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Further Evidence for a Strong Genetic Influence on the
Development of Autoimmune Thyroid Disease: 

The California Twin Study

Daniel A. Ringold, John T. Nicoloff, Matthew Kesler, Heather Davis, Ann Hamilton, and Thomas Mack

To determine the heritable component of Graves’ disease (GD) more precisely, a disease survey questionnaire
completed by 13,726 California-born twin pairs over the age of 37 years was used as the foundation of this
study. On the basis of this survey, each member of pairs reporting a past diagnosis of GD was then sought for
an extensive telephone interview to seek diagnostic confirmation. Successful diagnostic evaluation occurred in
108 cases, of which 99 affected twin pairs form the basis of this report. The results indicate that the estimated
pairwise concordance for is 17% in monozygotic (MZ) twins, and 1.9% in dizygotic (DZ) twins, which are in
close agreement with a recent report from a Danish twin population. Moreover, the reported 3.9% occurrence
of GD found in the first-degree relatives of affected twin pairs supports these findings. In contrast, only 0.45%
of all twins, 0.27% of the spouses of twins, and approximately 0.16% of the first-degree relatives of unaffected
twins were reported to have GD. Additionally, among the unaffected MZ twins of patients with GD, 17% re-
ported having chronic thyroiditis and 10% other nonthyroid autoimmune conditions such as lupus erythe-
matosus, pernicious anemia, or idiopathic thrombocytopenic purpura. Thus, a genetic predisposition appears
to be shared for both thyroid and some nonthyroid autoimmune diseases. While it seems that GD is a strongly
and nonspecifically heritable condition, the relatively low level of twin concordance indicates that this disease
likely requires a nonheritable etiologic determinant(s) as well.
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Introduction

SINCE PARRY (1825) AND GRAVES (1835) first described what
is now generally termed Graves’ disease (GD), its etiol-

ogy has remained obscure despite increasing understanding
of its pathogenesis. Currently, GD is considered to be an au-
toimmune disease in which autoantibodies reactive to the
host’s thyrotropin receptor (TSHR) are responsible for pro-
ducing typical phenotypic findings of diffuse goiter, thyroid
hormone hypersecretion, and thyrotoxicosis (1,2). This dis-
ease complex is also occasionally accompanied by evidence
of infiltrative ophthalmopathy and, rarely, with pretibial
myxedema (3). However, the presentation is variable both in
terms of severity and course, which on occasion may culmi-
nate in an apparent complete clinical remission (3).

While there is clear evidence of genetic and environmen-
tal contributions to the genesis of GD, the specific factors and
the nature of their interaction are unclear. Heritability has
been suggested by early observations of familial clustering
(4–6) and a high degree pairwise concordance approximat-
ing 50% in initial reports of monozygotic (MZ) twins (7–8),

which is substantially higher than the 0%–9% range found
in like-gender dizygotic (DZ) twins. Thus, it has been gen-
erally presumed that GD is not only familial, but a heritable
disease with a high degree of identity between genotype and
phenotype. The genetic underpinnings of GD may also be
extended to other autoimmune thyroid diseases, as evi-
denced by case reports of MZ twin pairs in which one twin
has GD and the other has chronic thyroiditis (9–13), sug-
gesting a common heritable factor(s) in etiology of thyroid
autoimmune thyroid diseases as a group. This evidence sup-
porting the inheritance of autoimmune thyroid diseases has
provided the rationale for the search to identify the respon-
sible genes (14).

This presumption of an overwhelmingly genetic predis-
position for GD has been challenged by a recent report from
the Danish Twin Registry in which pairwise concordance
was observed to be 15% in a group of 39 MZ twin pairs with
self-described GD and 22% in a subgroup of 18 pairs in
whom the disease was validated through medical records
(15). The reason for the discrepancy between this recent ob-
servation and the substantially higher concordance rates
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found in a previous report in a similar Danish twin popula-
tion was ascribed to subject selection biases and diagnostic
inaccuracies in the earlier study (8).

Because future investigations into the etiology of GD may
depend on precisely defining genetic and environmental de-
terminants, we undertook the present investigation into the
familiality and twin concordance of GD using a large set of
representative native resident California twins. The results
of this study reaffirm the role of genetics in GD with a sim-
ilar concordance rate as seen in the recent Danish Twin Reg-
istry study. It also underscored the possibility that nonheri-
table factors are necessary to express this GD phenotype.
Additionally, this study sought to explore the often postu-
lated common genetic association between GD and CT as
well as with other systemic autoimmune diseases. Our find-
ings, suggest that there is a strong common genetic basis for
both autoimmune thyroid diseases and with other nonthy-
roid autoimmune diseases as well.

Subjects and Methods

Study population

The California Twin Program was established by creating
a file of all twins born in California between 1908 and 1982.
Linking this file with the Department of Motor Vehicles file
of active drivers’ licenses in 1991 produced a roster of 102,000
native resident California twins. Only nondrivers and some
females born before approximately 1940 are underrepre-
sented on this roster because the latter drivers’ license files
with maiden names were not computerized until the mid-
1960s. A 16-page instrument was devised to include sections
on family background, growth and development, employ-
ment and education, reproductive history, personal and im-
mediate family medical history, diet, and other aspects of
lifestyle. GD was specifically addressed by questions about
diagnoses made about the respondent, his or her co-twin,
other first-degree relatives, and his or her spouse. Provision
was also made for an open-ended response to a request for
any “other conditions” suffered. Questionnaires were only
sent to subjects 40 years of age or older in order to better as-
certain cumulative incidence rates. The initial instrument
was followed by a reminder and a second copy sent to non-
respondents after 3 months. A total of 19,934 instruments
were completed and returned, equivalent to 55% of those
sent. Small follow-up surveys to respondents and nonre-
spondents led to the conclusion that approximately 67% of
those who actually received the questionnaire responded. Of
those returned, 556 (2.8%) were unusable for technical rea-
sons, leaving 19,378 respondents representing 13,708 twin
pairs. The mean ages of male MZ, female MZ, male DZ, fe-
male DZ, and unlike-gender DZ respondents at the time of
survey were 50.4, 44.2, 50.0, 44.4, and 47.7 years, respectively.
Respondents were generally representative of all native Cal-
ifornia residents with respect to race, social class, and Cali-
fornia subregion.

Zygosity

Self-reporting of zygosity by adult twins has in the past
repeatedly been shown to be highly predictive of true zy-
gosity (16) and results of self-reports followed by DNA “fin-
gerprinting” of more than 40 pairs of twins in this center has

further reinforced this perception (17). Of the final set of
19,378 respondents, identical females accounted for 15.5% of
the respondents and identical males for 16.5%; 16.8% were
from like-gender fraternal female pairs, 20.2% from like-gen-
der fraternal male pairs, and 30.9% from unlike-gender fra-
ternal pairs. Furthermore, in only 0.1% of cases was zygos-
ity in doubt or disagreement. Based on California twin birth
records for the period, the expected frequency for these five
categories should be approximately 16.5%, 16.5%, 16.5%
16.5%, and 33%, respectively.

Concordance

Pairwise concordance is defined in this study as the pro-
portion of all affected pairs in which both twins are affected.
Probandwise concordance, which estimates the contingent
probability that the unaffected twins of a case will be af-
fected, counts each concordant pair twice on the assumption
that each such twin has been independently ascertained. The
latter measure can then be compared directly to cumulative
incidence.

Validation

Each twin reporting a diagnosis of GD, hyperthyroidism
or a “thyroid condition,” was scheduled for a telephone in-
terview in which a more detailed information of the signs,
symptoms, procedures, and treatment associated with es-
tablishing a specific clinical diagnosis of GD was obtained.
This telephone interview was carried out using a formatted
questionnaire in which the interviewers (D.A.R. and M.K.)
systematically elicited relevant historical information in-
cluding age at diagnosis, clinical features of Graves’ eye dis-
ease, and other diagnostic labels that had been applied to
their condition such as “overactive or underactive thyroid,”
hyperthyroidism, toxic thyroid or goiter, autoimmune thy-
roiditis, Hashimoto’s thyroiditis, or “any thyroid trouble.”
The duration of their condition, clinical course, and thera-
peutic measures used were also recorded including the use
of antithyroid medications (methimazole and propyl-
thiouracil [PTU]), radioiodine, and surgery as well as cur-
rent use of hormone preparations, time of initiation, dose,
and therapeutic response. This clinical information was then
cross-checked with their twin for additional validation. Ad-
ditionally, the interviewers attempted to elicit other symp-
tomatology that might have further relevance in validating
the diagnosis. This data was then reviewed blinded to indi-
vidual identity and zygosity (J.T.N.) and a final determina-
tion was made as to whether sufficient information was
available to establish a likely clinical diagnosis of GD. No at-
tempt was undertaken to communicate with the attending
physician or review medical records. Additional historical
information relevant to first-degree relatives who may have
had GD or other thyroid or nonthyroid autoimmune diseases
(i.e. lupus, rheumatoid arthritis, vitiligo, pernicious anemia,
etc.) was also ascertained.

Results

Study population and validation

A past diagnosis of GD in 118 individual twin respondents
was reported by the members of 110 twin pairs (220 indi-
viduals). In 62 of these pairs, self-reports were available from
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all 124 individuals, and 70 were reported to be affected. A
single twin responded to the original questionnaire from
each of 48 other pairs; 35 of them reported GD in themselves,
and 14 did so in reference to their nonrespondent co-twin.
Each of the 220 individuals, including the 118 reported cases,
was sought for interview. Of the 118 initial case reports of
GD, 105 were available for review. Of the 110 identified pairs,
11 co-twins of cases were never at risk of GD because of
death, thyroidectomy, or invalid reporting. Two of the re-
maining 99 identified pairs were uncertain of their zygosity
and DNA “fingerprinting” was offered to and accepted by
them (GeneLex, Seattle, WA). The final zygosity distribution
of the 99 identified pairs was 36 MZ (29 females, 7 male),
and 63 DZ (25 like-gender female, 5 like-gender male, and
33 unlike-gender pairs). A history consistent with the oc-
currence of Graves’ eye disease was reported on in 42 (45%)
of the affected population (15 MZ and 27 DZ). The average
age at confirmatory interview of affected pairs was 52.0 (MZ)
and 48.7 (DZ) years while the average age at the time of di-
agnosis of validated GD cases was 36.6 (MZ ) and 34.0 (DZ)
years. Of the 99 identified pairs, 8 were of Latino, 5 of
African, 3 of Asian, and the remainder of European heritage.
The gender ratio (F/M) of the final rosters of both the 106
identified and 96 confirmed cases was 2.4/1.

Age-specific cumulative incidence

Cumulative incidence through a specific age provides a
rough measure of the risk to a population. Of the 106 iden-
tified cases derived from the 13,708 twins surveyed, 77 were
female and 29 were male, resulting in age-specific cumula-
tive incidence estimates of 0.61% and 0.20% at roughly age
40, respectively, and an overall gender-adjusted estimate of
0.40%.

Familial cases

In the initial questionnaire, 12 male and 26 female spouses
of respondents were reported to have been diagnosed with
GD, indicating a gender-adjusted cumulative incidence of
0.20% in adult persons from presumably unaffected families
(Table 1). However, no conjugal cases were reported in the
spouses of affected twins. In addition, 19 of the twin pairs
who reported GD in themselves indicated that GD had oc-
curred in at least one first-degree relative. This provides a
cumulative incidence (recurrence rate) of 3.9%, which is

more than 10 times that found in the families of unaffected
twins. Familial cases were reported by two (both MZ) of the
seven twin pairs concordant for GD. GD in one or more
members of the immediate family was reported by 90 twin
pairs who were themselves unaffected (Table 1).

Concordance

All 14 cases in 7 concordant pairs were confirmed by in-
terview, and no other concordant pairs were identified or
projected to exist. Six MZ pairs (5 female, 1 male) were con-
cordant for GD; whereas one concordant DZ pair (a male-fe-
male pair) was found. The average age at diagnosis of con-
cordant pairs was 33 years (range, 12–46); 4 of the 14
diagnoses were established as teenagers. The average inter-
val between diagnoses in each pair was 11.6 years, although
two pairs were diagnosed within a year of each other. Based
on the identified pairs, the pairwise and probandwise con-
cordance for the 36 MZ pairs were 0.17 and 0.29 and for the
62 DZ pairs were 0.019 and 0.036, respectively (Table 2).

Occurrence of chronic thyroiditis

Five (17%) of the GD-unaffected MZ twins and 1 (2.1%)
of the GD-unaffected DZ co-twins reported a history con-
sistent with chronic thyroiditis. In addition, 4 (4.2%) of the
96 validated cases of GD themselves also reported a history
consistent with this condition.

Occurrence of nonthyroid autoimmune diseases

Among the 29 unaffected identical co-twins of GD cases
interviewed, 3 (10.2%) reported having a nonthyroid au-
toimmune disease. Two reported having been diagnosed
with systemic lupus erythematosus (SLE) and 1 reported
both idiopathic thrombocytopenic purpura (ITP) and perni-
cious anemia (PA). One of the 47 (4.2%) unaffected fraternal
twins of GD cases interviewed also reported ITP, and among
the 96 validated cases of GD were 2 with ITP, 1 with SLE,
and 1 with PA. In contrast, among the 27,108 twins in re-
spondent pairs unaffected by GD, 83 or 0.3% reported hav-
ing had either SLE, ITP, or PA, a significantly lower rate than
that observed in all GD cases, or in the MZ twins of GD cases
(95% p 5 ,0.001). However, there was no apparent excess
of multiple sclerosis or inflammatory bowel disease re-
ported, and self-reports of rheumatoid arthritis and insulin-
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TABLE 1. GRAVES’ DISEASE IN THE FAMILIES OF CALIFORNIA TWINS

Age-specific
Persons cumulative

# Cases at risk incidence

All male twins in respondent pairs 30 14,756 0.0020
All female twins in respondent pairs 76 12,660 0.0060
All twins gender-adjusted (equal numbers by gender) 0.0040
Male spouses of married respondents 12 7,044 0.0017
Female spouses of married respondents 26 7,031 0.0037
As above, gender-adjusted (equal numbers by gender) 0.0027
Spouses of validated twin cases 0 99 0
First-degree relatives of unaffected pairs 90 78,433 0.0011
First-degree relatives of affected pairs 19 488 0.039



dependent diabetes were considered unreliable. No attempt
was made to validate these other reported nonthyroid au-
toimmune conditions.

Discussion

Age-specific cumulative incidence

No direct comparisons with our estimates of cumulative
incidence of GD are currently available in the medical liter-
ature, however, studies have estimated the prevalence and
the annual incidence rates. The Whickham study estimated
the prevalence of hyperthyroidism to be 1.1% in a cohort
from Great Britain (18). This study population was basically
similar to the present one but comprised 56% females com-
pared to 46% in the present study. The difference in the 
gender distribution of subjects as well as the other study’s
apparent lack of differentiation between GD and nonau-
toimmune hyperthyroidism likely contribute to some of the
discrepancy in the rate of GD.

In another study reported from Olmstead County, Min-
nesota, a relatively constant annual incidence rates 22.6 per
100,000 (averages, 15–30 years) would lead to an estimated
cumulative incidence for both sexes of 0.56% (19). This value
is comparable to cumulative estimates of 0.40% seen in the
present study and would support the validity of the survey
used in the present investigation.

Familiality and concordance

MZ twins always share the entire genome, and to the ex-
tent that concordance is incomplete, there is an inferred 
contribution of nonheritable factors. The interpretation of
nonheritable influences rests on the assumption that envi-
ronmental and/or random (stochastic) elements play an im-
portant etiological role in the development of the phenotype.
The known random aspect of the immune system response
is consistent with the concept that stochastic processes are
most likely involved.

The precise nature of the genetic contribution to GD
largely remains an unanswered question. Initial attempts to
identify the specific genetic locus or loci responsible for the
heritability of GD focused on the HLA region on chromo-
some 6, a credible possibility because of the role played in
the pathogenesis of other autoimmune diseases (20,21). Al-
though the haplotype containing DR3 (DR17) has been ob-
served to segregate with GD (22), this linkage was not 
consistent in all ethnic groups (23–25). Loci on other chro-
mosomes that have been given attention include those reg-
ulating the production of the thyrotropin receptor (TSH-R)
(26), thyroid peroxidase (27), an interleukin-1 (IL-1) antago-

nist (28), and cytotoxic T lymphocyte Antigen 4 (CTLA-4)
(29). The first two of these are logical candidates if the thy-
roid gland itself plays an essential role. However, to date,
study of these loci has produced no evidence of linkage to
GD. The genes responsible for producing the IL-1 antago-
nist, which contributes to the regulation of IL-1 activity, and
the CTLA-4 gene product, which modifies T-cell activation
and proliferation, have both been linked to GD. However,
whether variations in these two loci serve as the principle
source of the genetic predisposition to GD remains to be de-
fined. More recently, linkage of GD to a locus (GD-1) on chro-
mosome 14 near the gene encoding for the TSH-R has also
been proposed (30). The impact of this newer genetic infor-
mation on the interpretation of the present investigation
would reinforce the concept that the heritable aspects of GD
are most likely polygenetic. Indeed, this may well account,
in part, for the 10-fold higher concordance rates for GD be-
tween MZ and DZ observed in this study and others (15).

Chronic thyroiditis and other autoimmune diseases

A somewhat unexpected reported finding was the high
prevalence of chronic thyroiditis and other nonthyroid au-
toimmune diseases in GD cases in the unaffected identical
twins. The observed cumulative incidence of 17% chronic
thyroiditis and 10% (nonthyroid autoimmune disease) in co-
twins both approximate the 16.7% pairwise concordance ob-
served for GD itself and is much higher than the prevalence
in all twins or the DZ twins. Combining the concordance
data for GD with the cumulative incidences of CT produces
pairwise concordance rates of 31% and 3.7% in MZ and DZ
twins, respectively (Table 2). This finding strongly suggests
that these diseases share some common genetic foundation.
While a common genetic determinant for these two autoim-
mune thyroid diseases has been previously postulated (24),
definitive proof of such genetic commonality remains elu-
sive. There are many case reports in the literature that de-
scribe twins and families in which both diseases coexist
(9–13). Additionally, this study and as well as numerous
other reports demonstrate instances where GD and chronic
thyroiditis occur in the same patient, further suggesting com-
monality between these disorders (2,31–33). A recent study
preformed on a Japanese population demonstrated a specific
CTLA-4 polymorphism to be more common in patients with
GD and chronic thyroiditis compared to control subjects (34).
However, genetic linkage analysis has yet only produced one
common locus for GD and chronic thyroiditis that is near to,
but distinct from, the HLA region (35). One possible expla-
nation for this apparent discrepancy is that these disorders
are polygenetic and no single gene alteration is sufficient or
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TABLE 2. CONCORDANCE FOR GRAVES’ DISEASE AND GRAVES’ DISEASE AND CHRONIC THYROIDITIS COMBINED

Concordant Pairwise Probandwise
Twins Second twin diagnosis pairs All pairs concordance concordance

MZ Confirmed GD 6 35 17% 29.%
DZ Confirmed GD 1 54 1.9% 3.6%
MZ GD or chronic thyroiditis 11 35 31.% 48.%
DZ GD or chronic thyroiditis 2 54 3.7% 7.1%

MZ, monozygotic; DZ, dizygotic.



necessary for the expression of disease. In this situation it
may be difficult to detect specific susceptibility loci by fam-
ily-based linkage analysis as this method is better suited for
detecting genes that exert a dominant influence on a disease.

In addition, SLE (36), ITP (37), and PA (38) have all been
previously reported to be associated with GD, but their ex-
cessive occurrence in the MZ twins of cases strongly sug-
gests that the coincidence is due to shared heritability. These
findings also underscore the need to undertake a more fo-
cused and detailed future investigation to verify the valid-
ity of these observations.

Nonheritable determinants

Because a sizable majority of persons with a susceptible
genome go through life unaffected by symptomatic GD, the
correspondence between genotype and phenotype is not
high. While the factors that determine the development of a
clinical phenotype may be in whole, or in part a purely 
stochastic (random) immunologic process, it is rational to 
assume that environmental factors are also likely to be 
involved.

The idea that environmental factor(s) might initiate GD is
not new. Caleb Hiller Parry in 1803, first proposed a puta-
tive link between environmental stress and GD (39) that
more recently has been reinterpreted as a stress-induced
immune suppression followed by a “rebound” of hyperac-
tivity (14,40). Supporting this concept is a reported GD “out-
break” in Eastern Serbia between 1992 and 1995 attributed
to the stress brought on by civil war (41). Also, variations in
dietary iodine intake have been implicated (42,43) but have
been questioned by others (44,45). Recently, smoking tobacco
has been shown to be a risk factor for GD, especially for oph-
thalmopathy (46). Sex hormonal influences have also been
proposed to explain the female preponderance in GD, as in
other autoimmune diseases. The amelioration of GD during
pregnancy and the postpartum exacerbation suggests a pos-
sible role for sex hormones as well as prolactin (47). How-
ever, a more plausible mechanism has centered on X-
inactivation and the establishment of a T-cell repertoire in-
appropriately directed at the thyroid receptor (48).

Some recent attention has also been given to the possibil-
ity that some infectious agent or agents may play a role in
the etiology of GD. Reports of apparent “outbreaks” of GD
have further implicated such a possibility (49,50). Although
one population-based search failed to find evidence that GD
incidence is nonrandomly clustered in time and space (51),
such infectious agents may be environmentally omnipresent
making clustering unlikely. Some studies of specific agents
have implicated viral agents, including retroviruses (52–54).
Among bacteria, particular attention has been focused on the
widely disseminated enteric bacterium, Yersinia enterocolit-
ica, on the basis that serum antibodies that react with TSHR
found in patients with GD also cross-react against this or-
ganism (55–57). Although such molecular mimicry of the
TSHR by Yersinia proteins provides a plausible mechanism
for GD causation, at this stage the relationship between cause
and effect remains largely hypothetical (3).

Despite the evidence presented above regarding potential
environmental triggers, it also appears reasonable that ran-
dom events alone may be responsible for the clinical devel-
opment of GD. Presumably, such a process would involve

an intrinsically determined variability in the immunologic
response to autoantigens that would be randomly expressed
over time in a population genetically susceptible to GD. Sup-
porting this view are the close concordance values observed
in DZ twins (3.2%) and in first-degree relatives (3.9%) sug-
gesting that an environmental component is not likely to be
etiologically important. The similar findings of the present
California-based study and that reported in the Danish sur-
vey (15) adds further support to this concept as well. In
essence, the assumption of the Graves phenotype may sim-
ply prove to result from stochastic events occurring in ge-
netically susceptible individuals.

Acknowledgments

This work was supported in part by National Institutes of
Health Grant AM-11727 and General Clinical Research Cen-
ter Grant MOI-RR43.

References

1. Philippou G, McGregor AM 1998 The etiology of Graves’
disease: What is the genetic contribution? Clin Endocrinol
48:393–395.

2. Friedman JM, Fialkow PJ 1978 The genetics of Graves’ dis-
ease. Clin Endocrinol (Oxf) 7:47–65.

3. Volpé R 1985 Autoimmune thyroid disease. In: Volpé R (ed)
Autoimmunity and Endocrine Diseases. Marcel Dekker,
New York, pp 109–285.

4. Bartels ED 1941 Heredity in Graves’ disease [dissertation].
Einar Munksgaard, Copenhagen.

5. Martin L, Fisher RA 1951 The hereditary and familial aspects
of toxic nodular goiter. Q J Med 20:293–297.

6. Howel-Evans AW, Woodrow JC, McDougall CDM. Chew
AR, Evans, RW 1967 Antibodies in the families of thyrotoxic
patients. Lancet 1:636–641.

7. Lehmann W 1964 In: Becker PE, ed. Humangentetik, Ein
kurzes Handbuch in 5 Bänden, Vol. 3. Stuttgart: Georg
Thieme Verlag, p. 182.

8. Harvald B, Hague M 1956 A catamnestic investigation of
Danish twins—A preliminary report. Danish Med Bull
3:150–158.

9. Jayson MIV, Doniach D, Benhamou-Glynn N, Roitt IM, El
Kabi DJ 1967 Thyrotoxicosis and Hashimoto goiter in a pair
of monozygotic twins with serum long acting thyroid stim-
ulator. Lancet 2:15–18.

10. Chertow BS, Fidler WJ, Fariss BL 1973 Graves’ disease and
Hashimoto’s thyroiditis in monozygous twins. Acta En-
docrinol 72:18–24.

11. Bastenie PA, Ermans AM 1972 Thyroiditis and thyroid func-
tion: Clinical, morphological and physiopatholgical studies.
Modern Trends in Physiological Sciences. Vol. 36. Pergamon
Press, Oxford.

12. Fisher D, Beall GN 1976 Hashimoto’s thyroiditis. Pharma-
col Ther 1:445–458.

13. Davies TF, De Bernardo E 1983 Thyroid autoantibodies and
disease: an overview. In: Davies TF (ed) Autoimmune En-
docrine Disease. Wiley, New York, pp 127–137.

14. Davies T 1996 The Pathogenesis of Graves’ Disease. Braver-
man LE, Utiger RD (eds) In: Werner and Ingbar’s The Thy-
roid. A Fundamental and Clinical Text. 7th Edition, Lippin-
cott-Raven Publishers, Philadelphia, pp 525–536.

15. Brix TH, Christensen K, Holm NV, Harvald B, Hegedus L
1998 A population-based study of Graves’ disease in Dan-
ish twins. Clin Endocrinol 48:397–400.

AUTOIMMUNE THYROID DISEASE: GENETIC INFLUENCE 651



16. Kasriel J, Eaves L 1976 The zygosity of twins: Further evi-
dence on the agreement between diagnosis by blood groups
and written questionnaires. J Biosoc Sci 8:263–266.

17. Deapen D, Escalante A, Weinrib L, Horwitz D, Bachman B,
Roy-Burman P, Walker A, Mack, TM 1992 A revised esti-
mate of twin concordance in systemic lupus erythematosus.
Arthritis Rheum. 35:311–318.

18. Tunbridge WMG, Evered DC, Hall R, Appleton D, Brewis
M, Clark F, Grimley Evans J, Young E, Bird T, Smith PA
1977 The spectrum of thyroid disease in a community: The
Whickham survey. Clin Endocrinol 7:481–493.

19. Furszyfer J, Kurland LT, McConahey WM, Woolner LB,
Elveback LR 1972 Epidemiological aspects Hashimoto’s thy-
roiditis and Graves’ disease in Rochester, Minnesota 1935–
1967: With special reference to temporal trends. Metabolism
21:197.

20. Stenszky, KV, Kozma L, Balazs C, Rochlitz S, Bear JC, Farid
NR 1985 The genetics of Graves’ disease: HLA and disease
susceptibility. J Clin Endocrinol Metab 61:735–740.

21. Davies TF 1992 New thinking on the immunology of Graves’
disease. Thyroid Today 15:1–11.

22. Mangklabruks A, Cox N, DeGroot LJ 1991 Genetic factors
in autoimmune thyroid disease analyzed by restriction frag-
ment length polymorphisms of candidate genes. J Clin En-
docrinol Metab 73:236–244.

23. Frecker M, Stenszky V, Balazs C, Kozma L, Kraszitas E, Farid
NR 1986 Genetic factors in Graves’ opthalmopathy. Clin En-
docrinol (Oxf) 25:479–485.

24. Weetman AP, Brazier D 1988 Immunoglobulin allotypes in
Graves’ disease. Tissue Antigens 32:71–73.

25. Tamai H, Uno H, Hirota Y, Matsubayashi S, Kuma K, Mat-
sumoto H, Kumagai, LF, Sasazuki,T, Nagataki S 1985 Im-
munogenetics of Hashimoto’s and Graves’ diseases. J Clin
Endocrinol Metab 60:62–67.

26. Watson PF, French A, Pickerill AP, McIntosh RS, Weetman
AP 1995 Lack of association between a polymorphism in the
coding region of the thyrotropin receptor gene and Graves’
disease. J Clin Endocrinol Metab 80:1032–1035.

27. Pirro MT, De Filippis V, Di Cerbo A, Scillitani A, Liuzzi A,
Tassi V 1995 Thyroperoxidase microsatellite polymorphism
in thyroid disease. Thyroid 5:461–467.

28. Blakemore AIF, Watson PF, Weetman AP, Duff GW 1995
Association of Graves’ disease with an allele of the inter-
leukin-1 receptor antagonist gene. J Clin Endocrinol Metab
80:111–115.

29. Yanafawa T, Hidaka K, Guimaraes V, Soliman M, DeGroot
LJ 1995 CTLA-4 gene polymorphism associated with Graves’
disease in a Caucasian population. J Clin Endocrinol Metab
80:41–45.

30. Tomer Y, Barbesino G, Greenberg DA, Concepcion E, Davies
TF 1998 Linkage analysis of candidate genes in autoimmune
thyroid disease III. Detailed analysis of chromosome 14 lo-
calizes Graves’ disease-1 (GD-1) close to multi-nodular goi-
ter-1 (MNG-1). J Clin Endocrinol Metab 83:4321–4327.

31. Cho BY, Shong YK, Lee HK, Koh CS, Min HK 1989 Graves’
hyperthyroidism following primary hypothyroidism: Se-
quential changes in various activities of thyrotropin recep-
tor antibodies. Acta Endocrinol 120:447–450.

32. Gavras I, Thompson JA 1972 Late thyrotoxicosis complicat-
ing autoimmune thyroiditis. Acta Endocrinol 69:41–46.

33. Bell PM, Sinnamon DG, Smyth PPA, Drexhage HA, Haire
M, Bottazzo GF, Atkinson AB 1985 Hyperthyroidism fol-
lowing primary hypothyroidism in association with poly-
endocrine autoimmunity. Acta Endocrinol 108:491–497.

34. Awata T, Kurihara S, Iitaka M, Takei S, Inoue I, Ishii C,

Negishi K, Izumida T, Yoshida Y, Hagura R, Kuzuya N,
Kanazawa Y, Katayama S 1998 Association of CTLA-4 gene
A-G polymorphism (IDDM 12 locus) with acute onset and
insulin-depleted IDDM as well as autoimmune thyroid dis-
ease (Graves’ disease and Hashimoto’s thyroiditis) in the
Japanese population. Diabetes 47:128–129.

35. Tomer Y, Barbesino G, Greenberg DA, Concepcion E, Davies
TF 1999 Mapping the major susceptibility loci for familial
Graves’ and Hashimoto’s diseases: evidence for genetic het-
erogeneity and gene interactions. J Clin Endocrinol Metab
84:4656–4664.

36. Scofield RH 1996 Autoimmune thyroid disease in systemic
lupus erythematosis and Sjogren’s syndrome. Clin Exp
Rheumatol 14:321–330.

37. Hofbauer LC, Spitzweg C, Schmauss S, Heufelder AE 1997
Graves’ disease associated with autoimmune thrombocy-
topenic purpura. Arch Intern Med 157:1033–1036.

38. Fierro VS, Freeman JS, Maranzini P 1985 Graves’ disease in
association with pernicious anemia: report of a case and re-
view of the literature. J Am Osteopath Assoc 85:747–750.

39. Kelly EC (ed) 1940 Medical Classics. Williams & Wilkins,
Baltimore.

40. Weetman AP, Ramzi AA, Watson PK 1997 Cytokines and
Graves’ disease. Bailliere’s Clin Endocrinol Metab 11:481–
497.

41. Paunkovic N, Paunkovic J, Pavlovic O, Paunovic Z 1998 The
significant increase in incidence of Graves’ disease in East-
ern Serbia during the civil war in the former Yugoslavia
(1992 to 1995). Thyroid 8:37–41.

42. McGregor AM, Weetman AP, Ratanachaiyavong S, Owen
GM, Ibbertson HK, Hall R 1985 Iodine: an influence on the
development of autoimmune thyroid disease? In: Hall R,
Kobberling (eds) Thyroid Disorders Associated with Iodine
Deficiency and Excess. Raven Press, New York, pp. 209–216.

43. Benker G, Vitti P, Kahaly G, Raue R, Tegler L, Hirche H,
Reinwein D, and the European Multicenter Study Group
1995 Response to methimazole in Graves’ disease. Clin En-
docrinol 43:257–263.

44. Mariotti A, Pinchera A 1990 Role of the immune system in
the control of thyroid function. In: Greer MA (ed) The Thy-
roid Gland. Raven Press, New York, pp. 202–204.

45. Roti E, Vagenakis AG 1996 Effect of Excess Iodide: Clinical
Aspects. In: Braverman LE, Utiger RD (eds) The Thyroid,
7th Edition., Lippincott-Raven Publishers, Philadelphia, pp
316–327.

46. Prummel MF, Wiersinga WM 1993 Smoking and risk of
Graves’ disease. JAMA 269:479–482.

47. Spangelo BL, Hall NRS, Ross PC, Goldstein AL 1987 Stim-
ulation of in vivo antibody production and concanavalin-A-
induced mouse spleen cell mitogenesis by prolactin. Im-
munopharmacology 14:11–20.

48. Stewart JJ 1998 The female X-inactivation mosaic in systemic
lupus erythematosus. Immunol Today 19:352–357.

49. Iversen K 1949 An epidemic wave of thyrotoxicosis in Den-
mark during World War II. Am J Med Sci 217:121–129.

50. Segal RL, Fielder R, Jacobs DR 1976 Mini-epidemic of thy-
rotoxicosis occurring in physicians. Am J Med Sci 271:55–57.

51. Cox SP, Phillips DIW, Osmond C 1989 Does infection initi-
ate Graves’ Disease? A population based 10-year study. Au-
toimmunity 4:43–49.

52. Joasoo A, Robertson P, Murray IPC 1995 Viral antibodies in
thyrotoxicosis. Lancet 2:125.

53. Burch HB, Nagy EV, Lukes YG, Cai WY, Wartofsky L, Bur-
man KD 1991 Nucleotide and amino acid homology between
the human thyrotropin receptor and the HIV-1 Nef protein:

RINGOLD ET AL.652



Identification and functional analysis. Biochem Biophys Res
Comm 181:498–505.

54. Ciampolillo A, Marini V, Mirakian R, Buscema M, Schulz T,
Pujol-Borrell R, Bottazzo GF 1989 Retrovirus-like sequences
in Graves’ disease: Implications for human autoimmunity.
Lancet 1:1096–1099.

55. Bech K, Larsen JH, Hansen JM, Nerup J 1974 Yersinia en-
tercolitica infection and thyroid disorders. Lancet 2:951–952.

56. Shenkman L, Bottone EJ 1976 Antibodies to Yersinia enter-
colitica in thyroid disease. Ann Intern Med 85:735–739.

57. Wenzel BE, Heesema J, Wenzel KW, Scriba PC 1988 Anti-
bodies to plasmid-encoded proteins on enteropathogenic

Yersinia in patients with autoimmune thyroid disease.
Lancet 1:56.

Address reprint requests to:
John T. Nicoloff

Keck School of Medicine at the 
University of Southern California

1975 Zonal Avenue
KAM 110

Los Angeles, CA 90089-9023

E-mail: jnicolof@hsc.usc.edu

AUTOIMMUNE THYROID DISEASE: GENETIC INFLUENCE 653


