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Cataract in type-2 diabetes (T2D) patients is a secondary 
complication and one of the leading causes of vision 
loss next to diabetic retinopathy. Various factors such 
as age, gender, diabetes duration, HbA1c, BMI and gene-
tics contribute towards cataractogenesis. The genetic 
predisposition of patients with T2D to develop cataract 
remains unanswered. It is important to examine the 
underlying genetic etiology of cataract in T2D through 
large-scale genetic studies. Since there have been only 
a handful of genome-wide association studies (GWAS) 
on T2D-influenced cataract, multiple studies from vari-
ous ethnicities are warranted to substantiate if T2D 
truly influences the development of cataract. This study 
provides an overview of possible mechanisms and factors 
that trigger the development of cataract in T2D patients, 
relevant GWAS and the role of genes associated with 
T2D-associated cataract. 
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TYPE-2 diabetes (T2D) is a polygenic disease increasing at 
an alarming rate worldwide. The primary risk factors for 
diabetes are age, ethnicity, lifestyle (physical inactivity and 
unhealthy diet) and genetics1. Previously, multiple genes 
have been reported to increase the susceptibility to diabetes2. 
Hyperglycaemia is a consequence of impaired insulin pro-
duction and secretion by pancreatic β-cells progressing to 
insulin resistance in patients with T2D3. According to the 
International Diabetes Federation (IDF), there are about 
590 million people with T2D, with more than 73 million pa-
tients in India and by 2045, it is projected to increase by 
783 million worldwide4. Blindness due to diabetes is the 
most common cause of vision loss in developing and deve-
loped countries. Retinopathy, glaucoma and cataract can 
induce blindness in patients with diabetes5. 
 Cataract is a progressive disease commonly occurring 
in the elderly population, causing opacification of crystalline 
lens and thereby leading to visual impairment, imposing a 

huge burden on the healthcare systems6. Cataract affects 
approximately 94 million people around the world, according 
to a report by the World Health Organization. Cataract is 
also responsible for 66.2% of blindness in India7. 
 There are three types of age-related cataract based on 
where and how they develop. Nuclear cataract involves 
the central region of the lens and is the most common type 
of cataract. Cortical cataracts are developed due to opacifica-
tion of the lens in the outer layer8. Posterior cataracts develop 
at the posterior part of the lens and are the most common 
in diabetic patients9. Based on age, cataract is classified as 
congenital and age-related. Congenital cataract develops at 
an earlier stage of birth, whereas age-related cataract deve-
lops much later due to various reasons such as smoking, 
hypertension, prolonged use of steroids and prolonged dia-
betes10. 
 Diabetic cataract is a polygenic disorder contributed due to 
a complex interplay of genetic and environmental factors11. 
Diabetic cataract is a secondary complication of T2D, 
leading to visual impairment12. It is important to note that 
T2D only increases the risk and is not solely responsible 
for the development of cataract6. The Blue Mountains Eye 
Study13, Wisconsin Epidemiologic Study of Diabetic Reti-
nopathy14, and Beaver Dam Eye Study15 are some notable 
epidemiological surveys that have examined the incidence 
of cataract in T2D patients16. 
 Proposing a polygenic risk score (PRS) through genome-
wide association studies (GWAS) would help in identifying 
individuals who are likely to develop cataract in the future. 
Though there have been multiple GWAS on T2D so far, 
only a handful have been conducted to explore the shared 
genetic basis of diabetes and cataract. In this study, we 
discuss various factors that trigger cataractogenesis in pa-
tients with T2D, the mechanism of cataract formation and 
relevant GWAS from the past. 

Pathogenesis of type-2 diabetes-driven cataract 

Lens, an avascular organ, receives nutrients and oxygen from 
the aqueous humour, vitreous humour and endothelial blood 
vessels from the iris17. In the human lens, glucose uptake is 
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insulin-independent but strongly depends on the anaerobic 
metabolism of glucose through glycolysis and pentose–
phosphate pathway. The pathogenesis of diabetic cataract 
primarily depends on hyperglycaemia-associated changes 
in lens metabolism leading to cataract formation18,19. 
 Aldose reductase (AR) plays a key role, wherein glucose 
is reduced to sorbitol in a nicotinamide adenine dinucleo-
tide hydrogen (NADH)-dependent reaction catalysed by 
AR6. Nicotinamide adenine dinucleotide (NAD)-dependent 
oxidation of sorbitol to fructose is catalysed by the enzyme 
sorbitol dehydrogenase (SD) (Figure 1). The rate of sorbitol 
accumulation is higher compared to the rate of fructose 
conversion. Osmotic changes caused by the prolonged accu-
mulation of sorbitol and a decrease in intracellular NAD+/ 
NADH lead to lens fibre degeneration and, thereby, to 
cataract formation20. 
 Hyperosmosis caused by sorbitol accumulation increases 
the infusion of fluid to countervail the osmotic gradient. 
The polyols accumulated by the fluid infusion lead to liq-
uefaction and swelling of lens fibres, ultimately triggering 
opacification of the lens. Furthermore, sorbitol accumula-
tion can induce stress on the endoplasmic reticulum (ER), 
the primary site of protein synthesis and trigger apoptosis 
of lens epithelial cells (LECs). ER stress can induce the gene-
ration of free radicals by increasing the oxidative stress 
and impair the antioxidant capacity due to increased free 
radical accumulation and build-up of reactive oxygen spe-
cies (ROS). In addition, prolonged hyperglycaemia may 
induce the formation of advanced glycation end-products 
(AGE) in the non-enzymatic pathways18,21. 

Animal studies related to diabetic cataract  
formation 

Kador et al.22 studied the formation of cataract in diabetic 
rats. They found accelerated cataract formation in diabetic 
rats in the presence of sorbitol dehydrogenase inhibitors, 
suggesting the potential role of sorbitol dehydrogenase 
(SD). By inhibiting the AR enzyme, sorbitol accumulation in 
the lens can be inhibited, thereby reducing cataract formation 
and inhibiting polyol formation. This was reported in rodents 
by Kinoshita et al.23, Kador24 and Lee et al.25 developed a 
homozygous AR transgene with SD-deficient mice. Diabetes 
was induced in these mice using streptozotocin. Lenticular 
sorbitol levels were high, and there was increased cataract 
formation. Kikuchi et al.26 studied the effect of T2D-asso-
ciated cataract in spontaneously diabetic Torrii fatty rats.  
They observed higher levels of glucose, sorbitol and fructose 
in lens tissues compared to the control Sprague–Dawley rats. 
In 2023, Ranaei Pimardan et al.27 described the role of 
 

 
 
Figure 1. Glucose conversion into fructose through oxidation and re-
duction. 

immune cells in the transformation and death of LECs in 
diabetic cataract formation. They suggested that diabetes 
promotes epithelial–mesenchymal transformation in the 
LECs, leading to immune cell trafficking. Immune cell traf-
ficking occurs through two routes. The first route is through 
the ciliary body. The macrophages get firmly attached to the 
ciliary body and transmigrate to the lens capsule through 
the epithelial bilayer, where they get firmly attached. The 
second route is where macrophages migrate through the vit-
reous body to reach the posterior part of the lens. The im-
mune cell migration and invasion of the lens capsule are 
the underlying causes of diabetic cataract. AGE can occur 
in lens fibres and epithelial cells, thereby modifying the β- 
and γ-crystallins in the lens; this was recorded in diabetic 
mice by Nakayama et al.28, whereas Franke et al.29 suggested 
AGE inhibitors were ineffective in preventing cataracto-
genesis in diabetic mice. Though there have been multiple 
studies on animal models and human subjects, the role of 
non-enzymatic glycation and glycoxidation of AGE in the 
pathogenesis of cataract remains debatable. 

Factors influencing cataractogenesis in patients  
with type-2 diabetes 

The prevalence of senile or age-related cataract is 2–5 times 
higher in those with diabetes compared to those without 
it6. Figure 2 shows various factors contributing to T2D-
associated driven cataract reported from various studies. 
 Srinivasan et al.30 conducted a four-year follow-up 
study on a South Indian population to examine the incidence 
and progression of cataract in T2D patients. This study 
suggested that diabetes could have a greater influence on 
the development of posterior sub-capsular cataract compared 
to ageing. Kaliyaperumal et al.31 reported the influence of 
serum magnesium as a pathogenic factor of diabetic cataract. 
Olafsdottir et al.32 worked on the prevalence of cataract in 
T2D patients among the Swedish population. They found 
that age and diabetes duration were significant determinants 
of cataract in T2D patients. Also, there was a higher inci-
dence of cataract among women with T2D. 
 In 2010, Raman et al.33 reported the prevalence of cataract 
among T2D patients. In this study, there were 614 T2D 
subjects with cataract and 669 with only T2D; they were 
 

 
 

Figure 2. Various factors influencing diabetic cataract. 
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Table 1. Genes implicated in the pathogenesis of diabetic cataract 

Susceptible loci     Authors           Population 
 

Reported putative causality of MIR4453HG and KCNK17 genes Zhang et al.44 East Asian 
Reported the association of rs2283290 in the CACNAIC Chang et al.6 Scottish diabetic cohort 
Reported variants from PPARD, CCDC102A, GBA3, NEDD9, GABRR1/2,  
 RPS6KA2, tcag7.1163, TAC1, GALNTL1 and KIAA1671 

Lin et al.12 Han-Chinese 

rs11129182–RARB, rs17047573–TAFA1, rs17047586–TAFA1, rs11129182,  
 located on chromosome 3p14.2 

Lin et al.45 Han-Chinese 

 
 
recruited from rural areas of Kanchipuram and Thiruvallur, 
Tamil Nadu, India, as a part of the SN-DREAMS project. 
The researchers found that nearly 65.7% of T2D patients 
had cataract, and a high prevalence of cataract (64.5%) 
was found in patients with a longer duration of diabetes 
(>10 years). The other covariates contributing were age, dia-
betic duration, glycosylated haemoglobin, macroalbuminuria, 
poor glycaemic control and high triglycerides34. 
 Drinkwater et al.35 performed a systematic review to 
characterize the risk factors for T2D-associated cataract. 
This review compared all the epidemiological studies carried 
out in relation to diabetic cataract. A complete assessment 
of risk factors from randomized control trials and observa-
tional studies was done. From their analysis, age and glycae-
mic control (FBS and HbA1c) were found to be the risk 
factors for cataract in T2D patients. A positive association 
with BMI, smoking and gender was observed in T2D-
associated cataract36. Three observational studies reported 
the association of diabetes duration with T2D-associated 
cataract30,36,37. Overall age, diabetes duration, poor glycaemic 
control, smoking and BMI play a pivotal role in influenc-
ing cataract in T2D patients. The influence of genetic factors 
in T2D patients with cataract is discussed below. 

The advent of genome-wide association studies 

Most of the previous studies carried out on diabetic cataract 
have primarily focused on the epidemiology, biochemistry 
and animal models, thus creating a huge lacuna on the 
shared genetic basis of T2D and cataract. Exploring their 
genetics will unravel the genetic determinants that pre-
dispose T2D patients to develop cataract. Identifying the 
genetic contributors to diabetic cataract can aid the genera-
tion of therapeutic and supplementary treatments. Since 
cataracts are treated only by surgery, a preventive inter-
vention regimen would ease the disease burden6,38. 
 GWAS is a powerful tool for studying genome-wide 
genetic variants in a population to understand the geno-
type–phenotype correlation39. It has the potential to identify 
the combined effect of common variants in a common dis-
ease and also identify rare variants40. Prediction of future 
risk for developing the disease is done by PRS41. 
 PRS is a single-value estimate of the risk of developing 
a particular disease or a trait. An individual’s genetic liability 
for developing a particular disease phenotype is estimated 
by the summation of their genotyped variants and weighted 

effect size42. Only the variants that have reached the 
GWAS threshold P-value (P < 5 × 10–8) are selected for 
PRS calculation43. 

Genome-wide association studies on diabetic  
cataract 

There has been a plethora of GWAS identifying numerous 
risk variants associated with T2D. However, in the case of 
diabetic cataract, there have been only a handful of GWAS-
identifying variants that increase the risk of developing 
cataracts in T2D patients. Numerous researchers have 
worked on GWAS of T2D and cataract separately, but 
they do not explain the influence of T2D on the develop-
ment of cataract. In this study, we have combined all the 
GWAS carried out so far on diabetic cataracts and dis-
cussed the various genes increasing the risk for diabetic 
cataract (Table 1). 
 Zhang et al.44 examined the shared genetics between 
T2D and cataract using GWAS summary statistics data from 
an East Asian population (BioBank Japan project) with 
T2D (cases = 36,614, control = 155,150) and cataract 
(cases = 24,622 and control = 187,331). The statistical data 
on average age, blood glucose and diabetes duration among 
the cases and controls were not included in this paper44, 
and the entire analysis was performed only using the 
GWAS summary statistics data. Zhang et al.44 found a 
strong correlation between T2D and cataract (rg = 0.58; P-
value = 5.60 × 10–6). There was a putative causal effect of 
T2D on cataract, and two novel genes, MIR4453HG (βSMR = 
–0.34, P-value = 6.41 × 10–8) and KCNK17 (βSMR = –0.07, 
P-value = 2.49 × 10–10) were reported using summary 
based Mendelian randomization analysis. 
 Chang et al.6 performed a case-control GWAS from a 
Scottish diabetic cohort (GoDARTS dataset). Overall, 
2878 controls (T2D) and 2341 cases (T2D patients with 
cataract) were analysed. Covariates such as age, HbA1c, 
HDL and baseline blood calcium were found to be statisti-
cally significant between the case-control groups. The ave-
rage age was 67.92 ± 9.89 years in cases and 65.97 ± 10.38 
years in controls. The study identified rs2283290 in the 
CACNA1C gene with a GWAS P-value of 8.81 × 10–8, 
OR = 0.7 (95% CI for ‘A’ allele) and found to be not in 
linkage disequilibrium with the nearby single nucleotide 
polymorphisms (SNPs) (R2 > 0.8). Since the CACNA1C gene 
encodes the alpha-1 subunit of CaV1.2 (voltage-dependent 
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Table 2. Role of identified genes in diabetic cataract through GWAS 

Gene Role 
 

MIR4453HG A long non-coding RNA gene. 
CACNAIC Encodes the alpha-1 subunit of voltage-dependent L-type calcium channel. 
CCDC102A Coiled-coil protein containing domain; predicted to be part of the myosin complex. 
GBA3 Encoded protein is a cytosolic enzyme that hydrolyses glycosides. 
NEDD9 Docking protein, tyrosine kinase-based signal transduction in cell adhesion. 
GABRR1/2 An inhibitory neurotransmitter of ligand-gated chloride channel; belongs the family of rho subunits. 
RPS6KA2 Member of ribosomal S6 kinase family of serine/threonine kinases. Major role in controlling cell growth and differentiation. 
tcag7.1163 A heat-shock protein (HSP). Crystallins are main lens components. Some crystallins are HSPs and contain heat-shock element  

motif (HSE motif); post-translational modification in crystallins can reduce their solubility. 
TAC1 Belongs to the tachykinin peptide hormone family, a neurotransmitter interacting with nerve receptors and smooth muscle;  

functions as a vasodilator and secretagogue. 
GALNTL1 Belongs to the N-acetylgalactosaminyltransferase (GalNAc-T) family of enzymes; initiates O-linked glycosylation in the Golgi  

apparatus. Proven to inhibit BMP and TGF-β signalling. 
KIAA1671 Associated with breast cancer and closely related to cell proliferation. 
TAFA1 A member of CC-chemokine family; protein contains conserved cysteine residues at fixed positions, expressed at specific regions in 

brain; could act as a chemokine or neurokine in the regulation of immune and nervous cells. 
 

 
L-type calcium channel), the difference in blood calcium 
between the case and control group suggests the potential 
role of calcium in cataractogenesis. 
 Lin et al.12 reported more than ten variants associated 
with diabetic cataract from GWAS conducted in a Han-
Chinese population in Taiwan. In this study, a total of 758 
individuals with T2D were selected (only T2D = 659 and 
T2D with cataract = 109). The average age of T2D patients 
with cataract was 68.6 ± 8.7 years, whereas T2D patients 
without cataract had an average age of 57.9 ± 9.9 years. Also, 
patients with T2D and cataract had an average of 15.1 ± 
8.9 years of diabetic duration. T2D patients without cata-
ract had a diabetes duration of 9.0 ± 6.8 years. Through 
GWAS analysis, nearly 15 SNPs were found to be putati-
vely associated with diabetic cataract and were nearby the 
genes PPARD, CCDC102A, GBA3, NEDD9, GABRR1/2, 
RPS6KA2, tcag7.1163, TAC1, GALNTL1 and KIAA1671. 
All the genes reported had reached GWAS P-value of 
<5 × 10–8. In chromosomes 4p15.31 and 7q21.3, high 
linkage disequilibrium was observed. It is important to 
note that the sample size of this study was smaller, and 
hence, the variants association can be substantiated only 
with a larger sample size. 

Other genetic studies on diabetic cataract 

In a previous GWAS by Lin et al.45 on a Taiwanese popu-
lation, three SNPs near the locus of chromosome 3p14.1–
3p14.2 were reported in diabetic cataract patients 
(rs11129182–RARB, P-value = 3.52 × 10–7 and OR = 3.03; 
rs17047573–TAFAI, P-value = 8.35 × 10–8 and OR = 7.47 
and rs17047586–TAFAI, P-value = 7.65 × 10–8, OR = 7.51). 
 Lee et al.46 reported the association of AR gene in cata-
ract development in patients with T2D among the Chinese 
population. A total of 567 Chinese patients with T2D were 
evaluated, of which 147 T2D patients had cataract. T2D 
patients with cataract had a higher age, age at diagnosis of 
T2D and diabetic duration compared to T2D patients without 

cataract. This is the only genetic study to have reported 
that age is an independent risk factor for diabetic cataract. 
A total of 14 microsatellite alleles were studied. The allele 
Z and its subtypes (Z, Zplus Z, and non-Z) were found to 
be over-presented in patients with cataract. 
 In 1995, Lee et al.47 developed AR and SD transgenic 
mice to demonstrate that polyols accumulation from hexose 
reduction by AR leads to the formation of diabetic cataract in 
vivo. Diabetic transgenic mice overexpressing AR in their 
LEC were found to develop cataract. Further increased 
formation of cataract was observed in transgenic mice with 
succinate dehydrogenase-deficiency, where sorbitol accumu-
lation accelerated cataract formation. 

Genes identified in diabetic cataract 

Type 2 diabetes, a complex disease have been extensively 
studied by multiple GWAS. On the other hand, GWAS of 
cataract have been limited. In 2021, Choquet et al.48 per-
formed GWAS meta-analysis in cataract cases and con-
trols with a sample size of 585,243, collected from UKB, 
GERA and 23andMe research cohort. They reported 54 
genome-wide significant loci and gender-stratified associa-
tions of CASP7 and GSTM2 in females with cataract. This 
study did not include patients with diabetes48. From the repor-
ted 54 variants, three genes, namely CDKN2C, CDKN2B–
DMRTA1 and SLC24A3 were previously reported to be as-
sociated with T2D49–51. Variants from KLHL42 (ref. 52), 
PPARGD (ref. 53), KCNJ11 (refs 54, 55) and KCNK17 
(ref. 56) have been reported to be associated with T2D. In-
terestingly, CACNA1D, a member of the calcium L-type 
channel, was reported to be associated with T2D. CACNA1C 
also belongs to the same sub-family of calcium L-type 
channels57. Table 2 shows the list of genes and their func-
tions reported in association with diabetic cataract. The genes 
MIR4453HG, BRD3, CCDC102A, GBA3, NEDD9, GABRR1/ 
2, RPS6KA2, tcag.1163, TAC1, GALNTL1, KIAA1671 and 
TAFA1 have not been reported earlier in association with 
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T2D and cataract. A candidate gene study is warranted to 
confirm the role of these genes and their association with dia-
betic cataract. 

Does diabetes truly influence cataract? 

GWAS have been instrumental in understanding the genetic 
architecture of T2D and cataract. Multiple in vivo and in vitro 
studies have confirmed the process of diabetic cataract, 
but the lacuna lies in unravelling their shared genetic basis. 
From the above-discussed genetic studies, it is evident that 
there is a shared genetic basis for cataract and diabetes. The 
question is, to what extent does diabetes influence cataract? 
 It is important to note that age-adjusted genetic studies 
for T2D-associated cataract have not been carried out earlier. 
Whether age is the confounding factor for T2D-associated 
cataract, or is the influence of genetics and hyperglycae-
mia triggered by T2D the major cause of cataract in T2D 
patients, needs to be addressed. Since most studies focus 
on the older population, it is important to examine the pa-
tients with young-onset T2D and carry out a follow-up study 
on the effect of prolonged hyperglycaemia. Also, adjust-
ment for diabetic duration plays a pivotal role. In most of 
the studies, T2D patients with cataract have been shown to 
have a longer diabetic duration, whereas patients with only 
T2D have comparatively lesser diabetic duration. To un-
derstand the true effect of diabetes duration and the influ-
ence of genetic variants, an uniform diabetic duration must 
be chosen for T2D patients with and without cataract. Above 
all, conducting a case–control analysis between T2D cata-
racts and normal glucose-tolerant cataracts will help us 
further confirm the influence of genetic factors exclusive 
for diabetic cataracts. 

The road ahead for diabetic cataract – need of  
the hour 

The growing importance of diabetic cataract demands exten-
sive GWAS to unravel the shared genetic basis and determine 
the variants that increase the risk of developing cataract in 
T2D patients. Ethnicity could be an influencing factor 
since the variants identified in the Han-Chinese population 
had no effect on the Scottish diabetic cohort or on the East 
Asian population. We need large-scale and multi-ethnic 
GWAS to explore the genetic correlation and answer 
whether T2D truly influences the pathogenesis of cataract. 

Conclusion 

In conclusion, with the help of large-scale GWAS and 
replication studies, we can substantiate the shared genetic 
basis of T2D and cataract. Also, studying the ethnicity-spe-
cific variants associated with T2D-associated cataract will 
provide greater insight regarding the risk of developing 
diabetic cataract and thereby help in estimating a PRS 
specific for each population. For the variants identified so 

far in relation to diabetic cataract, it is important to func-
tionally characterize them for a molecular-level understand-
ing. By doing so, we can consider the molecular checkouts 
to determine whether the progression of cataract can be 
prevented in patients with T2D. This would aid in the pre-
vention of cataract and precision medicine. 
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