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ABSTRACT 

 

Blood glucose monitoring is a way of testing the 

concentration of glucose in the blood. Tears are 

clear, salty, slightly alkaline and watery 

substance which helps in seeing clearly and 

maintaining the health of the eyes. This study 

was carried out to determine the correlation of 

blood glucose level and tear production among 

young adult women. A total of 108 subjects 

were part of this study. The Accu Chek 

glucometer was used to measure the blood 

glucose level and the Schirmer test strips were 

used to measure the tear production of the 

subjects. Results showed that the mean FBG 

level was 98.86±12.21; the mean RBG was 

114±39.39, and the mean tear production was 

18.37±11.63. SPSS version 23 data analysis 

using the Pearson Product Moment Correlation 

Coefficient at 0.05 level of significance and 

95% confidence interval revealed that there 

were no significant correlations of both fasting 

and random blood glucose levels (P˃0.05) with 

tear production among young adult women. It 

was therefore concluded from the study that 

there was no correlation between blood glucose 

level and tear production among adult women. 

Further research in a wider geographical area 

was recommended. 
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INTRODUCTION 

Tear secretion is a complex process with the 

involvement of the main and accessory 

lacrimal glands, corneal and conjunctival 

epithelial cells, and the meibomian glands. 

[1] Corneal sensory nerves stimulate the 

lacrimal gland by a trigeminal-

parasympathetic reflex. The lacrimal gland 

secretes a complex aqueous milieu rich in 

antibodies, cytotoxic agents and growth 

factors onto the ocular surface to protect the 

cornea from desiccation, infection and 

vascularization while promoting wound 

healing and transparency. [2] The bulk of the 

tear volume and flow is via secretion from 

the lacrimal gland with a smaller portion 

secreted by the conjunctiva. The lacrimal 

gland is the main source of fluid, 

electrolytes and proteins in tear fluid. Tears 

lubricate the eye and help keep it clear of 

dust, prevent infection, provide nourishment 

and keep the cornea healthy, and provides 

clear vision. [3] Tears contain water, mucin, 

lipids, lysozyme, lactoferrin, lipocalin, 

lacritin, immunoglobulins, glucose, urea, 

sodium, and potassium. [3] Similar to other 

exocrine tubuloacinar glands, the lacrimal 

gland is mainly composed of three types of 

cells: acinar, duct and myoepithelial cells 

out of which 80% is made of acinar cells 

and are the site for synthesis, storage and 

secretion of proteins. Generally, in case of 

tubuloacinar glands, the contribution of 

acinar and duct cells to the final glandular 

product varies on a wide scale. Although the 

morphology can possess considerable 

similarities among various glands, the 

functional role of acinar and duct cells 

differs greatly. [4]  

Poor glycemic control affects both the 

anterior and the posterior segments of the 
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eye. [5] Keratoconjunctivitis sicca, more 

commonly referred to as dry eye syndrome 

(DES), is a frequently encountered 

condition and hyperglycemia has been 

identified as one of the leading causes of 

DES. [6] The reported prevalence of Dry Eye 

Syndrome in diabetics is 15–33% in those 

over 65 years of age and increases with age 

and is 50% more common in women than in 

men. The incidence of dry eye is correlated 

with the level of glycated hemoglobin: the 

higher the level of glycated hemoglobin, the 

higher the incidence of dry eye. [6] Lacrimal 

function unit (LFU) which is composed of 

“the cornea, conjunctiva, lacrimal gland, 

meibomian gland, lids, and the sensory and 

motor nerves that connect them” plays a 

regulatory role in tear secretion and tear 

film formation and maintains the normal 

physiology of the ocular surface. Damage to 

any component of LFU leads to tear-

deficiency or evaporative DES. Tear 

hyperosmolarity and tear film instability 

caused by Lacrimal Function Unit and 

ocular surface dysfunction are the key 

factors in DES. [7] Effects of hyperglycemia 

on any component of the LFU may be 

transferred to the entire system via neural 

connections, leading to insufficient tear 

production or excess tear loss, abnormalities 

in blinking, and changes in tear film 

composition. All these cause Dry Eye 

Syndrome. Hyperglycemic patients with dry 

eye may have the same symptoms as DES 

without hyperglycemia. Tear 

hyperosmolarity and tear film instability 

caused by Lacrimal Function Unit and 

ocular surface dysfunction are the key 

factors in DES. [8] Dry eye syndrome is 

noted in patients with damaged main 

lacrimal gland. They are typically severe in 

patients whose glycemic control is poor.  

Androgens and oestrogens which are female 

sex hormones, regulate the lacrimal and 

meibomian glands. It has been theorized 

that androgen levels play an important role 

in dry eye by regulating secretory functions 

of lacrimal glands. [9] Lack of androgens is 

responsible for reversible degenerative 

changes of the lacrimal gland, decreased 

volume of the tears and decreased level of 

proteins in tears. [10] Adequate insulin level 

is important for lacrimal gland and ocular 

surface stability and function, because it is 

necessary for acinar cell and cornea 

epithelial cell proliferation. The objective of 

this study is to investigate the correlation 

between blood glucose levels and tear 

production among young adult women.  

 

MATERIALS AND METHODS 

This study was a clinical study carried out at 

the Department of Optometry Teaching 

Clinic, Federal University of Technology, 

Owerri, Imo state, Nigeria. An informed 

consent was gotten from all the subjects 

who were part of the study. Ethical approval 

for the study was obtained from the Ethics 

Committee, School of Health Technology, 

Federal University of Technology Owerri, 

Imo State, Nigeria. Data was obtained 

through the measurement of tear production 

using the Schirmer test strips and 

measurement of blood glucose level was 

using the Accu Chek glucometer.  

 

Statistical Methods 

The data obtained from the study was 

uploaded into the Statistical Package for 

Social Sciences (SPSS) version 23 software. 

The Pearson Product Moment Correlation 

Coefficient was used to test the correlation 

of tear production and blood glucose levels 

at 0.05 level of significance and 95% 

confidence interval. 

 

RESULTS 

A total of 108 young adult women ranging 

from the age of 18 to 38 with a mean age of 

26.91±5.64 were used for this study. Table 1 

showed the frequency distribution of the age 

of the subjects. Subjects within the age 

group of 18 – 23 years were 24 with a 

percentage frequency of 22.22%. Subjects 

within the age group of 24 – 28 years were 

54 with the highest percentage frequency of 

50.00%. Subjects within the age group of 29 

- 23 years were 6 with the lowest percentage 

frequency of 5.56% and subjects within the 

age group of 34 – 38 were 24 with a 
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percentage frequency of 22.22%. Table 2 

showed the fasting blood glucose 

distribution of subjects. The 81 – 90 blood 

glucose range were 4 with a mean value of 

84. The 91 – 100 blood glucose range were 

6 with a mean value of 94. The 111 – 120 

range were 4 with a mean value of 114. 

Table 3 showed the random blood glucose 

distribution of subjects. The 81 – 140 blood 

glucose range were 86 with a mean value of 

104.40. The 141 – 200 blood glucose range 

were 4 with a mean value of 168. The 201 – 

260 were 2 with a mean value of 223 and 

the 261 – 320 range were 2 with a mean 

value of 331. Table 4 showed the tear 

production distribution of subjects. The 1 – 

7 tear production range were 22 with a mean 

value of 3.82. The 8 – 14 tear production 

range were 28 with a mean value of 10.57. 

The 15 – 21 tear production range were 14 

with a mean value of 17.71. The 22 – 28 

tear production range were 14 with a mean 

value of 24.14. The 29 – 35 tear production 

range were 30 with a mean value of 33.93. 

Table 5 showed the descriptive statistics 

values for blood glucose and tear production 

values of subjects. For the subjects FBG 

values, the subjects were 14 in number with 

a minimum value of 83, maximum value of 

117 showing a range of 34. The mean and 

standard deviation were 96.86 and 12.21 

respectively. The subjects with RBG values 

were 94 in number, a maximum value of 

311, minimum value of 78 showing a range 

of 233. The mean and standard deviation 

were 114 and 39.39 respectively. For the 

tear production, 108 subjects were 

measured, the minimum value was 1, 

maximum value was 35, showing a range of 

34. The mean and standard deviation were 

18.37 and 11.63 respectively. Table 6 

showed the SPSS version 23 data analysis 

using the Pearson Product Moment 

Correlation Coefficient at 0.05 level of 

significance and 95% confidence interval. 

The correlation of FBG and tear production 

showed a P value of 0.404 and a Pearson 

Correlation of -0.242. The correlation of 

RBG and tear production showed a P value 

0.708 and a Pearson Correlation of -0.039. 

In both cases, there was no correlation of 

blood glucose and tear production (P > 

0.05).  

 
Table 1: Age distribution of subjects 

Age (Years) n % 

18-23 24 22.22 

24-28 54 50.00 

29-33 6 5.56 

34-38 24 22.22 

Total 108 100 

 
Table 2: Fasting Blood Glucose (FBG) distribution of subjects 

 

 

 

 

 

 
Table 3: Random blood glucose (RBG) distribution of subjects 

RBG (mg/dl) n Mean value 

81-140 86 104.40 

141-200 4 168.00 

201-260 2 223.00 

261-320 2 331.00 

Total 94  

 
Table 4: Tear production distribution of subjects 

Tear Production(mm) n Mean value 

1-7 22 3.82 

8-14 28 10.57 

15-21 14 17.71 

22-28 14 24.14 

29-35 30 33.93 

Total 108  

 
Table 5: Descriptive statistics of blood glucose and tear 

production values 

Variable n Range Min Max Mean S.D 

FBG 14 34 83 117 96.86 12.21 

RBG 94 233 78 311 114.00 39.39 

Tear Prod 108 34 1 35 18.37 11.63 

FBG = Fasting Blood Glucose, RBG = Random 

Blood Glucose, n = number, Min = Minimum, Max = 

Maximum, S.D. = Standard Deviation 

 
Table 6: SPSS data analysis result showing P values for testing 

of correlation between Blood Glucose levels and Tear 

Production 

Variables Pearson Correlation P-value 

FBG – Tear Production -0.242 0.404 

RBG – Tear Production -0.039 0.708 

 

DISCUSSION 

This study showed that there was no 

correlation between blood glucose levels 

and tear production among young adult 

women between the ages of 18 and 38 in 

Owerri West, Imo State, Nigeria. Waris et 

al. [11] found an association between diabetic 

duration and dry eye. Naik, et al. [12] 

FBG (mg/dl) n Mean value 

81-90 4 84 

91-100 6 94 

101-110 0 0 

111-120 4 114 

Total 14  
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observed from their study that the incidence 

of dry eyes was higher in patients who had 

uncontrolled diabetes and in patients who 

has had diabetes for a longer period. The 

difference in their findings from our study 

could be due to the fact that most of the 

subjects in our study had normal blood 

glucose levels. A study by Onoriode [13] 

showed that dry eye disease was also 

common among diabetics with longer 

duration of disease and elevated fasting 

blood sugar though this was not statistically 

significant (P = 0.123) and (P = 0.332) 

respectively. It was therefore concluded that 

dry eye disease occurred in patients with 

diabetes mellitus with an increase in 

frequency as they get older. The tear film 

irregularity associated with extended 

duration of diabetes was caused by the 

retinopathy. Thus, the damage to the 

microvasculature and denervation of the 

lacrimal gland contributed to impaired 

lacrimation in diabetes mellitus. In a similar 

study[14], it was observed that oestrogen and 

progesterone suppressed sebaceous function 

and thus, reduced lipid production. 

Therefore, a hormonal change, commonly 

seen among menopausal women relates to 

reduced level of androgens produced by the 

ovaries, causing dry eye. Thus, hormones 

have been implicated in the seemingly 

increasing incidence of dry eyes in females 

compared with their male counterparts.  

Our study was supported by the findings of 

Ihesuilor et al. [15] who found that gender 

significantly influence tear production after 

the administration of bromfenac. According 

to Sharma, et al. [16], this could be as a result 

of a decrease in androgen levels in women 

taking oral contraceptives. It was concluded 

from the study that the use of oral 

contraceptives is an important etiological 

factor in pathogenesis of dry eye disease in 

women of reproductive age. Reduced tear 

production is associated with lactation, 

pregnancy, post menopause, oral 

contraceptive and supplemental oestrogens. 

Post-menopausal women and lactating 

women have decreased level of oestrogens. 

Women taking oral contraceptives and 

women who are pregnant have increased 

levels. The common feature of this group is 

the low bioavailability of androgens. Also, 

the findings were in line with Zeng et al. [17] 

whose study on Schirmer I test, corneal 

sensitivity, and SPEED score negatively 

correlated with diabetic duration. The 

decreased corneal sensitivity was caused by 

the compromised innervation of the cornea 

in patients with Diabetes Mellitus. Tear film 

dysfunction, characterized by impairment in 

tear quantity and quality, occurs in 

association with abnormal corneal 

innervation due to the intimate, functional 

relationship between the cornea and the 

preocular tear film. 

In another study [18] that aimed to 

investigate whether diabetes mellitus was 

correlated with reduced tear production, it 

was observed that diabetic patients 

demonstrated a significantly reduced 

Schirmer test result (P <001). This therefore 

supports previous reports of reduced basal 

tear production, lending more support to the 

theory of a peripheral neuropathy affecting 

lacrimal gland function in diabetes. 

 

CONCLUSION 

In conclusion, this study revealed that there 

was a no significant correlation between tear 

production and blood glucose level among 

young adult women. It was recommended 

that further research be carried out in a 

larger geographical area. 
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