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1  | INTRODUC TION

Graves' orbitopathy (GO) is a potential concomitant autoimmune 
disorder in patients with Graves' disease (GD) which primarily tar-
gets the orbits by autoimmune processes leading to increased local 

formation of adipocytes.1 Its incidence is age-related between 
1–27/10.000/year with a peak between ages of 40 and 60 years. The 
prevalence is 10/10.000/year in Europe.2

GO can consequently result in several optical sensations like dip-
lopy, dry eye syndrome or exophthalmos and can affect the optical 
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Abstract
Introduction: We investigated known (eg age, smoking, thyrotropin receptor autoan-
tibody	(TRAb))	and	new	risk	factors	(eg	thyroid	peroxidase	autoantibodies	(TPO-Ab),	
thyroid	size,	or	BMI)	for	Graves'	disease	(GD)	and	Graves'	orbitopathy	(GO),	especially	
in combination with each other, to determine which factors play the most important 
role in the development of GO.
Methods: From	2008	to	2018,	n = 500 patients with GD were included in this retro-
spective single-centre case-control study. N = 231 (46%) had a GO and n = 269 (54%) 
showed	no	GO.	Differences	 in	 risk	 factors	were	 determined	by	Mann-Whitney	U	
and	chi-square	test.	Combined	influences	of	factors	were	examined	by	multivariable	
logistic regression.
Results: Age	 at	 first	 diagnosis	 of	 GD	 (OR	 = 1.043, p < .006), smoking status 
(OR = 2.64, p <	 .026)	and	TRAb	(OR	= 1.046, p < .01) had a significant impact on 
GO.	The	factors	gender,	TPO-Ab	titre,	BMI,	TSH	titre,	T3	and	T4	were	not	significant.
Conclusion: As	it	has	been	shown	in	univariate	analyses,	smoking,	age	and	TRAb	levels	
have	a	negative	impact	on	the	onset	and	course	of	GD	and	GO.	Via	multivariable	regres-
sion, we could additionally show that smoking is the most important factor out of those 
analysed.	TRAb	might	be	a	helpful	surrogate	parameter	in	the	assessment	of	the	progress	
of GO and therefore might be one factor in the decision-making process for potential 
early	operative	surgery.	With	regard	to	the	hitherto	unclear	role	of	BMI,	thyroid	size	and	
TPO-Ab	in	the	course	of	GO,	this	study	could	not	find	any	clinically	relevant	influence.
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nerve leading to blindness in rare cases.3 Thus, affected patients 
frequently report a decreased quality of life in addition to eye syn-
dromes, and they often need psychological support.4 Therefore, the 
optimal therapy not only includes the treatment of GO but also the 
prevention or progression of symptoms by avoidance and control 
of risk factors.5 Well-studied risk factors for GO include smoking, 
thyrotropin	receptor	autoantibody	(TRAb)	levels,	age	and	sex6–8	But	
also risk factors such as radioiodine therapy (RJT) and hyper/hypo-
thyroidism seem to aggravate the outcome in GO.9

To further investigate the influence of potential risk factors on 
GO, we conducted a retrospective single-centre analysis of patients 
with	GD	with	and	without	GO	treated	by	surgery.	As	primary	end-
point, the effect of known factors (eg age, gender, smoking habits, 
or	TRAb)	and	potential	new	risk	factors	such	as	thyroid	peroxidase	
antibody	 (TPO-Ab)	 and	 body	weight	 on	 probability	 of	 developing	
GO in GD was examined through a multifactorial regression model. 
The	estimated	effects	were	compared	with	the	literature.	Secondary	
end-point was the calculation of a receiver operating characteristic 
(ROC)	curve	to	determine	the	risk	of	GO	development	as	a	function	
of	the	TRAb	titre.

2  | MATERIAL S AND METHODS

2.1 | Study design

The study was conducted as a single-centre retrospective case-
control	 study	 and	was	 approved	 by	 the	Medical	 Ethics	Committee	

of	University	of	Oldenburg	 (reference	number	2019-012).	Between	
2008	and	2018,	all	patients	with	GD	treated	by	total	thyroidectomy	
due	to	persistent	or	relapse	of	hyperthyroidism	at	the	University	Clinic	
for	Visceral	Surgery,	Pius	Hospital	Oldenburg,	School	of	Medicine	and	
Health	Sciences,	Carl	von	Ossietzky	University	Oldenburg,	were	ret-
rospectively	included.	In	patients	where	both	RAI	and	surgery	were	
possible options, surgery was performed at the patient's request. 
Initially,	all	patients	with	ICD	E.05.0	were	selected	(n = 644; Figure 1). 
Patients older than 75 years, as well as patients with orbital neoplasia 
and/or coincidental thyroid cancer, were excluded. Eventually, a num-
ber of n = 500 patients could be included for further analysis. This 
collective was examined for the diagnosis of GD.

All	cases	with	GO	(group	1)	were	compared	with	the	cases	with-
out GO (group 2) for following risk factors: age, sex, smoking status, 
body	 mass	 index	 (BMI),	 thyroid	 weight	 in	 the	 pathological	 find-
ings,	TRAb,	thyroid-stimulating	hormone	(TSH),	TPO-Ab.	TSH,	free	
triiodothyronine (fT3) and free tetraiodothyronine (fT4) were deter-
mined	preoperatively	while	TRAb	and	TPO-Ab	were	determined	at	
time of initial diagnosis of GD when no thyrostatic medication was 
taken.	Patients	suffering	from	GO	were	assigned	to	the	NOSPECS	
classification based on available ophthalmological records.

2.2 | Statistical analysis

For	data	collection,	Microsoft	Excel,	and	for	statistical	assessment,	
SPSS	25	were	used.	For	numerical	data,	averages	and	standard	de-
viations, or medians and interquartile ranges (IQR) were calculated, 

F I G U R E  1  Study	flow	chart
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depending	on	the	distribution.	Categorical	data	were	presented	as	
absolute and relative frequencies. Furthermore, for the two groups 
(patients with GO/patients without GO) differences in assessed fac-
tors were identified by the chi-squared test (nominal scaled factors) 
or	 the	Mann-Whitney	U	 test	 (ordinal	 scaled	 factors).	 The	 analysis	
for the influence of the combined factors was carried out by means 
of multiple logistic regression analysis with the binary dependent 
variable GO. The significance level was p < .05 at a 95% confidence 
interval, and false discovery rate was calculated to account for mul-
tiple testing where appropriate.10 In addition, odds ratios for the 
possible risk factors were determined and reported with the associ-
ated	confidence	intervals.	A	ROC	curve	was	calculated	to	determine	
a	cut-off	value	 for	 the	TRAb	 titre.	Specificity	and	sensitivity	were	
included,	and	the	area	under	the	curve	was	determined.	The	ROC	
curve	was	created	using	SPSS	25,	the	study	flow	chart	was	created	
using	Microsoft	PowerPoint.

3  | RESULTS

Of the n = 500 patients analysed, n = 231 [(46%); n =	 189	 (46%)	
female; n = 42 (47%) male; Table 1] had a GO, and in n = 269 patients 
[(54%); n = 221 (54%) female; n =	48	(54%)	male]	no	GO	was	docu-
mented (n.s.). The mean age at time of operation was for women 
39.2 ± SD 13.3 years and for men 41.1 ± SD 13.7 years (n.s.). For 
n = 434 patients, the age at time of primary diagnosis of GD could be 
recorded. Patients with GO were significantly older at initial diagno-
sis	(Mann-Whitney	U test U =	19	986.5;	p < .022). The grade of GO 
measured	by	NOSPECS	Score	was	2	±	ICQ	2	for	female	and	3	±	ICQ	
2,5	for	male	(n.s.).	The	BMI,	TSH	and	the	size	of	resected	tissue	did	
not significantly differ between the groups.

Out	of	the	measured	serological	values,	only	the	TRAb	showed	
a	significant	difference	between	the	groups	and	TRAb	was	almost	
twice	as	high	in	patients	with	GO	13	IU/L	vs.	7.7	IU/L	(Mann-Whitney	
U test U =	19	986.5;	p <	.022).	For	the	TRAb	titre,	a	cut-off	value	was	
determined	by	ROC	analysis.	A	balanced	cut-off	value	was	reached	
at	TRAb	of	10.645	IU/L	(Figure	2).	Patients	with	TRAb	titres	higher	
than this cut-off value had a greater risk for developing GO. The sen-
sitivity was 0.65 and the specificity was 0.63. The area under the 
curve was 0.633.

The proportion of smokers was 42% overall, of which 63% had a 
GO.	Compared	to	the	group	of	nonsmokers	of	which	only	34%	had	
a GO, there was a significant difference (chi-square (1) =	 27.558,	
p < .001; Table 2).

A	multiple	logistic	regression	was	performed	with	the	depen-
dent variable orbitopathy, which included the following indepen-
dent	variables:	age	at	initial	diagnosis	GD,	smoking	status,	TRAb,	
sex,	BMI,	 thyroid	weight,	TPO-Ab,	TSH,	T3	and	T4.	A	blockwise	
variable inclusion was chosen to check for possible correlations. 
The best model was achieved after inclusion of all parameters up 
to	T4	 (Chi2	28.836,	p = .001; Table 3). The model correctly pre-
dicted	64.7%	of	patients	who	developed	orbitopathy	and	82.9%	
of those who developed none. The factors age at first diagnosis 
(OR = 1.043, p < .006), smoking status (OR = 2.64, p < .026) and 
TRAb	(OR	= 1.046, p <	.01)	were	significant.	Since	the	factor	age	
might	have	been	confounded	by	smoking	habits	or	the	TRAb	titre	
changing over age, we performed a subgroup analysis with two 
age	groups	according	to	the	mean	age	(≤49	years	vs.	>49 years). 
In the younger group, the ratio between smokers and nonsmokers 
was	60.4%–39.6%,	 in	the	older	group	55.7%–44.3%.	Mean	value	
and	 standard	 deviation	 for	 the	 TRAb	 titre	 in	 the	 younger	 group	
were 23.0 ±	38.8,	and	22.7	± 54.4 in the older group.

No Orbitopathy Orbitopathy
p-
valuea n Median (IQR) n Median (IQR)

Age	diagnosis	GD	
(years)

231 38	(26.3–47) 203 41 (30–51) .022

Body	mass	index	
(kg2/m2)

180 25.1	(22.3–28.3) 152 24.8	(22.3–29.4) .3667

Pathol.thyroid 
weight (g)

199 31 (25–46) 151 32	(22–48) .70

TRAb	(IU/L) 98 7.7 (3.5–15.2) 85 13 (6.1–33.3) .022

TPO-Ab	(U/ml) 95 497 (75.6–2169) 76 360.7 (91.9–1601) .638

TSH	(mU/L) 266 0.01	(0.005–0.88) 228 0.02 (0.005–1.2) .24

T3 (µg/L) 257 3.9 (3.0–5.6) 223 3.6 (2.7–5.1) .198

T4 (ng/ml) 257 1.27 (0.9–1.7) 223 1.15 (2.1–2.3) .3025

Abbreviations:	IQR,	Interquartile	Range;	TPO-Ab,	Thyroid	Peroxidase	Antibody;	TRAb,	Thyrotropin	
receptor	autoantibody;	TSH,	Thyreotropin.
aMann-Whitney	U	test;	corrected	after	Benjamini	and	Hochberg.10 
The bold values are significant results.

TA B L E  1   Patients' characteristics 
dependent on GO existence
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4  | DISCUSSION

Nearly 20%–25% of patients with GD suffer from GO.3 This issue 
does not only concern optical symptoms but also impairs patients' 
quality of life. Therefore, an early and appropriate therapy of GD and 
orbitopathy according to the 2016 European guidelines is crucial.5 In 
our cohort, 46% of the patients with GD were affected by a GO. This 

amount is surely higher than the mentioned prevalence and is most 
likely due to the retrospective unicentric character of the study as 
patients affected by GO are introduced more often to the surgeon. It 
can also be assumed that the fact that we only included patients with 
surgical therapy created a certain bias. These patients have larger 
thyroid volumes, which in itself is a known risk factor for GO. In the 
context of this study, however, this collective was particularly inter-
esting for us because it can provide information about which risk 
factors can still lead to the development of GO even after surgery.

Several	risk	factors	for	development	and	impairment	of	GO	have	
been described, of which smoking seems to have the worst progno-
sis. In general, smoking patients with GD tend to have more (severe) 
GO, and smokers are more likely to have progression or de novo 
occurrence of GO after radioiodine treatment.11,12 This fact can be 
emphasized	by	our	results,	as	smokers	are	affected	more	than	twice	
as	often	as	nonsmokers	by	GO	(odds	ratio	2.64,	95%	CI:	1.13–6.19)	
even if we cannot quantify the smoking behaviour, so that a cor-
relation between the intensity of smoking and the extent of the GO 
could	not	be	investigated.	Smoking	cessation	is	crucial	in	the	therapy	
of GD irrespective of the presence/absence of GO.

Female patients are more likely to be affected by GD and GO 
in a 2–3:1 ratio.13,14 In fact, in our study, the female-to-male ratio 

concerning the prevalence of GD was 4:1 and even higher than in the 
mentioned	studies.	A	reason	for	the	higher	probability	for	women	to	
receive surgical treatment could be the fact that a (planned) preg-
nancy is a contraindication for radioiodine therapy, and therefore, 
more	women	are	assigned	to	surgery.	Although	autoimmune	disor-
ders like the GD are more common in women and GO seems to be 
more frequent in men, gender does not seem to have a significant 

F I G U R E  2  Result	of	the	ROC	analysis

No Orbitopathy 
n = 269 (54%)

Orbitopathy 
n = 231 (46%) Total

p-
valuea 

Sex

Female 221 (54%) 189	(46%) 410	(82%) .922

Male 48	(53%) 42 (47%) 90	(18%)

Overweight

BMI1 < 25 kg/m2 89	(56%) 69 (44%) 158	(47%) .908

BMI1 > 25 kg/m2 93 (52%) 85	(48%) 178	(53%)

BMI1 < 30 149 (55%) 121 (45%) 270	(80%) .908

BMI1 > 30 33 (50%) 33 (50%) 66 (20%)

Smoking	status

Nonsmoker 135 (66%) 70 (34%) 205	(58%) <.001

Smoker 55 (37%) 92 (63%) 147 (42%)

TPO-Ab

TPO-Ab	negative 21 (57%) 16 (43%) 37 (20%) .966

TPO-Ab	positive 84	(57%) 63 (43%) 147	(80%)

Abbreviations:	BMI,	Body	Mass	Index;	TPO-Ab,	thyroid	peroxidase	antibody.
aChi2	Test;	corrected	after	Benjamini	and	Hochberg.10 
The bold values are significant results.

TA B L E  2   Frequency distribution for 
different risk factors depending on the 
occurrence of GO
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impact on the development of GO in our study, as the ratio between 
patients with and without GO was approximately comparable for 
women	and	men.	Confounding	factors	like	smoking	habits,	even	in	
different gender groups, or differences in ancestry should be consid-
ered in the interpretation of this results.9	Men	with	GD	are	usually	
affected by a more severe manifestation of GO and at a higher age 
than women.14,15 We could not find any significant gender-specific 
differences	 in	 the	 severity	 of	 GO	 regarding	 the	 NOSPECS	 Score.	
Since	the	NOSPECS	Score	could	be	calculated	retrospectively	only	
for 37 male patients, a larger number of cases would certainly be 
necessary to prove a gender-specific effect.

Most	of	the	patients	develop	a	GO	in	the	age	range	of	40–50.16 
Patients	with	GO	are	significantly	older	at	first	diagnosis	of	GD	(38	
vs. 41 years), and these patients are at higher risk for developing 
GO	(OR	1.04,	95%	CI	1.01–1.08).	Although	this	effect	was	not	par-
ticularly clear, our data are in line with Khong et al, who also found 
that older age at first diagnosis of GD increases the risk of GO (OR 
1.12).17 In two further studies, similar results were confirmed.8,18 
The subgroup analysis performed to control for possible confound-
ing shows that the age effect is not due to an unequal distribution 
of	smokers	or	patients	with	different	TRAb	titres	in	the	age	groups	
formed.

TRAb	plays	a	crucial	role	in	the	pathogenesis	of	GD	and	GO,	and	
it is assumed that its level correlates with clinical outcome like re-
lapse of GD and severity of GO.6,19	The	level	of	TRAb	could	there-
fore be used as a helpful adjuvant in the decision-making process of 
early	definitive	therapy	 like	RAI	or	surgery	as	 first	choice	 in	cases	
of	TRAb	>	12	IU/L	at	diagnosis.20 In patients with GO, it has been 
shown	 that	 higher	 TRAb	 titres	 correlate	with	more	 severe	 GO	 in	
the	entire	course	of	the	disease.	Therefore,	patients	with	TRAb	ti-
tres above a certain cut-off value, indicating a severe course of GO, 
could benefit from a modified or prolonged thyrostatic or immuno-
suppressive therapy and shorter control intervals.6 In our study, a 
correlation	of	TRAb	with	the	presence	of	GO	could	be	confirmed.	

Patients	with	TRAb	titres	higher	than	10.65	IU/L	had	twice	as	high	a	
risk	of	developing	a	GO	(OR	1.05,	95%	KI	1.01–1.08.	However,	it	has	
to	be	noted	that	the	sensitivity	0.65,	specificity	0.63	and	AUC	0.63	
are	not	high.	Certainly,	 the	 level	of	TRAb	helps	 in	 the	clinical	 and	
therapeutic management of patients with GD and GO. Thus, future 
studies	are	needed	to	evaluate	if	the	TRAb	titre	indeed	can	be	used	
as a surrogate parameter in assessing the risk of relapse of hyper-
thyrosis in GD or development/aggravation of GO. Recently, it has 
been shown, that irrespective of the presence of GO, GD patients 
could	benefit	from	a	thyroidectomy	compared	to	RAI	with	regard	to	
cardiac arrythmia.21 Therefore, an (early) thyroidectomy may be dis-
cussed	in	patients	with	GO,	TRAb	>	10	IU/L,	or	cardiac	symptoms.

In	contrast	to	TRAb	which	is	specific	for	GD,	TPO-Ab	can	be	de-
tected in GD as a facultative parameter.22 TPO can be expressed in 
the orbit of patients with GO23,24 and a paediatric study has shown an 
association	between	high	TPO-Ab	levels	and	ocular	involvement.25 
In	contrast,	 in	adults,	a	correlation	between	 low	TPO-Ab	titre	and	
GO was found.26	We	could	not	find	any	difference	in	TPO-Ab	levels	
between	patients	with	and	without	GO.	The	role	of	the	TPO-Ab	in	
GO remains unclear due to the low number of studies and needs 
further investigation.

In	addition	 to	 the	TRAb	titre,	 thyroid	size	seems	to	play	a	 role	
in predicting relapse in GD as well as the severity of GO.27,28	As	we	
cannot present any differences in the weight of resected thyroid 
tissue	between	the	groups,	this	fact	cannot	be	emphasized	by	our	
findings.	But	 it	should	be	considered	that	the	design	and	 inclusion	
criteria of our study might contain some bias as only patients for 
thyroidectomy	were	 included	who	might	 have	 larger	 thyroid	 sizes	
than	patients	for	RAI.	This	might	explain	the	fact,	that	we	could	not	
establish	thyroid	size	as	a	risk	factor	in	our	study.

Total	 and	 low-density	 lipoprotein	 (LDL)-cholesterol	 seems	 to	
correlate with the presence and activity of GO, suggesting a role of 
cholesterol in the development of GO.29	In	how	far	higher	BMI	can	
influence the GO has not been investigated. We could not find any 

TA B L E  3   Result of the binary multiple logistic regression

Regression 
coefficient Standard error Wald df p-value Odds Ratio

95% CI (Min & 
Max)

Smoking 0.97 0.44 4.98 1 .03 2.64 1.13 6.19

Age	diagnosis	GD 0.04 0.02 7.44 1 .01 1.04 1.01 1.08

TRAb 0.04 0.02 6.67 1 .01 1.05 1.01 1.08

Sex −0.74 0.64 1.31 1 .25 0.48 0.14 1.69

TPO-Ab 0.00 0.00 1.10 1 .30 1.00 1.00 1.00

BMI 0.00 0.04 0.00 1 .99 1.00 0.93 1.08

TSH 0.10 0.14 0.52 1 .47 1.11 0.84 1.47

Thyroid weight 0.00 0.01 0.27 1 .60 1.00 0.99 1.02

T3 −0.06 0.08 0.64 1 .42 0.94 0.81 1.09

Constant −2.20 1.46 2.26 1 .13 0.11

Abbreviations:	BMI,	Body	Mass	Index;	TPO-Ab,	thyroid	peroxidase	antibody;	TRAb,	Thyrotropin	receptor	autoantibody.
The bold values are significant results.
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effect	of	BMI	on	GO	even	if	subgroup	analysis	with	BMI	> 25 m2/kg 
or	BMI	> 30 m2/kg	are	performed.	Adiposity	does	not	seem	to	influ-
ence	GO	in	general.	However,	a	high	BMI	does	not	necessarily	have	
to	be	associated	with	a	high	LDL	level,	so	that	a	conclusive	statement	
about	the	influence	of	LDL	based	on	the	surrogate	parameter	BMI	
cannot be made, and a differentiation of cholesterol subtypes could 
not be done in our retrospective cohort.

5  | CONCLUSIONS

Often,	risk	analyses	only	take	one	risk	factor	into	account.	By	look-
ing at several risk factors in combination, we could confirm that 
smoking,	TRAb	levels,	and	age	at	diagnosis	can	be	used	as	surrogate	
parameters to calculate the risk of the development of GO, at least in 
patients	scheduled	for	surgery.	The	role	of	TPO-Ab,	BMI	and	thyroid	
size	remains	unclear.	As	smoking	habit	has	the	greatest	influence	on	
GO,	patients	should	be	strongly	advised	to	quit	smoking.	TRAb	titres	
can be used as prognosis and follow-up parameter in GD and GO. 
Patients	with	TRAb	levels	>	10	IU/L	seem	to	have	an	increased	risk	
for GO and should therefore be closely monitored for a potential 
early definitive therapy.
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