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INTRODUCTION

Dehydrating function of the endothelium of cornea of the human eye is the main determinant of the thickness of the 
cornea [1]. Thickness of cornea can be measured secondarily by pachymetry [2]. The normal central corneal thick-
ness (CCT) which is measured using optical or ultrasound methods is about 510-520 microns [3]. It is normally seen 
in clinical practice that corneas which are thicker are linked with greater Intraocular pressures (IOPs) [4-6] because 
of rise in resistance to indentation and vice versa in thin corneas. CCT is documented to play a significant role in sur-
geries of refraction [7,8]. Central corneal thickness (CCT) was supposed to be a persistent when Goldmann planned 
and designed his applanation tonometer. Awareness of the CCT is of significance in valuation of Intraocular pres-
sures (IOPs) Though CCT was anticipated to remain constant but consequently great variations were found in it [9], 
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Therefore giving importance to this, we analyzed the association of CCT with ocular, demographic data and serum 
electrolytes.

Arterial hypertension is one of the common ailments. Middle aged and elderly persons have a strong tendency towards 
a rise in Blood pressure (BP) which often becomes sharper with age [10]. Hypertension leads to systemic mortality 
and morbidity than normotensives. Stroke, congestive cardiac failure, and peripheral arterial disease are likely to be 
common in hypertensive than normotensives. Arterial hypertension plays a significant role in the progress of hyper-
tensive fundus changes which constitutes a key part of the pattern of malignant arterial hypertension [11].

The pressure build up inside the eye ball is the Intraocular pressure (IOP) which is due to equilibrium amongst pro-
duction of aqueous humor and its drainage. It ranges from 11-21 mmHg with no absolute value [3]. It fluctuates with 
aging, central corneal thickness, blood pressure myopic refractive error, diabetes and vascular disease [12]. IOP shows 
24-hour variation tending to be higher in morning and lower in evening. It shows diurnal variation of 5 mmHg [10]. 
Hyperopic eyes show a larger diurnal variation as compared to myopic eyes [13]. As measurement of IOP is directly 
related with flattening of cornea so, CCT is the vital determining factor of IOP and generally it is 490-560 µm thick 
centrally [14].

Higher blood pressure is the main independent determinant of higher IOP [15]. Increased salt intake is associated 
with hypertension due to increased serum sodium concentration and also increased sodium intake causes resistance to 
antihypertensive treatment [16,17]. Hypertension is associated with hypokalemia while low serum chloride is associ-
ated with higher mortality in hypertensive population [18,19]. So all these parameters suggest important correlation of 
serum electrolytes with hypertension and thus also correlate well with intraocular pressure.

Though correlation amongst aging and CCT had been explored but it is found to show contradictory results. Results 
of various researches conducted on Caucasians and black population have proposed that CCT is free of the influence 
of age. However it was found that CCT falls with age in Asian people [20-23]. Additionally, the eye study conducted 
in Beijing did not discover age to be meaningfully linked with CCT [24]. It was found CCT is a predictive aspect for 
glaucomatous advancement in patients of ocular hypertension by the study of ocular hypertension treatment and it was 
further found to be a great eventual effort [25]. It was concluded by the authors that persons with reduced CCT shows 
a greater progression to glaucoma. Moreover, CCT has been stated to show influence of various aspects such as age, 
gender, ethnicity, and various tonometry measurements. All of them have inspiration on the IOP [26,27].

According to literature, there exists a strong correlation between IOP, age, pressure of blood, and central corneal thick-
ness [28]. However few studies reported that IOP increases with increased systolic blood pressure and with younger 
age [29]. While according to another study, IOP decreases with age [30]. It was also reported in a study that there is no 
noteworthy correlation of CCT with IOP, age, gender, and hypertension [31]. While another study proves that there is 
no significant association of IOP with age and index of body mass [32].

As IOP and CCT are determined in Pakistani population in previous studies but their important correlation with vari-
ables like age, gender, blood pressure, and serum electrolytes are not yet determined. There is no study done in local 
and international population in which correlation was done between CCT and serum electrolytes in hypertensive and 
non-hypertensive.

Therefore we conducted this study to measure and correlate all these factors in both hypertensive and non-hyper-
tensive population and to generate new data for our population directly affecting the diagnosis and management of 
patients with glaucoma [33-35]. 

MATERIALS AND METHODS

We conducted this cross-sectional comparative study in ophthalmology OPD of Mayo Hospital, in collaboration of 
Physiology Department of KEMU, Lahore. Total 108 subjects were included in our research with the age ranges from 
45 to 65 years. Out of 108 subjects, 54 were normotensive and 54 were hypertensive. Comprehensive ophthalmic 
assessment was done after taking written informed consent. Finest adjusted visual acuity was achieved followed by 
slit lamp examination to exclude anterior segment pathologies, pathologies of cornea, and different infections. Blood 
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pressure was measured in sitting position of the same person in all cases by means of same mercuric sphygmomanom-
eter and an average of three readings was taken. CCT was measured with ultrasound pachymeter. Tropical propara-
caine 0.5% was used to sedate the cornea and the subject was asked to look in primary gaze position. We then placed 
the pachymeter probe on the center of the cornea. We tool 5 measurements from both eyes and then average was used 
for further evaluation. Blood sample was taken to determine serum electrolytes concentration. It was taken by means 
of a 5 cc sterile syringe under aseptic conditions from prominent arm veins and sent in a vial to main clinical labora-
tory of Mayo Hospital Lahore for estimation of electrolytes.

Data was entered and evaluated using IBM SPSS 17. Quantitative variables were presented as mean ± SD. Pearson 
correlation was used to find correlation of normally distributed variables p-value ≤ 0.05 was considered to be statisti-
cally significant.

RESULTS

Mean age of people with hypertension was 56.37 ± 6.71 and without hypertension were 52.35 ± 5.92 years. CCT in 
right and left eye was lower in hypertensive as compared to normotensives though not statistically significant. Serum 
sodium was significantly higher in hypertensive than normotensive patients (p=0.019). Serum potassium was signifi-
cantly lower in hypertensive and normotensive patients (p<0.001). Serum chloride was lower in hypertensive than 
normotensive, but not significant (p=0.05) (Table 1).

Among hypertensive patients no statistically significant correlation was seen between CCT and age in right and left 
eye. Among non-hypertensive individuals weak negative correlation was seen between CCT and age in right and left 
eye. i.e. (R): r (HTN)=0.025, p-value=0.857 and (L): r (HTN)=0.087, p-value=0.533. (R): r (N-HTN)=-0.303, p-
value=0.026 and (L): r (N-HTN)=-0.267, p-value=0.051 (Figure 1).

Correlation between Sodium (Na) and CCT in right and left eye was weak in hypertensive patients. Among non-
hypertensive patients correlation between Sodium (Na) and CCT was very weak in right and left eye. i.e. (R): r 
(HTN)=-0.193, p-value=0.163, r (N-HTN)=-0.169, p-value=0.221 and (L): r (HTN)=-0.196, p-value=0.156, r (N-
HTN)=-0.182, p-value=0.187 (Figure 2). 

Among hypertensive patients in right eye potassium and CCT was weakly but significantly correlated with each other 
but in left eye correlation between K and CCT was weak but not statistically significant. Among non-hypertensive 
patients correlation between K and CCT was very weak in right and left side eye. i.e. (R): r (HTN)=0.204, p-val-
ue=0.140, r (N-HTN)=-0.137, p-value=0.324. (L): r (HTN)=0.280, p-value=0.041, r (N-HTN)= -0.179, p-value=0.196 
(Figure 3). 

In right and left eye among hypertensive and non-hypertensive individuals no statistically significant correlation was 
seen between Cl- and CCT. i.e. (R): r (HTN)=0.068, p-value= 0.623, r (N-HTN)=-0.015, p-value=0.915 and (L):r 
(HTN)=0.149, p-value=0.283, r (N-HTN)=-0.082, p-value=0.556 (Figure 4). 

Table 1 Comparison of all parameters in hypertensive and non-hypertensive patients

Parameters Hypertensive Non-hypertensive p-value

Age (n=54) 56.37 ± 6.71 52.35 ± 5.92  0.000

CCT (right eye) 525.90 ± 30.16 529.57 ± 42.51 0.606

CCT (left eye) 526.42 ± 28.84 533.38 ± 37.93 0.285

Na+ 140.07 ± 3.26 138.66 ± 2.88 0.019

K+ 3.44 ± 0.32 3.80 ± 0.23 0.000

Cl- 102.64 ± 3.15 103.70 ± 2.31 0.050
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Figure 1 Correlation of CCT with age in hypertensive and normotensive 

  

Figure 2 Correlation between CCT and Na in hypertensive and non-hypertensive

Figure 3 Correlation between CCT and K in hypertensive and non-hypertensive
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Figure 4 Correlation between Cl- and CCT in hypertensive and non-hypertensive

DISCUSSION

Intra ocular pressure is documented to be key reason that has noteworthy influence in the analysis and follow up of 
glaucoma. Diagnosis of glaucoma clinically relies heavily on the central corneal thickness. A number of evidence 
proposes that CCT has a strong influence on IOP and it also helps to forecast the risk of neuropathy of glaucoma. Our 
study showed significant decrease in CCT in hypertensive patients. 

We could not find any noteworthy correlation of CCT with age in hypertensive patients however CCT was found to 
be inversely related to age in normotensive subjects. A number of studies have shown inverse relationship of age with 
CCT. European Glaucoma Prevention study group found significant negative correlation amongst age and CCT [36]. 
Likewise Brandt, et al. and Hahn, et al. also established a statistically significant inverse relationship between age and 
CCT [37,38]. Various researches stated CCT and age as opposing. Surprisingly certain studies witnessed no notewor-
thy linkage amongst those aspects [39].

In our study serum sodium was significantly raised while K+ and Cl- were significantly decreased in hypertensive pa-
tients. According to Nigerian study both serum and urinary Na+ and Cl- were elevated in hypertensive patients while 
K+ was lowered significantly [40]. An Indian study also demonstrated high serum Na+ and low K+ and Cl- in essential 
hypertension [41]. This might make ground for compromised vascular task and can turn to be a vital feature in the 
disease process and pathogenesis of HTN in this population of sub-urban locality. Many of the patients included in 
the study were poor, particularly patients with older age with lower potassium use, and so turn out to be vulnerable to 
hypokalemia and a small number of patients whose socioeconomic status is high the use is more of sodium and thus 
waste potassium. Management of various electrolytes is controlled by a range of stuffs like catecholamine, prostaglan-
dins, aldosterone and angiotensin II. It is found that aldosterone is the chief factor balance of potassium [42]. The point 
that serum K+ was considerably lesser in hypertensive patients proposes that the patients are suffering from primary 
aldosteronism as K+ and Cl- are controlled by the system of renin angiotensin aldosterone [43].

However weak correlation was found between these electrolytes and CCT. In literature no study has investigated the 
correlation between serum electrolytes CCT and IOP in hypertensive and normotensive. This is the first study of its 
kind in which this relation has been investigated. We conducted this study to measure and correlate all these factors in 
both hypertensive and non-hypertensive population and to generate new data for our population directly affecting the 
diagnosis and management of patients with glaucoma.

CONCLUSION

We concluded that mean CCT was significantly lower in hypertensive subjects. CCT and age showed weak and posi-
tive correlation in hypertensive while weak and negative correlation in non-hypertensive subjects. Serum electrolytes 
and CCT showed no significant correlation. There was no conflict of interest in our study. Large sample size study will 
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help to generate further better results so that monitoring and screening of IOP and CCT along with electrolytes may 
be planned well in advance to improve the quality of life.
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