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ABSTRACT

The main of the study was to determine whether several parameters of retinal 
microvascular abnormality were related to cognitive ability also to estimated cognitive 
impairment in people with Type 2 diabetes mellitus. A prospective study was carried out 
for a period of 6 months (October 2017–March 2018) at the Department of Medicine 
in Guru Gobind Singh Medical College and Hospital, Faridkot, Punjab, India. Data 
were collected from patient case sheets, laboratory tests reports, and patient interviews 
into the specially designed data collection form after taking the written consent from 
the patient diagnosed with diabetic retinopathy. Among 70 study participants, 67.1% 
were males and 32.9% were females. The mean age of the patients was found to be 
66.37 years. The majority of 68.5% were from the urban area. The test of proportion 
for addiction showed that 34.7% were addicted to alcohol and 25.7% were addicted 
to smoking. A large number of study population up to 38.6% suffered diabetes from 
11 to 15 years and 34.3% had early macular edema due to retinopathy. Surprisingly, 
the majority of study participants up to 47.1% were found not having a cognitive 
impairment, 12.9% had a mild cognitive impairment, 21.4% had a moderate cognitive 
impairment, and 18.6% were found having severe cognitive impairment. The Pearson 
correlation between duration of diabetes, stage of binocular digital retinal photography, 
and cognitive impairment was found to be strong (r = 0.760, 0.772) and statistically 
significant (P < 0.01) at 95% confidence interval. This study has found that the prevalence 
of retinal microvascular abnormalities was higher in males as compared to their female 
counterparts. People living in the urban area are more likely to be affected by it than 
people living in a rural area. There was a strong correlation between duration of diabetes, 
stage of binocular digital retinal photography, and cognitive impairment; this suggests 
that the peoples with a history of diabetes and retinal microvascular abnormalities are 
prone to reduced cognitive ability and cognitive decline. However, further investigation is 
required to confirm the direction and potential causal nature of the association between 
retinal microvascular disease and cognitive decline.
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INTRODUCTION

Diabetes mellitus (DM) is one of the oldest diseases known to 
man, which was the first reported in Egyptian literature about 
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3000 years ago. The term “diabetes” was first coined by Araetaeus 
of Cappodocia (81-133 AD). Mellitus (honey sweet) was added 
by Thomas Willis (Britain) in 1675 when he detected sweetness in 
the urine. It is said that it was first noticed by the ancient Indians; 
Shushrutha had named it as “Madhumeha.”[1] Avicenna is the famous 
Arabian physician who first described the complications and 
progression of the disease.[2] Diabetes is a group of metabolic diseases 
characterized by hyperglycemia resulting from defects in insulin 
secretion, insulin action, or both.[3] The chronic hyperglycemia of 
diabetes is associated with long-term damage, dysfunction, and failure 
of various organs, especially the eyes, kidneys, nerves, heart, and blood 
vessels.[4] According to IDF,[5] the number of people with diabetes 
in the world in 2013 was 382 million, which is going to increase to 
almost 592 million by 2035. India has the similarity of being home to 
a large number of people suffering from diabetes. According to IDF, 
65.1 million adults in India suffered from diabetes in a year.[6,7] It has 
been predicted that the prevalence of diabetes in the adult population 
in India will be 6% by the year 2025.[8,9]

Cognitive function

Cognition or cognitive function is defined as the conscious mental activity 
that is not principally sensory or emotional, comprising a large range 
of higher brain functions related to the selection, acquisition, storage, 
manipulation, and organization of information.[10,11] Different aspects 
of mental function can be conceptualized, measured, and sometimes 
correlated with underlying neuroanatomical systems.[12,13] The realistic 
approach taken by most people when measuring cognitive function is 
to use validated neuropsychological tests (also referred to as cognitive 
or mental tests), which have been derived using comparisons between 
patients with circumscribed brain lesions and normal controls.[14]

Cognitive dysfunction associated with Type 2 
DM (T2DM)

Cognitive dysfunction, with its wide range, from mild cognitive 
impairment (MCI) through dementia, is one of the chronic 
complications of DM.[15,16]  T2DM is associated with a range of adverse 
consequences, including a higher risk of cognitive impairment and 
dementia, which is increasingly becoming recognized.[17-19] Both 
diabetes and cognitive impairment occur more commonly at an older 
age. It has been estimated that the risk of developing Alzheimer’s 
disease is doubled and that of vascular dementia tripled in T2DM.[20,21] 
The pathways underlying these associations may be multiple.

There is strong evidence that T2DM increases the risk of dementia in 
the form of multi-infarct dementia, AD, and mixed type dementia. 
There are some close associations between diabetes and vascular 
dementia of above 100–160% compared to AD, which is about 
45–90%.[15,22] The long-term risk of dementia increases in patients 
with diabetes by a factor of two. T2DM also increases the risk of 
progression of MCI to dementia.[23,24] Even in the pre-diabetic states; 
there is an increased risk of AD and dementia which are not related 
to the future development of diabetes.[15,25] About 80% of people 
with AD may have diabetes or impaired fasting glucose. There is a 
faster deterioration of cognition in diabetic patients rather than non-
diabetic elderly ones.[9,26,27] The results of the Edinburgh T2D study 

that was conducted for evaluation of this correlation were published 
in 2013. At baseline, any clinical and subclinical macrovascular 
diseases, including cardiovascular event history, carotid intima-media 
thickness, ankle-brachial index, and serum N-terminal pro-brain 
natriuretic peptide were evaluated. Seven neuropsychological tests 
were also done at baseline, and after 4 years. They found that stroke 
and subclinical markers of cardiovascular and atherosclerosis are 
associated with cognitive decline in older patients with T2D.[4,22,28] 
Retinal microvascular abnormalities in T2DM range from mild, non-
proliferative changes to proliferative diabetic retinopathy, and reflect 
the severity of the condition and the degree of glycemic control.[22,28] 
Retinal vasculature shares embryological origins, physiological 
characteristics, structure, and size with cerebral vasculature,[29,30] 
and thus provides a potential means to investigate further the 
relationship between diabetes and cognitive function. Investigations 
into associations between retinal imaging measurements and cognitive 
function in T2DM have been relatively few. Kadoi et al.[31-33] found 
that diabetic retinopathy was associated with cognitive impairment 
6 months after coronary artery bypass surgery.

MATERIALS AND METHODS

The main of this prospective study was to determine whether several 
parameters of retinal microvascular abnormality were related to 
cognitive ability also to estimate cognitive impairment (based solely 
on cognitive test performance) in people with T2DM. This study was 
carried out for a period of 6 months (October 2017–March 2018) at 
the Department of Medicine in Guru Gobind Singh Medical College 
and Hospital, Faridkot, Punjab, India. A total of 70 study participants 
were recruited in the study based on inclusion criteria and exclusion 
criteria given below.

Inclusion criteria

The following criteria were included in the study:
•	 Patients	diagnosed	with	DM	with	complications	(retinopathy)	

both admitted inpatient and outpatient follow-up
•	 Both	the	genders	with	age	between	51	and	75	years.

Exclusion criteria

The following criteria were excluded from the study:
•	 Patients	aged	<50	years
•	 The	patient	is	not	willing	to	participate	in	the	study
•	 Pregnant	and	lactating	mothers.

Data were collected from patient case sheets, laboratory tests reports, 
and patient interviews into the specially designed data collection form 
after taking the written consent from the patient diagnosed with 
diabetic retinopathy. The data were analyzed by using SPSS ver.25.

RESULTS

The study enrolled 70 patients. Among the total study population, 
67.1% of the patients were found to be males and 32.9% of patients 
were females. The mean of age (mean ± standard deviation) of the 
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patients was 66.37 ± 1.406 years. The majority of patients up to 
28.6% belonged to the age group of 71–75 years. Out of the 70 
studied patients, most of them up to 68.5% were from the urban 
areas. Only 31.5% were from rural areas. The test of proportion for 
addiction showed that 34.7% were addicted to alcohol and 25.7% 
were addicted to smoking cigarettes. Details are shown in Table 1.

A large proportion of the study population up to 38.6% suffered 
diabetes from 11 to 15 years followed by 32.9% from 6 to 10 years, 
21.4% from 16 to 20 years, and 7.1% from 21 to 25 years, 
respectively. Details are shown in Figure 1.

Out of the 70 studied patients, the majority of patients up to 34.3% 
had early macular edema, followed by 24.3% advance macular edema, 
20.0% developed the new vessels and bleeding due to retinopathy, 
20.0% bleeding and edema, and only 1.4% of patients suffered from 
severe bleeding [Table 2].

Cognition impairment among study participants was assessed using 
Borkowski verbal fluency test. Among 70 studied patients, surprisingly 
the majority of study participants up to 47.1% were found not having 
a cognitive impairment, 12.9% had a MCI, 21.4% had moderate 
cognitive impairment, and 18.6% were found having severe cognitive 
impairment. Details are shown in Figure 2.

The Pearson correlation between stage of binocular digital retinal 
photography and cognitive impairment was found to be strong, 

r = 0.772 and statistically significant (P < 0.01) at a 95% confidence 
interval. Details are shown in Table 3.

The Pearson correlation between duration of diabetes and cognitive 
impairment was found to be strong, r = 0.760 and statistically significant 
(P < 0.01) at a 95% confidence interval. Details are shown in Table 3.

DISCUSSION

We acknowledge that this type of study has certain limitations such as 
small sample size and there may be presence confounding factors because 
of this the results cannot be generalized to the overall population. For 
analysis of cognition dysfunction, this study has only focused on verbal 
fluency, not on the other domains of cognitive function affected by the 
disease. However, it should closely approximate the relationship between 
retinal microvascular abnormalities and cognitive dysfunction in the case 
of the scenario in the Punjab region. In this representative population 
of older people with T2DM, majority of the study participants up to 
67.1% was found to be males as compared to their female counterparts 
up to 32.9% which is also similar to findings were reported in a study 
conducted in United Kingdom which suggested that a significant dose-
response relationship was found only in men and for individual tests 
of verbal fluency, information processing speed, and mental flexibility 
(but not memory and nonverbal reasoning). These associations persisted 
after adjustment for estimated premorbid cognitive ability (vocabulary 
scores), suggesting that in men, DR was not only associated with 
cognitive ability in later life but also with increased estimated lifetime 
cognitive decline.[34] The test of proportion showed most of the patients 

Table 1: Socio‑demographic characteristics of the study 
population (n=70)

Age distribution of patients
(in years)

Frequency (n=70) Percentage (%)

51–55 10 14.3
56–60 10 14.3
61–65 14 20.0
66–70 16 22.9
71–75 20 28.6
Gender distribution of patients

Male 47 67.1
Female 23 32.9

Locality distribution of patients
Urban 48 68.5
Rural 22 31.5

Addiction
Alcohol 25 34.7
Smoking 18 25.7

Table 2: Stage of binocular digital retinal photography observed 
in the study population

Stage of binocular digital 
retinal photography

Frequency (n=70) Percentage (%)

Early macular edema 24 34.3
Adv. Macular edema 17 24.3
New vessels and bleeding 14 20.0
Bleeding and edema 14 20.0
Severe bleeding 1 1.4
Total 70 100

Figure 1: Duration of diabetes mellitus Type-2 in the study population

Figure 2: Cognitive impairment among the study population
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28% were significantly higher in the age group of 71–75 years, which 
was also reported in various other studies.[17,18,20,28,35,36] The prevalence 
of diabetic retinopathy was higher in urban patients than the rural 
patients which were also reported in a study conducted in South 
India,[13,37] lifestyle and ethnicity can be a major factor in this difference. 
Surprisingly, this factor has not been well studied by various studies 
conducted in India and other parts of the world. Only a few study 
participants were found to be addicted to alcohol 34.7% and smoking 
25.7%, which is similar to findings reported by other studies.[37-41] A 
large proportion of the study population up to 38.6% suffered DM 
from 11 to 15 years. The Pearson correlation between duration of 
diabetes and cognitive impairment was found to be strong, r = 0.760 
and statistically significant (P < 0.01) at a 95% confidence interval. 
The Duration of DM is age related which affects cognitive behavior. 
Such duration of diabetes is normally calculated by subtracting age 
at diagnosis from the current age. Because people with diabetes may 
have the disease many years before diagnosis, the true duration of 
diabetes is often difficult to estimate precisely and may, therefore, be 
underestimated.[33,34,42-52] Despite these difficulties, there is increasing 
evidence from recent studies suggesting a longer duration of diabetes 
may be an important risk factor for cognitive dysfunction in older 
people with T2DM.[2,3,11,24,25] The Pearson correlation between stage 
of binocular digital retinal photography and cognitive impairment was 
found to be strong, r = 0.772 and statistically significant (P < 0.01) at 
95% confidence interval which is similar to the findings of other studies 
[Table 4].[4,7,15,16,19,21,22,31,34,53] 

Direction for future research

•	 Assessment	of	the	relationship	between	the	residence/locality	
of patients with T2DM and retinal microvascular abnormalities 
should be explored

•	 In	further	studies,	the	administration	of	a	number	of	tests	for	
each major cognitive domain should be considered as opposed 
to the use in the present study of only a single marker of verbal 
fluency domain

•	 Studies	on	preventive	strategies	should	also	be	considered	as	a	
direction for future research.

CONCLUSION

This study has found that the prevalence of retinal microvascular 
abnormalities was higher in males as compared to their female 
counterparts. People living in urban areas are more likely to be 
affected by it than people living in rural areas. There was a strong 
correlation between duration of diabetes, stage of binocular digital 
retinal photography, and cognitive impairment; this suggests that 
the peoples with a history of diabetes and retinal microvascular 
abnormalities are prone to reduced cognitive ability and cognitive 
decline. However, further investigation is required to confirm the 
direction and potential causal nature of the association between retinal 
microvascular disease and cognitive decline.
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