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To characterize the influence of genetic factors on clinical features of Graves’ disease (GD), we investigated

28 patients with familial GD, which were patients who had at least one family member with GD within the pro-

band’s first-degree relatives. We compared 43 non-familial cases of GD that were selected randomly from pa-

tients referred to the Endocrine Clinic of our hospital. The male-to-female ratio was significantly higher in familial

than non-familial GD. The age of onset of the disease was significantly lower in familial GD, but we could not de-

tect any statistically significant differences in thyroid hormone concentrations or the levels of thyrotropin

receptor-related antibodies. These data suggest that the influences of chromosome X-linked genes or estrogen

products may be less important than susceptibility genes for the onset of familial than non-familial GD, and non-

genetic factors may have a stronger influence in older patients. The results also suggested that genetic factors

may not influence the disease activities by themselves, but further studies are necessary to clarify these issues.
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Introduction

Familial diposition has been reported for autoim-
mune thyroid diseases including Graves disease
(GD)". Although environmental and hormonal fac-
tors are thought to play a role, genetic factors may
be the most important trigger for the onset or de-
velopment of this disease”. Recent large twin stud-
ies revealed that the concordance of GD in monozy-
gotic twins was 35%, whereas in dizygotic twins, it
was estimated to be 3%**. In addition, the studies
also suggested that genetic factors may account for
up to 79% of the predisposition for GD¥*. The ge-
netic factors, however, may be complex, and several
different genes may interact to cause GD. Recent in-
vestigations on the genes causing susceptibility to
GD suggested at least five possible loci, including
the genes for major histocompatibility complex on

6p2, cytotoxic T lymphocyte antigen4 on 2q33,
thyroid-stimulating hormone (TSH) receptor on
14931, and SAS-ZFAT on 5q31-33¢” .

In addition to these genetic studies, more detailed
clinical information is needed on the patients with
strong genetic disposition to GD to clarify the ge-
netic and environmental effects on the pathogenic
process. As for familial patients, a previous nation-
wide survey didn't reveal a significant difference
between familial and non-familial GD with respect
to age, gender distribution, or laboratory findings'.
However, correct diagnosis of GD and accurate in-
formation about family members are difficult to ob-
tain, so we reevaluated the clinical characteristics of
clear cases of familial GD.



Subjects and Methods

Subjects

Twenty-eight patients (12 male, 16 female) with
familial GD were enrolled in the study. A patient
was defined as having familial GD if there was at
least one family member with GD within the pro-
band’s first-degree relatives as defined by the pre-
vious nationwide survey'”. The diagnosis of GD was
confirmed by laboratory findings including eleva-
tion of serum free thyroxine (T4) and/or free tri-
iodothyronine (T3), suppression of serum TSH, and
the presence of TSH binding inhibitory immuno-
globulin (TBII).In some cases, radioactive iodine or
thyroidal uptake of ®"TcO4~ was performed to
make a definite diagnosis. For the control group, we
randomly selected 43 GD patients (8 male, 35 fe-
male) that did not have family members or relatives
with GD or Hashimoto's thyroiditis. These control
patients were referred to the Endocrine Clinic of
Tokyo Women's Medical University Hospital in
2000 and were followed by the clinic.

Measurements

Commercial radiocimmunoassay kits were used
for measurements of free Ts and free T, (Ortho
Clinical Diagnostics Co., Tokyo, Japan) and of TSH
binding inhibitory immunoglobulin (Cosmic Corpo-
ration, Tokyo, Japan).

Statistical analysis

Differences between the male-to-female ratios be-
tween the two groups were analyzed by Fisher's
exact test where appropriate. All data are expre-
ssed as the means * SD except where indicated.
Significance (p<0.05) between the measured val-
ues was determined by one-way ANOVA where
appropriate. Statistical calculations were made us-
ing Statview 5.0 (SAS Institute Inc, Cary, NC, USA).

Results

Although we examined only 28 familial patients
(12 male and 16 female) and 43 non-familial patients
(8 male and 35 female), the difference between the
proportion of males (12 of 28 vs 8 of 43, respec-
tively) was significant (p=0.0334 by Fisher’s exact
test).

As shown in the Figure, the age of the onset of
disease in male and female patients did not differ
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Figure The age of onset of Graves' disease
In familial patients the age of onset was significantly
earlier than in patients with non-familial GD (p <
0.0001). In female patients, the onset of disease was sig-
nificantly earlier in familial than in non-familial patients
(p <005) .

(341 +14.3 vs 382+ 179 yr, respectively) but the
age of onset in familial patients was significantly
earlier than in patients with non-familial GD (27.9=
130 vs 430 =16.7 yr, p<0.0001). Moreover, for fe-
male patients, the onset of disease was significantly
earlier in familial than in non-familial patients
(24.8+135vs44.3+164 yr, p<0.05).

Next we compared free T;, free Ty, and TBII just
before the initial treatment. The number of deter-
minations for these markers was different than the
number of patients because some of the patients
were referred to our clinic only after the initial
treatment and were therefore not included. Free T
concentrations in patients with familial and non-
familial GD patients were 568 +2.33 (n=11) and
528+295 (n=37) ng/dl respectively. Free T; con-
centrations in these patients were 1531 £5.19 (n=
11)and 12.26 +6.32 pg/ml{(n=37), respectively. The
levels of TBII in these patients was 39.67 = 26.56%
(n=28)and 35.36 =24.99% (n=40). As shown in the
Table, these values were not significantly different
between the patients with familial and non-familial
GD.

Discussion

According to a previous nationwide survey in Ja-
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Table Free T3, Free T4 and TSH binding immunoglobulin in familial and non-
familial GD prior to the initial treatment

Familial Non-familial p value
Free T4 (n/dD) 568 = 2.33 (n = 11) 528 = 295 (n = 37) NS
Free T3 (pg/ml) 1531 = 519 (n = 10) 1226 = 6.32 (n = 37) NS
TBII (%) 39,67 = 26.56(n = 28) 35.36 = 24.99(n = 40) NS

Data are means*SD, and the number of patients (n) for each category is shown in

parentheses. NS: not significance.

pan, the prevalence of familial GD is 2.1-3.1% of hy-
perthyroidism, and the relative risk for GD in family
members of patients with GD compared to non-
family members was estimated to be 19-42"”. The
higher relative risk in familial members suggests
genetic influences. In addition, the fact that both GD
and Hashimoto thyroiditis are frequently found in
members of the same family suggests that they
share a genetic predisposition”'”. A genetic predis-
position to developing GD is also suggested by the
fact that the disease is often associated with other
autoimmune disorders including Type 1 diabetes
mellitus and systemic lupus erythematosus®™.

In contrast to the previous nationwide study, we
found that the proportion of males is significantly
higher in familial GD and that the onset of the dis-
ease is significantly earlier in familial patients than
in non-familial patients. The reason for these dis-
crepancies, may be the differences in the diagnoses
as well as the information about the family mem-
bers. It is generally believed that the correct diag-
nosis of Graves' disease is sometimes difficult with-
out radioactive iodine uptake even about patients
positive for TBIL However, only 41% patients were
positive for TBII in the previous nationwide survey.
Moreover, the control patients were estimated from
the survey of the Ministry of Health, Labor and
Welfare of Japan about the patients with thyrotoxi-
cosis who visited outpatient clinic in October 1999.
In this study we enrolled patients with definite
Graves' disease. The number of the patients is lim-
ited but we did not include painless thyroiditis
which is more female dominant.

In non-familial patients, the proportion of males
was 186% (8 out of 43) and the 95% confidence in-
tervals were estimated to be 7.0% to 30.2%. Simi-

larly, the reported proportion of males in the nation-

wide study was 24.1%'. In support of our data,
very similar observations were reported in patients
who were surgically treated for GD at Noguchi Hos-

2 The higher male ratio in fa-

pital in Beppu, Japan
milial GD suggests that influences of chromosome
X-linked genes or effects of estrogen on susceptibil-
ity are less prominent on the onset of familial GD. In
addition to influences of chromosome X-related
genes or estrogen, some reports have revealed

gender-specific susceptibility to autoimmune thy-
13)14),

’

roid disease however, we do not have genetic
marker data for these patients, and we had only
two patients whose fathers had GD. Therefore, this
issue remains to be resolved in future studies.

The difference in the onset of the disease may
also be due to the fact that familial GD patients may
be more aware of the early signs and symptoms of
GD, prompting an earlier examination and diagno-
sis. Onset of Graves disease is relative sudden and
requires medical attention. Therefore, it is highly
unlikely that the intergeneration difference in age
at onset, which averaged 15.1 yr, is solely a reflec-
tion of increased disease awareness. Our observa-
tion of an earlier onset of GD in familial cases sug-
gests that the influence of genetic factors is more
prominent in younger patients and that environ-
mental factors are more important in late-onset pa-
tients. The agrees with the idea that abnormal anti-
gen presentation is more likely to occur in patients
with a strong genetic background for GD and in
older individuals who have higher chances for expo-
sure to environmental factor such as viral infec-
tions.

The early onset of GD in familial cases may be
also accounted by the phenomenon termed “genetic
anticipation”. In numbers of diseases affected by ge-
netic factors, the onset of disease is earlier in each



subsequent generation. Actually genetic anticipa-
tion is reported in familial cases of GD'. The same
tendency was also observed our patients, but the
number of pair is too small to estimate statistical
significance. As 4 patients of familial cases in our
study are the second generation without the first
generation, therefore the early onset of the disease
in the familial cases may be influenced by genetic
anticipation of Graves' disease.

Recent studies on polymorphisms in the gene for
cytotoxic T lymphocyte antigen-4, suggest that ge-
netic factors are important for the response of GD
to antithyroid drug treatment. The report also
suggests that the disease activity itself may be af-
fected by a genetic factor. We therefore compared
the patients’ thyroid hormone concentrations and
the levels of TBII prior to treatment. We did not
find a difference in the thyroid hormone concentra-
tions or presence of TSH receptor antibody be-
tween the familial and non-familial GD patients.
This suggests that the initial thyroid hormone con-
centrations or presence of TSH receptor-related an-
tibodies may be affected by multiple factors in addi-
tion to genetic factors. Such non-genetic factors
may include iodine intake, gender, and coexisting
destructive thyroiditis.

In conclusion, familial GD has an earlier onset and
affects a higher proportion of males than non-
familial GD. Therefore, the two forms of GD may be
different clinical entities. However, the exact
mechanism of the differences remains to be deter-
mined.
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