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Background: Cataract, a major cause of treatable blindness accounting for 80% of cases,
arises from a complex etiology involving various factors. Diabetes notably expedites cataract
development, and its potential interaction with electrolyte imbalances further enhances
our understanding. Aims and Objectives: This study aimed to explore the concentrations
of electrolytes, specifically sodium (Na*) and potassium (K*), in both serum and aqueous
humor, and their potential implications in the pathogenesis of cataracts among individuals
with diabetes. Materials and Methods: A comprehensive observational study encompassed a
cohort of 100 cases, equally divided into diabetic and non-diabetic cataract patients. Gender
distribution and age groups were established, focusing on individuals aged 40 years and above.
Serum sodium (Na*) and potassium (K*) levels were compared against reference ranges,
and statistical analyses included an unpaired Student’s t-test and the Statistical Package
for the Social Sciences 20 software. Results: Among diabetic cataract patients, serum
sodium levels were notably elevated (149.2147 +2.71 meq/L) compared to non-diabetic
counterparts (145.04 £ 2.25 meq/L), demonstrating high significance (P<0.001). Similarly,
diabetic patients exhibited a marginal increase in serum potassium (4.1919+0.5011) in
contrast to non-diabetic patients (4.1264 +0.5124), with a non-significant P-value (P<0.5).
Aqueous humor analysis revealed a substantial rise in both sodium and potassium levels
among diabetic cataract cases, demonstrating high significance (P <0.001). Conclusion: This
study presents compelling evidence of distinct electrolyte profiles, particularly sodium and
potassium, between diabetic and non-diabetic cataract patients. Elevated serum and aqueous
humor sodium levels in diabetics suggest a potential contributory role in cataractogenesis.
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INTRODUCTION

Cataract, a pervasive ocular disorder, is a primary
contributor to treatable blindness and represents
approximately 80% of all such cases worldwide'? and
characterized by the clouding of the eye’s natural lens,
cataracts impair vision, and significantly impact an
individual’s quality of life. Despite their prevalence, the

exact pathogenesis of cataract formation is complex,
involving a delicate interplay of genetic, environmental,
and physiological factors.’

The lens of the eye is a complex, transparent structure
responsible for focusing light onto the retina, thus
facilitating clear vision. In the development of cataracts,
the clarity of the lens becomes compromised as proteins
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within it denature and aggregate, leading to opacification.
While age-related changes in lens fibers contribute to this
formation, emerging research points to a broader range
of influencers.

Diabetes, a well-established global health concern, has
been increasingly recognized as a significant catalyst for
cataractogenesis.*> Beyond its association with metabolic
abnormalities and vascular complications, diabetes appears
to accelerate the onset and progression of cataracts.® This
correlation is particularly concerning given the rising
prevalence of diabetes, a significant public health challenge.
Understanding the mechanisms underlying the relationship
between diabetes and cataract development has potential
implications for both clinical management and preventive
strategies.’

A new aspect of this discussion is the potential impact of
electrolyte imbalances on worsening cataract formation in
diabetic individuals.®’ Electrolytes, including sodium (Na™)
and potassium (K*), are essential for maintaining cellular
homeostasis and physiological functions throughout
the body."” Disruptions in electrolyte balance can lead
to cellular stress, inflammation, and oxidative damage
processes that are intricately linked to the development of
vatious health conditions."

The relationship between diabetes, electrolyte imbalances,
and cataract development is interesting and worth studying.
While we do not fully understand how these factors connect,
recent studies are starting to explain their interactions. For
instance, high blood sugar, common in diabetes, might affect
the parts of lens cells that manage ions. This can upset the
balance of salts in the lens, leading to cloudy vision.

Against this backdrop, the present study endeavors to
examine the concentrations of sodium and potassium in
serum and aqueous humor among individuals afflicted
with both diabetic and non-diabetic cataracts. Through a
comprehensive analysis of a cohort comprising 100 cases,
equally distributed between diabetic and non-diabetic
patients, this investigation aims to offer valuable insights
into the potential involvement of electrolyte imbalances
in the genesis of cataracts.

Aims and objectives

This study aims to quantify sodium and potassium
levels in serum and aqueous humor, compating diabetic
and non-diabetic cataract patients. It seeks to evaluate
correlations between electrolytes and cataract presence or
severity, analyze gender or age differences, assess clinical
significance against reference ranges, explore mechanisms
linking electrolyte imbalances to cataractogenesis, enhance
diabetes-related cataract insights, offer clinical implications,
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and establish a foundation for future intricate diabetes-
clectrolyte-cataract research.

MATERIALS AND METHODS

Study design

This comparative observational study was conducted
at the Government Medical College and General
Hospital, Suryapet, Telangana, India, from July 2022 to
December 2022.

Sample size and selection

A total of 100 subjects participated, including 50 individuals
diagnosed with diabetic cataracts and an equal number
without diabetes, constituting the non-diabetic cataract
group. Informed written consent was obtained from each
participant, ensuring their understanding and willingness
to participate.

Inclusion criteria

Age threshold

Participants aged 40 years and above were specifically targeted
for inclusion. This age range was chosen to emphasize
the investigation of age-related cataract development, a
phenomenon that gains prominence with advancing age.

Cataract diagnosis

Individuals diagnosed with cataracts, irrespective of their
diabetic status, were included. This encompassed both
diabetic and non-diabetic patients, aiming to encompass a
comprehensive spectrum of cataract cases.

Exclusion criteria

Medical conditions

Participants with documented histories of hypertension,
liver disease, cardiac disease, or renal disease were excluded.
These conditions are recognized for their potential
to disrupt electrolyte balance, which could potentially
confound the study’s examination of electrolyte imbalances
and their relationship with cataract development.

Ocular factors

Individuals with a history of ocular trauma, steroid intake,
glaucoma, uveitis, or chronic use of topical medications
were excluded. These factors were deemed exclusionary
due to their potential to introduce complexities that might
interfere with the study’s focus on electrolyte-related
influences on cataract formation.

Procedure for Electrolyte Collection

Blood sample collection for serum electrolyte
measurement

A total of 2 mL of venous blood were meticulously
collected from each study participant’s arm using
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sterile techniques. The blood samples were collected in
appropriate anticoagulant-free tubes to prevent interference
with electrolyte measurements. These blood samples were
then carefully transported to the biochemistry laboratory
for further processing.

Collection of aqueous humor

In preparation for cataract surgery, patients received a
peribulbar injection to ensure patient comfort and stability
during the procedure. Following the injection, patients
underwent cataract surgery using a small incision cataract
surgery (SICS) approach. Before proceeding with the
cataract surgery, 0.2 mL of aqueous humor was aspirated
from the anterior chamber using a sterile tuberculin syringe.
To maintain the stability of the anterior chamber and
ensure accurate collection, viscoelastic material was injected
into the chamber after aspirating the aqueous humor.

Laboratory analysis of electrolytes

The collected venous blood samples were immediately
transported to the biochemistry laboratory for analysis. In
the biochemistry laboratory, the serum electrolyte levels
were estimated using the ion-selective electrode technique.
The concentrations of sodium (Na*), potassium (K*), and
chloride (CI7) ions were determined using the ion-selective
electrode method, which allows for accurate and precise
measurement of electrolyte concentrations in biological
samples. The ion-selective electrode technique involves
measuring the potential difference between specific ion-
selective electrodes and a reference electrode, allowing for
the quantification of individual ion concentrations.

Aqueous Humor Analysis

The aspirated aqueous humor samples were also
transported to the biochemistry laboratory. The sodium
and potassium concentrations in the aqueous humor were
analyzed using the same ion-selective electrode technique
utilized for serum electrolyte measurements. This technique
enables the precise quantification of sodium and potassium
ions in aqueous humor samples.

Cataract surgery

Each patient underwent cataract surgery employing a SICS
approach, complemented by posterior chamber intraocular
lens implantation. This surgical procedure was conducted
to address the cataract condition and restore visual acuity.

Statistical analysis

The collected data underwent rigorous statistical analysis.
Descriptive statistics was employed to summarize
demographic and clinical characteristics. The unpaired
Student’s t-test was utilized for comparing serum and
aqueous humor electrolyte concentrations between diabetic
and non-diabetic groups. Ethical considerations included
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ensuring patient confidentiality, obtaining informed
consent, and adhering to ethical guidelines.

Ethical considerations

Before initiating the study, ethical approval was obtained
from the Institutional Ethics Committee of Government
Medical College, Suryapet. Informed written consent was
obtained from each participant, elucidating the study’s
objectives, procedures, and potential risks. Patient privacy
and confidentiality were strictly upheld throughout the
study.

RESULTS

1. Patient demographics: Our study encompassed a total
of 100 cases, equally distributed between individuals
with diabetic cataracts and those with non-diabetic
cataracts. Both groups consisted of individuals aged
40 and above. Within the diabetic cataract group,
there were 17 males and 33 females. In contrast, the
non-diabetic cataract group consisted of 14 males and
36 females (Tables 1 and 2).

2. Age analysis: The average age, accompanied by the
standard deviation, for the diabetic cataract group was
61.76£6.07 years. For the non-diabetic cataract group,
it was 66.52%06.01 years. The age-related difference
between these two groups was not statistically
significant, with a P>0.05 (Table 1).

3. Electrolyte analysis: For the purpose of our study,
the reference ranges were defined as 135-145 meq/L
for setum sodium and 3.5-5.5 meq/L for serum
potassium. In our findings, the diabetic cataract group
exhibited serum sodium levels of 149.2147£2.71
meq/L, notably higher than the 145.04£2.25 meq/L
observed in the non-diabetic cataract group. This
variation was statistically significant, as indicated
by a P<0.001. In contrast, the serum potassium
levels showcased a minor difference: 4.1919£0.5011
meq/L in the diabetic cataract group compared to
4.126410.5124 meq/L in the non-diabetic group. The
statistical test for this difference produced a P<0.05,
suggesting significance, although to a lesser degree
than the sodium levels (Table 3).

4. Aqueous humor electrolyte analysis: for aqueous
humor sodium levels, the diabetic cataract group
exhibited a concentration of 160.6215+3.26 meq/L,

Age No of patients Percentage
41-50 8 0.08
51-60 31 0.31
61-70 34 0.34
71-80 16 0.16
>80 1" 0.11
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Gender No. of patients Percentage
Male 31 0.31
Female 69 0.6966

Serum Diabetic Non-diabetic P-value
electrolytes cataract cataract

Serum sodium 149.2147+2.71 145.04+2.25 P<0.001
Serum potassium  4.1919+0.5011  4.1264+0.5124  P<0.05

while the non-diabetic cataract group showed levels of
157.4816%3.18 meq/L. This vatiation was statistically
significant, with a P<0.001. Similarly, in the case
of aqueous humor potassium levels, the diabetic
cataract group measured 3.931410.4731 meq/L,
whereas the non-diabetic cataract group had levels of
3.586410.4952 meq/L. The observed difference was
statistically significant, with a P<0.001 (Table 4).

DISCUSSION

Cataracts, which cause clouding of the lens, are a leading
source of visual impairment. Diabetes mellitus is known
to increase the risk of developing cataracts. Our study
explored the possible connection between electrolyte
imbalances and cataract formation in diabetic individuals,
aiming to enhance our understanding of this complex
relationship. Our findings support earlier research,
highlighting the influence of both serum and aqueous
humor electrolyte levels on the progression of cataracts
in diabetic patients.

Consistent with prior investigations, we observed that
cataracts tend to develop earlier in diabetic individuals
compared to non-diabetics (Jadav et al.,! Harding
et al.?). Having diabetes for a longer time and poor control
of the condition both raised the risk of developing
cataracts (Kahn et al’). Our study revealed notable gender
differences, with a higher prevalence of diabetic cataract
among females, in accordance with earlier studies (Jadav
et al.,' Harding et al.?).

The aqueous humor plays a vital role in lens nutrition, and
any electrolyte imbalance in serum can potentially influence
the aqueous humor composition, subsequently impacting
lens metabolism. As reported by Adler, disturbances in
aqueous humor electrolyte levels may lead to cataract
formation (Adlet’). We found significant elevations in
serum and aqueous humor sodium levels in diabetic cataract
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Aqueous Diabetic Non-diabetic P-value
humor cataract cataract
electrolytes

Aqueous 160.6215+3.26  157.4816+3.18 P<0.001
humor sodium

Aqueous 3.9314+0.4731  3.5864+0.4952 P<0.001

humor potassium

patients, consistent with previous research linking raised
serum sodium to cationic imbalances and cataractogenesis

(Adler;” Adiga et al.').

Moreover, our study concurred with literature indicating a
relationship between diabetes and altered serum electrolyte
concentrations, particularly sodium and potassium (Liamis
et al.,” Komjati et al.”). Diabetes-related hyperglycemia

can induce serum osmolality changes,'

resulting in water
movement out of cells and a subsequent reduction in serum
sodium levels (Liamis et al.¥). Furthermore, hypernatremia
in diabetes has been attributed to endocrine dysfunction
(Komjati et al.?). We observed higher serum sodium levels
in diabetic cataract patients compared to non-diabetics,
supporting the link between diabetes-associated electrolyte

disturbances and cataract development.

Our investigation also revealed elevated serum potassium
levels in diabetic cataract patients. Hyperkalemia in diabetes
is attributed to the redistribution of potassium from
intracellular'' to extracellular compartments (Palmer'?).
Interestingly, the lens maintains a delicate balance of
high potassium and low sodium concentrations, achieved
through the Na-KK ATPase pump."” Any disruption in
serum electrolyte concentrations may directly affect aqueous
humor electrolyte composition, impacting lens metabolism
(Tasneem et al.").

Our study’s limitations include its cross-sectional design
and potential confounding factors not accounted for in
our analysis. However, our findings, in line with previous
research, highlight the intricate relationship between
diabetes, electrolyte imbalances, and cataractogenesis.
Addressing electrolyte imbalances may offer new avenues
for managing diabetic cataracts, complementing existing
approaches to diabetes care and cataract prevention.

Limitations of the study

This study was confined to a small sample size, potentially
reducing generalizability. The observational design does
not establish causation between electrolyte imbalances
and cataractogenesis. Potential confounding variables,
such as duration of diabetes, dietary intake, or medications
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affecting electrolyte levels, were not controlled or accounted 5. Kinoshita JH, Fukushi S, Kador P and Merola LO. Aldose
reductase in diabetic complications of the eye. Metabolism.

1979;28(4 Suppl 1):462-469.
https://doi.org/10.1016/0026-0495(79)90057-x

for in the analysis.

CONCLUS|0N 6. Pollreisz A and Schmidt-Erfurth U. Diabetic cataract-
pathogenesis, epidemiology and treatment. J Ophthalmol.
2010;2010:608751.

Our study underscores the significant impact of serum and

. https://doi.org/10.1155/2010/608751
aqueous humor electrolyte imbalances on cataract development

7. Adler FH. The “aqueous humour” in Physiology of the eye. In:

in diabetic deldl.MIS' These ﬁndmgs.(:(_)ntrlbute to the Clinical Application. 4™ ed. St. Louis: Mosby and Co.; 1963.
broader understanding of cataractogenesis in the context of p. 96-143.

diabetes and emphasize the potential clinical implications for 8.  Liamis G, Liberopoulos E, Barkas F and Elisaf M. Diabetes
managing cataract progression. Further research is warranted mellitus and electrolyte disorders. World J Clin Cases.

2014;2(10):488-496.
https://doi.org/10.12998/wjcc.v2.i10.488

9. Komijati M, Kastner G, Waldhausl W and Bratusch-Marrain P.
Detrimental effect of hyperosmolality on insulin-stimulated
glucose metabolism in adipose and muscle tissue in vitro.
Biochem Med Metab Biol. 1988;39(3):312-318.

to unravel the precise mechanisms undetlying the interplay
between electrolytes and cataract formation, opening doors
to innovative therapeutic interventions.
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