30 patients received standard medical treatment.

Kaplan-meier survival estimates
The Kaplan-Meier survival curve showed that the dif-

ference in angiographic progression between MMD pa-
tients with GD and those without GD reached statistical 
significance (p = 0.038, log-rank test [Fig. 5 left]) and that 
the incidence of angiographic progression was signifi-
cantly higher in MMD patients with GD than in patients 
without GD, as shown in Fig. 5. The Kaplan-Meier curve 
also showed that the difference in strokes between the 2 
groups reached statistical significance (p = 0.031, log-rank 
test [Fig. 5 right]), and the incidence of strokes was signifi-
cantly higher in MMD patients with GD than in patients 
without GD, as shown in Fig. 5.

independent predictor of disease progression
The effects of various clinical factors on disease pro-

gression in MMD patients with GD and without GD were 
compared. After univariate analysis, no significant corre-
lations were observed with respect to patient age, history 
of stroke, and disease type between the 2 groups. Howev-
er, disease progression was noted in 9 (47.4%) of 19 female 
patients with GD and in 23 (28.8%) of 80 female patients 
without GD, revealing that the incidence of disease pro-
gression among female patients was not significantly dif-
ferent (Pearson chi-square test, p = 0.119) between patients 
with GD and without GD. After adjustments for covari-
ates such as sex, age at disease onset, disease type, GD, 
and cerebrovascular strokes, the multivariate analysis sug-
gested that GD may contribute to disease progression in 
MMD (OR 5.97, 95% CI 1.24–33.76, p = 0.043).

discussion
The natural history of MMD has previously been out-

lined in a number of studies.16,17 The coexistence of MMD 
and GD has been increasingly reported in recent years. 

Fig. 5. Kaplan-Meier survival curves showing that the differences in angiographically determined disease progression (p = 0.038, 
log-rank test [left]) and strokes (p = 0.031, log-rank test [right]) between patients with GD and without GD, respectively, reached 
statistical significance. Figure is available in color online only. 
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This study is the first to focus on progression and clini-
cal manifestations in the major intracranial arteries in a 
large population of patients with concurrent MMD and 
GD. Although thyroid hormone levels were controlled 
within the normal range in patients with GD, the results 
clearly showed that the incidence of disease progression 
was higher in these patients than in patients without GD 
and also that it was higher than previously recognized.18 
Multivariate analysis showed that MMD patients with GD 
had a higher risk of disease progression than did MMD 
patients without GD. The interval between initial diag-
nosis and disease progression was significantly shorter in 
patients with GD than in patients without GD. A signifi-
cant association between a history of GD and recurrent 
stroke was observed. The incidence of strokes in patients 
with GD was significantly higher than in patients without 
GD. This study indicated that GD may be associated with 
disease progression and cerebrovascular consequences in 
MMD patients.

Disease progression in adult MMD patients previously 
was considered very rare. Kuroda et al. reported that dis-
ease progression occurred in 15 of 63 adult patients, includ-
ing 4 patients with unilateral MMD and 11 patients with 
bilateral MMD; until now, theirs was the largest population 
in which the progression of MMD was studied.18 Several 
studies have also reported the progression of occlusive le-
sions in adult MMD patients.8–10 In addition, several studies 
have reported that unilateral MMD has progressed to the 
bilateral type.3,11,13,34 Thus, disease progression can occur in 
adult MMD patients. To our knowledge, more than 78 con-
current cases of GD and MMD or moyamoya syndrome 
have been previously described. Moreover, 2 studies de-
scribed the association between MMD and thyroid auto-
antibodies and/or thyroid dysfunction.15,23 However, fewer 
than 10 adult MMD patients with GD have been reported 
to exhibit progression according to case reports. Ezura et 
al. examined the course of changes in 6 cases of MMD 
using cerebral angiography and reported that disease pro-
gression was found in 11 hemispheres of 12 patients be-
tween childhood (15 years and younger) and adolescence 
(15–20 years), whereas progression was found in only 3 
hemispheres of 12 patients between adolescence and adult-
hood.2 Therefore, they concluded that MMD progressed 
between childhood and adolescence and stopped or pro-
gressed little from adolescence to adulthood. In the present 
study, however, the results indicated that disease continued 
to progress in adult MMD patients. In particular, the inci-
dence of disease progression was higher in MMD patients 
with GD than in patients without GD, and the interval from 
initial diagnosis to disease progression was shorter in pa-
tients with GD than in patients without GD. The findings 
suggest that disease progression in adult MMD with GD 
was active. 

This raises the question of why MMD patients with 
GD tend to experience disease progression. We analyzed 
data obtained in MMD patients with GD in whom dis-
ease progression in moyamoya-affected vessels had pre-
viously been reported.8,19,22,30 Based on several earlier 
reports, we know that almost all MMD patients develop 
symptoms during the hyperthyroid state. During the thy-
rotoxic state, excessive production of thyroid hormones is 

believed to increase cerebral metabolism and oxygen con-
sumption, resulting in impaired cerebral perfusion. Thus, 
the cerebrovascular hemodynamics of MMD patients 
with thyrotoxicosis can result in cerebrovascular events 
and may cause alterations of the arterial walls. In addi-
tion, some MMD patients experienced stroke soon after 
they received antithyroid treatment or shortly after their 
antithyroid drug dosage was increased,20,24 suggesting that 
hemodynamic changes elicited by a sudden surge of thy-
roid hormone may exacerbate vascular disease in MMD 
patients. Moreover, some individuals repeatedly experi-
enced additional cerebral infarction following relapse to 
hyperthyroidism.8,12,25,32 Some studies have also suggested 
that abnormal thyroid function—especially fluctuations of 
thyroid function caused by hyperthyroidism—may be an 
important risk factor that can trigger or aggravate symp-
toms or disease progression in MMD patients.14,27,28 Thy-
roid hormones may augment vascular sensitivity to the 
sympathetic nervous system and may induce pathological 
changes in the arterial walls. An immune-mediated mech-
anism may play a role in the pathogenesis of these dis-
eases.21 Vasculitis induced by antithyroid drugs may cause 
changes in the intracranial arteries. Thyrotoxic states may 
accelerate the progressive occlusive disease in the intra-
cranial arteries.7,26 High levels of thyroid hormone in GD 
patients damaged their arterial walls by altering vascular 
reactivity, and GD has been hypothesized to lead to moy-
amoya syndrome.5,24,32 Lee et al. reported that strict con-
trol of thyroid function in patients with hyperthyroidism 
may help prevent the associated vascular abnormalities.20 
According to multivariate analysis in the study reported 
here, GD may be an independent factor for disease pro-
gression in adult MMD patients, suggesting an underlying 
common pathogenic mechanism between these 2 diseases. 
The antithyroid treatment did not significantly change dis-
ease progression in MMD, and the fluctuations of thyroid 
hormone levels may be an important factor. In addition, 
the immune-mediated repeated stimulation of the walls of 
arteries may play an important role in disease progression.

In the present study, disease progression occurred more 
often in females than in males. However, in this study, the 
association of sex and disease progression was not sig-
nificantly different between MMD patients with GD and 
those without GD. The sex difference may be attributed 
to GD, which mainly affects females.6 Kuroda et al. re-
ported female sex may be a significant predictor of disease 
progression in adult MMD patients.18 Furthermore, female 
predominance is more pronounced in familial MMD. A 
study also showed that male/female ratios were 1:1.5 and 
1:1.6 in familial and sporadic cases, respectively, indicat-
ing female predominance in familial MMD.15 Although 
the sex difference in disease progression between patients 
with and without GD was not significant, the incidence in 
female patients was higher than that in male patients in 
this study.

This study revealed that 40.0% of patients with GD ex-
perienced disease progression of moyamoya vessels. The 
incidence of disease progression in patients with GD was 
much higher than that in patients without GD and was 
larger than previously believed.18 The interval between 
initial diagnosis and disease progression was significantly 
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shorter in patients with GD than in patients without GD. 
Mean follow-up periods were 3 to 6 years in previous 
studies. The patients included in the present study were 
followed up for a mean period of 106.4 months (approxi-
mately 8.9 years). In addition, all 5 patients with unilateral-
type disease and GD progressed to typical bilateral-type 
MMD. However, 15 of 37 patients without GD showed 
progression from unilateral- to bilateral-type MMD. The 
interval for unilateral-type progression to bilateral-type 
MMD was shorter in patients with GD than in patients 
without GD. The findings suggested that MMD in patients 
with GD could easily progress, even if the levels of thyroid 
hormones were controlled within the normal range during 
follow-up.

During follow-up, strokes occurred in 12 of 25 patients 
with GD. Recurrent strokes occurred in 4 patients, and the 
maximum recurrence was up to 5 times during follow-up 
of 10 years. However, 38 of 145 patients without GD expe-
rienced strokes during follow-up, and no recurrent strokes 
were observed. The incidence of strokes was significantly 
higher in MMD patients with GD than in patients without 
GD. The results indicated that both patients with GD and 
without GD should be carefully observed and followed up 
for better management.

conclusions
This study suggests that the incidence of disease pro-

gression in adult MMD with GD is significantly higher 
than in adult MMD without GD, and GD may contribute 
to disease progression. Disease progression in MMD pa-
tients with GD is very active. Disease progression can oc-
cur in patients with unilateral MMD with GD and in those 
with bilateral MMD with GD. In addition, the incidence of 
strokes is much higher in patients with GD than in patients 
without GD. Management guidelines for MMD patients 
with GD should be established.
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