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Abstract 
To determine the amount of Vitamin C in the lenses of Diabetic and Non- 
Diabetic Patients with Operable Cataract and ascertain association between 
Vitamin C levels and Blood Glucose, Glycated Haemoglobin and Intraocular 
pressure. Thirty Diabetic and Thirty Non-Diabetic Patients cataract surgical 
patients were matched for age and sex and selected for the study. Plasma 
fasting blood glucose and whole blood glycated Haemoglobin levels were de-
termined by glucose oxidase enzymatic assay and immunodetection methods 
respectively. Cataractous lens samples obtained during surgery were weighed 
and homogenized in 10 volumes of phosphate buffer pH 7 and the resulting 
homogenate centrifuged at 18,000 g for 5 minutes at 4˚C, separated and su-
pernatant stored at −80˚C. Vitamin C assay was carried out using commercial 
assay kits. Data was analyzed using SPSS version 23. Age range of participants 
was 55 - 83 years, with a mean of 66.7 ± 1.8 years. Mean Vitamin C levels in 
the Diabetic and Non-Diabetic groups were 49.5 µg/g ± 6.47 and 57.02 µg/g ± 
8.0 respectively. Although the Non-diabetic group had higher levels of Vita-
min C, the difference was not significant. Levels of Vitamin C found in both 
groups are much lower than what has previously been reported in Literature 
for clear lenses. There was negative association between Vitamin C and Glu-
cose, Glycated Haemoglobin and Intraocular Pressure. Vitamin C supple-
mentation may be useful in prolonging incidence of cataract in both aging 
and diabetic Nigerian populations. Larger study involving estimation of Vi-
tamin C in both lens and Plasma samples is desirable. 
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1. Introduction 

Cataract, the clouding or opacity of the crystalline lens is the leading cause of 
blindness globally with attendant profound social and economic burden. It has 
been estimated that cataract accounted for 47.8% of the 37 million people who 
were blind worldwide in 2002 [1]. By 2010, studies indicated that 10.8 million 
people were blind and 35.1 million visually impaired as a result of cataract [2] 
[3]. This number is expected to increase to 40 million in 2025 as the population 
grows and ages with greater life expectancies [4]. In many countries, cataract 
surgery is one of the most commonly performed procedures, with about 8 mil-
lion cataract operations performed annually worldwide and an additional 10 
million people added to a backlogged system due to lack of sufficient and ap-
propriate facilities [5]. In Nigeria, the most recent survey revealed that 1.8% of 
adult Nigerians aged 40 and above had cataract-related blindness [5] while other 
regional survey reports gave values ranging between 2.1% and 4.1% [6] [7] [8]. 
The major predisposing factors for cataract are age and diabetes mellitus. While 
the majority of cataracts are due to the aging process, it is reported that cataract 
occurs at an earlier age and 2 - 5 times more frequently in people with DM than 
their nondiabetic counterparts [9]. It has been estimated that delaying the onset 
of cataract by 10 years would halve its incidence and therefore reduce the need 
for, and cost associated with cataract surgery [10]. 

Oxidative stress is an active player in both age-related and diabetic cataracts. 
This results when cellular antioxidant defense mechanisms are unable to keep 
pace with the detoxification of reactive oxygen intermediates produced, causing 
extensive damage to proteins and leading to irreversible deleterious effects. The 
pathogenesis of diabetic cataract is attributed to the accumulation of sorbitol, 
produced from excess glucose by the enzyme aldose reductase, initiating osmotic 
stress and resulting in fluid accumulation, lens fibre cell swelling and tissue li-
quefaction [11] [12]. Reports also suggest that hyperglycemia results in increased 
polyol pathway activity which generates both osmotic and oxidative stress in the 
diabetic lens. Due to the proven association between lens cataract and oxidative 
damage, antioxidant supplementation has been promoted as a treatment strategy 
to delay the onset of cataract [13] [14] [15]. 

The presence of antioxidant micronutrients in the lens is well reported. Ani-
mal experiments have identified the protective effects of vitamin C, which is 
considered the most prominent water-soluble molecule with antioxidant proper-
ties against cataract [16] [17]. The high concentrations of ascorbate present in 
normal lenses, cornea, and aqueous humor (50-fold higher than what obtains in 
human plasma, [18] [19] suggests that ascorbic acid is of relevant importance to 
the well-being of the eye. Vitamin C is said to account for 75% of the antioxidant 
potential in the aqueous humor and to be one of the agents that protect the lens 
and trabecular meshwork from reactive oxygen species (ROS) [20] [21]. It has 
been suggested that Vitamin C acts as a physiological sunscreen to protect the 
eye from UV induced oxidative damage and to generate Vitamin E and gluta-
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thione to further increase antioxidant capacity. Some studies have indicated that 
vitamin C levels in the lens decrease with advancing age and that this decrease is 
associated with increase in cataract severity [22]. Since the concentration of vi-
tamin C in the lens has been found to be related to vitamin C supplementation 
[23], vitamin C supplementation may help replenish and restore vitamin C levels 
in lenses of the elderly and diabetic populations and hence delay the onset of 
cataract. A recent study also found that dietary vitamin C has a protective effect 
against nuclear lens opacity and delayed its progression [24]. The Blue Moun-
tains Eye Study found that vitamin C intake, through both diet and supplements 
together, resulted in a lower nuclear cataract incidence over 10 years [25]. Pre-
sently, documentation of baseline Vitamin C levels in cataractous lenses of Nige-
rian patients is not available. The peculiarities of specific genetic make-up as well 
as nutritional lifestyle of Nigerians makes it necessary to provide this data. This 
study therefore seeks to measure levels of vitamin C in lenses of diabetic and 
non-diabetic elderly cataract patients and compare with levels previously estab-
lished for people with clear lenses. Levels of vitamin C in the two groups will also 
be compared and associations between vitamin C levels and various ocular pa-
rameters ascertained. This is expected to provide evidence based treatment prac-
tice. 

2. Methods 

This study was conducted at the Ophthalmology unit of the Obafemi Awolowo 
University Teaching Hospital and the Department of Medical Biochemistry, Ob-
afemi Awolowo University, Ile-Ife, Nigeria. Ethical approval was obtained from 
the Ethics Committee of OUATHC. Subjects included consenting cataract sur-
gical patients in the Department of ophthalmology who met the inclusion crite-
ria (Operable cataract, not on antioxidant supplementation, not less than 50 years 
old) for the study. Thirty Type 2 diabetic patients (group A) and 30 non-diabetic 
patients (group B) who were matched for age and sex made up the study sample. 
Consecutive cataract surgical patients making the inclusion criteria were re-
cruited into the study until the sample size was attained. Persons with post uvei-
tic cataract, posttraumatic cataract and those who had been on vitamin C sup-
plement within the past three months were excluded from the study. 

Demographic information and medical history of all participants were rec-
orded in a predesigned proforma. All patients had lens examination and grading 
carried out following dilatation of the pupil using slit lamp bio-microscope (Carl 
zeis). Blood samples were obtained in the morning of the surgery for assessment 
of fasting blood sugar and glycated hemoglobin. The patients subsequently had 
routine small incision cataract surgery and nucleus delivery was achieved fol-
lowing can opener capsulotomy by gentle depression of nucleus to tilt into the 
anterior chamber with the aid of an irrigating Vectis. Cataractous lens samples 
including the nucleus, cortex and remnant of anterior capsule were transported 
to the laboratory in an ice bucket. The lens samples were weighed and homoge-
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nized in 10 volumes of phosphate buffer pH 7.2 consisting of 10 mM sodium 
phosphate 1 mM EDTA and 0.2 mM BHT. The resulting homogenate was cen-
trifuged at 18,000 g for 5 minutes at 4˚C and the supernatant collected into plain 
tubes. This was stored at −80˚C until time of analysis. 

Fasting blood glucose was estimated using the glucose oxidase method while 
HbA1c was measured using an affinity assay kit which is based on the specific 
interaction between glycated Haemoglobin and boronate ion immobilized with-
in an agarose gel. The reaction solution contains agents that lyse erythrocytes 
and bind Haemoglobin specifically as well as a boronate resin that binds cis-diols 
of glycated Haemoglobin. 

Vitamin C assay was carried out using colorimetric assay kits obtained from 
Elabscience Biotechnology Inc. Vitamin C in the lens homogenate converts Fe2+ 
component of the assay kit to Fe3+ which reacts with phenantroline dye and 
produces a pink colour whose intensity is proportional to the amount of Vita-
min C in the sample. 

Data was analysed using SPSS version 23 [26]. Results are presented as mean 
and standard error of mean. P < 0.05 was considered significant. 

3. Results 

A total of 60 patients participated in the study with an age range of 55 - 83 years 
and a mean age of 66.7 ± 1.8 years. In group A (the Diabetic group), the mean 
age was 66.1 ± 1.2 years while that of group B (the Non-Diabetic group) was 67.2 
± 1.4 years (Table 1). There were 16 males and 14 females in the diabetic group 
while the non-diabetic group had 17 males and 13 females. Most patients in the 
diabetic group (90%) were being managed on dietary modification and oral hy-
poglycemic agents while the remaining 10% were on insulin therapy in addition 
to the above. The preoperative visual acuity was in the blindness range for most 
(96.7%) of the respondents. Prevalence of hypertension in the diabetic and non- 
diabetic groups was 64.3% and 17.4% respectively. 

Table 2 & Table 3 show the mean fasting blood sugar and HBA1c and Vita-
min C levels in the two groups. An average lens sample weighed 0.2 g and mean 
protein concentration of diabetic and non-diabetic cataractous lens were 20.27 ± 
2.44 and 16.83 ± mg/g, respectively. Table 4 shows the association between lens  

 
Table 1. Age distribution of participants. 

Age group 
Diabetic Cataract Group 

n (%) 
Non-Diabetic Cataract Group 

n (%) 
Total 
n (%) 

Mean ± SEM 66.1 ± 1.2 67.2 ± 1.4 66.7 ± 1.8 

50 - 59 4 (13.3) 6 (20.0) 10 (16.7) 

60 - 69 17 (56.7) 14 (46.7) 31 (51.7) 

70 - 79 7 (23.3) 7 (23.3) 14 (23.3) 

80+ 2 (6.7) 3 (10.0) 5 (8.3) 

Total 30 (100.0) 30 (100.0) 60 (100.0) 
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Table 2. Mean glucose and glycated haemoglobin levels in diabetic and non-diabetic 
operable cataract patients. 

Group N 
Mean Glucose Level  

(mM/L) ± SEM 
t p-value 

Mean HBA1c  
level (%) ± SEM 

t p-value 

Diabetic 30 6.22 ± 0.28 
4.640 0.001* 

5.51 ± 0.27 
2.95 0.005* 

Non-Diabetic 30 4.67 ± 0.19 4.67 ± 0.09 

*Significant at 0.05% confidence interval. 
 

Table 3. Mean vitamin C levels in diabetic and non-diabetic operable cataract patients. 

Group Observations 
Mean Lens Vitamin C  

levels (µg/g) ± SEM 
T p-value 

Diabetic 30 49.50 ± 6.47 
0.731 0.468 

Non-Diabetic 30 57.02 ± 8.0 

 
Table 4. Correlation showing association/degree of relationship between vitamin C and 
selected parameters. 

 vitamin C ug/g p-value 

Glucose (mM/L) −0.0713 0.589 

HBA1C (%) −0.1787 0.172 

Intra Ocular Pressure(mmHg) −0.1725 0.191 

 
Vitamin C levels, Glucose, Glycated Haemoglobin, Total lens Protein and Intra-
ocular Pressure. 

4. Discussion 

Cataract will remain a serious healthcare and socioeconomic burden, in terms of 
both healthcare provision and blindness in both advanced and developing coun-
tries. Although it is well known that lens contains as much as 50 times the con-
centration of Vitamin C present in plasma, plasma samples were used in most of 
the work carried out on estimations of Vitamin C levels in Cataract Patients, 
making it rather difficult to compare our values with established reference ranges. 
However, we found an old but very reliable study in which Vitamin C Level in 
clear lens samples were estimated. This study came up with values between 260 - 
460 µg/g which is much higher than the values found in this study mean of 47.55 
and 58.99 µg/g for diabetic and non-diabetic cataract patients respectively [27]. 
Other Authors reported that the physiological concentration of Vitamin C in the 
lens is 1 - 2 mM (0.174 - 0.348 g) [28], The fact that there was no significant dif-
ference in the levels of Vitamin C found in the two groups underscores the need 
for supplementation in both elderly and diabetic Nigerian populations. A study 
which analysed antioxidant markers such as catalase, Cu-Zn superoxide dismu-
tase in these two groups found diabetic patients having significantly lower levels 
than their non-diabetic counterparts and proposed that elevated glucose levels 
might be involved in the insufficient production of antioxidant enzymatic activ-
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ity [29]. Canadananovic et al. also reported a decrease in the amount of vitamin 
C in aqueous humour with age, and suggests that this decrease could play a role 
in the susceptibility of the older population to cataract formation [30]. 

The use of low dose Vitamin C supplements has also been reported to reduce 
the risk of age-related Cataract in Sweden Males [31]. 

There was negative association between Vitamin C levels and plasma Glucose 
and HBA1c levels. This suggests that hyperglycemia depletes vitamin C levels 
and is in agreement with previous reports that hyperglycemia impairs the 
pro-oxidation of antioxidant balance, increasing free radical generation and re-
ducing antioxidant levels [32]. 

Negative association was also found between Vitamin C levels and intraocular 
pressure. Oxidative stress has been related to cell death in glaucoma, and al-
though there are differing opinions on the effect of antioxidant therapy in this 
disease, it is desirable to pursue research in this area in view of rising cases of ir-
reversible blindness occasioned by glaucoma across Africa and the rest of the 
globe. 

This study is the first to provide data on Vitamin C levels in lenses of Nigerian 
Cataract Patients. We conclude that Vitamin C supplementation may be of help 
in delaying incidence of cataract and improving quality of life in both aging and 
diabetic Nigerian populations. This is against the backdrop of the general con-
sensus that a well-balanced diet rich in fruit and vegetables which contain high 
levels of Vitamin C may be a more optimal approach towards slowing down the 
progression of age related cataracts. It is desirable to estimate the levels of Vita-
min C in both lens and Plasma samples using a larger sample size and across 
various ethnic groups in order to firmly establish a range of this Vitamin among 
the study groups. 
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