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Effect of topical glaucoma medication on tear lipid layer thickness in patients 
with unilateral glaucoma
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Purpose: To	 compare	 the	 lipid	 layer	 thickness	 (LLT)	using	 the	LipiView®	ocular	 surface	 interferometer	
(TearScience®	 Inc,	 Morrisville,	 NC)	 between	 the	 eye	 treated	 with	 glaucoma	medication	 and	 untreated	
normal	eye	in	the	unilateral	glaucoma	patients,	and	evaluate	the	effect	of	topical	glaucoma	medication	on	the	
LLT	parameters	in	glaucoma	eyes.	Methods: The	participants	in	this	cross‑sectional	comparative	study	were	
unilateral	glaucoma	patients	 treated	with	topical	glaucoma	medications	for	more	 than	12	months.	Three	
LLT	parameters	(average,	minimum,	and	maximum)	obtained	by	the	LipiView®	were	compared	between	
the	glaucomatous	eye	and	normal	eye.	The	factors	associated	with	LLT	parameters	in	the	eyes	treated	with	
glaucoma	medication	were	 investigated	with	multiple	 regression	 analysis.	Results: Thirty patients with 
unilateral	normal	 tension	glaucoma	 	were	enrolled	 in	 the	present	 study.	Lipid	 layer	average,	minimum,	
and	maximum	were	 64.83	 ±	 16.50,	 51.63	 ±	 16.73,	 and	 82.53	 ±	 20.62	 in	 glaucomatous	 eyes,	 77.26	 ±	 17.81,	
62.83	±	20.99,	and	86.13	±	15.42	in	normal	eyes.	Lipid	layer	average	and	minimum	were	significantly	thinner	
than those in normal eyes (P	<	0.001, P <	0.001,	respectively).	Longer	duration	of	glaucoma	eye	drops	and	a	
greater	number	of	glaucoma	medications	were	associated	with	the	lower	LLT	average	(β	=	−0.456, P <	0.001,	
β	=	−8.517, P =	0.003,	respectively),	and	increasing	glaucoma	medications	have	a	significant	correlation	with	
lower	LLT	minimum	in	glaucoma	eyes	(β	=	−8.814, P =	0.026).	Conclusion: The present study highlights that 
patients	with	long‑term	glaucoma	medications	need	to	be	assessed	for	LLT	parameters	objectively	evaluate	
their	ocular	surface	health.
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Because	 intraocular	 pressure	 (IOP)	 is	 the	 only	modifiable	
factor	in	patients	with	glaucoma,	treatment	with	IOP‑lowering	
topical	medication	has	been	essential	to	prevent	the	worsening	
of	 glaucomatous	 damage.[1‑3]	However,	 previous	 studies	
reported	 that	 long‑term	use	 of	 glaucoma	medication	 has	
led	 to	 ocular	 surface	disease	 (OSD)	 in	 some	patients	with	
glaucoma,	 and	OSD	would	make	 a	 negative	 effect	 on	 the	
adherence	 to	 the	 glaucoma	 treatment	 regimen	 in	 these	
patients,	subsequently.[4‑7]	Therefore,	evaluating	and	prompt	
management	OSD	in	patients	treated	with	topical	glaucoma	
medication	might	 be	 a	 critical	 issue	 for	 improving	 the	
glaucoma	treatment	compliance.

OSD	is	characterized	by	an	inadequate	quantity	of	tears,	an	
unstable	tear	film,	and	disruption	of	the	integrity	of	the	ocular	
surface.[2,4,8]	Both	the	instability	of	the	lipid	layer	of	the	tear	film	
and	meibomian	gland	dysfunction	are	reported	to	contribute	to	
the	emergence	of	OSD.[9‑11]	Recently,	LipiView	interferometer	
(TearScience	Inc.,	Morrisville,	NC,	USA),	a	new	device	that	can	
measure	 tear	film	 lipid	 layer	 thickness	 (LLT)	quantitatively	

using	interferometry,	has	been	reported	to	be	a	beneficial	tool	
to	 evaluate	 the	 relationships	between	OSD	and	meibomian	
gland	dysfunction	in	other	ocular	disorders.[9,10,12]	Meanwhile,	
glaucoma	medication	can	 lead	 to	 several	adverse	events	on	
the	ocular	surface,	we	suggest	 that	LipiView	 interferometer	
may	provide	meaningful	information	about	the	relationship	
between	the	changes	in	the	lipid	layer	and	topical	glaucoma	
medication.

In	 the	present	 study,	we	 compared	 the	 effect	 of	 topical	
glaucoma	 medication	 a	 on	 LLT	 using	 the	 LipiView	
interferometer	 between	 the	 eye	 treated	with	 glaucoma	
medication	a	and	the	untreated	normal	eye	in	the	same	patient	
with	unilateral	glaucoma.

Methods
This	cross‑sectional	study	included	patients	with	unilaterally	
diagnosed	glaucoma	who	had	been	using	topical	medications	
for	more	than	12	months.	The	study	protocol	was	approved	by	
the	Pusan	National	University	Yangsan	Hospital	Review	Board,	
and	the	study	was	performed	in	accordance	with	the	tenets	
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set	forth	in	the	Declaration	of	Helsinki.	The	patients	provided	
informed	consent	for	participating	in	the	study.

All	enrolled	patients	underwent	a	complete	ophthalmologic	
examination	including	measurement	of	best‑corrected	visual	
acuity,	slit	 lamp	examination,	axial	 length,	gonioscopy,	and	
fundoscopy.	Automated	visual	field	examination	was	performed	
on	all	subjects	using	the	30‑2	SITA	standard	program	on	the	
Humphrey	740i	Visual	Field	Analyzer	 (Carl	Zeiss	Meditec,	
Dublin,	CA,	USA).	All	 patients	 had	 red‑free	photographs,	
optic	disc	 stereo	photographs,	 and	Fourier	domain	optical	
coherence	 tomography	 (OCT)	 (Cirrus,	Carl	Zeiss	Meditec,	
Dublin,	CA,	USA).	The	diagnosis	of	glaucoma	was	according	
to	 the	 presence	 of	 glaucomatous	 optic	 nerve	 appearance,	
corresponding	with	 typical	 visual	field	 loss.	 Subjects	were	
excluded,	 if	 they	have	used	any	 topical	 anti‑inflammatory,	
antibiotic,	or	other	medication.	Subjects	with	a	history	of	using	
artificial	tear	drops	within	3	months	before	participating	in	the	
study	were	also	excluded.	Eyes	with	previous	trauma,	ocular	
surgery	or	laser	treatment,	systemic	treatments	that	are	known	
to	affect	 tear	 secretion,	 autoimmune	disease,	 current	use	of	
contact	 lenses,	and	any	history	or	slit‑lamp	evidence	of	eye	
surface	disorders	were	excluded.

Tear	 LLT	was	measured	with	 the	 LipiView®	 ocular	
surface	 interferometer	 (TearScience®	 Inc,	Morrisville,	
NC,	USA)	analyzing	more	than	one	billion	data	points	of	the	
interferometric	 image	of	 the	 tear	film.	 Interferometric	 color	
units	 (ICUs)	were	used	 to	measure	 tear	film	LLT	with	 the	
interferometer,	with	1	ICU	equal	to	1	nm	of	LLT.	The	following	
measurements	were	recorded	for	each	study	subject:	the	average	
tear	film	LLT	from	all	frame	averages,	and	the	maximum	and	
minimum	LLT.	Patients	with	interferometer	results	showing	a	
quality	of	less	than	0.8	were	excluded	from	the	present	study.	
The	LipiView®	had	an	upper	cut‑off	of	100	ICU	[Fig.	1].

Statistical analysis
All	statistical	analyses	were	performed	with	SPSS	for	Windows	
21.0	(SPSS	Inc,	Chicago,	IL,	USA).	The	data	were	presented	as	

mean	standard	deviation.	The	assumption	of	data	normality	
was	 checked	with	 the	Kolmogorov–Smirnov	 test.	A	paired	
t	 test	was	 used	 for	 comparison	 of	 variables	 between	 the	
glaucomatous	eye	and	the	untreated	normal	eye	in	each	patient.	
A	multiple	linear	regression	analysis	with	stepwise	variable	
selection	was	used	to	identify	the	ophthalmic	factors	associated	
with	LLT	measurements.	Each	variable	was	first	 analyzed	
using	a	univariate	model;	all	 significant	variables	 (P	 <	0.10)	
were	 then	 evaluated	 using	 a	multivariate	 model.	 The	
relationship	between	LLT	parameters	and	associated	factors	
was	 additionally	 examined	using	 scatter	 plots	 and	 linear	
regression.	The	coefficient	of	determination	(R2)	in	the	linear	
regression was reported and P values	<	0.05	were	considered	
statistically	significant.

Results
The	 present	 study	 enrolled	 30	 patients	with	 unilateral	
normal‑tension	 glaucoma	who	 fulfilled	 the	 eligibility	
criteria.	The	mean	age	of	the	subjects	was	61.33	±	11.75	years	
(range:	34–79	years;	13	men	and	17	women).	Demographic	
and	clinical	data	of	the	subjects	are	summarized	in	Table	1.	
There	was	no	difference	in	refractive	error	and	IOP	between	
eyes	with	glaucomatous	and	untreated	normal	eyes.	Treated	
eyes	showed	significantly	lower	mean	deviation	(MD),	visual	
field	 index,	 and	 average	 retinal	 nerve	fiber	 layer	 on	OCT,	
and	higher	pattern	standard	deviation	than	normal	eyes.	In	
the	LipiView	 interferometer,	 LLT	 average,	minimum,	 and	
maximum	were	64.83	±	16.50,	51.63	±	16.73,	and	82.53	±	20.62,	
respectively,	 in	 glaucomatous	 eyes;	 and	 77.26	 ±	 17.81,	
62.83	±	20.99,	and	86.13	±	15.42,	respectively,	in	normal	eyes,	
and	then	the	average	and	minimum	LLT	were	significantly	
lower	in	glaucomatous	eyes	than	in	normal	eyes	(P	<	0.001	and 
P <	0.001,	respectively).	As	the	grading	system	of	meibomian	
gland	dysfunction	by	Arita	et al.,	in	glaucomatous	eyes,	the	
prevalence	 of	 the	 grade	 from	0	 to	 3	 have	 shown	 as	 3.3%,	
23.3%,	26.7%,	46.7%,	and	in	normal	eyes,	20%,	40%,	40%,	0%,	
respectively.

Table 1: Demographic and ophthalmic data for the unilateral glaucoma patients

Glaucoma eye Normal eye P *

Age ( mean±SD, year) 61.33±11.75

Male/female 13/17

Refractive error (mean±SD, Diopter) ‑1.44±3.15 ‑1.22±2.82 0.987

Intraocular pressure (mean±SD, mmHg) 14.43±2.59 14.53±3.10 0.851

Automated perimetry

MD ( mean±SD, dB) ‑6.93±8.51 ‑0.77±1.70 0.033
PSD ( mean±SD, dB) 5.83±4.57 2.51±1.64 0.025
VFI ( mean±SD, %) 84.11±19.36 98.18±2.44 0.008
RNFL average thickness (mean±SD, µm) 75.36±13.09 86.96±9.47 0.005

Glaucoma medications

No. medications (mean±SD, bottles) 1.40±0.77 ‑

Total daily drops (mean±SD, drops) 2.43±1.16 ‑

Current medication duration (mean±SD, months) 35.67±21.05 ‑

LipiView® Interferometer

Lipid layer average (mean±SD, nm) 64.83±16.50 77.26±17.81 <0.001
Lipid layer minimum (mean±SD, nm) 51.63±16.73 62.83±20.99 <0.001
Lipid layer maximum (mean±SD, nm) 82.53±20.62 86.13±15.42 0.261

* Paired t‑test, P values in bold letters indicate statistical significance (P < 0.05)
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Figure 1: (a) A 75‑year‑old woman using fixed combination brinzolamide 1%/timolol 0.5% two times per day in right eye displays lower average, 
maximum, and minimum lipid layer thickness (LLT) in the right eye (71 nm, 75 nm, 66 nm) than those in the left untreated eye (88 nm, 93 nm, 
82 nm). (b) A 50‑year‑old man treated with both combination dorzolamide 2%/timolol 0.5% two times and tafluprost 0.0015% once per day in 
right eye shows lower average and minimum LLT (78 nm, 45 nm) than those in the left untreated eye 100nm, 94nm), and the same readings of 
maximum LLT in both eyes. (c) A 55‑year‑old man treated with combination dorzolamide 2%/timolol 0.5%, brimonidine tartrate 0.15% two times, 
and latanoprost 0.005% once per a day in right eye displays significantly decreased thickness in average, maximum, and minimum LLT (46 nm, 
69 nm, 32 nm) compared with all LLT parameters in left eye (85 nm, 100 nm, 70 nm)
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Correlation	coefficients	were	calculated	to	evaluate	the	effects	
of	 age,	 spherical	 equivalent,	 IOP,	MD	 in	 the	glaucomatous	
eyes,	total	number	of	glaucoma	medications,	total	number	of	
daily	drops,	the	duration	of	topical	glaucoma	medication,	and	
three	LLT	parameters	(average,	minimum,	and	maximum)	in	
normal eyes on the LipiView interferometer measurements 
with	LLT	average	and	minimum	in	glaucomatous	eyes	[Table	2].	
Both	 the	LLT	average	and	minimum	 in	glaucomatous	eyes	
were	negatively	correlated	with	 total	glaucoma	medications,	
total	 number	 of	 daily	 drops,	 and	 the	 duration	 of	 topical	
glaucoma	medication,	and	positively	correlated	with	MD	in	the	
glaucomatous	eyes	and	three	LLT	parameters	in	the	normal	eyes.

When	 age,	 spherical	 equivalent,	MD,	 total	 glaucoma	
medications,	 total	number	of	 eye	drops,	duration	of	 topical	

glaucoma	medication,	and	LLT	parameters	in	normal	eyes	were	
entered	into	linear	regression	analysis	as	independent	variables,	
the	 lower	 average	LLT	 in	 the	 normal	 eye,	 and	 the	 longer	
duration	of	 topical	 glaucoma	medication	were	 significantly	
associated	with	lower	LLT	average	in	glaucomatous	eyes,	and	
the	LLT	minimum	in	normal	eyes	showed	positive	association	
with	that	in	glaucomatous	eyes	(P	<	0.001,	adjusted	R2	=	0.734; 
P <	0.001,	adjusted	R2	=	0.443,	respectively).	Stepwise	multiple	
regression	 analyses	 excluding	LLT	parameters	 in	 normal	
eyes	as	independent	variables	revealed	that	longer	duration	
of	 glaucoma	 eye	 drops	 and	 higher	 number	 of	 glaucoma	
medications	were	associated	with	the	lower	LLT	average,	and	
an	increasing	number	of	glaucoma	medications	have	significant	
correlation	with	 lower	 LLT	minimum	 in	 glaucomatous	
eyes (P	<	0.001,	adjusted	R2	=	0.593; P <	0.001,	adjusted	R2	=	0.135,	
respectively).	On	multiple	 regression	 analysis,	 there	were	
no	 significant	 variables	 associated	with	LLT	maximum	 in	
glaucomatous	eyes	[Table	3].

Discussion
The	purpose	of	the	present	study	was	to	evaluate	the	change	
of	 the	 tear	LLT	 in	 eyes	with	 or	without	 topical	 glaucoma	
medication	in	the	same	subjects	and	to	investigate	the	factors	
that	have	an	effect	on	decreased	LLT	in	glaucomatous	eyes.	To	
measure	LLT	quantitatively,	we	used	an	interferometer	that	
measured	three	LLT	parameters:	LLT	average,	minimum,	and	
maximum.	We	found	that	the	LLT	average	and	minimum	in	
the	eyes	treated	with	glaucoma	medications	were	significantly	
lower than in untreated normal eyes (P	 <	 0.001).	When	we	
analyzed	 the	glaucoma	medication‑related	 factors	 affecting	
the	decreased	LLT	 in	glaucomatous	eyes,	 the	present	 study	
revealed	that	a	longer	duration	of	topical	glaucoma	medication	
was	associated	with	both	lower	average	and	minimum	LLT,	
and	 increasing	number	of	medications	were	also	 correlated	
with	a	lower	LLT	average.

Although previous studies have shown a relationship 
between	 topical	 glaucoma	medication	 and	 OSD,	 they	
analyzed	 the	 impact	 of	 topical	 glaucoma	medication	 on	
OSD	according	to	subjective	assessments	including	a	graded	
questionnaire.[13]	Recently,	Lee	 et al.	 investigated	 the	 effects	
of	 topical	medications	on	the	OSD	and	LLT	using	LipiView	
interferometer	and	revealed	that	LLT	average	in	the	glaucoma	
group	was	significantly	lower	than	that	in	normal	subjects	and	
negatively	correlated	with	total	medication	duration.[9] Unlikely 

Table 2: Pearson correlation coefficients between lipid 
layer thickness (LLT) parameters in the treated eyes and 
various demographic, ocular factors, and LLT parameters 
in the untreated eyes

LLT average in 
glaucoma eye

LLT minimum in 
glaucoma eye

Age r=0.276
P=0.140

r=0.352
P=0.067

SE r=0.379
P=0.092

r=0.292
P=0.117

IOP r=−0.016
P=0.941

r=0.090
P=0.670

Mean deviation r=0.585**
P=0.005

r=0.443*
P=0.044

total glaucoma 
medications

r=−0.554**
P=0.002

r=−0.406*
P=0.026

total number of daily 
drops

r=−0.543**
P=0.002

r=−0.384*
P=0.036

the duration of topical 
glaucoma medication

r=−0.689**
P<0.001

r=−0.351*
P=0.045

LLT average in 
normal eye

r=0.778**
P<0.001

r=0.585**
P<0.001

LLT minimum in 
normal eye

r=0.663**
P<0.001

r=0.680**
P<0.001

LLT maximum in 
normal eye

r=0.645**
P<0.001

r=0.511**
P<0.001

**P<0.01, *P<0.05, LLT: Lipid layer thickness; SE: Spherical equivalent; 
IOP: Intraocular pressure

Table 3: Results of multiple regression analysis with lipid layer thickness average and minimum in glaucoma eyes as 
dependent variables

LLT average in glaucoma eye LLT minimum in glaucoma eye

β (95% CI) P* β (95% CI) P*

Model 1

LLT average in normal eye 0.545 (0.341‑0.748) <0.001

The duration of topical glaucoma medication ‑0.335 (‑0.507‑‑0.163) <0.001

LLT minimum in normal eye 0.542 (0.316‑0.768) <0.001

Model 2

The duration of topical glaucoma medication ‑0.456 (‑0.654‑‑0.259) <0.001
Total glaucoma medications ‑8.517 (‑13.921‑‑3.113) 0.003 ‑8.814 (‑16.50‑‑1.121) 0.026

*by stepwise method, LLT, lipid layer thickness, Model 1 : including lipid layer thickness (LLT) parameters in normal eyes as the independent factors in the 
multiple regression analysis, Model 2 : excluding LLT parameters in normal eyes as the independent factors
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the	present	 study,	 they	demonstrated	 that	LLT	average	has	
not	been	associated	with	 the	number	of	eyedrops	reflecting	
short‑term	changes	on	the	cornea,	but	a	duration	of	glaucoma	
medications	 and	 insisted	 that	 the	LipiView	 interferometer	
could	be	helpful	to	detect	chronic	damages	in	the	ocular	surface.	
However,	because	they	have	not	compared	the	change	of	other	
LLT	parameters	between	glaucoma	and	normal	subjects	and	
the	parameters	of	both	eyes	in	the	same	subjects,	individual	
non‑ocular	factors	might	cause	the	bias	on	the	results.	Further,	
on	the	basis	of	the	results	in	the	present	study	that	have	shown	
the	 significant	 association	between	LLT	minimum	and	 the	
number	 of	 glaucoma	medications,	 lipiView	 interferometer	
could	provide	useful	 information	 in	 long‑term	as	well	 as	
short‑term	changes	in	ocular	surfaces.

In	accordance	with	the	previous	study,[4,9,13] we found that 
a	 longer	duration	of	 topical	glaucoma	medication	and	more	
glaucoma	medications	were	 associated	with	 lower	LLT	 in	
glaucomatous	eyes.	Arita	et al.	demonstrated	that	long‑term	use	
of	topical	glaucoma	medication	was	associated	with	alterations	
in	meibomian	gland	morphology	and	function	and	supported	
the	 idea	 that	abnormalities	 in	meibomian	glands	 induced	by	
long‑term	exposure	of	topical	glaucoma	medication	contribute	
to	OSD.[13] Ramli et al.	 showed	 that	 the	prevalence	of	OSD	
varied	from	37%	to	91%	in	the	glaucoma	group	regardless	of	
preservative	content	in	the	eye	drops,	and	OSD	was	associated	
with	increasing	numbers	of	topical	glaucoma	medications.[4] On 
the	basis	of	their	results,	the	authors	suggested	that	long‑term	use	
and	greater	numbers	of	topical	glaucoma	medications	resulted	in	
the	subclinical	conjunctival	inflammation	related	with	abnormal	
changes	of	 the	meibomian	glands.	Accordingly,	because	 the	
meibomian	glands	secrete	 lipids	 into	 tear	film	for	 increasing	
tear	stability,	these	previous	studies	support	our	findings	that	
lipid	layer	abnormalities	are	associated	with	longer	duration	of	
topical	glaucoma	medication	and	more	glaucoma	medications.

The present study showed that the LLT parameters in 
normal	eyes	have	an	association	with	those	in	glaucomatous	
eyes.	 These	 results	 indicated	 that	 risk	 factors	 other	 than	
glaucoma	have	an	important	role	in	the	instability	of	the	LLT.	
In	fact,	previous	studies	reported	that	the	stability	of	the	lipid	
layer	was	affected	by	various	factors	such	as	age,	sex,	contact	
lens	wear,	 ocular	 surgical	 history,	 and	 environment.[10,14‑16] 
Kottaiyan	 et al.	 developed	 a	 chamber	 in	which	 controlled	
environmental	 circumstances	 influencing	 the	OSD,	 such	as	
high	temperature,	low	humidity,	and	increased	airflow	could	
be	used	to	precisely	assess	their	effect	on	tear	parameters.[15] 
Because	 there	 are	 likely	various	physical	 or	 environmental	
factors	that	influence	tear	evaporation	rate	and	tear	production	
quality,	the	present	study	including	only	unilateral	eyes	treated	
with	 topical	 glaucoma	medication	 is	meaningful	 in	 that	 it	
can	exclude	various	 factors	 that	may	 influence	LLT.	To	our	
knowledge,	 this	 is	 the	first	 study	 to	 compare	LLT	between	
the	treated	eye	and	the	untreated	eye	in	the	same	subject	and	
analyze	factors	that	influence	changes	in	LLT.

Lipid	layer	instability	in	OSD	was	associated	with	meibomian	
gland	dysfunction,	which	 is	 defined	 as	 a	 chronic,	 diffuse	
abnormality	of	the	meibomian	glands,	commonly	characterized	
by	terminal	obstruction	and/or	qualitative/quantitative	changes	
in	the	glandular	secretion.[17‑19] Lee et al.	reported	that	malfunction	
of	the	meibomian	glands	could	be	an	important	clinical	finding	
associated	with	 compliance	 in	using	glaucoma	medication	

and	recommended	careful	inspection	of	the	meibomian	gland	
function	in	patients	treated	with	glaucoma	medication.[20]

In	the	current	study,	because	longer	the	duration	and	the	
greater	number	of	the	glaucoma	medication	were	associated	
with	lower	LLT	parameters	in	glaucomatous	eyes,	there	may	
be	a	tendency	for	these	patients	to	have	lower	adherence	to	
prescribed	 treatment.	Therefore,	 assessment	and	 continued	
monitoring	of	 the	 change	of	LLT	 related	 to	OSD	may	have	
a	 positive	 effect	 on	 treatment	 adherence	 in	 patients	with	
glaucoma	 and	 ultimately	may	 contribute	 to	 prevent	 the	
worsening	of	glaucoma.

The	findings	 of	 this	 study	 are	 subject	 to	 the	 following	
limitations.	First,	 the	sample	size	of	patients	with	unilateral	
glaucoma	was	 relatively	 small	 because	 the	 prevalence	 of	
unilateral	glaucoma	treated	with	topical	glaucoma	medication	
in	 the	affected	eye	only	 is	much	 less	 than	the	prevalence	of	
bilateral	glaucoma.	Second,	we	could	not	consider	the	effect	
of	preservatives	in	topical	glaucoma	medications	on	the	LLT.	
Third,	 because	we	did	 not	 restrict	 the	 types	 of	 glaucoma	
medications	used	 in	 the	present	 study,	 there	may	be	 bias	
caused	by	the	use	of	different	types	of	medications.	Finally,	the	
present	study	did	not	compare	the	parameters	in	the	LipiView	
interferometer	with	 other	measurements	 including	 tear	
break‑up	time,	ocular	surface	disease	index,	or	tear	osmolarity	
for	OSDI.	Then,	the	further	study	will	be	needed	for	evaluating	
the	correlations	between	conventional	measurements	in	OSDI	
and	LipiView	interferometers.

Conclusion
In	summary,	the	average	and	minimum	LLT	measured	using	
a	lipid	interferometer	in	glaucomatous	eyes	were	lower	than	
those	in	normal	eyes.	In	glaucomatous	eyes,	a	longer	duration	
of	 treatment	 and	 increased	 number	 of	 topical	 glaucoma	
medications	were	associated	with	lower	LLT.

OSD	 (defined	 as	 instability	 and	 reduction	 of	 LLT)	 is	
strongly	related	to	treatment	compliance	of	topical	glaucoma	
medications.	 Patients	 undergoing	 long‑term	 glaucoma	
treatment	 or	 using	many	 glaucoma	 eye	 drops	 should	 be	
carefully	followed	with	respect	to	LLT	parameters,	which	are	
useful	for	OSD	assessment.
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