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Abstract

Context: Hashimoto's thyroiditis (HT) and Graves’ disease (GD) are known to coaggregate
in families, but the magnitude and nature of a shared etiology is unknown.

Objectives: To estimate the shared genetic influence on overt HT and GD and to examine
if the heritability differs between men and women.

Design, setting, and patients: We used national health registries to identify cases of HT
and GD in a cohort of 110 814 Swedish twins. By comparing intra-class and cross-twin
cross-trait correlations in dizygotic and monozygotic twins, we calculated heritability and
the proportions thereof shared between the diseases. Univariate estimates of heritability
were calculated by sex.

Results: The heritability for HT and GD was 65% (95% Cl, 61-70) and 63% (95% Cl, 565-72),
respectively. The genetic correlation was 0.35 (95% CI, 0.20-0.50) and shared genetic
effects accounted for 8% of the variance for both HT and GD. Univariate heritability was
significantly higher in men than in women for HT (90% vs 60%, P < 0.001) but not for GD
(79% vs 63%, P=0.085).
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Conclusions: From a genetic perspective, HT and GD appear to be only modestly related
diseases. Hence, the term “autoimmune thyroid disease,” used to cluster these disorders,
may have limited validity in a genetic context. Moreover, the mechanisms contributing to
HT are partly different for the sexes, with genetic components more important in men.

Key Words: hypothyroidism, hyperthyroidism, twin studies, genetics

Chronic autoimmune hypothyroidism, or Hashimoto’s
thyroiditis (HT), and autoimmune hyperthyroidism, or
Graves’ disease (GD) represent 2 of the most common
forms of autoimmunity. The prevalence of autoimmune
thyroid diseases (AITD) varies, but exceeds 5% among
Caucasian women living in iodine-sufficient areas (1).

HT and GD are complex diseases caused by a combin-
ation of multiple genetic and environmental factors and,
for both, heritability is considered high (2-4). HT and
GD appear to be genetically related, with family studies
demonstrating accumulation of both diseases in relatives
of index cases (5-7), and with case reports on monozygotic
(MZ) twin pairs where 1 twin had HT and the other has
GD (8). Genetic factors predisposing for 1 of these dis-
orders, are sometimes also found to increase the risk of
the other disease (9, 10). Furthermore, autoantibodies dir-
ected against thyroglobulin (TGab) and thyroid peroxidase
(TPOab), a hallmark of HT, are common in patients with
GD as well. A consequence of this uniform view of AITD is
that large-scale genetic studies sometimes treat HT and GD
as etiologically homogenous (11).

There are, however, features that point to distinct and
separate etiologies for HT and GD. Although HT is caused
by cytotoxic destruction of the thyroid tissue, GD is con-
sidered a nondestructive disease, characterized by thyroid-
stimulating antibodies (TRab), directed against the TSH
receptor on the thyroid gland. Patterns of autoimmune
clustering are also different for HT and GD (12). Still,
without objective estimates, we do not know the extent of
genetic and environmental overlap between HT and GD.

Both GD and HT are more common in women than
in men, with female to male ratios of approximately 5 to
10:1 (1). This indicates that the underlying mechanisms
leading to disease are partly different in men and women.
Current estimates of heritability for HT and GD are based
on mixed-sex twin cohorts, and heritability has not been
examined for men and women separately (2-4), but 1 study
reports a statistically significant difference in heritability
for TGab between the sexes (3).

The aim of this study was to quantify shared and unique
etiological sources for clinically overt HT and GD using
a large cohort of Swedish twins. We also sought to ex-
plore if the heritability of the diseases is different for men

and women.

Materials and Methods

This study was approved by the Regional Ethical Review
Board in Stockholm, Sweden (Dnr: 2017/1546-32).
Informed consent was waived by the ethics committee.

Registries

The Swedish Twin Registry (STR) is the world’s largest
twin resource. It contains information on individual twins
born in Sweden from 1886 on. Zygosity has been deter-
mined for more than 85 000 twin pairs using a validated
intra-pair similarity algorithm, DNA, or opposite sex.
The Swedish National Patient Register (NPR) contains
inpatient information dating back to 1964, with nation-
wide coverage since 1987. It includes hospital discharge
records classified according to the International Statistical
Classification of Diseases, versions 7 to 10 (ICD 7-10). As
of 2001, data on hospital-associated outpatient care, but
not primary health care, is also included. The Prescribed
Drug Register, started in July 2005, collects data on all
prescribed drugs dispensed in Sweden, including primary
health care prescriptions.

Study Population

By combining information from the STR and the NPR, we
retrieved diagnostic records on all twins from complete
twin pairs born in Sweden between 1886 and 2006. To im-
prove diagnostic precision and coverage, both twins were
required to be alive (or not yet born) in 1976. In accord-
ance with a prior study using the same data sources (4),
HT was defined as a diagnosis of hypothyroidism without
diagnostic records suggesting congenital, drug induced,
infectious, postprocedural (surgery or radio-iodine treat-
ment), or hypothyroidism secondary to iodine deficiency.
For patients alive in 2006, we required multiple (>2) dis-
pensations of levothyroxine (ATC HO3AA) for a diagnosis
of HT. HT is often not ICD-coded when cooccurring with
type 1 diabetes or Addison disease; in this setting, multiple
(>2) dispensations of levothyroxine, were considered indi-
cative of HT in the absence of ICD codes indicating other
thyroid disorders. GD was defined with a corresponding
ICD code, whereas diagnostic records of other forms of
hyperthyroidism were used as exclusions. For both GD and
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HT, if patients had multiple (>2) ICD codes indicating dis-
ease, multiple (>2) exclusion codes were required for exclu-
sion. Previous diagnoses of GD were used as an exclusion
criterion for HT, mainly because of the frequent miscoding
of postprocedural hypothyroidism as HT. Complete inclu-
sion and exclusion criteria are listed in the Appendix (13).
Overall, the quality of diagnoses in the NPR is high (14),
but the validity of diagnostic records for AITDs has not
been evaluated. However, a Danish registry-based study
using nearly identical ICD codes and ATC codes to diag-
nose overt HT and GD, reported a misclassification of
<2% when compared with clinical records, indicating high
validity of diagnoses (15).

Statistical Analyses

Concordance and tetrachoric correlations

Probandwise concordance rates were estimated as the pro-
portion of twins who had a disorder if their co-twin had
the same disorder. This rate can be interpreted as a crude
estimate of the probability that a co-twin of an affected
twin will develop the disorder and may be contrasted to
the population prevalence as an indicator of familial risk.
Next, tetrachoric correlation across twins in pairs within
as well as between disorders (so-called cross-twin cross-
trait correlations) were calculated. The tetrachoric correl-
ation is the statistical covariation between 2 dichotomous
variables, calculated by assuming an underlying normal
distribution whereby individuals with a liability beyond a
certain threshold develop the disorder. Concordance rates
and tetrachoric correlations were calculated separately by
zygosity and by zygosity-sex-combinations.

Familial aggregation and coaggregation

The risks of twins developing HT or GD, given that their
co-twins had either HT or GD, were calculated as hazard
ratios (HR) using Cox regression models. Individuals were
followed from start of observation until diagnosis, death,
or end of follow-up. Using time-varying exposure; each in-
dividual was assumed unexposed until the date of diagnosis
in the co-twin and exposed afterwards. The underlying
timescale was attained age. We accounted for left trunca-
tion by allowing different ages of entry into analyses. This
analysis was performed separately for MZ and dizygotic
(DZ) twin pairs, adjusted for sex and birth year categories,
and in subgroups of men and women, adjusted for birth
year categories.

Quantitative genetic modeling

Quantitative genetic analyses were based on the classic
twin assumptions that MZ twins are genetically identical,
that DZ twins share on average 50% of their segregating

alleles, that MZ and DZ twins share environment to a
similar degree, and that there is no epistasis or domin-
ance between genes and no interactions between genetic
and environmental components. We used structural equa-
tion modeling, and fitted the models using weighted least
squares.

Univariate estimates of heritability were analyzed for
HT and GD separately, in subgroups of men and women.
Observed population-variance was decomposed into
additive genetic factors (A; the heritability), shared envir-
onmental factors affecting both twins in a pair (C), and
unique environmental factors not shared by twins (E)
using the ACE model. Some twin correlations indicated in-
fluences from dominance genetic factors (D), but we did
not investigate this because of low power. In addition,
A is considered a good approximation of total genetic ef-
fects A + D (16). For sex-specific estimates of heritability,
same-sex pairs were used to test whether the magnitude of
heritability differed between sexes (so-called quantitative
genetic differences). To test for qualitative genetic differ-
ences (ie, whether genetic sources were different in males
and females) opposite-sex twins were added to the models.
ACE and AE models were fitted and compared using *
tests and Akaike information criterion.

Next, a bivariate model was used to assess the extent
to which HT and GD share genetic and environmental in-
fluences. Genetic (r,) and environmental (r. and r;) cor-
relations between the diseases were estimated. We then
proceeded to calculate the proportion of genetic and en-
vironmental variance in HT that could be explained by
genetic and environmental variance in GD and vice versa.
Similar to the univariate analyses, a likelihood ratio test
and Akaike information criterion calculations were used to
test model fit.

Sensitivity analysis

We performed an additional analysis that did not incorp-
orate within-individual tetrachoric correlation using a
model we have previously described (17). Briefly, using a
maximum likelihood model fitting procedure, the analysis
relies on the same data as regular bivariate quantitative
genetic analyses, but excludes contributions to the likeli-
hood from the within-individual across disorder associ-
ation (HT and GD in the same twin). Hence, the model
does not estimate the r, (ie, the individually unique con-
tribution to phenotypic overlap). Finally, to investigate
if results varied as a function of birth years, we fitted a
model where the A, C, and E were allowed to vary over
birth years. We fitted this model separately for HT and
GD. Briefly, the model assumes a quadratic change in the
contributions of A, C, and E over time, and has been de-
scribed in detail elsewhere (18, 19).
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All models were fitted using R (R-Development-Core-
Team, 2010) using packages drgee, polycor, and OpenMx
(20). All analyses were adjusted for birth year categories,
and when appropriate for sex.

Results
Descriptive

A total of 120 286 individuals twins from complete twin
pairs were identified in the STR. Of these, 3966 were ex-
cluded because of unknown zygosity. A further 3453 in-
dividuals deceased before 1976 were excluded along with
2049 co-twins of deceased twins. Two twin pairs (4 indi-
viduals) with ambiguous birth data were also excluded,
yielding a final sample of 110 814 twins. In all, 1683 in-
dividual twins had HT (1.5%) and 558 had GD (0.5%),
including 15 individuals affected by both diseases. Both HT
and GD were more common in women than in men with a
prevalence of 24.0/1000 (women) and 5.2/1000 (men) for
HT and 8.9/1000 (women) and 1.8/1000 (men) for GD.
HT and GD were present in 1545 and 536 twin couples,
respectively. Sex, zygosity, and birth data are presented in
Table 1.

Concordance andTetrachoric Correlations

In total, 138 twin pairs were concordant for HT and 22
twin pairs were concordant for GD. In contrast, cross-trait
concordance was present in 31 twin pairs. Probandwise
concordance rates were consistently higher in MZ than in
DZ pairs, with the highest concordance of found for HT
in MZ same-sex male pairs (0.43, 95% CI 0.30-0.61),
whereas no DZ same-sex male pairs or opposite-sex pairs
were concordant for GD. Consequently, tetrachoric correl-
ations in MZ twin pairs were higher than in DZ twin pairs,
indicating considerable genetic influences on both HT and

GD. Of note, tetrachoric correlations were higher in men
than in women for both diseases. Concordance rates and
tetrachoric correlations are presented in Table 2 (cross-
trait concordances by sex and zygosity are presented in the
Appendix (13)).

Familial Aggregation and Coaggregation

Both MZ and DZ twins were at increased risk of developing
the disease present in their co-twin, with HRs generally
higher in men than in women. In MZ men, the relative risks
were very high (HR, 126.9 for HT and 113.9 for GD, ad-
justed for birth year and sex), in part reflecting a low popu-
lation prevalence. Overall, adjusted HRs for cross-trait
coaggregation were considerably lower, but still elevated in
most groups (Table 3).

Quantitative Genetic Modeling

Although differences in model fit were marginal for most
diseases, the AE models were universally preferred over
the ACE models in both univariate and bivariate analyses
(Table 4). Univariate estimates of heritability using the AE
models were similar for HT (65%) and GD (63%) in ana-
lyses with both sexes combined. In the sex-separated ana-
lyses, heritability was statistically significantly higher in men
than in women for HT (90% vs 60%, P < 0.001) but not for
GD (79% vs 63%, P =0.085) (Table 5). For HT, the gen-
etic correlation between men and women was 1.00 (95% CI,
0.69-1.31; from best-fitting AE model), suggesting the same
genetic factors contribute to disease, but with different pro-
portions of observed variance explained. For GD, the cross-
sex genetic correlation could not be calculated because of the
lack of opposite sex twin pairs concordant with GD.

In the bivariate analysis, the additive genetic correlation
) was estimated to 0.35 (95% CI, 0.20-0.50) and the

(rA

Table 1. Age, sex, and zygosity of twins, number of individuals (percent)

Twin cohort

Twins with Graves’ Disease

Twins with Hashimoto’s Thyroiditis

>1979 37 594 (33.9

All 110 814 (100)
Sex
Male 52171 (47.1)
Female 58 643 (52.9)
Zygosity
Monozygotic 35990 (32.5)
Dizygotic 74 824 (67.5)
Birth year
<1920 11 454 (10.3)
1920-1939 18 736 (16.9)
1940-1959 28 948 (26.1)
1960-1979 14 082 (12.7)
(33.9)

558 (0.5) 1683 (1.5)
95 (17.0) 273 (16.2)
463 (83.0) 1410 (83.8)
183 (32.8) 553 (32.9)
375 (67.2) 1130 (67.1)
38 (6.8) 96 (5.7)
132 (23.7) 747 (44.4)
242 (43.4) 509 (30.2)
116 (20.8) 189 (11.2)
30 (5.4) 142 (8.4)
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Table 2. Concordance rates and tetrachoric correlations

Concordant Discordant Pairs Concordant Concordance Tetrachoric Cor-
Nonaffected Pairs Affected Pairs Rate (95% CI) relation (95% CI)
Graves’ disease
MZ 17 831 145 19 0.21 (0.14-0.30) 0.68 (0.58-0.77)
Male-male 8069 23 3 0.21 (0.08-0.54) 0.73 (0.53-0.93)
Female-female 9762 122 16 0.21 (0.14-0.31) 0.65 (0.54-0.76)
Dz 37 040 369 3 0.02 (0.01-0.05) 0.16 (-0.01-0.33)
Male-male 10 579 38 0 0.00 (0.00-0.00)
Female-female 11 850 195 3 0.03 (0.01-0.09) 0.20 (0.00-0.40)
Female-male 14 611 136 0 0.00 (0.00-0.00)
Hashimoto’s thyroiditis
MZ 17 523 391 81 0.29 (0.25-0.35) 0.70 (0.65-0.75)
Male-male 8044 37 14 0.43 (0.30-0.61) 0.87 (0.79-0.95)
Female-female 9479 354 67 0.27 (0.23-0.33) 0.64 (0.57-0.70)
Dz 36 339 1016 57 0.10 (0.08-0.13) 0.39 (0.33-0.45)
Male-male 10 507 105 5 0.09 (0.04-0.20) 0.46 (0.28-0.64)
Female-female 11 486 528 34 0.11 (0.08-0.16) 0.35 (0.27-0.44)
Female-male 14 346 383 18 0.11 (0.07-0.16) 0.43 (0.33-0.54)
Cross-twin cross-trait
MZ 17 375 605° 15" 0.28 (0.18-0.38)
Dz 35995 1401° 16" 0.16 (0.08-0.25)

Abbreviations: DZ, dizygotic; MZ, monozygotic.

“Any combination of disease not including Hashimoto’s thyroiditis in 1 twin and Graves’ disease in the co-twin.

Hashimoto’s thyroiditis in 1 twin and Graves’ disease in the co-twin.

Table 3. Aggregation and coaggregation of Hashimoto’s thyroiditis and Graves’ disease

Risk for HT When
Co-twin Has HT

Risk for GD When
Co-twin Has HT

Risk for HT When
Co-twin Has GD

Risk for GD When
Co-twin Has GD

aHR (95% CI) aHR (95% CI) aHR (95% CI) aHR (95% CI)
Monozygotic twins
All 11.8 (8.9-15.7) 3.3 (1.3-8.0) 33.8 (19.2-59.6) 3.5 (1.9-6.4)
Women 9.5 (7.1-12.8) 3.5 (1.4-8.7) 29.7 (16.5-53.7) 3.6 (2.0-6.6)
Men 126.9 (59.1-272.5) 113.9 (27.6-469.7)
Dizygotic twins
All 4.3 (3.2-5.7) 2.7 (1.2-6.1) 2.1 (0.7-6.7) 1.9 (1.0-3.6)
Women 3.7 (2.6-5.3) 1.8 (0.6-5.8) 3.0 (1.0-9.5) 1.8 (0.8-3.8)
Men 15.9 (5.5-45.5) 40.2 (8.5-190.3)

Abbreviations: aHR, adjusted hazard ratio, adjusted for birth year categories and when appropriate for sex; HT, Hashimoto’s thyroiditis; GD, Graves’ disease.

unique genetic correlation (r,) to -0.56 (95% CI, -0.89 to
-0.22). Proportions of explained variance in HT by GD,
and vice versa, are presented in Fig. 1 (complete models can
be found in the Appendix (13)).

Sensitivity Analysis

In the bivariate quantitative genetic model that did not
consider within-individual overlap between HT and GD,
the estimates were similar to results in the main analyses.
Importantly, the genetic correlation was estimated to

precisely the same value (r, = 0.35; 95% CI, 0.19-0.50;
Appendix, page 4). When we modeled the A, C, and E con-
tributions to vary over birth year, the estimates were mostly
stable, with a slight increase in heritability, and decrease
in unique environment, with increasing birth years in both

HT and GD (supplemental Figs S1 and S2 (13)).

Discussion

In this study of more than 110 000 Swedish twins, we
found that heritable factors explain most of the observed
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Table 4. Model fitting results of univariate and bivariate analyses of Hashimoto’s thyroiditis and Graves' disease

Model AIC Diff-LL Diff-df P

Hashimoto’s thyroiditis

All ACE -221 584.51 0.08 1 0.78
AE -221 586.43

Women ACE -87 765.70 0.00 1 >0.99
AE -87 767.70

Men ACE -74 815.96 0.00 1 0.96
AE -74 817.96

Graves’ disease

All ACE -221 585.34 0.00 1 >0.99
AE -221 587.34

Women ACE -87 765.45 0.00 1 >0.99
AE -87 767.45

Men ACE -74 827.48 0.00 1 >0.99
AE -74 829.48

Bivariate model

All ACE -443 156.09 0.06 3 >0.99
AE -443 162.04

AE models provided the best fit for all traits.

Abbreviations: A, additive genetic factors; AIC, Akaike’s information criterion (lower is better); C, environmental factors affecting both twins in a pair; Diff-LL,

difference in -2log likelihood for AE compared with ACE models; Diff-df, difference in degrees of freedom for AE compared with ACE models; E, unique environ-

mental factors not shared by twins; P, P value of likelihood ratio test for AE compared with ACE models.

Table 5. Univariate estimates of explained variance for Hashimoto’s thyroiditis and Graves’ disease

Additive Genetic Effects

Nonshared Environmental Effects

A 95% CI E 95% CI P
Hashimoto’s thyroiditis
All 0.65 (0.60-0.70) 0.35 (0.30-0.40)
Women 0.60 (0.54-0.66) <0.001 0.40 (0.34-0.46) <0.001
Men 0.90 (0.82-0.97) 0.10 (0.03-0.18)
Graves’ disease
All 0.63 (0.54-0.72) 0.37 (0.28-0.46)
Women 0.63 (0.52-0.73) 0.085 0.38 (0.27-0.48) 0.085
Men 0.79 (0.63-0.96) 0.21 (0.04-0.37)

Models adjusted for age categories and sex when appropriate. Age categories were <1920, 1920-1939, 1940-1959, 1960-1979, >1979; except Graves’ in men,

where categories were collapsed to <1940, 1940-1959, >1959 because of low prevalence.

Abbreviations: A, additive genetic factors; E, unique environmental factors not shared by twins; P, P value for difference between men and women tested using a

Wald test.

variance for overt HT and GD, but that only a minority
of these factors are shared between the diseases. This con-
trasts to current dogma that HT and GD are closely related
disorders. In HT, we also found that the underlying risk
factors differ between men and women, with genetic fac-
tors explaining more of the observed variance in men.

Our results on the heritability for HT and GD are in
line with previous estimates, but with twin concordance
rates lower than previously reported. This difference is
most evident for HT. In the present study, we report a
probandwise concordance rate of 0.29 (95% CI, 0.25-
0.35) for HT in MZ twins, at the lower end of what was

reported by Brix et al (0.55; 95% CI, 0.23-0.82) (21) and
Hansen et al (0.45; 95% CI, 0.22-0.67) (3) in studies on
the Danish Twin Registry. However, their results were
either based on small twin samples (21) or on titers of
TPOab and/or Tgab in euthyroid subjects, rather than
clinically overt HT (3), making direct comparisons diffi-
cult. Moreover, the genetic underpinnings of TPOab and
overt HT may not be identical (22) further complicating
the matter.

At present, the etiologic overlap between HT and GD
is considered to be significant (9, 10), but a more uniform
view of AITD, with HT and GD representing different
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Explained variance

Hashimoto’s thyroiditis

Graves’ disease

Total 0.65 (0.61-0.70) 0.63 (0.55-0.72)
A | Shared 0.08 (0.01-0.15) 0.08 (0.01-0.14)
Not shared 0.57 (0.49-0.66) 0.56 (0.44-0.67)
Total 0.35 (0.30-0.40) 0.37 (0.28-0.46)
E  Shared 0.11 (-0.02-0.24) 0.11 (-0.02-0.25)
Not shared 0.24 (0.10-0.37) 0.25 (0.09-0.41)
100%
80% |
[0
2
< 60% f
o
>
pe]
[0)
£
‘—g_ 40%
x
w
20% |
0%

Hashimoto's thyroiditis

Graves' disease

Figure 1. Explained variance and etiologic overlap in Hashimoto’s thyroiditis and Graves’ disease. A, additive genetic effects. E, environmental effects

not shared by co-twins. A is equivalent to heritability.

manifestations on an autoimmune continuum rather than
etiologically distinct entities, has also been suggested (23).
This approach is supported by numerous reports on shared
susceptibility loci for HT and GD (24). Most notably, HLA
risk alleles corresponding to serotype DR3 predispose to
both diseases (25). However, even though the HLA is the
most important genetic determinant identified to date in
both HT and GD, HLA variants explain less than 10%
of disease heritability (26), and even less of the observed
variance. Moreover, some loci implicated in HT and GD
are shared with many autoimmune diseases, supporting a
broad autoimmune tautology rather than a common gen-
etic origin to AITDs alone (9, 10), and other loci, including
HLA variants and alleles of the TSH receptor are not shared,
but convey risk for 1 AITD only (27-29). Interestingly, in a
recent study by Saevarsdottir et al, an allelic variant of the
FLT3 gene is linked to an increased risk of AITD, but in sep-
arate analysis on a subset of patients diagnosed with either
HT or GD, the risk appears to differ considerably between
the diseases (30). Beyond case reports, epidemiological data

on cross-twin cross-trait concordance for AITD is sparse.
In a study from 2002 by Ringold et al, HT was recorded
in 17% (5 of 29) of co-twins in MZ pairs discordant for
GD (31). Familial coaggregation (first-degree relative of
index case suffering from a different AITD) appears to be
common, ranging from 5% to 38% in some studies (5-7).
However, the cohorts used have often been collected at
secondary or tertiary medical centers, potentially inflating
estimates of coaggregation through selection bias, and
diagnoses have sometimes relied on self-reported preva-
lence of thyroid autoimmunity (5), which does not always
correlate with clinical records (7). The only unbiased study
using population-based data that we have found reports a
modest increase in risk of GD in probands if either a sibling
or a parent has overt HT, in line with our reported HRs for
cross-twin cross-trait coaggregation (32).

The sexual dimorphism in AITD is poorly understood.
The effects of estrogen, skewed X-chromosome inactiva-
tion, and microchimerism have all been implicated, but
there is little tangible evidence (33). A population-based
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Danish twin study examining heritability of thyroid
autoantibodies in euthyroid subjects reported a lower
heritability for both TPOab and TGab in men compared
with women, albeit statistically significant only for TGab
(3). We could not replicate this finding for overt HT; to
the contrary, our results indicate a significantly higher
heritability in men than in women, reflected by much
higher HRs for concordance for HT in MZ than in DZ
men. It is important to remember that heritability rep-
resents a proportion of explained variance, and that all
other variance is due to environmental factors and sam-
pling errors. In a homogenous environment, heritability
therefore tends to be higher. Consequently, the sex dif-
ference in heritability reported here does not necessarily
equate to male-specific genetic factors in play, but could
equally well be interpreted as a greater variance of im-
portant environmental factors among women. Our find-
ings of a high genetic correlation for HT in men and
women (r, = 1.00), suggesting that the same genetic fac-
tors contribute to disease in both sexes (but with dif-
ferent proportions of explained variance) is consistent
with this theory.

Iodine is known to affect the incidence of both GD and
HT (34). With iodine fortification introduced in Sweden
more than 50 years ago, intake is considered sufficient if
not homogenous in the population. Other environmental
factors of demonstrated importance in AITD, such as
smoking, alcohol consumption, and selenium intake most
likely explain part of the unique E factors observed (34). Of
these factors, only smoking, which has been shown to re-
duce the risk of HT but increase the risk of GD (35), is con-
sistent with the negative unique environmental correlation
(r,) reported here. However, the most probable explanation
to this negative correlation is that GD was used as an ex-
clusion criterion for HT.

The prevalence of GD in this study was modest com-
pared with most international cohorts, but the incidence
of GD in the Swedish population is reportedly low (36).
For HT, our prevalence of 2.4% among women is slightly
higher than previous estimates on middle-aged and elderly
Swedish women, indicating acceptable coverage (37). The
true prevalence of HT is likely somewhat higher, but to
avoid decreased diagnostic specificity, which would distort
heritability estimates (38), we chose not to base diagnoses
of HT on prescription patterns alone.

Hypothyroidism and hyperthyroidism are distinct
phenotypes, but transition from 1 condition to the other
occurs. This may reflect an overlap between HT and GD,
but shifts from blocking to stimulating TRabs, or vice versa,
representing variants of GD, albeit rare, do occur (39).
However, up to 25% of patients treated with antithyroid
drugs for GD reportedly use levothyroxine replacement on

long-term follow-up (40). To what extent this represents a
shift from GD to HT is unclear.

Limitations

The use of diagnostic records to ascertain AITDs entails
difficulties that must be addressed. In Sweden, GD is usu-
ally treated by endocrinologists in hospital-associated out-
patient clinics, and measurements of TRab are routinely
performed as part of the diagnostic workup. HT is usually
diagnosed in a primary health care setting, based on thy-
roid hormone levels and TPOab status, but inclusion in the
NPR requires that a diagnosis of HT is at some point re-
corded during hospital-associated inpatient or outpatient
care. Still, the lack of biochemical data, most notably
TPOab, is a limitation, and despite using multiple exclu-
sion criteria, some misclassifications cannot be ruled out.
However, the magnitude of such errors would have to be
unreasonably large for results to come close to supporting
the current notion of a large genetic overlap between HT
and GD. In a registry-based context, diagnostic codes of
both GD and HT in the same individual may represent er-
roneous ICD coding. Radioiodine treatment of GD is dif-
ficult to detect in a registry-based setting, and the ensuing
hypothyroidism is often miscoded as HT. We used prior or
concurrent GD as an exclusion criterion for HT. This likely
increased the diagnostic accuracy of HT, but also influ-
enced the r,, which should be interpreted with caution. The
results also need to be viewed in the light of the inherent as-
sumptions in the twin model used. These include the equal
environments assumption, which states that co-twins share
nongenetic sources of similarity to an equal degree regard-
less of zygosity. If this assumption is violated, and there are
nongenetic contributions to similarity in HT, GD, and/or
their overlap, which is more prominent in MZ than in DZ
pairs, the heritability will be biased upwards.

Heritability estimates are dependent on the population
in which they are performed. Both GD and HT are, from
a global perspective, heterogeneous conditions, with evi-
dence of partly different genetic risk factors in populations
of differing ethnicity (10). Hence, the results presented here
may not be transferrable across ethnicities. Environmental
factors, such as iodine status, most likely affect external
validity as well, and our results may not be representative
of populations residing in iodine insufficient regions.

To conclude, using registry-based data on a large twin co-
hort, we find evidence of modest genetic and environmental
overlap between overt HT and GD. Our data contradict
the present notion of a substantial common genetic origin
to AITD. Moreover, the mechanisms contributing to disease
appear to be partly different between the sexes. Our results

warrant replication in studies using similar design as well
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as with molecular genetic data, but suggest that research on
the genetic underpinnings of HT and GT could benefit from
considering them as separate entities.
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