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Summary
Objective: Patients with hyperthyroidism lacking autoimmune features but showing 
diffuse uptake on thyroid scintigram can have either Graves’ disease or germline ac-
tivating TSH receptor (TSHR) mutation. It is important to identify patients with acti-
vating TSHR mutation due to treatment implication, but the overlapping clinical 
features with Graves’ disease make it difficult to discriminate these two conditions 
without genetic testing. Our study aimed to assess the potential of systematic TSHR 
mutation screening in adults with hyperthyroidism, showing diffuse uptake on thy-
roid scintigraphy but absence of TSH receptor antibodies (TRAb) and clinical signs of 
autoimmunity.
Design: A cross‐sectional study of Caucasian adults with hyperthyroidism, managed 
at three endocrine centres in the South West, UK, from January 2006 to April 2017.
Methods: We recruited 78 adult Caucasian patients with hyperthyroidism showing 
diffuse uptake on 99mTc‐pertechnetate thyroid scintigraphy but without TRAb and 
other autoimmune clinical features of Graves’ disease (such as thyroid‐associated 
ophthalmopathy or dermopathy). Genomic DNA of these patients was analysed for 
variants in the TSHR gene.
Results: Genetic analysis identified 11 patients with four variants in TSHR 
[p.(Glu34Lys), p.(Asp36His), p.(Pro52Thr) and p.(Ile334Thr)]. None of these variants 
were pathogenic according to the American College of Medical Genetics and 
Genomics guideline.
Conclusions: Activating TSHR mutations are a rare cause of nonautoimmune adult 
hyperthyroidism. Our study does not support the routine genetic testing in adult 
patients with hyperthyroidism showing diffuse uptake on scintigraphy but negative 
TRAb and lacking extrathyroidal manifestations of Graves’ disease.
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1  | INTRODUC TION

Activating TSH receptor (TSHR) mutations are a rare cause of nonau-
toimmune hyperthyroidism, although the true prevalence in adults 
is unknown.1-3 The majority of these cases are familial, with autoso-
mal dominant patterns of inheritance, but mutation can also arise de 
novo.1,2,4 Identification of these patients has important clinical im-
plications. Hyperthyroidism due to activating TSHR mutations does 
not remit following antithyroid drug treatment, and patients usually 
require total thyroidectomy or radioiodine ablation as a definitive 
treatment.1,2 A genetic diagnosis at the time of first presentation 
could, potentially, prevent unnecessary and prolonged treatment 
with antithyroid drugs, as well as reducing the associated morbidity 
and cost. This would also enable screening immediate family mem-
bers, leading to earlier identification and treatment of undiagnosed 
hyperthyroidism.

It is difficult to identify patients with hyperthyroidism due to 
activatingTSHR mutation, as their clinical features show significant 
overlap with Graves’ disease. Similar to Graves’ disease, presenta-
tion is highly variable, from subclinical hyperthyroidism to severe 
hyperthyroidism,1,2,5 with ages at presentation ranging from the 
neonatal period up to 60 years,1,6 and has a diffuse uptake on thy-
roid scintigraphy.2 A family history of thyrotoxicosis is not always 
present in patients with activating TSHR mutation due to variable 
penetrance and seen in 30% of patients with Graves’ disease7; thus, 
it is not very useful in discriminating these two aetiologies. Contrary 
to Graves’ disease, patients with an activating TSHR mutation do 
not have TSHR antibodies (TRAb) or extrathyroidal autoimmune 
clinical manifestations such as thyroid‐associated ophthalmopathy 
and dermopathy.1,2 However, around 3%‐5% patients with Graves’ 
disease also do not have TRAb when analysed with the second‐ or 
third‐generation assays,8,9 and only about 25% will have extrathy-
roidal manifestations, such as thyroid‐associated ophthalmopathy.10 
Altogether these data suggest that it is difficult to identify patients 
with activating TSHR mutation in routine clinical practice without 
systematic genetic testing. However, utility of this approach is not 
known. Therefore, we aim to assess the utility of systematic genetic 
testing for TSHR mutations in adults with hyperthyroidism showing 
diffuse uptake on thyroid scintigraphy but TRAb negative and lack-
ing extrathyroidal manifestations of Graves’ disease.

2  | SUBJEC TS AND METHODS

2.1 | Study participants

We recruited patients from three endocrine centres (Exeter, 
Plymouth and Torbay) in the South West, England (UK). The inclu-
sion criteria were as follows: age at recruitment >18 years, biochem-
ically confirmed overt or subclinical hyperthyroidism according to 
the American Thyroid Association guideline,11 absence of TRAb, dif-
fuse uptake on the thyroid scintigraphy and Caucasian ethnicity. We 
excluded patients with any extrathyroidal manifestations of Graves’ 

disease, such as thyroid‐associated ophthalmopathy or dermopathy, 
and patients with any other known cause of hyperthyroidism (eg, 
toxic nodular disease, thyroiditis and drug‐induced thyrotoxicosis).

2.2 | Study recruitment

We identified 275 patients from the clinical records who had thy-
roid scintigraphy and had absence of TRAb from all three centres 
over 11 years (2006‐2017). Local endocrinologists performed 
TRAb and thyroid scintigraphy at presentation as part of the rou-
tine clinical care. The research team reviewed all thyroid scintig-
raphy to identify patients with diffuse uptake. The clinical records 
were reviewed to assess the eligibility of these patients. Of the 
initial 275 potential participants identified, three had died, 41 had 
decreased or no uptake on scintigraphy, 98 had patchy/localized 
uptake, two had Graves’ ophthalmopathy, and four had drug‐re-
lated thyrotoxicosis, and they were therefore excluded. All 127 pa-
tients who fulfilled the entry criteria were approached and invited 
to take part in the study, and 78/127 (61%) were recruited (49 re-
fused or were unable to be contacted directly). We estimated the 
frequency of activating TSHR mutation in adults with hyperthy-
roidism lacking overt autoimmunity and diffuse uptake on thyroid 
scintigraphy to be ~4.5% based on two previous studies.12,13 This 
provided a sample size of 67 to find at least one individual with a 
mutation at P < 0.05.

2.3 | DNA and data collection

We collected one‐off blood or saliva sample for DNA extraction. 
Demographics and other clinical features were collected from the 
clinical records. If an individual had multiple episodes of the thyro-
toxicosis, the data for the episode during which thyroid scintigraphy 
and TRAb were performed were used in the study.

All three centres have been using a second‐generation enzyme‐
linked immunoassay from EUROIMMUN AG, Germany, to measure 
TRAb throughout the study period. Patients with borderline or 
positive results were excluded from the study (>1.8 IU/L). Thyroid 
function tests were measured locally as part of routine care by each 
centre independently. Manufacturers’ reference ranges of TSH, free 
thyroxine (FT4) and free triiodothyronine (FT3) for the assays for 
each centre were used to confirm biochemical thyrotoxicosis. The 
nuclear medicine department of each centre performed thyroid scin-
tigraphy according to their local protocol.

NRES Committee North East ‐ Newcastle & North Tyneside, UK, 
gave ethical approval for the study (IRAS no 153183). All the study 
participants gave the informed written consent.

2.4 | Data analysis

Statistical analysis was conducted using StataSE® 15.1 (StataCorp, 
College Station, TX, USA). The Mann‐Whitney U test was used for 
comparing continuous variable, whereas Fisher’s exact test was used 
for comparing categorical variable.
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2.5 | DNA analysis

Genomic DNA was extracted from peripheral blood or salivary 
cells using standard procedures in the molecular genetics labora-
tory, Royal Devon and Exeter Hospital, Exeter, UK. The entire cod-
ing region and intron‐exon boundaries of all 10 exons of the TSHR 
gene were amplified by polymerase chain reaction and Sanger‐se-
quenced using BigDye Terminator v3.1 cycle sequencing. Sequences 
were compared to the reference sequence (NM_000369.2) using 
Mutation Surveyor software (SoftGenetics, State College, PA, USA). 
The changes in sequence were assessed and reported according to 
the American College of Medical Genetics and Genomics (ACMG) 
guideline.14

3  | RESULTS

3.1 | Study cohort characteristics

The clinical characteristics of the study cohort are shown in Table 1. 
The median age at diagnosis of hyperthyroidism was 52 years, 76% 
were female, and 42% had a palpable diffuse goitre. None had thy-
roid‐associated ophthalmopathy, dermopathy or TRAb, all had dif-
fuse uptake on thyroid scintigraphy, and 35% had a family history of 
thyrotoxicosis.

3.2 | Analysis of TSHR variants

Genetic analysis identified 11 patients with four variants inTSHR 
(Table 2). None of these variants were novel or pathogenic ac-
cordingly to the ACMG guideline.14 p.(Glu34Lys), p.(Asp36His) 
and p.(Pro52Thr) were definitely benign according to the ACMG 
guideline. All the variants were outside the mutational hot spot 
for the disease (transmembrane domain) and present in the 
larger control population (gnomAD version 2.0, n ~ 137 000)15 
at a frequency incompatible with rare monogenic disease 
(Table 2). Furthermore, two of these variants, p.(Asp36His) and 
p.(Pro52Thr), were seen previously in patients with Graves’ dis-
ease with TRAb and ophthalmopathy.16-18 The p.(Glu34Lys) vari-
ant was seen in an individual with congenital hypothyroidism 
and the probands’ mother with Graves’ disease (Table 2).19 Both 
p.(Glu34Lys) and p.(Asp36His) had in vitro evidence of normal or 
low activity.18,19 These data together suggest that these are not 
activating pathogenic variants.

3.3 | Analysis of TSHR variant p.(Ile334Thr)

p.(Ile334Thr) variant was not reported in the literature. It is classi-
fied as a likely benign variant according to the ACMG guideline.14 
The variant is in the extracellular domain outside the mutation hot 

Clinical characteristics
Whole cohort 
N = 78

Patients 
without TSHR 
variant, n = 67

Patients with 
benign TSHR 
variant, n = 11 P

Age at diagnosis (y) 52.4 (43.8‐69.5) 51.6 (42.4‐67.9) 60.6 (51.9‐73.1) 0.13

Female (%) 59 (76) 51 (76) 8 (73) 1

Duration since the presenta-
tion with thyrotoxicosis at 
the time of recruitment (y)

2.7 (1‐4.8) 2.8 (1‐4.7) 2.6 (1‐6.5) 0.81

Hyperthyroidism (%)

Overt hyperthyroidism 75 (95) 64 (96) 11 (100) 1

Subclinical hyperthyroidism 3 (5) 3 (4) 0

Presence of goitre (%) 33 (42) 25 (37) 8 (73) 0.05

Family history of hyperthy-
roidism (%)

27 (35) 22 (33) 5 (45) 0.5

Thyroid‐associated ophthal-
mopathy or dermopathy (%)

0 0 0

Presence of TSH receptor 
antibodies (%)

0 0 0

Diffuse uptake on thyroid 
scintigraphy (%)

78 (100) 67 (100) 11(100)

Treatment of hyperthyroidism 

Antithyroid drug 61 (78) 51 (76) 10 (91) 0.76

Radioiodine ablationa 15 (19) 14 (21) 1 (9)

Total thyroidectomya 2 (3) 2 (3) 0

Median (IQR) for age at diagnosis and duration. N (%) for the others. P‐value is for comparison be-
tween patients with or without TSH receptor (TSHR) variant.
aAll patients had antithyroid drug prior to these treatments. 

TA B L E  1   Clinical characteristics of the 
study cohort
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spot, not conserved and seen in five patients in gnomAD (Table 2). 
Based on the frequency of this variant in gnomAD, for this variant 
to be pathogenic, monogenic disease would have to be seen in one 
in 5000 population, which is far more common than the estimated 
prevalence of hyperthyroidism due to activating TSHR mutations 
(~<1:15 000 children in Denmark).12,20 None of the previously pub-
lished pathogenic activating TSHR mutations are seen in gnomAD. 
Furthermore, the proband with this variant in our study was diag-
nosed at 60 years of age and had no family history of thyrotoxico-
sis. She also remitted after 18 months of antithyroid drug treatment 
which is unlikely if she had activating TSHR gene mutation.

4  | DISCUSSION

Our study identified that the systematic assessment for activating 
TSHR mutations in adult patients with hyperthyroidism with diffuse 
uptake on scintigraphy, negative TRAb and absence of extrathyroi-
dal manifestations of Graves’ disease (such as thyroid‐associated 
ophthalmopathy or dermopathy) did not identify a single case. Our 
study, therefore, is unable to support the routine genetic testing for 
TSHR mutations in these patients.

This is the largest study in adult Caucasian patients with hy-
perthyroidism with diffuse goitre and lacking overt autoimmunity, 
and we did not find any individuals with a pathogenic variant in 
theTSHR gene. Our study results differ from a previous study in 
adult Japanese hyperthyroid patients with diffuse goitre and with-
out TRAb (n = 89).13 This study found activating TSHR mutations 
in four patients, giving a prevalence of 4.5%. This discrepancy in 
the results may be due to different populations characteristics; 
for example, our study participants were older, median age 52 vs 
40 years.13 The high frequency in the Japanese population may be 
due to founder effects as seen in other monogenic diseases in this 
population.21 The negative results in our study may also be due 
to a type II error (false negative), although we were powered to 
detect a 4.5% frequency with 95% confidence. This suggests that 
the accurate assessment of prevalence of activating TSHR muta-
tion in adult Caucasian patients may need a larger sample size. For 
example, Nishihara et al found only 89 patients with diffuse goitre 
and lacking overt autoimmunity from 24 623 hyperthyroid patients 
referred to them over 9 years.13

Our results suggest that routine screening forTSHR gene may 
not be a useful practice in adult Caucasian patients with hyperthy-
roidism lacking overt autoimmunity and diffuse goitre due to the 
rarity of the disease. The European Thyroid Association (ETA) have 
previously issued recommendations on when and whom to select 
for genetic testing for TSHR.3 One‐third of our cohort had a family 
history of thyrotoxicosis, and fulfilled the ETA criteria for genetic 
testing for TSHR mutation.3 Our results do not support routine 
genetic testing in adult onset hyperthyroidism even in the pres-
ence of family history of thyrotoxicosis; however, it may be useful 
for families with multigenerational history of thyrotoxicosis. Our 
results are not applicable to children, and these patients should TA

B
LE

 2
 

TS
H

 re
ce

pt
or

 (T
SH

R)
 v

ar
ia

nt
s 

id
en

tif
ie

d 
in

 th
e 

st
ud

y 
co

ho
rt

TS
H

R 
va

ria
nt

s
N

o.
 o

f 
pa

tie
nt

s
Ex

on
Lo

ca
tio

n 
of

 
va

ria
nt

N
o.

 a
nd

 fr
eq

. o
f h

et
er

oz
y-

go
te

s i
n 

co
nt

ro
l p

op
ul

at
io

n 
(g

no
m

A
D

), 
al

l e
th

ni
ci

ty

N
o.

 a
nd

 fr
eq

. o
f h

et
er

o
zy

go
te

s i
n 

co
nt

ro
l 

po
pu

la
tio

n 
(g

no
m

A
D

), 
Eu

ro
pe

an
 (n

on
F

in
ni

sh
)

N
o.

 o
f 

ho
m

oz
yg

ot
es

 
in

 g
no

m
A

D

In
 v

itr
o 

ac
tiv

ity
 o

f 
va

ria
nt

 in
 

lit
er

at
ur

e
Ph

en
ot

yp
e 

pr
ev

io
us

ly
 

re
po

rt
ed

 in
 li

te
ra

tu
re

AC
M

G
 

cl
as

si
fic

a-
tio

n 
of

 
va

ria
nt

s

c.
10

0G
>A

, 
p.

(G
lu

34
Ly

s)
 

(rs
45

49
97

04
)

1
1

Ex
tr

ac
el

lu
la

r
60

/1
37

 9
88

 (0
.0

43
%

)
41

/6
2 

74
2 

(0
.0

65
%

)
1

Lo
w

 (1
9)

Pr
ob

an
d 

w
ith

 c
on

ge
ni

ta
l 

hy
po

th
yr

oi
di

sm
 a

nd
 

m
ot

he
r w

ith
 G

ra
ve

s’ 
di

se
as

e 
(1

9)

Be
ni

gn

c.
10

6G
>C

, 
p.

(A
sp

36
H

is)
 

(rs
61

74
74

82
)

2
1

Ex
tr

ac
el

lu
la

r
14

39
/1

37
 8

92
 (1

.0
4%

)
11

46
/6

2 
64

6 
(1

.8
3%

)
12

N
o 

im
pa

ct
 

(1
8)

TR
A

b‐
po

si
tiv

e 
G

ra
ve

s' 
di

se
as

e 
(1

8)
Be

ni
gn

c.
15

4C
>A

, 
p.

(P
ro

52
Th

r) 
(rs

22
34

91
9)

7
1

Ex
tr

ac
el

lu
la

r
15

 9
58

/1
37

 4
84

 (1
1.

6%
)

70
92

/6
2 

25
6 

(1
1.

3%
)

10
71

-
G

ra
ve

s' 
di

se
as

e 
w

ith
 

op
ht

ha
lm

op
at

hy
 (1

6,
 1

7)
Be

ni
gn

c.
10

01
T>

C
, 

p.
(Il

e3
34

Th
r) 

(rs
55

38
93

02
6)

1
10

Ex
tr

ac
el

lu
la

r
5/

12
3 

12
9 

(0
.0

04
%

)
2/

55
 8

55
 (0

.0
03

%
)

0
-

-
Li

ke
ly

 
be

ni
gn



332  |     PATEL ET AL.

be evaluated for activating TSHR mutation as per the guideline.3 
This is supported by the study in Danish children that showed 6% 
of children with nonautoimmune hyperthyroidism have activating 
TSHR mutation.12

We acknowledge several study limitations: we only recruited 
61% patients from the eligible cohort, and a larger sample size 
would have increased the power to identify a lower frequency of 
activating TSHR mutation. We did not have data on Doppler thy-
roid ultrasound or thyroid‐stimulating immunoglobulin to exclude 
Graves’ disease. Although these two tests would have reduced the 
number of eligible patients, it would not have changed the results 
of our study due to the inclusive nature of our study eligibility cri-
teria. We excluded patients with multinodular goitre in our study as 
it is seen in <15% of individual with activating TSHR mutation. This 
along with relatively common occurrence of nongenetic multinodu-
lar goitre in adult population would have provided very low positive 
predictive value of multinodular goitre to identify TSHR mutation.2 
We also did not take the treatment history of patients (eg, relapse 
after antithyroid drug treatment) into consideration when select-
ing potential participants as we wanted to establish the utility of 
genetic testing at the time of diagnosis during routine clinical care.

In conclusion, our systematic assessments of adult Caucasian 
patients with hyperthyroidism showed that activating TSHR gene 
mutations are a rare cause of nonautoimmune hyperthyroidism. Our 
results do not support the routine genetic testing for adult patients 
with hyperthyroidism showing diffuse uptake on scintigraphy but 
lacking autoimmune features of Graves’ disease.
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