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There	is	evidence	in	the	literature	that	hypofunction	of	the	thyroid	gland	(hypothyroidism)	affects	color	vision	in	
rodents	 by	 influencing	 the	 production	 of	 visual	 pigment	 opsin.	 The	 effect	 of	 hypothyroidism	 on	 color	 vision	 in	
humans	has	not	been	examined	in	any	great	detail.	In	this	cross-sectional	study	we	evaluated	color	discrimination	
using		the	Farnsworth-Munsell	100	hue	test	(FM-100)	in	25	individuals	with	pre-treatment	hypothyroidism	(mean	
age	38±9.2	Yrs),	and	a	control	euthyroid	group,	n=26	(mean	age	39.6±8.4	Yrs).	There	were	no	statistically	significant	
difference	in	the	total	error	score	(TES)	between	the	groups,	but	the	hypothyroid	group	had	a	significantly	greater	
partial	error	scores	(PES)	along	the	blue-yellow	(B-Y)	axis	compared	to	 the	red-green	(R-G)	axis.	No	statistically	
significant	differences	in	B-Y	and	R-G	PES	were	observed	in	the	control	group.	This	study	shows	that	hypothyroidism	
affects	color	vision	in	humans,	with	impairment	being	more	pronounced	in	the	blue-yellow	color	subsystem.	©	2020	
Optical	Society	of	America	
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1.	INTRODUCTION	
Hypofunction	 of	 the	 thyroid	 gland	 (hypothyroidism)	 is	 a	

condition	 in	 which	 the	 thyroid	 gland	 is	 not	 able	 to	 produce	
enough	 thyroid	 hormones.	 Hypothyroidism	 can	 be	 a	 serious	
disorder	which	affects	a	large	number	of	individuals	depending	
on	age	and	gender	[1,2,3].	It	is	more	common	in	women	than	in	
men	however	the	ratio	can	vary	widely	[2,3,4,5].		The	effects	of	
thyroid	hormones	on	the	brain	are	most	prominent	in	perinatal	
development,	and	the	absence	or	reduction	of	thyroid	hormones	
limits	 the	 normal	 development	 of	 sensory	 organs	 [6-9].	
However,	 sensory	 deficits	 also	 occur	 in	 adults	 after	 acquired	
hypothyroidism,	 including	 changes	 in	 visual	 functions	 such	 as	
prolongation	of	latency	and	reduced	amplitude	of	visual	evoked	
cortical	potentials	(VECP)	elicited	by	achromatic	stimuli	[10,11],	
a	 reduced	 critical	 fusion	 frequency	 of	 flicker	 (CFF)	 [12]	 and	 a	
prolongation	of	reaction	time	[11,13].		
Most	 previous	 studies	 investigating	 color	 vision	 in	

hypothyroidism	were	conducted	in	mammals,	particularly	mice	
and	rats	 [14-18].	Unlike	primates	 (who	are	 trichromats),	mice	
and	rats	are	dichromats	and	have	only	two	types	of	cones,	S	and	
M,	containing	two	types	of	opsin	-	UV/short-wave-sensitive	(S-
opsin)	 and	 middle-	 to	 long-wave-sensitive	 (M-opsin)	 [19,20].		
Applebury	et	al.	 [15],	after	exposing	adult	mice	to	anti-thyroid	
drug	 treatment	 for	 2	 weeks,	 did	 not	 find	 any	 effect	 on	 the	
expression	of	opsin	in	the	cones.	Later	Pessôa	et	al.	[16]	reported	
that	the	expression	of	S-	and	M-opsin	in	mice	depends	on	normal	

levels	 of	 thyroid	 hormones	 during	 perinatal	 development.	
Glaschke	 et	 al.	 [17]	 have	 analyzed	 the	 involvement	 of	 thyroid	
hormones	 in	postnatal	development	of	 the	cones	 in	mice	with	
congenital	hypothyroidism.	They	have	shown	that	the	structural	
development	of	the	retinal	elements	has	not	been	affected,	but	
there	 has	 been	 a	 change	 in	 the	 expression	 of	 the	 opsin,	
suppressing	 the	 expression	 of	 M-opsin	 and	 activating	 the	
expression	of	S-opsin.	It	has	been	found	that	thyroid	hormones	
in	rats	participate	actively	in	the	synthesis	of	visual	pigment	in	
the	retinal	cones	not	only	during	perinatal	development,	but	also	
in	adult	individual’s	life.		
These	 results	 have	 led	 to	 the	 assumption	 that	 the	 color	

sensitivity	in	the	mature	cones	is	fixed	and	it	cannot	be	affected	
by	 further	hormonal	 regulation.	The	hypothesis	was	 tested	by	
Glashke	et	al.	[18]	by	analyzing	the	cones	of	adult	mice	and	rats	
after	 a	 state	 of	 induced	 hypothyroidism	 for	 5-7	 weeks.	 No	
changes	in	the	cone	number	were	found,	but	the	same	reverse	
change	in	the	opsin	expression	model	was	observed.	The	data	led	
the	authors	to	the	conclusion	that	thyroid	hormones	regulate	the	
production	 of	 opsin	 throughout	 the	 individual's	 life	 and	 that	
adult	 thyroid	 hormone	 deficiency	 should	 affect	 color	 vision.	
They	 suggested	 that	 this	 mechanism	 exists	 in	 all	 mammals,	
including	humans.	The	researchers	assumed	that	the	difference	
in	 the	results	between	their	study	and	that	of	Applebury	et	al.	
[15]	 is	 due	 to	 the	 relatively	 shorter	 treatment	 period	with	 an	
anti-thyroid	drug	in	that	study.	Navegantes		et	al.	[14]	reported	
that	 in	 rats	 with	 congenital	 hypothyroidism,	 a	 significant	
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reduction	 in	 the	 retinal	 area	 and	 a	 decrease	 in	 ganglion	 cell	
density	 was	 demonstrated	 compared	 to	 the	 control	 group,	
although	Glashke	et	al.	[18]	did	not	find	morphological	changes	
in	the	cone	number.		
It	was	 reported	 recently	 that	 the	mechanism	underlying	 the	

adverse	 effect	 of	 the	 thyroid	 hormone	 deficit	 involves	 the	
thyroid	 hormone-activated	 transcription	 factor	 TRβ2.	 TRβ2	
regulates	 cone	 differentiation	 and	 cone	 opsin	 expression.	
Activation	 of	 TRβ2	 suppresses	 the	 expression	 of	 S-opsin	 and	
induces	the	expression	of	M-opsin		[19].	
As	it	was	mentioned	previously,	there	is	a	limited	number	of	

studies	in	humans	with	hypothyroidism,	mainly	performed	with	
achromatic	 stimuli	 [10-13].	Most	 of	 these	 studies	 have	 shown	
visual	deficits	such	as	a	slowing	in	the	rate	of	visual	information	
perception.	 There	 are	 no	 systematic	 investigations	 of	 color	
vision	in	patients	with	hypothyroidism.		Umali	et	al.	[22]	did	not	
detect	any	difference	 in	color	discrimination	between	patients	
and	controls	using	the	D15	color	vision	test	and	they	concluded	
that	 hypothyroidism	 does	 not	 affect	 human	 color	 vision.	
However,	the	D15	test	has	been	designed	to	assess	moderate	to	
severe	 color	 vision	 defects	 and	 the	 differences	 in	 the	 pairs	 of	
hues	are	large	enough	to	be	flawlessly	discriminated	not	only	by	
color	 vision	 normals	 but	 also	 by	 observers	 having	mild	 color	
deficiency	[Dain,	2004].		Another	study	evaluated	color	contrast	
sensitivity	for	letters	in	hypothyroid	patients	before	and	after	3	
months	of	treatment	when	biochemical	euthyroidism	has	been	
achieved	 [23].	 The	 authors	 apply	 Chromatest	 -	 a	 software	
program	 that	 analyzes	 the	 tritan	 (B-Y)	 and	 the	 protan	 (R-G)	
contrast	sensitivity.	The	color	contrast	sensitivity	was	lower	in	
the	hypothyroid	group	relative	to	controls	and	it	improved	after	
treatment	with	 levothyroxine,	more	 for	 red	and	green	 stimuli,	
while	the	difference	between	thyroid	and	control	group	for	blue	
and	yellow	stimuli	still	persisted.		One	of	the	limitations	of	this	
study,	as	indicated	by	the	authors,	is	that	the	color	stimuli	were	
generated	by	a	commercial	software	program	which,	despite	of	
its	suitability	for	clinical	environment,	is	not	the	best	way	to	test	
color	 vision	 mechanisms.	 In	 addition,	 the	 question	 arises	
whether	longer	period	of	treatment	will	not	lead	to	a	recovery	of	
deficits	in	the	B-Y	channel.	
In	a	case	study	[24],	Ricco’s	area	for	S-cone	incremental	(blue)	

and	 S-cone	 decremental	 (yellow)	 stimuli	 was	 measured	 in	
retinal	 periphery	 in	 a	 patient	 with	 hypothyroidism	 due	 to	
autoimmune	 thyroiditis	 before	 and	 after	 treatment.	 	 It	 was	
shown	in	the	first	experiment	that	the	area	of	complete	spatial	
summation	for	S-cone	decrements	was	enlarged	(3	to	10	times)	
compared	to	the	other	participants	without	thyroid	dysfunction.	
The	process	seems	reversible	after	a	long	time	of	treatment	with	
levothyroxine	 and	 reaching	 biochemical	 euthyroidism.	 There	
were	no	significant	differences	for	either	blue	or	yellow	stimuli	
for	a	control	subject	without	hypothyroidism,	who	participated	
in	both	experiments.		A	shortcoming	of	this	study	was	the	long	
period	 between	 the	 testing	 before	 and	 after	 the	 treatment.	 In	
addition,	 the	hormonal	 status	of	 the	patient	 at	 the	 time	of	 the	
first	 experiment	 was	 not	 clear,	 since	 hypothyroidism	 was	
subsequently	diagnosed.	
The	 purpose	 of	 the	 present	 study	 is	 to	 compare	 color	

discrimination	using	the	Farnsworth-Munsell	100	hue	test	(FM-
100)	of	patients	with	primary	hypothyroidism	before	treatment	
with	levothyroxine	with	an	age-	and	sex-matched	control	group	
of	volunteers	without	thyroid	dysfunction.	

2.	METHODS	
A.	Subjects	

	
In	this	cross-sectional	study	included	were	51	female	subjects	

between	18-54	years	of	age	with	normal	color	vision	(Ishihara	
Test	 For	 Color	 Deficiency,	 38	 Plates	 Edition	 and	 The	 City	
University	 Color	 Vision	 Test,	 Third	 Edition,	 1998).	We	 choose	
only	 female	 subjects	 to	 avoid	 the	 gender	 bias.	 The	 upper	 age	
limit	of	54	Yrs	of	age	was	used	to	ensure	that	normal	ageing	will	
not	have	impacted	upon	the	results	in	this	cohort.	The	first	group	
consisted	of	25	individuals	(mean	age	38±9.2	Yrs/range	19-53	
Yrs)	 who	 were	 patients	 diagnosed	 with	 primary	
hypothyroidism,	 including	 Hashimoto’s	 thyroiditis	 and	
postoperative	 hypothyroidism,	 but	 have	 not	 received	 any	
treatment	yet	(hypothyroid	baseline	group).			The	second	group	
were	 26	 age-	 and	 sex-matched	 subjects	 (mean	 age	 39.6±8.4	
Yrs/range	 18-54	 Yrs)	 without	 thyroid	 dysfunction	 (euthyroid	
control	 group).	 The	 diagnosis	 of	 hypothyroidism	 was	
established	 by	 measuring	 free	 thyroxine	 (FT4)	 and	 thyroid-
stimulating	 hormone	 (TSH).	 Additionally	 is	 measured	 free	
triiodothyronine	(FT3),	anti-thyroperoxidase	(Anti	TPO-At)	and	
anti-thyroglobulin	 (Anti	 Tg-At)	 (Table	 1).	 In	 all	 participants	
thyroid	ultrasonography	was	performed	by	the	same	physician.	
All	 blood	 serum	 tests	 were	 performed	 in	 the	 same	 clinical	
laboratory.	Patients	with	overt	hypothyroidism	defined	as	 low	
FT4	(normal	range	9–23	pmol/l)	with	high	TSH	(normal	range	
0.3–4	mU/l)	levels	and	patient	with	subclinical	hypothyroidism	
defined	as	normal	FT4	and	high	TSH	included	were	in	the	study.	
	
Table.	1.		Characteristics	of	hypothyroid	and	euthyroid	control	

groups	
	

Parameters	
Hypothyroid	
baseline	
group	

Eurothyroid	
control	group	

p	
value	

Number	 25	female	 26	female	 ―	

Age	(years)	 38±9.2	
(19-53)	

39.6±8.4	
(18-54)	 0.937	

Mean	TSH		
(0.3-4	mlU/l)	 17.3±19.9	 2.3±1.1	 0.001	

Mean	FT4		
(9-23	pmol/l)	 12.4±3.0	 15±2.3	 0.001	

Mean	FT3		
(3.5-7	pmol/l)	 4.7±0.9	 ―	 ―	

Anti	TPO-At	
positive,%	 84.3%	 ―	 ―	

Anti	Tg-At	
positive,%	 87%	 ―	 ―	

	
	
All	 participants	 underwent	 ophthalmic	 examination	 which	

included	 retinoscopy,	 intraocular	 pressure	 and	 visual	 acuity.	
Information	 was	 gathered	 about	 each	 participant’s	 medical	
history,	 medications	 and	 hypothyroidism	 diagnosis.	 The	
individuals	were	eligible	for	the	study	if	they	had	no	ophthalmic	
disease.	 Myopia,	 hypermetropia	 and	 astigmatism	 were	
corrected	 using	 glasses	 or	 lenses;	 no	 individuals	 with	 a	 self-
reported	history	of	ocular	disease	or	of	taking	medicines	known	
to	affect	vision	were	 included.	 Individuals	were	excluded	from	
the	study	if	they	had	congenital	color	vision	defects,	diabetes	or	
other	 endocrinological	 disease	 apart	 from	 hypothyroidism.	
Spectacles	that	change	color	or	light	intensity	were	not	allowed	
during	the	experiment.		
This	 study	 was	 approved	 by	 the	 Institute	 of	 Neurobiology	

Bioethics	Committee.	Prior	to	the	experiments,	informed	written	
consent	 was	 obtained	 from	 all	 subjects.	 The	 study	 was	
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performed	 in	accordance	with	 the	 tenets	of	 the	Declaration	of	
Helsinki.	
	
B.	Procedure	
	
Color	 discrimination	 was	 evaluated	 using	 the	 Farnsworth–

Munsell	100	hue	test	(FM-100).	FM-100	is	a	sensitive	test	often	
used	 to	 test	 for	 color	 deficiency	 or	 color	 blindness,	 including	
acquired	deficiencies.	It	consists	of	four	boxes	containing	a	total	
of	85	colored	caps.	Each	box	contains	two	fixed	anchor	caps,	one	
at	the	start	and	one	at	the	end	of	each	box.	There	are	22	caps	in	
the	first	box	and	21	caps	in	the	other	three	boxes.	The	observer’s	
task	was	to	arrange	the	caps	 in	each	box	to	produce	a	gradual	
transition	of	hue	between	the	two	anchor	caps.	The	sequence	of	
the	boxes	was	randomly	mixed	in	advance	for	each	person.	The	
caps	in	each	box	were	also	pre-mixed	randomly	according	to	a	
pre-printed	 sequence.	 The	 participants	 were	 encouraged	 to	
perform	the	test	quickly	and	were	given	about	2	minutes	for	each	
box,	 but	 they	 were	 instructed	 that	 the	 accuracy	 was	 also	
important.		
The	test	illuminance,	color	temperature	of	the	light	source,	the	

procedure	 and	 data	 processing	 adhered	 to	 the	 original	
Farnsworth	 instructions	[25].	The	FM-100	test	was	performed	
using	a	color	vision	examination	cabinet,	 specially	designed	 in	
the	 Institute	 of	 Neurobiology	 [26].	 Briefly,	 the	 test	 was	
performed	 under	 CIE	 Illuminant	 'C'	 illumination	 using	 two	
Philips	MASTER	TL-D	Super	90	Graphica	36W	965	fluorescent	
lamps.	 Color	 temperature	 was	 close	 to	 daylight	 illumination	
(6350	K).	The	test	illuminance	varied	between	285	and	295	lux.	
The	 chromaticity	 coordinates	 were	 x	 =	 0.32,	 y	 =	 0.33.	 The	
viewing	 distance	 was	 45-50	 cm.	 The	 test	 was	 performed	
binocularly	 with	 natural	 pupil,	 which	 was	 about	 2-3	 mm	 in	
diameter.	 The	 subjects	 were	 dark	 adapted	 for	 2	 minutes	 and	
then	adapted	for	2	minutes	to	the	test	illumination.	None	of	the	
subjects	had	performed	previously	FM-100	test.			
The	total	error	score	(TES)	was	the	sum	of	scores	for	the	four	

boxes.	In	order	to	evaluate	if	errors	along	certain	axes	are	more	
common	i.e.	if	a	bipolarity	is	present,	we	also	analyzed	the	partial	
error	scores	(PES),	where	TES	were	partitioned	into	scores	along	
the	B-Y	and	R-G	axes.		The	concentration	of	data	along	these	axes	
may	be	related	to	certain	colour	vision	defects.	TES	and	PES	were	
recorded	for	both	groups	using	standard	testing	conditions.	B-Y	
PES	(caps	1	-	12,	34	-	54	and	76	–	85)	and	R-G	PES	(caps	13	-	33,	
and	55	 -	75)	were	calculated	according	 to	Smith,	Pokorny	and	
Pass	[27].	Since	the	error	scores	have	a	skewed	distribution,	a	
square	root	 transformation	has	been	suggested	as	providing	a	
distribution	closer	to	normal	[28,29].	Hence,	the	square	root	of	
the	 error	 scores	 (√TES	 and	 √PES)	 was	 used	 in	 the	 statistical	
analysis.		

3.	RESULTS	
Figure	1	presents	 the	√TES	values	 for	both	hypothyroid	and	

control	euthyroid	groups	as	a	function	of	age.		The	upper	panel	
(a)	 shows	 the	 data	 for	 the	 hypothyroid	 patients,	 the	 bottom	
panel	 (b)	 shows	 the	 data	 for	 the	 control	 group.	 The	 open	
diamonds	show	our	data	for	both	groups,	averaged	over	18/19-
29,	30-39,	40-49,	50-54	years.	Our	results	were	compared	with	
the	normative	range	presented	in	the	Verriest,	Van	Laethem	and	
Uvijis	study	of	FM-100	hue	discrimination	[30].	It	is	shown	that	
√TES	and	RG	and	BY	√PES	 increased	with	 age	 [30].	 It	 is	 seen	
from	Figure	1	that	our	data	do	not	differ	from	the	normative	data	
in	 both	 groups.	 In	 these	 age	 decades,	 where	 we	 have	 more	

subjects	(30-50),	the	average	√TES	in	both	groups	is	consistent	
with	the	normative	data	shown.		
Figure	2	presents	the	individual	√PES	data	as	a	function	of	age.	
The	 upper	 panel	 (a)	 shows	 the	 square	 root	 of	 the	 B_Y	 partial	
error	scores	and	the	bottom	panel	 (b)	shows	the	same	 for	 the	
R_G	partial	error	scores	for	both	hypothyroid	and	control	group.	
The	graph	demonstrates	that	most	R-G	error	scores	for	patients	
and	controls	overlap,	while	a	number	of	B-Y	error	scores	for		the	
patients	 lie	higher	 than	the	error	scores	 for	 the	control	group.	
This	result	 is	more	clearly	visible	 in	Fig.	3.	where	we	compare	
the	average	results	for	B-Y	and	R-G	√PES	for	hypothyroid	group	
and	control	group.		
The	descriptive	statistics	for	the	square	root	of	total	and	partial	

error	scores	is	shown	in	Table	2.	The	median	of	the	original	error	
scores	is	also	shown	for	comparison	with	previous	studies.	The	
hypothyroid	group	show	higher	values	(√TES=7.51)	compared	
to	 the	 control	 group	 (√TES=6.79).	 The	 statistical	 analysis	
showed	that	the	mean	√TES	for	the	hypothyroid	group	were	not	
significantly	different	 from	 the	 age	matched	 control	 group	 (T-
test	p=0.51,	t=-0.66).	Two-way	mixed	model	ANOVA	with	group	
(hypothyroid	group	or	control	group)	and	color	axis	(B-Y,	R-G)	
was	performed	on	the	measured	PES	after	applying	square-root	
transformation	to	deal	with	violations	of	normality	assumption.	
The	 results	 showed	 no	 significant	 main	 effect	 of	 the	 group	
(F(1,49)=1.345;	 p=0.252;	 ηp2=0.027)	 with	 both	 hypothyroid	
group	 (mean=5.25)	 and	 controls	 (mean=4.67)	 performing	
similarly.	 There	was	 a	 significant	main	 effect	 of	 the	 color	 axis	
tested	 (F(1,49)=15.99;	 p<0.01;	 	 ηp2=0.246)	 with	 more	 errors	
along	 the	 B-Y	 axis	 (mean	 =	 5.387)	 than	 along	 the	 R-G	 axis	
(mean=4.538).	There	was	a	significant	interaction	between	the	
group	and	the	color	axis	(F(1,	49=	4.318;	p=0.043;	ηp2=0.81).		

	
Fig.	 1.	 √TES	 as	 a	 function	 of	 age.	 (a)	 open	 circles-	 individual	 data	 for	
hypothyroid	group.		(b)	closed	circles	–	individual	data	for	control	group.	
Open	diamonds	indicate	the	mean	data	in	decades	for	both	groups	in	the	
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present	experiment.	Solid	line	–	mean	normative	data	from	Verriest	et	al.	
1982.	Broken	lines	indicate	+/-	2	s.d.		
	
	
Table	2.	Descriptive	statistics	for	the	square	root	of	total	(√TES)	
and	partial	(√PES)	FM	100	error	scores	for	the	hypothyroid	and	
control	group.	The	median	values	of	the	original	error	scores	are	

also	shown.	
	
Hypothyroid	baseline	group		
Parameters	 TES	 √TES	 B-Y	

PES	
B-Y	
√PES	

R-G	
PES	

R-G	
√PES	

Mean	 	 7.51	 	 5.90	 	 4.61	
Median	 48	 6.93	 34	 5.83	 19	 4.36	
SEM	 	 0.41	 	 0.30	 	 0.27	
N	 25	 25	 25	 25	 25	 25	

	
Eurothyroid	control	group	
Parameters	 TES	 √TES	 B-Y	

PES	
B-Y	
√PES	

R-G	
PES	

R-G	
√PES	

Mean	 	 6.79	 	 4.88	 	 4.47	
Median	 36	 5.99	 23	 4.79	 15.5	 3.94	
SEM	 	 0.45	 	 0.44	 	 0.29	
N	 26	 26	 26	 26	 26	 26	

	

	
Fig.	2.	Square	roots	of		B-Y	partial	error	scores	(a)	and	R-G	partial	error	
scores	 (b)	 for	 the	 hypothyroid	 group	 (open	 squares)	 and	 the	 control	
group	(closed	squares)	as	a	function	of	age.		
	

														

	
Fig.	3.	B-Y	and	R-G	√PES	comparison	for	both	hypothyroid	and	control	
group.	Vertical	bars	represent	standard	error	of	the	score.	
	
For	a	clearer	illustration	of	the	results,	we	subtracted	√PES	for	
RG	from	√PES	for	BY	(Figure	4).	The	data	 for	 the	hypothyroid	
group	are	presented	in	the	upper	graph	(a)	and	the	data	for	the	
control	group	are	presented	in	the	bottom	graph	(b).	It	could	be	
seen	that	the	points	for	the	controls	lie	on	both	above	and	below	
of	the	zero	line,	indicating	that	the	number	of	errors	are	almost	
equally	 distributed	 between	 the	 R-G	 or	 B-Y	 axis.	 The	
hypothyroid	 group	 data	 lie	 almost	 completely	 above	 the	 zero	
line	of	 the	graph.	This	result	shows	a	higher	number	of	errors	
along	the	B-Y	color	axis.	
To	further	check	the	presence	of	bipolarity	in	the	distribution	of	
error	scores,	we	presented		
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Fig.	4:	√B-Y	-	√R-G	for	hypothyroid	group	(a)	and	control	group	(b)	vs	
age.		
	

3.	DISCUSSION	
	The	 results	 in	 the	 present	 experiment	 suggest	 that		

hypothyroidism	 affects	 color	 vision	 in	 humans	 with	 greater	
impact	 on	 B-Y	 compared	 to	 the	 R-G	 discrimination	 errors,	
opposite	to	the	expectations	based	on	opsin	expression	in	adult	
hypothyroid	 rats	 and	 mice.	 Hence,	 “the	 mouse	 model”	 is	 not	
applicable	 to	 humans.	 We	 could	 not	 be	 confident	 that	 the	
observed	changes	in	color	discrimination	in	hypothyroid	group	
is	related	to	the	opsin	expression	as	seen	in	rodents,	because	of	
the	substantial	differences	between	mouse	and	human	retina.	In	
mice	and	rats,	which	are	dichromats,	the	retina	contains	a	small	
number	of	S-opsin	cones	and	majority	of	M-opsin	cones.	It	has	
been	 reported	 that	 after	 induced	 hypothyroidism,	 S-opsin	
expression	 has	 been	 elevated	 in	 all	 cones	 while	 M-opsin	
expression	 has	 been	 reduced	 significantly	 [19].	 If	 a	 similar	
process	occurs	in	the	human	retina,	and	if	 it	 is	associated	with	
impaired	 color	 discrimination	 in	 the	 B-Y	 axis,	 then	we	would	
expect	 the	hypothyroidism	 to	be	 associated	with	decreased	S-
opsin	production.	No	statistical	significant	elevation	in	the	R-G	
color	discrimination	was	observed	in	both	groups	in	our	study.	
This	probably	shows	that	the	reversible	mechanism	in	the	opsin	
production	observed	in	mice	and	rats	does	not	appear	to	occur	
in	humans.		
It	 is	 known	 that	 the	 S-cone	 system	 is	 more	 vulnerable	 to	

certain	diseases	that	affect	vision	and	color	vision	in	particular.	
It	has	been	found	that	the	blue	sensitivity	is	reduced	in	glaucoma	

and	high	 intraocular	 pressure	 [31-33].	 The	 results	 in	 the	 case	
study	 showed	 that	 Ricco’s	 area	 for	 S-cone	 decrements	 is	
enlarged	in	patient	with	hypothyroidism	[24].	Patients	with	high	
intraocular	pressure	who	do	not	show	visual	 loss	when	tested	
with	 standard	W/W	perimetry,	 very	often	 show	deficits	when	
tested	with	blue-on-yellow	perimetry.	In	many	cases,	this	is	an	
indicator	of	glaucoma	development	 [32].	Greenstein	et	al.	 [34]	
have	 found	 decreased	 S-cone	 pathway	 sensitivity	 in	 retinitis	
pigmentosa,	diabetes	and	glaucoma.		
Thyroid	 hormones	 regulate	 neurotransmitter	 levels	 and	 key	

neurotransmitter	 in	 the	 retina	 is	 dopamine	 [Djamgoz	 et	 al,	
1997,35,	 36,	 Brandiers,	 2008,	 Carravaggio,	 2018].	 There	 is	 a	
correlation	between	thyroid	function	and	dopamine	levels	[37-
41],	 so	 it	 can	 be	 expected	 that	 hypothyroidism	 can	 cause	 low	
levels	 of	 dopamine.	 Dopamine	 is	 released	 by	 retinal	
dopaminergic	 amacrine	 cells	 and	 has	 an	 important	 role	 as	 a	
chemical	messenger	for	light	adaptation	of	the	visual	system,	has	
a	 retinal	 trophic	 function	 and	 affects	 eye	 growth	 [35].	 The	
reduction	in	retinal	dopamine	results	in	reduced	visual	contrast	
sensitivity,	 spatial	 and	 temporal	 vision,	 as	 well	 as	 absolute	
sensitivity	control	and	color	vision.	[e.g.	Djamgoz	et	al,	1997,35,	
36].	 Witkovsky	 and	 Derry	 reports	 that	 dopamine	 or	 its	
antagonists	 change	 the	 balance	 of	 ON	 and	 OFF	 discharges.	
However,	 they	 are	 not	 relevant	 to	 responsiveness	 and	 do	 not	
cause	 a	 significant	 change	 in	 the	organization	of	 the	 receptive	
field	(Witkovsky	and	Dearry,	1992).	
	According	 to	 the	 retinal	 dopaminergic	 hypothesis,	 the	

decreased	amount	of	dopamine	in	the	central	nervous	system	in	
hyperactivity	 and	 attention	 deficit	 disorder,	 may	 cause	 low	
hypodopaminergic	levels	in	the	retina,	which	in	turn	would	have	
a	deleterious	effect	on	the	S-cones	that	are	highly	susceptible	to	
dopamine	 levels	 [41].	 However,	 the	 data	 obtained	 in	 children	
with	 hyperactivity	 and	 attention	 deficit	 disorder	 are	
controversial	 [42,43].	 Blue-yellow	 deficits	 have	 also	 been	
observed	 in	 other	 conditions	 causing	 dopaminergic	
hypoactivity,	such	as	Parkinson’s	disease	(Djamgoz	et	al,	1997,	
44,	Brandies,	2008)	or	cocaine	withdrawal	(Djamgoz	et	al,	1997,	
44,	Brandies,	2008).	but	 it’s	not	 so	 clear	 in	 schizophrenia	 [e.g.	
45].	Later	Fernandes	et	al.	demonstrated	reduction	in	thresholds	
for	 short,	 medium	 and	 long	 wavelengths	 in	 patients	 with	
schizophrenia	(Fernandes	et	al.,	2018).	
The	FM-100	test	is	a	sensitive	test	to	detecting	color	anomalies	

in	diseases	which	damage	the	optic	nerve	such	as	demyelinating	
optic	 neuritis	 (DON).	 Patients	 with	 acute	 DON	 revealed	 a	
significant	 elevation	 at	 B-Y	 axis	 PES	 using	 FM-100	 test.	 The	
deficit	 gradually	 improves	 during	 the	 patient	 recovery	 [40].	
There	 is	 no	 data	 that	 hypothyroidism	 in	 humans	 causes	
demyelination	 of	 the	 optic	 nerve.	 We	 can	 speculate	 that	
demyelination	 is	 an	 additional	 factor	 for	 impaired	 color	
discrimination	 in	 patients	 with	 hypothyroidism	 along	 the	 B-Y	
axis,	as	observed	in	DON.	An	important	role	of	thyroid	hormones	
for	 the	 recovery	of	myelin	 is	 observed	 in	multiple	 sclerosis	 in	
rats	[42].		
FM-100	test	is	suitable	for	the	study	of	color	discrimination	in	

cataract	patients.	Age-related	cataracts	significantly	affects	 the	
color	vision	which	is	effectively	restored	after	surgery.	Cataract	
patients	 tested	 with	 FM-100	 preoperatively	 exhibit	 worse	
discrimination	than	the	control	group	at	photopic	and	mesopic	
condisions,	which	corresponding	to	the	470–580	nm	range	of	the	
visible	light	spectrum.	This	worse	color	discrimination	responds	
Y-GY,	GY-G,	G-BG	and	BG-B	color	bands	under	photopic	condition	
and	 YR-Y	 under	 mesopic	 conditions	 [Ao	 et	 al.	 2019].	 These	
results	 are	 close	 to	 the	 data	 obtained	 in	 our	 study	 with	
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hypothyroid	 patients,	 in	 which	 the	 deficits	 affected	 in	 great	
impact	the	G-BG	color	band.	
Cranwell	 et	 al.	 (2015)	 demonstrated	 that	 FM-100	 scores	

depend	not	 solely	on	 the	 chromatic	discrimination	 ability,	 but	
also	 on	 non-verbal	 intelligence.	 There	 is	 data	 that	 the	 latter	
might	be	affected	 in	patients	with	hypothyroidism	 [Dugbartey	
(1998),	Dietzel	[12].	TES	in	our	study	was	lower	for	hypothyroid	
group	related	to	controls,	but	 the	results	were	not	statistically	
significant.	 So	 we	 cannot	 maintain	 for	 certain	 that	
hypothyroidism	 has	 affected	 significantly	 the	 non-verbal	
abilities	of	hypothyroid	subjects	in	the	present	study.	
The	 data	 in	 this	 study	 showing	 worse	 color	 discrimination	

along	 the	B-Y	axis	 in	hypothyroid	patients	are	 consistent	with	
the	 results	 obtained	 from	 Cakir	 et	 al.	 [23]	 for	 persistent	 B-Y	
deterioration	 in	 color	 contrast	 sensitivity	 in	 hypothyroid	
individuals.	In	addition,	the	present	results	are	consistent	with	
the	results	obtained	in	the	case	study	[24]	for	impairment	in	B-Y	
chromatic	 mechanism	 in	 a	 patient	 with	 hypothyroidism.	 The	
question	 remains	 how	 color	 deficits	 in	 hypothyroid	 group	
obtained	 in	 the	present	 study	with	FM-100	 test	would	 change	
after	 treatment	 with	 levothyroxine	 for	 an	 extended	 period	 of	
time.	
		
Funding	 Information.	 	 This	 study	 was	 supported	 by	 National	

Science	Fund	of	Bulgaria,	Grant	№	DN	13/11	from	Dec	19	2017.	
	
Acknowledgment.	Part	of	the	work	was	presented	as	a	poster	at	the	

Symposium	of	the	ICVS	in	Riga,	Latvia,	2019,	entitled	“Assessment	of	
colour	 discrimination	 in	 patients	 with	 hypothyroidism	 before	 drug	
treatment	using	Farnsworth	Munsell	100	hue	test”.		
Thanks	are	due	to	the	anonymous	reviewers	of	the	paper	for	their	

helpful	 comments.	We	also	 thank	 to	 the	 subjects	participated	 in	 the	
experiment.	
	
Disclosures.	The	authors	declare	no	conflicts	of	interest.	
	

References	
1. R.	Flynn,	T.	M.	Macdonald,	A.	D.	Morris,	R.	T.	Jung,	and	G.	P.	Leese,	“The	

thyroid	epidemiology,	audit,	and	research	study:	Thyroid	dysfunction	in	
the	general	population,”	J.	Clin.	Endocrinol.	Metab.	89,	3879–3884	
(2004).	

2. F.	Gagnon,	M.	F.	Langlois,	I.	Michaud,	S.	Gingras,	J.	F.	Duchesne,	and	B.	
Lévesque,	“Spatio-temporal	distribution	of	hypothyroidism	in	Quebec,”	
Chronic	Dis.	Can.	27,	1-8	(2006).	

3. A.	Shinkov,	A.-M.	Borissova,	R.	Kovatcheva,	J.	Vlahov,	L.	Dakovska,	I.	
Atanassova,	M.	Vukov,	and	N.	Aslanova,	“Thyroid	dysfunction	and	
cardiovascular	risk	factors	in	Bulgarian	adults”.	Cent.	Eur.	J.	Med.	8,	742-
748	(2013).	

4. O.	Mayer	Jr.,	J.	Simon,	J.	Hrbkova,	R.	Pikner,	and	O.	Topolcan,	
“Epidemiological	study	of	hypothyroidism	as	cardiovascular	risk	in	
population”,	Cas.	Lek.	Cesk.	144,	459-464	(2005).	

5. G.	J.	Canaris,	N.	R.	Manowitz,	G.	M.	Mayor,	and	E.	C.	Ridgway,	“The	
Colorado	thyroid	disease	prevalence	study,”	Arch.	Intern.	Med.		160,	
526-534	(2000).		

6. J.	Bernal,	“Thyroid	hormones	and	brain	development,”	Vitam	.Horm.	71,	
95–122	(2005).	

7. 	G.	Morreale	de	Escobar	,	R.	Calvo,	M.	J.	Obregon,	and	F.	Escobar	del	Rey,	
“Contribution	of	maternal	thyroxine	to	fetalthyronine	pools	in	normal	
rats	near	term,”	Endocrinology	126,	2765–2767	(1990a).	

8. G.	Morreale	de	Escobar,	R.	Calvo,	M.	J.	Obregon,	and	F.	Escobar	del	Rey,	
“Homeostasis	of	brain	T3	in	rat	fetuses	and	theirmothers:	effects	of	

thyroid	status	and	iodine	deficiency,”	Acta	Med.	Austriaca	19,	110–116	
(1990b).	

9. P.	Santisteban,	and	J.	Bernal,	“Thyroid	development	and	effect	on	the	
nervous	system,”	Rev.	Endocr.	Metab.	Disord.	217,	217–228	(2005).	

10. G.	Holdew,	and	J.	Condon,	“Pattern	visual	evoked	potentials	and	pattern	
eleetroretinograms	in	hypothyroidism,”	Doc.	Ophthalmol.	73,	127-131	
(1989).	

11. P.	Jaiswal,	Y.	Saxena,	R.	Gupta,	and	R.	M.	Kaushik,	“Pattern	reversal	visual	
evoked	potential	and	cognitive	functions	in	subclinical	hypothyroid	
subjects,”	J.	Neurosci.	Rural.	Pract.	7,	S46-S51	(2016).	

12. I.	D.	Dietzel,	S.	Mohanasundaram,	V.	Niederkinkhaus,	G.	Hoffmann,	J.	W.	
Meyer,	C.	Reiners,	C.	Blasl,	and	K.	Bohr,	“Thyroid	hormone	effects	on	
sensory	perception,	mental	speed,	neuronal	excitability	and	ion	
channel	regulation,”	in	Thyroid	Hormone,	published	with	InTechOpen,	
Chapter	4,	85-122	(2012).	

13. K.	J.	Vedavathi,	K.	R.	Shekharappa,	and	G.	Venkatesh,	“Reaction	time	
study	as	a	tool	to	identify	central	nervous	system	affect	due	to	
hypothyroidism,”	Int.	J.	Health	Sci.	Res.	3,	29-32	(2013).	

14. L.	C.	Navegantes,	L.	C.	Silveira,	and	G.	L.	Santos,	“Effect	of	congenital	
hypothyroidism	on	cell	density	in	the	ganglion	cell	layer	of	the	rat	
retina,”	Braz.	J.	Med.	Biol.	Res.	29,	665-668	(1996).	

15. M.	L.	Applebury,	F.	Farhangfar,	M.	Glosmann,	K.	Hashimoto,	K.	Kage,	J.	T.	
Robbins,	N.	Shibusawa,	F.	E.	Wondisford,	and	H.	Zhang,	“Transient	
expression	of	thyroid	hormone	nuclear	receptor	TRβ2	sets	S	opsin	
patterning	during	cone	photoreceptor	genesis,”	Dev.	Dyn.	236,	1203–
1212	(2007).	

16. C.	N.	Pessôa,	L.	A.	Santiago,	D.	A.	Santiago,	D.	S.	Machado,	F.	A.	Rocha,	D.	
F.	Ventura,	J.	N.	Hokoç,	C.	C.	Pazos-Moura,	F.	E.	Wondisford,	P.	F.	
Gardino,	and	T.	M.	Ortiga-Carvalho,	“Thyroid	hormone	action	is	
required	for	normal	cone	opsin	expression	during	mouse	retinal	
development,”	Investig.	Ophthalmol.	Vis.	Sci.	49,	2039–2045	(2008).	

17. A.	Glaschke,	M.	Glösmann,	and	L.	Peichl.	“Developmental	changes	of	
cone	opsin	expression	but	not	retinal	morphology	in	the	hypothyroid	
Pax8	knockout	mouse,”	Investig.	Ophthalmol.	Vis.	Sci.	51,	1719–1727	
(2010).	

18. A.	Glaschke,	J.	Weiland,	D.	Del	Turco,	M.	Steiner,	L.	Peichl,	M.	Glösmann.	
“Thyroid	hormone	controls	cone	opsin	expression	in	the	retina	of	adult	
rodents,”	J.	Neurosci.	31,	4844–4851	(2011).	

19. F.	Yang,	H.	Ma,	and	X.-Q.	Ding,	“Thyroid	hormone	signaling	in	retinal	
development,	survival,	and	disease,”	in	Vitamins	and	Hormones	106,	
333-346.		

20. D.	Mustafi,	A.	H.	Engel,	and	K.	Palczewski,	“Structure	of	cone	
photoreceptors,”	Prog.	Retin.	Eye	Res.	28,	289-302	(2009).	

21. J.	K.	Bowmaker,	and	D.	M.	Hunt,	“Evolution	of	vertebrate	visual	
pigments,”	Curr.	Biol.	16,	R484-R489	(2006).	

22. A.	S.	Umali,	A.	D.	Litonjua,	and	C.	N.	Montano.	“The	relationship	between	
hypothyroidism	and	colour	vision	deficiency	among	Filipino	adults	seen	
at	the	Makati	medical	center,”	Philipp.	J.	Intern.	Med.	52,	1-4	(2014).	

23. M.	Cakir,	B.	T.	Ozturk,	E.	Turan,	G.	Gonulalan,	I.	Polat,	and	K.	Gunduz.	“The	
effect	of	hypothyroidism	on	colour	contrast	sensitivity:	A	prospective	
study,”	Eur.	Thyroid	J.	4,	43–47	(2015).	

24. K.	Racheva,	M.	Zlatkova,	T.	Totev,	E.	Natchev,	I.	Hristov,	M.	S.	Mihaylova,	
and	R.	S.	Anderson,	“Case	report:	changes	in	spatial	summation	for	
chromatic	stimuli	in	a	patient	with	hypothyroidism	due	to	autoimmune	
thyroiditis	before	and	after	treatment	with	levothyroxine,”	Int.	Res.	J.	
Pharm.	Med.	Sci.	2,	45-49	(2019).	

25. D.	Farnsworth,	“The	Farnsworth-Munsell	100-Hue	Test	for	the	
Examination	of	Color	Discrimination,	Revised	1957	(Munsell	Color	
Company,	1957).	

26. T.	Totev,	K.	Racheva,	and	R.	S.	Anderson,	“Simple	and	inexpensive	design	
for	a	colour	vision	test	cabinet,”	Int.	J.	Sci.	Eng.	Sci.	3,	31-34	(2019).		

27. V.	Smith,	J.	Pokorny,	and	A.	S.	Pass,	“Color	axis	determination	on	the	
Farnsworth-Munsell	100-hue	test,”	Am.	J.	Ophthalmol.	100,	176–182	
(1985).	



7	
	

28. P.	R.	Kinnear,	“Proposals	for	scoring	and	assessing	the	100	hue	test,”	Vis.	
Res.	10,	423–433	(1970).	

29. P.	R.	Kinnear	and	A.	Sahraie,	“New	Farnsworth-Munsell	100	hue	test	
norms	of	normal	observers	for	each	year	of	age	5-22	and	for	age	
decades	30–70,”	Br.	J.	Ophthalmol.	86,	1408–1411	(2002).	

30. G.	Verriest,	J.	Van	Laetham,	and	A.	Uvijls,	“A	new	assessment	of	the	
normal	ranges	of	the	Farnsworth-Munsell	100-Hue	test	scores,	”	Am.	J.	
Ophthalmol.	93,	635–42	(1982).	

31. E.	Basar,	“Toward	a	physical	approach	to	integrative	physiology,”	Am.	J.	
Physiol.	245,	R510-R533	(1983).	

32. C.	A.	Johnson,	A.	J.	Adams,	E.	J.	Casson,	and	J.	D.	Brandt,	“Progression	of	
early	glaucomatous	visual	field	loss	as	detected	by	blue-on-yellow	and	
standard	white-on-white	automated	perimetry,”	Arch.	Ophthalmol.	
111,	651–656,	(1993).	

33. F.	K.	Horn,	J.	B.	Jonas,	W.	M.	Budde,	A.	M.	Jünemann,	C.	Y.	Mardin,	and	
M.	Korth,	“Monitoring	glaucoma	progression	with	visual	evoked	
potentials	of	the	blue-sensitive	pathway,”	Invest.	Ophthalmol.	Vis.	Sci.	
43,	1828–1834	(2002).	

34. V.	C.	Greenstein,	D.	C.	Hood,	R.	Ritch,	D.	Steinberger,	R.	E,	Carr,	“S	(blue)	
cone	pathway	vulnerability	in	retinitis	pigmentosa,	diabetes	and	
glaucoma.”	Invest.	Ophthalmol.	Vis.	Sci.	30,	1732-1737,	1989.		

35. P.	Witkovsky,	“Dopamine	and	retinal	function,”	Doc.	Ophthalmol.	108,	
17–40	(2004).	

36. P.	Farshi,	B.	Fyk-Kolodziej,	D.	M.	Krolewski,	P.	D.	Walker,	and	T.	Ichinose,	
“Dopamine	D1	receptor	expression	is	bipolar	cell	type-specific	in	the	
mouse	retina,”	J.	Comp.	Neurol.	524,	2059–2079	(2016).	

37. G.	Delitala.	Dopamine	and	TSH	secretion	in	man.	The	Lancet.	1977;	
310:760-1.	

38. C.	M.	Feek,	J.	S.	A.	Sawers,	N.	S.	Brown,	J.	Seth,	W.	J.	Irvine,	and	A.	D.	Toft,	
“Influence	of	thyroid	status	on	dopaminergic	inhibition	of	thyrotropin	
and	prolactin	secretion:	evidence	for	an	additional	feedback	
mechanism	in	the	control	of	thyroid	hormone	secretion,”	J.	Clin.	
Endocrinol.	Metabol.	51,	585-589	(1980).	

39. Scanlon	MF,	Weetman	AP,	Lewis	M,	Pourmand	M,	Rodrigues	A,	
Weightman	DR.	Dopaminergic	modulation	of	circadian	thyrotropin	
rhythm	and	thyroid	hormone	levels	in	euthyroid	subjects.	J	Clin	
Endocrinol	Metabol.	1980;51:1251-6.	

40. A.	D.	Crocker,	D.	H.	Overstreet,	and	J.	M.	Crocker,	“Hypothyroidism	
leads	to	incresed	dopamine	receptor	sensitivity	and	concentration,”	
Pharmacol.	Biochem.	Behav.	24,		1593-1597	(1986).	

41. Pereira	Jr.	JC,	Pradella-Hallinan	M,	Pessoa	HL.	Imbalance	between	thyroid	
hormones	and	the	dopaminergic	system	might	be	central	to	the	
pathophysiology	of	restless	legs	syndrome:	a	hypothesis.	Clinics.	2010;	
65(5):547-54.	

42. R.	Tannock,	T.	Banaschewski,	and	D.	Gold,	“Color	naming	deficits	and	
attention-deficit/hyperactivity	disorder:	A	retinal	dopaminergic	
hypothesis,”	Behav.	Brain	Funct.	27,	2-4	(2006).	

43. S.	Kim,	M.	Al-Haj,	S.	Chen,	S.	Fuller,	U.	Jain,	M.	Carrasco,	and	R.Tannock,	
“Colour	vision	in	ADHD:	part	1	-	testing	the	retinal	dopaminergic	
hypothesis,”	Behav.	Brain	Funct.	24,	10-38	(2014).	

44. S.	Kim,	T.	Banaschewski,	and	R.Tannock,	“Color	vision	in	attention-
deficit/hyperactivity	disorder:	a	pilot	visual	evoked	potential	study,”	J.	
Optom.	8,	116-130	(2015).	

45. S.	M.	Shuwairi,	A.	Cronin-Golomb,	R.	W.	McCarley,	and	B.	F.	O'Donnell,	
“Color	discrimination	in	schizophrenia.”Schizophr.	Res.	55,	197-204	
(2002).	

46. M.	J.	Menage,	D.	Papakostopoulos,	J.	C.	Dean	Hart,	S.	Papakostopoulos,	
and	Y.	Gogolitsyn,	“The	Farnsworth-Munsell	100	hue	test	in	the	first	
episode	of	demyelinating	optic	neuritis,”	Br.	J.	Ophthalmol.	77,	68-74	
(1993).	

47. C.	Payghani,	F.	Khani,	A.	Rafieezadeh,	P.	Reisi,	H.	Alaei,	and	B.	Rashidi,	
“Effects	of	levothyroxine	on	visual	evoked	potential	impairment	
following	local	injections	of	lysolecithin	into	the	rat	optic	chiasm,”	Int.	J.	
Prev.	Med.	9	(2018).	


