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Abstract
Objective: To	investigate	the	associations	of	Graves'	disease	(GD)	severity,	autoim‐
munity	and	longitudinal	liver	enzyme	changes	with	time	in	a	cohort	with	well‐char‐
acterized GD.
Design: Retrospective cohort study.
Patients: Patients	 diagnosed	with	 Graves'	 disease,	 treated	 at	 Royal	 Prince	 Alfred	
Hospital	Sydney,	Adult	Thyroid	Clinic	from	2000	to	2012	inclusive.
Measurements: Inclusion	criteria	were	patients	with	a	complete	set	of	TSH,	FT4,	FT3,	
liver	enzymes	and	TSH	receptor	antibody	(TRAb)	results	prior	to	commencement	of	
thionamide therapy.
Results: Of	the	146	patients	who	had	complete	results,	69	(47%)	had	at	least	one	ab‐
normal liver enzyme. Gamma glutamyltransferase (GGT) was most frequently abnor‐
mal	 (74%),	 followed	by	alanine	aminotransferase	 (ALT)	 (57%),	alkaline	phosphatase	
(ALP)	(39%)	and	then	aspartate	aminotransferase	(AST)	(29%).	Subsequent	to	thyroid	
function	normalization,	78%	of	the	 liver	enzymes	were	normalized,	10%	were	per‐
sistently	abnormal	and	12%	were	lost	to	follow‐up.	Circulating	TRAb,	FT3	and	FT4	
results	were	categorized	into	mild,	moderate	and	severe	elevations.	At	univariate	re‐
gression	analyses,	TRAb,	FT3	and	FT4	levels	were	each	significantly	associated	with	
abnormal	liver	enzyme	profile.	Multivariate	regression	including	TRAB,	FT3	and	FT4	
as	independent	variables	demonstrated	FT3	and	FT4	were	more	strongly	associated	
with	abnormal	liver	profile	than	TRAb.	However,	the	initial	FT3	and	FT4	levels	were	
not associated with abnormal liver profile in the subgroup with persistently abnormal 
liver profile.
Conclusion: Graves'	disease	 is	commonly	associated	with	abnormal	 liver	enzymes,	
and	most	commonly	with	abnormal	levels	of	GGT,	and	that	an	abnormal	liver	enzyme	
profile	is	more	directly	linked	to	the	degree	of	thyrotoxicosis	than	levels	of	TRAB.
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1  | INTRODUC TION

Abnormal	liver	enzyme	levels	are	commonly	detected	at	the	onset	of	
Graves'	disease	(GD),	with	the	reported	prevalence	ranging	from	37%	
to	78%	during	 the	acute	 thyrotoxic	phase	of	 the	disease.1‐5 Most of 
the	 studies	 have	 described	 alkaline	 phosphatase	 (ALP)	 as	 the	most	
common	liver	enzyme	elevated,	in	up	to	nearly	two‐thirds	of	studied	
cases.1,3‐11	The	degree	of	thyrotoxicosis,	age,	sex	and	ethnicity	have	all	
been reported to be associated with liver enzyme abnormalities during 
the acute hyperthyroid state.2,8,10,12	However,	conflicting	findings	dis‐
puting the significance of thyroid hormone levels and liver function 
abnormality have been reported in similarly large studies.1,7	Although	
Graves' disease is probably the most common cause of overt hyperthy‐
roidism,	most	of	the	published	studies	examining	liver	enzymes	have	
not	differentiated	the	cause	of	hyperthyroidism.	To	date,	the	thyrotro‐
pin	receptor	antibody	(TRAb),	which	includes	the	stimulating	agent	of	
TSH	receptor	and	thyroid	hormone	production,13	has	also	been	linked	
to	biochemical	liver	function	abnormalities,	in	the	Chinese	population	
only.2,3,12	Furthermore,	there	is	very	limited	data	on	longitudinal	liver	
enzyme profiles after normalization of thyroid function in patients with 
Graves'	disease.	Given	that	background,	the	aim	of	this	study	was	to	
investigate the acute presenting patterns and factors associated with 
liver enzyme abnormalities in a population with well characterised 
Graves'	disease,	as	well	as	the	subsequent	liver	enzyme	changes	fol‐
lowing	treatment,	in	a	mixed	ethnic	cohort.

2  | MATERIAL S AND METHODS

An	audit	 of	 the	Royal	 Prince	Alfred	Hospital	Adult	 Thyroid	Clinic,	
Sydney,	Australia,	database	from	2000	to	2012	inclusive	was	under‐
taken	to	determine	the	liver	enzyme	profiles	in	patients	with	GD	at	

baseline	and	after	therapy.	All	patients	aged	18	years	or	over	with	
complete	medical	records,	plus	a	blood	TSH	level	below	the	 lower	
limit of the normal laboratory reference range with an elevated free 
T3	and/or	free	T4	above	the	normal	reference	range	at	the	time	of	
GD diagnosis were included. Graves' disease was confirmed by an 
elevated	TSH	receptor	antibody	 (TRAb)	 (>1.0	U/L)	 in	serum	at	 the	
time of diagnosis.13	 The	 TRAb	measure	 was	 performed	 on	 either	
the B·R·A·H·M·S TRAK HUMAN RIA	or	the	Roche	Elecsys	Anti‐TSHR	
assay.	Patients	were	categorized	into	one	of	seven	ethnicity	groups	
based	on	the	self‐reported	heritage	(adapted	from	Alharbi	et	al14).

The	liver	enzymes,	serum	aspartate	aminotransferase	(AST),	al‐
anine	aminotransferase	(ALT),	ALP	and	gamma	glutamyltransferase	
(GGT),	 prior	 to	 commencement	 of	 anti‐thyroid	 medications,	 were	
tested	on	a	standard	biochemical	autoanalyser	platform.	An	abnor‐
mal liver profile was defined as one or more liver enzyme abnor‐
mality,	 outside	 the	 laboratory	 reported	 normal	 assay	 range,	 being	
present.	 A	 repeat	 liver	 enzyme	 profile	 of	 the	 same	 enzymes	 per‐
formed after patients achieved biochemical euthyroidism (defined as 
free	T3	and	free	T4	in	the	normal	range	as	well	as	blood	TSH	measure	
within	 the	normal	 reference	 range),	was	 included	 for	 analysis.	We	
included	any	patients	with	no	reported	known	history	of	active	liver	
disease	or	being	on	hepatotoxic	medications.	The	cohort	 included	
one patient with a history of chronic hepatitis B. This patient had 
an abnormal liver enzyme profile on initial presentation and was not 
receiving antiviral therapy; the liver enzyme abnormality resolved 
when	thyroid	hormone	normalized.	One	patient	only	was	excluded	
from the study as having hepatitis C receiving interferon alpha treat‐
ment. There was no history of alcohol dependence or heavy alcohol 
usage in any patients in the cohort.

Considering	 the	non‐linear	 reading	of	TRAb,	FT3	and	FT4	 results	
at	high	levels,	the	TRAb	level	was	categorized	into	mild,	moderate	and	
severe	elevations,	as	TRAb	≤	10	IU/L,	TRAb	=	10.1‐20	and	TRAb	>	20,	

TA B L E  1   Characteristics of patients and liver enzyme results at the diagnosis of Graves' disease (GD)

 Total cohort
Normal liver function 
test (LFT) Abnormal LFT

Statistical test between 
normal vs abnormal LFT

Number	of	patients 146 77 69  

Gender—Female 119	(82%) 65	(84%) 54	(78%) P	=	0.40

Mean age at GD diagnosis (y) 35.2 33.5 37.2 P	=	0.06

Family	history	of	thyroid	disorder 57	(39%) 31	(40%) 26	(38%) P	=	0.75

Lifelong	non‐smoker 94	(64%) 52	(68%) 42	(61%) P	=	0.40

Ethnicity

European 58	(40%) 34	(44%). 24	(35%). P	=	0.25

East	Asian 70	(48%) 33	(43%). 37	(54%). P	=	0.19

South	Asian 3	(2%) 2	(3%). 1	(1%). P	=	0.63

Middle Eastern 5	(3%) 4	(5%). 1	(1%). P	=	0.21

African 1	(1%) 0	(0%). 1	(1%). P	=	0.29

Australian	Aboriginal 8	(5%) 3	(4%). 5	(7%). P	=	0.37

Other 1	(1%) 1	(1%). 0	(0%). P	=	0.34

Note: East	Asian	includes	East	Asian	&	South	East	Asian	countries.	South	Asian	includes	sub‐Himalayan	South	Asian	Association	for	Regional	
Cooperation	(SAARC)	countries.
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respectively.	FT3	was	categorized	by	multiples	of	the	upper	limit	of	nor‐
mal	(ULN),	as	FT3	≤	2.5	×	ULN,	FT3	at	2.51‐5	×	ULN,	and	FT3	>	5	×	ULN,	
and	FT4	by	≤2	×	ULN,	FT4	at	2.1‐3	×	ULN,	and	FT4	>	3	×	ULN.

Chi‐square	 tests	 were	 used	 to	 analyse	 between‐group	 differ‐
ences,	 and	 logistic	 regression	 was	 performed	 to	 analyse	 the	 cor‐
relation	between	potential	 risk	 factors	and	abnormal	 liver	enzyme	
profiles.	Statistical	analyses	were	performed	on	ibm® spss®	Statistics	
Version 24 and graphpad®	Prism	7.	P	values	of	<0.05	were	considered	
statistically significant.

3  | RESULTS

There were 146 patients diagnosed with Graves' disease with a com‐
plete	medical	record	and	blood	tests	as	described,	between	the	years	
2000	and	2012	 (Table	1).	Eighty‐two	per	 cent	of	 the	cohort	were	
female,	with	mean	age	±	SD	for	GD	diagnosis	of	35.2	±	11.5	years,	
and	median	33	years.	Thirty‐nine	per	cent	of	the	entire	cohort	had	a	
family	history	of	thyroid	disorder	and	64%	were	lifelong	non‐smok‐
ers.	The	predominant	ethnic	background	was	East	Asian	(48%),	fol‐
lowed	by	European	(40%).	Apart	from	a	trend	towards	significance	
(P	=	0.06)	for	mean	age	of	GD	diagnosis	between	patients	with	nor‐
mal	and	abnormal	liver	function	results,	there	were	no	other	patient	
clinical characteristics associated with an abnormal liver enzyme 
profile	(Table	1).	Overall,	75%	of	patients	received	carbimazole	and	
25%	received	PTU.

Among	 the	 146	 patients,	 69	 (47%)	 had	 at	 least	 one	 abnormal	
liver	 enzyme.	 Among	 the	 liver	 enzymes,	 the	 GGT	 was	 most	 fre‐
quent	abnormality,	in	74%	of	patients,	followed	by	ALT	(56.5%),	ALP	
(39.1%)	and	AST	 (29.0%;	Figure	1A).	 In	 individuals	with	East	Asian	
background,	GGT	and	ALP	abnormality	were	found	in	32%	and	25%	
of	 the	 liver	 enzyme	 abnormalities,	whereas	 48%	and	9%	of	 those	
liver	 enzyme	 abnormalities,	 respectively,	 were	 noted	 among	 the	
European	descendants	(Figure	1B).

By	 logistic	 regression	 analyses,	 severely	 elevated	 TRAb	
(>20	IU/L)	was	significantly	associated	with	the	presence	of	one	or	
more liver enzyme abnormality (P	=	0.008;	Table	2).	Free	T3	and	
free T4 were also independently associated with the presence of 
abnormal liver enzymes. Both severely and moderately elevated 
FT3	were	significantly	associated	with	at	least	one	abnormal	liver	
enzyme	 (OR	 =	 7.32,	 P	 <	 0.001	 and	OR	 8.57,	 P < 0.001 respec‐
tively;	Table	2).	Having	moderately	elevated	FT4	was	significantly	
associated	with	an	abnormal	liver	enzyme	profile	(Odds	Ratio	2.65,	
P	=	0.01),	whereas	severely	elevated	FT4	carried	a	much	greater	
odds	 ratio,	of	10.9	 (P	<	0.001;	Table	2).	However,	neither	TRAb,	
nor	 FT4	or	 FT3	was	 associated	with	 any	 specific	 individual	 liver	
enzyme elevation.

When	combining	the	thyroid	hormones	(FT3	and	FT4)	and	TSH	
receptor	 antibody	 (TRAb)	 results	 in	 a	 multivariable	 analysis,	 the	
TRAb	 level	was	no	 longer	associated	with	abnormal	 liver	enzymes	
(Table	 3).	 In	 contrast,	 moderately	 elevated	 FT3	 (P	 =	 0.002)	 and	
severely	elevated	FT3	 (P	=	0.02),	 as	well	 as	 severely	elevated	FT4	
(P	=	0.01),	remained	significantly	associated	with	the	presence	of	any	
liver enzyme abnormality. By multivariate logistic regression analy‐
sis	including	patient	gender,	age	of	diagnosis,	family	history	of	GD,	
smoking	 status	 and	 ethnicity,	 the	 relationship	 between	TRAb	 and	
liver	enzymes	remained	non‐significant.

When	 patients	 attended	 follow‐up	 and	were	 found	 to	 be	 bio‐
chemically	euthyroid,	only	n	=	7	patients	continued	to	have	a	per‐
sistently	mild	abnormal	liver	enzyme	profile	as:	GGT	(5/7),	ALT	(1/7),	
ALP	(5/7)	and	AST	(0/7)	(Figure	2).	None	developed	new‐onset	liver	
enzyme abnormalities that were not present at GD diagnosis.

4  | DISCUSSION

Liver	enzyme	abnormalities	are	a	recognized	as	part	of	the	spectrum	
of	the	acute	hyperthyroid	presentation.	Although	Graves'	disease	is	

F I G U R E  1  A,	Distribution	of	liver	enzyme	abnormalities	at	diagnosis.	B,	Abnormal	liver	enzyme	patterns:	East	Asian	vs	European	
background
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the	most	common	cause	of	hyperthyroidism,	many	published	studies	
have reported data combining all hyperthyroid diagnoses (Table 4). 
In	 this	Graves'	 disease‐specific	 cohort,	we	 found	 47%	 of	 patients	
presented with at least one abnormal liver enzyme. The frequency 
approximates	data	reported	in	the	other	GD‐specific	studies,	where	
35%‐70%	 of	 study	 participants	 had	 at	 least	 one	 liver	 enzyme	 ab‐
normality.2,3,12	 Among	 the	 n	 =	 69	 patients	with	 any	 liver	 enzyme	
abnormality	in	the	current	series,	74%	had	a	GGT	abnormality,	fol‐
lowed	by	ALT	(56.5%),	ALP	(39.1%)	and	AST	(29%;	Figure	1A).	The	
distribution of liver enzyme abnormalities in this cohort was notably 
different	 from	 other	 previously	 reported	 GD‐specific	 studies	 and	
other	 hyperthyroid	 studies	 (Table	 4).	 Most	 studies	 reported	 ALP	
as	the	most	commonly	elevated	liver	enzyme.	In	our	study,	among	
individuals	with	 East	Asian	 background,	GGT	 and	ALP	 abnormali‐
ties	were	found	in	32%	and	25%	of	the	liver	enzyme	abnormalities,	
whereas	48%	and	9%	of	those	liver	enzyme	abnormalities,	respec‐
tively,	were	noted	among	the	European	descendants	(Figure	1B).	The	

 Total = 69 Odds ratio (OR) P value

TSH receptor antibody (TRAb) association with any liver enzyme elevation

TRAb	elevation

Mild	(TRAb	≤	10	IU/L) 23	(33.3%) 1  

Moderate	(TRAb	=	10.1‐20	IU/L) 18	(26.1%) 1.9	(0.85‐4.37) 0.116

Severe	(TRAb	>	20	IU/L) 28	(40.6%) 3.0	(1.33‐6.92) 0.008

 

FT3 association with any liver enzyme elevation

 FT3	elevation

Mild	(FT3	≤	2.5	×	ULN) 7	(10.1%) 1  

Moderate	(2.5	×	ULN	<	FT3	<=	5	×	ULN) 37	(53.6%) 7.32	(2.82‐19.0) <0.001

Severe	(FT3	>	5	×	ULN) 25	(36.2%) 8.57	(3.05‐24.1) <0.001

 

FT4 association with any liver enzyme elevation

FT4	elevation

Mild	(FT4	≤	2	×	ULN) 21	(30.4%) 1  

Moderate	(2	×	ULN	<	FT4	<=	3	×	ULN) 29	(42%) 2.65	(1.26‐5.56) 0.01

Severe	(FT4	>	3	×	ULN) 19	(45.2%) 10.9	(3.29‐35.8) <0.001

TA B L E  2  TSH	receptor	antibody	
(TRAb)/FT4/FT3	association	with	
abnormal liver enzyme profile

TA B L E  3   Multivariate logistic regression of abnormal liver 
function	risk	factors

Study variables Odds ratio P value

FT3

Mild	(FT3	≤	2.5	×	ULN) 1  

Moderate	(FT3	=	2.51‐5	×	ULN) 5.23	(1.87‐14.6) 0.002

Severe	(FT3	>	5	×	ULN) 4.39	(1.27‐15.2) 0.02

FT4

Mild	(FT4	≤	2	×	ULN) 1  

Moderate	(FT4	=	2.1‐3	×	ULN) 1.45	(0.61‐3.48) 0.4

Severe	(FT4	>	3	×	ULN) 5.57	(1.52‐20.5) 0.01

TRAb

Mild	(TRAb	≤	10	IU/L) 1  

Moderate(TRAb	=	10.1‐20	IU/L) 1.02	(0.40‐2.64) 0.96

Severe	(TRAb	>	20	IU/L) 1.58	(0.63‐4.01) 0.33

F I G U R E  2  Liver	enzyme	longitudinal	
data
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AST	 and	 ALT	 distributions,	 however,	 were	 similar	 between	 these	
two	ethnic	subgroups.	 Interestingly,	 there	appears	to	be	an	ethnic	
difference between cases of GD with a liver enzyme abnormality. 
Two large studies in China with over 200 participants with GD3,12 
demonstrated	ALT	 and	ALP	 as	 the	most	 frequently	 detected	 liver	
enzyme	abnormalities,	compared	with	ALP	predominantly	 in	other	
studies.1,4,5 The cause for this difference is unclear and as liver and 
bone	ALP	isoenzymes	were	not	differentiated	in	those	studies,	and	
it	is	unclear	whether	the	ALP	elevations	reported	were	contributed	
to	by	bone‐derived	ALP.

Our	 study	 did	 not	 specifically	 exclude	 patients	 with	 potential	
liver	function	abnormalities	related	to	hepatitis	history,	alcohol	use	
or	 iatrogenic	 causes;	 however,	 the	 longitudinal	 data	 demonstrate	
that	when	patients	achieved	a	hormonal	euthyroid	state,	only	11%	
of individuals with initial liver enzyme abnormalities had any per‐
sistent	abnormality,	which	was	predominantly	in	the	ALP	and	GGT.	
This longitudinal data provide evidence that the abnormal liver en‐
zyme	profile	at	acute	hyperthyroid	presentation	is	likely	due	to	the	
hyperthyroid	state,	and	the	persistent	cholestatic	liver	enzyme	ab‐
normality,	albeit	in	a	minority	of	cases,	may	in	some	cases	be	related	
to	ongoing	use	of	thionamides,	as	observed	by	other	studies,4,7 even 
though the enzyme abnormalities in the current series were present 
before	thionamides	had	been	commenced,	or	possibly	in	the	case	of	
ALP	may	be	bone‐derived.

The	univariate	 analysis	 identified	FT3,	FT4	and	TRAb	as	 three	
independent	risk	factors	associated	with	a	liver	enzyme	abnormality	
at diagnosis of GD (Table 2) whereas the multivariate logistic regres‐
sion	analysis	of	FT3,	FT4	and	TRAB	demonstrated	the	elevation	in	
liver	enzymes	was	associated	more	strongly	with	FT3	and	FT4	than	
TRAb	(Table	3).	 In	contrast,	 the	multivariate	analysis	 in	the	 largest	
GD‐specific	study	concluded	that	only	FT4	and	TRAb	are	strongly	
associated with hepatic dysfunction.12	 The	 average	 FT4	 level	 re‐
ported	 by	 Zhang	 was	 85.7	 pmol/L	 (normal	 range:	 12‐22	 pmol/L),	
which	 is	 approximately	 twice	 the	 average	 FT4	 level	 in	 our	 cohort	
with	similar	reference	range.	At	high	FT4	and	FT3	levels,	many	com‐
mercial immunoassays do not follow a linear correlation and this may 
not	be	addressed	by	logistic	transformation	of	the	data,15,16 hence 
our	rationale	to	categorize	TRAb,	FT3,	FT4	elevation	in	our	analysis.	
In	addition,	FT3	and	FT4	levels	were	to	some	degree	independently	
correlated	with	the	serum	TRAb	level	(Table	S1),	leading	to	a	partial	
collinear	 effect	 in	 the	multivariable	 analysis.	Although	 commercial	
TRAB	assays	 are	 sensitive	 and	 specific,17 they also detect neutral 
and	 blocking	 TRAb.	 A	 thyroid	 stimulating	 immunoglobulin	 (TSI)	
assay,	if	it	were	accessible,	may	have	better	reflected	the	association	
of the pathogenic antibody with a liver enzyme abnormality.

Strengths	of	the	current	research	are	that	GD	was	carefully	de‐
fined	in	the	cohort	studied,	liver	enzymes	were	measured	before	any	
treatment	of	the	hyperthyroidism,	and	follow‐up	liver	enzymes	were	
documented	as	GD	was	treated.	Relative	study	weaknesses	include	
the retrospective nature of the cohort limiting total patient num‐
bers	with	complete	data	and	no	ALP	isoenzyme	measures,	some	loss	
to	 follow‐up	of	patients	and	 the	absence	of	TSI	measures	 in	pref‐
erence	or	 in	 addition	 to	 the	 clinical	TRAb	measure.	Despite	 these	

shortcomings,	we	believe	that	 the	work	adds	valuable	 information	
about	 liver	enzyme	frequency	and	sub‐type,	and	resolution	 in	GD,	
which aids clinical interpretation in patients with GD and liver en‐
zyme abnormalities.

In	 conclusion,	 our	data	 identified	 the	 liver	 enzyme	abnormality	
patterns and the normalization of liver enzymes in treated Graves' 
disease,	 and	 that	 the	 enzyme	 abnormality	 most	 commonly	 pres‐
ent was GGT. The elevation in liver enzymes was associated more 
strongly	with	FT3	and	FT4	than	TRAb.	With	the	observation	that	liver	
enzyme abnormalities are common in untreated GD and that they 
may	secondarily	be	affected	by	thionamide	therapy	in	GD,	we	agree	
with	 the	ATA	2016	 guideline	 comment	 that	 baseline	 liver	 function	
enzyme	tests	should	be	considered	before	 initiation	of	anti‐thyroid	
medication.13	In	addition,	we	assert	that	patients	should	be	assured	
that	liver	enzyme	abnormalities	at	diagnosis	will	most	likely	settle	in	
time,	with	appropriate	medical	therapy	as	the	patient	becomes	bio‐
chemically euthyroid.
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