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Purpose:	 To	 correlate	 the	 aqueous	 humor	 electrolytes	with	 serum	 electrolytes	 in	 patients	with	 cataract.	
Methods:	 In	 this	 study,	 348	 eyes	 of	 patients	 undergoing	 cataract	 surgery,	who	 had	 presented	 between	
1st	January	2019	and	30th	June	2020,	were	included.	Serum	electrolytes	were	obtained	and	0.15	ml	of	aqueous	
humor	was	obtained	during	surgery	using	an	insulin	syringe	via	the	side	port	incision.	Mean	and	standard	
deviation	was	used	to	analyze	all	the	categorical	and	continuous	data	including	all	the	electrolytes		levels.	
Pearson’s	 correlation	 of	 coefficient	 was	 used	 to	 analyze	 the	 comparison	 between	 serum	 and	 aqueous	
humor	electrolytes.	Student	T-test	was	used	to	compare	electrolyte	values	between	the	serum	and	aqueous	
humor. Results:	We	observed	a	significant	correlation	of	the	aqueous	humor	electrolytes	with	their	serum	
counterparts.	The	coefficient	of	correlation	is	0.155,	0.44,	and	0.405	for	Na+,	K+,	and	Cl−,	respectively.	There	
is	also	a	significant	increase	in	the	aqueous	humor	electrolytes	as	compared	to	the	serum	levels.	Conclusion: 
A	significant	increase	in	electrolytes	levels	in	the	aqueous	humor	of	cataract	patients	possibly	could	have	a	
role	in	the	etiology	of	cataract.
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Cataract,	 the	 opacification	of	 the	 crystalline	 lens,	 causes	 a	
reduction	in	the	light	entering	the	eye	causing	diminution	of	
vision.[1]	It	is	one	of	the	leading	causes	of	treatable	blindness	
in	the	world	with	a	prevalence	of	71.8%.[2]	Around	68%	of	the	
population	above	79	years	have	cataract.[3]

It	is	known	that	changes	in	electrolyte	levels	in	aqueous	
humor	 play	 a	 role	 in	 cataractogenesis.[4] Various earlier 
studies	analyzed	the	changes	in	serum	electrolytes	concerning	
cataract	formation,[5-7]	but	the	effects	of	changes	in	the	levels	of	
serum	electrolytes	on	those	in	aqueous	humor	have	not	been	
reported	earlier.	Here	we	aim	to	find	a	correlation	between	the	
serum	and	aqueous	humor	electrolytes	in	cataract	patients.

Methods
We	 conducted	 an	 observational	 study	 that	 included	 348	
eyes	of	336	patients	based	on	the	need	for	cataract	surgery.	
The	study	was	conducted	from	January	2019	to	June	2020.	
Patients	who	had	chronic	kidney	disease,	prior	ophthalmic	
surgeries,	 traumatic	 cataract,	 complicated	 cataract,	 or	
steroid-induced	 cataract	were	 excluded	 from	 the	 study.	
Written	informed	consent	was	taken	from	all	the	participants.	
0.15	ml	 aqueous	 humor	was	 collected	 using	 an	 insulin	
syringe	after	making	a	side	port	 incision	and	transported	
to	the	biochemistry	lab	in	the	same	syringe	immediately	for	
the	estimation	of	 sodium,	potassium,	and	chloride	 levels.	

Estimation	was	done	using	IS	internal	standard,	IS	reference	
electrolyte,	and	IS	diluent	solutions	in	Cobas	c	311	machine.	
Serum	 levels	were	 estimated	 using	 preoperative	 blood	
samples	 along	with	 sugar	 levels.	 Statistical	 analysis	was	
done	using	Pearson’s	correlation	coefficient	to	analyze	the	
correlation	between	serum	and	aqueous	humor	electrolytes.

All	samples	were	procured	after	taking	written	informed	
consent	from	each	patient.	Ethical	clearance	was	taken	from	
the	Institutional	Ethics	Committee.

Results
348	eyes	of	336	patients	were	included	in	the	study.	The	mean	
age	group	was	62.35+/−10.08	years.	There	were	168	males	(52%)	
and	180	females	(48%).	195	patients	had	mixed	type	of	cataract,	
51	patients	had	mature	cataract,	and	74	patients	had	nuclear	
sclerosis.

The mean aqueous humor levels for sodium was 
146.48+/−6.59	mEq/L,	for	potassium	was	4.15+/−0.305	mEq/L,	
and	 for	 chloride	was	 118.3+/−5.49	mEq/L	 [Table	 1].	 The	
Pearson’s	correlation	coefficients	between	the	aqueous	humor	
values	and	serum	values	of	sodium,	potassium,	and	chloride	
were	0.155,	0.44,	and	0.405	with	a P value	of	0.004,	<0.05,	and	
0.405,	respectively	[Table	1	and	Figs.	1-3].
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We	also	found	the	sodium	and	chloride	levels	in	the	aqueous	
humor	 to	be	higher	 than	 their	values	 in	 serum,	which	was	
statistically	significant	(P	<	0.0001).	Potassium	did	not	show	
any	such	difference	between	the	two	(P	=	0.74).

Comparison	 of	 aqueous	humor	 and	 serum	electrolytes	
between	males	 and	 females	was	done	 for	 each	of	 sodium,	
potassium,	and	chloride	which	did	not	show	any	significant	
difference, P value	being	>0.05	for	each.

Discussion
Cataract,	as	we	know,	has	been	and	still	is	the	leading	cause	
of	treatable	blindness	worldwide,	which	is	the	cause	for	47.8%	
of	blindness.[8-10]	In	India	itself	cataract	accounts	for	80%	of	
the	blindness.[10,11]	Nirmalan	et al.[12]	reported	the	prevalence	
of	cataract	in	southern	India	to	be	47.5%	in	their	study	group.	
They	also	showed	that	the	prevalence	was	higher	in	women	
as	compared	to	men.	Singh	et al.[10]	also	reported	a	prevalence	
of	 44.68%	 and	 43.62%	 in	 rural	 and	 urban	 population,	
respectively.

Though	many	theories	have	been	put	 forward	regarding	
cataract	 formation,	 exact	 etiological	 factors	 and	 the	precise	
pathophysiological	mechanism	 for	 cataractogenesis	 are	yet	
to	be	 identified.	Risk	factors	 that	have	been	associated	with	
cataract	formation	include	ultraviolet	light	exposure,	diabetes,	
hypertension,	smoking,	and	advancing	age,	the	latter	being	the	
most	important	risk	factor	known	so	far.[10]

There	 have	 been	 studies	 that	 have	 tried	 to	 find	 the	
biochemical	 factors	 that	 play	 a	 role	 in	 cataract	 formation.	
A	study	done	by	Rewatkar	et al.[13] showed an elevation of serum 
sodium	levels	in	cataract	patients	as	compared	to	non-cataract	
patients	with	the	mean	sodium	being	148.52+/−4.13	mEq/L	and	
139.26+/−3.08	mEq/L,	respectively.	They	concluded	that	serum	
sodium	levels	could	be	used	to	determine	the	risk	of	cataract.

Mathur and Pai studied serum sodium and potassium 
levels	in	a	group	of	cataract	patients	and	showed	a	significantly	
higher	level	of	serum	sodium	levels	in	them	as	compared	to	
the	group	not	having	cataract,	the	values	being	135	mEq/L	and	
133.1	mEq/L,	respectively, P value	being	<0.001.	Their	study	
showed	no	significant	increase	in	potassium	levels	in	cataract	
patients.	They	concluded	that	a	high	sodium	diet	could	be	a	
risk	factor	for	the	development	of	cataract.[5]

Mirsamadi et al.[6] also studied serum sodium and potassium 
in	cataract	patients	compared	with	non-cataractous	patients.	They	
showed	a	significantly	higher	levels	of	serum	sodium	in	patients	
who	had	cataract	(144.96	±	6.04	mEq/L)	as	compared	to	patients	
who	did	not	(140.88	±	2.27	mEq/L),	the P value	being	<0.0001.

Khan et al.	 also	studied	 the	change	 in	serum	electrolytes	
in	cataract	patients	as	compared	to	age-matched	controls	 in	
the Indian population. They reported serum sodium levels of 

145.39	mEq/L	±	3.04	mEq/L	and	139.63	mEq/L	±	13.91	mEq/L	
in	the	two	groups,	respectively	(P	<	0.01).	They	concluded	that	
age-related	cataract	tends	to	have	higher	serum	sodium	levels	
than	age-matched	controls.[7]

Now,	the	crystalline	lens	being	an	avascular	structure,	the	only	
way,	probably,	an	increase	in	serum	electrolytes	levels	that	could	
influence	cataract	formation	could	be	by	altering	the	electrolytes	
levels	in	aqueous.	None	of	the	above	studies,	however,	included	
the	estimation	of	electrolytes	levels	in	aqueous	humor	electrolytes	
in	their	protocol,	to	prove	this	premise.

Table 1: Mean electrolyte levels in aqueous humor and serum with their correlation coefficient

Mean Na (SD) Mean K (SD) Mean Cl (SD)

Aqueous humor 146.48 (6.59) 4.15 (0.305) 118.3 (5.49)

Serum 136.98 (3.83) 4.10 (0.42) 103.09 (5.69)
Correlation coefficient- r (p) 0.155 (0.004) 0.44 (<0.001) 0.405 (<0.001)

Na - Sodium; K - Potassium; Cl - Chloride; SD - Standard Deviation

Figure 2: Scatter plot between aqueous and serum potassium

Figure 1: Scatter plot between aqueous and serum sodium

Figure 3: Scatter plot between aqueous and serum chloride
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In	our	study,	we	estimated	both	serum	and	aqueous	levels	
of	electrolytes	with	an	aim	to	find	a	correlation	between	the	
aqueous	 humor	 and	 serum	 electrolytes	 levels	 in	 cataract	
patients	and	thus	showing	that	changes	in	serum	electrolytes	
levels	played	a	 role	 in	 cataractogenesis	by	altering	 the	 lens	
metabolism	 through	 alteration	 in	 the	 aqueous	 electrolytes	
levels	by	altering	 the	 lens	metabolism.	Our	 results	 showed	
a	 significant	 correlation	 of	 aqueous	 sodium,	 potassium,	
and	chloride	 levels	with	 their	 serum	counterparts	 (sodium:	
r	 =	0.155, P =	0.004;	potassium:	 r	 =	0.44, P <	0.001;	 chloride:	
r	=	0.405, P <	0.001).	Thus,	we	can	infer	from	these	results	that	
an	alteration	in	serum	electrolytes	levels	would	influence	lens	
metabolism	by	altering	the	levels	of	aqueous	electrolytes.

A	major	 clinical	 significance	of	 these	observations	 could	
be	 the	possibility	of	use	of	 certain	drugs	 in	 topical	 form,	 for	
example,	 carbonic	anhydrase	 inhibitors,	which	can	 influence	
the	Na+	pump	mechanism	of	the	crystalline	lens	for	effecting	a	
reduction	in	the	ionic	imbalance	in	the	aqueous	and	consequently	
cause	reduction	or	cessation	of	the	progression	of	cataract.

Our results also showed that aqueous humor sodium and 
chloride	 levels	were	 significantly	higher	 than	 their	 serum	
counterparts	 (sodium:	 146.48	mEq/L	 and	 136.98	mEq/L,	
respectively, P <	0.0001;	chloride:	118.3	mEq/L	and	103.09	mEq/L,	
respectively, P <	0.0001),	while	potassium	levels	were	similar	
in	 the	 two	fluids	 (4.15	mEq/L	and	4.10	mEq/L	 respectively, 
P =	 0.74).	 This	 indicates	 an	 increased	 concentration	 of	
electrolytes	in	the	aqueous	in	cataract	patients.	On	the	other	
hand,	an	earlier	 study	by	Consul	 et al.[14] showed that there 
was	a	 slight	decrease	 in	 aqueous	humor	 electrolytes	 levels	
as	compared	to	their	serum	counterparts	in	cataract	patients.	
This	is	in	stark	contrast	to	our	study	which	shows	a	significant	
increase	 in	 electrolyte	values	 in	 the	aqueous.	However,	 the	
sample	size	in	that	study	was	very	small	(n	=	28)	and	that	could	
be	the	reason	for	the	difference	in	our	observations.

There	 have	 been	many	 theories	 to	 explain	 the	 ionic	
movement	inside	the	lens.	One	such	theory	explains	that	the	
fibers	 in	 the	 crystalline	 lens	 consist	 of	 a	 sodium-potassium	
ATPase	pump	which	generates	an	electric	potential	across	the	
lens	surface	with	 the	 inside	of	 the	 lens	being	negative.	This	
causes	the	flow	of	Na	ions	into	the	lens	which	in	turn	cause	
water	to	flow	into	the	lens	via	the	anterior	epithelium	and	is	
extruded	at	the	posterior	surface	into	the	vitreous.

Thus,	 our	 study	 brings	 out	 that	 the	 altered	 serum	
electrolytes	 levels	 cause	 the	 change	 in	 aqueous	 electrolytes	
levels,	which	in	turn	could	be	responsible	for	impairment	in	
the	normal	ionic	homeostasis	which	may	play	a	role	in	cataract	
formation.	 Since	 our	 study	did	 not	 take	 into	 account	 the	
non-cataractous	population,	we	cannot	conclude	with	absolute	
certainty	about	the	causative	nature	of	the	altered	electrolytes	
in	 cataractogenesis.	 Future	 studies	 can	 incorporate	normal	
patients	and	try	to	find	a	causative	link	between	the	two.

Our	study	also	provides	aqueous	humor	electrolyte	values	
in	cataract	patients	which,	to	the	best	of	our	knowledge,	has	not	
been	widely	documented,	except	for	one	such	study	mentioned	
earlier,	having	a	very	small	sample	size.

The	major	limitation	in	our	study	is	the	lack	of	age-matched	
controls	which	would	 have	 allowed	 us	 to	 find	 a	 direct	
correlation	between	 change	 in	 aqueous	humor	 electrolytes	
levels	and	cataract	formation.	Future	studies	can	incorporate	

a	control	group	of	non-cataract	patients	to	compare	the	change	
in	aqueous	electrolytes	between	the	two	with	a	larger	sample	
size.	It	will	also	be	useful	to	study	the	effect	of	diseases	causing	
electrolyte	 imbalances	 (like	 chronic	 kidney	 diseases)	 on	
aqueous	electrolytes	levels	and	their	association	with	cataract.

Conclusion
There	occurs	a	significant	increase	in	the	electrolyte	levels	in	
the	aqueous	humour	of	cataract	patients	which	could	have	a	
role	in	formation	of	cataract.
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