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Abstract

Type 2 Diabetes Mellitus affects more than 450 million people worldwide. Cognitive impairment is a less recognized chronic
complication of diabetes and is referred to as accelerated cognitive aging. The Montreal Cognitive Assessment is a tool to
screen for mild cognitive impairment. Our study aimed to determine the factors associated with cognitive impairment in
patients with Diabetes Mellitus in a tertiary care center in South India. This was a cross-sectional study done on 109 patients
with Type 2 Diabetes Mellitus over a period of 18 months. Montreal Cognitive Assessment scale was administered to subjects
in the local language. Cognitive impairment was defined as a score of 25 or less. Data was analyzed using student t-test, chi
square test and rank correlation; p-value <0.005 was considered significant. The mean age of subjects was 50.92+10.10 years.
Fifty three percent of subjects (58) were male and 46.8% (51) were female. The prevalence of cognitive impairment was 67%.
The risk of cognitive impairment increased with the number of episodes of hypoglycemia, the mean duration of diabetes and
higher fasting sugars. The duration of formal schooling decreased the risk of cognitive decline. In India the prevalence of cog-
nitive impairment in patients with diabetes is relatively high. Both hypoglycemia and hyperglycemia seem to be associated
with an increased risk of cognitive impairment. The risk of impairment is directly proportional to the duration of diabetes
and inversely proportional to the duration of formal education. Since therapies to treat dementia once it sets in are not infal-
lible, prevention becomes key. A fine balance between achieving euglycemia and avoiding hypoglycemia must be achieved.
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Introduction

Type 2 Diabetes Mellitus (T2DM) is a global epidem-
icaffecting more than 529 million people worldwide [1].
The prevalence of T2DM is rising in India and is esti-
mated to rise to 134 million by the year 2045 [2]. Chron-
ic complications of T2DM include microvascular com-
plications: diabetic retinopathy, di abetic nephropathy
and neuropathy, as well as macrovascular complica-
tions: cardiovascular; cerebrovascular and peripheral
vascular disease.

Cognitive impairment is increasingly being recog-
nized as a subtle but disabling complication of diabetes
-infact, T2DM is considered to be a state of “accelerated
cognitive aging” [3]. The spectrum of cognitive decline
in T2DM ranges from Diabetes Associated Cognitive
Decrement (DACD) through Minimal Cognitive
Impairment (MCI) to frank dementia.

DACD may develop even during the prediabetic
stage. In DACD, the patient presents with complaints
related to processing speed, executive function or mem-
ory [4]. The rate of cognitive aging is almost 50% higher
than in individuals without diabetes [5]. In MCI there
is an acquired objective cognitive impairment with a
documented performance of at least less than 1.5 SD of
normative values. Only a single cognitive domain is af-
fected, and activities of daily living are preserved. MCI
is considered to be a risk factor for dementia [6].

Once dementia sets in, there is severe acquired ob-
jective cognitive impairment which affects multiple
domains and inexorably progresses to impair activities
of daily living [7].

The risk factors for cognitive decline in T2DM in-
clude uncontrolled sugars, glycemic variability and
insulin resistance as well as the comorbidities of diabe-
tes - hypertension, dyslipidemia and depression [8, 9].
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However, the relative contribution of each of these fac-
tors is unknown.

Published Indian literature regarding cognitive
impairment in T2DM is relatively scanty. Specifically,
cognitive impairment in relation to educational attain-
ment and documented episodes of hypoglycemia has
not been studied.

The Montreal Cognitive Assessment (MoCa) is a
tool to screen for mild cognitive impairment and takes
approximately 10 minutes to administer [7]. A score
of 26 or more is considered normal and a score of 25
or less is indicative of cognitive impairment. MoCa is
recommended by National Institutes of Health and the
Canadian Stroke Network for assessment of cognitive
impairment. Our study aimed to use MoCa to assess
cognition in patients with T2DM and determine the
factors associated with cognitive decline.

Material and methods

Study design and setting

This cross-sectional study was conducted on
119 subjects with Type 2 Diabetes Mellitus (T2DM) who
fulfilled the selection criteria and were availing the
inpatient and outpatient services of a medical college
hospital.

Sample size calculation

The sample size was calculated using the formula:

n=7*xp(1—p)/ e

Where:

o 7 =Confidence level;

o p=Estimated prevalence;

o ¢ =Allowable error.

For an allowable error (e) of 5%, the calculated sam-
ple size was 117.

Selection criteria

The selection criteria for the study were defined
based on specific inclusion and exclusion parameters.

Inclusion criteria consisted of patients with known
cases of Type 2 Diabetes Mellitus (T2DM) who were re-
ceiving treatment with oral antidiabetic drugs (OAD),
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insulin, or a combination of both. In addition, newly
diagnosed cases of T2DM, identified according to the
American Diabetes Association (ADA) criteria, were
also included in the study.

Exclusion criteria included patients who were
in an altered sensorium and therefore unable to un-
dergo the Montreal Cognitive Assessment (MoCA).
Patients with known conditions associated with de-
mentia, such as Alzheimer’s disease, dementia with
Lewy bodies, frontotemporal dementia, Parkinson’s
disease, and Huntington’s disease, were also excluded.
Furthermore, individuals with a previous history of
head injury or cerebrovascular accidents were not con-
sidered for participation. Patients older than 65 years
of age were excluded, as were those not conversant in
Kannada, Malayalam, or English, since language pro-
ficiency was required for assessment. Additionally, al-
coholics identified using the CAGE questionnaire were
excluded from the study.

Operational definitions

The operational definitions used in this study were
as follows:

Diabetes mellitus was defined according to the
American Diabetes Association (ADA) criteria. A diag-
nosis of diabetes was considered if any of the following
were present: symptoms of diabetes along with a ran-
dom blood glucose level >11.1 mmol/L (200 mg/dL), fast-
ing plasma glucose >7.0 mmol/L (126 mg/dL), two-hour
plasma glucose >11.1 mmol/L (200 mg/dL) during an
oral glucose tolerance test, or HbAlc greater than 6.5%.

Cognitive impairment was assessed using the
Montreal Cognitive Assessment (MoCA) scale. In this
study, mild cognitive impairment (MCI) was defined as
a MoCA score of 25 or less.

Hypoglycemia for the purpose of this study was
defined as a random blood sugar level of 70 mg/dL or
less measured by a glucometer, and/or the presence of
self-reported symptoms such as palpitations, tremors,
hunger, or sweating. It also included bystander-report-
ed symptoms such as altered behaviour or confusion
suggestive of hypoglycemia.

Data collection procedure

Prior approval was obtained from the Institute
Ethics Committee, and written informed consent was
obtained from all participants before enrolment in
the study. A directed history and physical examina-
tion were conducted for each participant and recorded
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according to the study proforma. The Montreal
Cognitive Assessment (MoCA) was administered to all
subjects by one of the authors.

Laboratory investigations

Venous blood samples were collected from the par-
ticipants and analysed within one hour of collection to
minimize variation due to sample aging. Fasting and
postprandial blood glucose levels were measured using
the hexokinase method, serum sodium was estimated
using the indirect ion-selective electrode (ISE) method,
and total cholesterol was measured using the cholester-
ol oxidase method. These parameters were analysed by
microturbidimetric assay using the Roche Diagnostics
Cobas 6000 clinical chemistry auto-analyzer. HbAlc
levels were measured using the high-performance lig-
uid chromatography (HPLC) method with the Turbo
Variant II system.

Statistical analysis

The collected data were analysed using SPSS soft-
ware. Frequencies, percentages, and ratios were cal-
culated. Statistical analysis was performed using the
Chi-square test and Student’s t-test, and a two-tailed
p-value of less than 0.005 was considered statistically
significant.

Results

We included 109 patients of T2DM in our study.
General characteristics are summarized in Table 1.

Table 1: General characteristics of patients.

The mean subject age was 50.92+10.1. The mean du-
ration of T2DM was 8.47+7.25 years and the mean num-
ber of years of formal education was 11.23+2.77 years.

Mean FBS, PPBS and HbAIC were 152.68,238.96 and
10.6 respectively. 67% of our patients had MCI, and the
mean MoCA score was 23.66+5.4.

Though cognition tended to decline with age,
this association did not reach statistical significance
(Figure 1). Gender was not significantly associated
with cognitive decline. (Figure 2). The risk of MCI
significantly increased with the duration of diabetes
(Figure 3), the fasting sugar (Figure 4), the glycated he-
moglobin (Figure 5) and with the number of episodes of
hypoglycemia (Figure 6). The degree of post-prandial
hyperglycemia did not correlate with cognitive decline
(Figure 7); the number of years of formal education was
inversely related to MCI (Figure 8).

Discussion

This was a hospital based cross-sectional study to
determine the factors associated with cognitive im-
pairment in patients with T2DM. We found that 67%
of our subjects had MCI, and the mean MoCa score was
23.66. More women than men had MCI, and subjects
with MCI tended to be older, though this result did
not achieve statistical significance. MCI was signifi-
cantly associated with the duration of diabetes and the
number of episodes of hypoglycemia and higher blood
glucose. The risk of MCI decreased with the number of
years of formal education.

The average global prevalence of MCI in T2DM is
45% [10] but it varies widely between countries from a

Frequency (n) Percentage (%)

Gender
Female 51 46.8
Male 58 53.2

Age group (in years)
<30 years 3 2.8
30-39 years 14 12.8
40-49 years 29 26.6
50-59 years 31 28.4
>60 years 32 29.4
Total 109 100.0
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Figure 1: Age and cognitive impairment p=0.08.
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Figure 2: Gender and cognitive impairment.
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Figure 3: Duration of DM & cognitive impairment p=0.001.
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Figure 4: FBS and cognitive impairment p=0.001.
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Figure 5: Post prandial sugars and cognitive impairment.
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Figure 6: HbAlc and cognitive impairment.
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Figure 7: Hypoglycemia and cognitive impairment.
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Figure 8: Years of education and cognitive impairment.
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reported 13.5% in China [11] to 67.5% in Pakistan [12].
These differences may be related to the distribution
of risk factors like age, diabetes, or the lack of formal
education as well as non-uniform criteria for diagnosis
of MCI.

Our finding that MCI in patients with diabetes
tended to increase with age is in line with published
evidence. The prevalence of both diabetes [13] and de-
mentia [14] increase as age progresses. A rapidly ageing
global population would mean that the global preva-
lence of these diseases is rising as well.

Our findings indicate that the risk of MCI increas-
es with hyperglycemia and the duration of diabetes.
These results build upon studies from Brazil and In-
dia, which all found that duration of diabetes was an
independent risk factor for cognitive decline in adults
with T2DM [15, 16]. Hyperglycemia (especially fasting
hyperglycemia) and the duration of diabetes act syner-
gistically to damage cognition. Putative mechanisms
are several [17].

Hyperglycaemia leads to formation of advanced
glycation end products (AGE) which enhance the ex-
pression of receptors for AGE. These in turn activate
pro-inflammatory cytokines and cause neuroinflam-
mation, decline of cognition & impaired memory. In-
sulin resistance also plays a role, causing post-trans-
lational modifications of tau which exacerbate tau
pathology. Hyperglycemia has also been found to accel-
erate oxidative stress, Reactive Oxygen Species (ROS)
formation, mitochondrial dysfunction.

As the duration of diabetes increases, there is an in-
crease in neuronal damage secondary to microvascular
and macrovascular disease, oxidative stress and insulin
resistance. Signal interruption in the neural networks
due to diabetes is further exacerbated in long standing
T2DM [18]. Since diabetes itselfis a risk factor for athero-
sclerosis, long standing diabetes may result in cognitive
decline through its association with cerebrovascular
disease and stroke [19]. Long standing hyperglycemia re-
sultsin increased flux of glucose through the polyol path-
way resulting in the formation of advanced glycation end
products, thus culminating in oxidative stress and the
inexorable progression of neuronal damage [20, 21].

In this study, we found that almost 100% of patients
with diabetes for more than 20 years had at least a de-
gree of cognitive impairment.

Our results contradict the findings of several stud-
ies including a report on older Korean adults with dia-
betes [8]. However, in the Korean study, unlike in ours,
diabetes was well controlled, and thus perhaps, the cu-
mulative effect of hyperglycemia was minimized.
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We found that hypoglycemia was strongly associ-
ated with the presence of MCI. Cognitive decline in-
creased with the number of episodes of hypoglycemia.

This data builds upon evidence from previous stud-
ies: a meta-analysis of 1.4 million patients showed that
patients with hypoglycemic episodes had a higher risk
of dementia when compared to those with no such ep-
isodes [22]. Again, there are multiple proposed mecha-
nisms for how hypoglycemia might accelerate demen-
tia. Firstly, low blood glucose can result in structural
changes in the brain since the brain primarily relies on
glucose as a source of energy [23]. Severe hypoglycemia
preferentially damages neurons in the hippocampus
and cortex which increases the risk of impaired cog-
nition since the hippocampus is the seat of memory
[24]. Hypoglycemia may also cause vascular injury and
endothelial dysfunction [25]. However microvascular
and macrovascular damage is not sufficient to explain
the myriad ways in which low blood glucose affects the
brain. For example, animal models show that hypo-
glycemia promotes the accumulation of brain amyloid
which is linked with Alzheimer’s [26].

Our data suggests a negative association between
duration of formal schooling and cognitive decline.
This is in line with most published research which
shows that education protects against cognitive im-
pairment. Every year of education lowers the risk of
dementia by 7% [27] and low education is a risk factor
for dementia, [28] though causality remains tenuous.

Several theories have been proposed to elucidate
the inverse relationship between formal education and
the risk of dementia. A longer duration of schooling
could conceivably raise intellectual ability to a higher
level, thus increasing cognitive reserve [29]. The pro-
tective effect against cognitive impairment may be
because a greater neural reserve is less prone to dis-
ruption or alternatively because of neural compensa-
tion wherein the development of alternate networks
counteracts the disruption that leads to dementia [30].
However, other researchers opine that the protective
effect of education is in fact because education behaves
as a proxy indicator for socioeconomic determinants
of brain health [31]. A study published in 1999 support-
ed the “brain battering” hypothesis which suggested,
based on autopsy findings, that less educated individ-
uals were more likely to develop vascular dementia.
However, this theory is not uniformly accepted as
more recent post-mortem imaging studies do not show
greater pathology in those less educated [32].

Since this was a cross-sectional study, causality
could not be inferred. Neuroimaging was not part of
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the study protocol; hence structural abnormalities
could not definitively be ruled out, though clinical
examination finding were not indicative of the same.
Additionally, the generalizability of the results is lim-
ited by the fact that it was a single centre study. Nev-
ertheless, our research on patients with diabetes of
varying degrees of glycemic control and different co-
morbidities emphasizes the importance of screening
for cognitive impairment in all patients with diabetes.
Furthermore, the fact that we used MoCa to assess cog-
nition strengthens our conclusions, as MoCA assesses a
broader range of cognitive domains including abstrac-
tion and executive function, and thus is more sensitive
than MMSE to diagnose MCI in patients with T2DM.
However, some authors consider that a MoCA cut-off
score of <25 yields a high false positive rate and sug-
gest a lower cut-off score of <23 [33]. This lower cut-off
suggested for MoCA was based on a meta-analysis of
studies comprising patients of widely varying educa-
tion levels and cultural backgrounds. Since our study
was conducted in a relatively homogenous population,
we used the cut-off of <25, which has been validated by
multiple studies [34-36].

The fact that MCI is more common in patients with
diabetes and that diabetes accelerates the progression
of MCI to dementia results in a vicious circle wherein
the twin insults of diabetes and aging further worsen
diabetes self-care. At present, there are no infallible
treatments for dementia. Hence prevention becomes
key [37]. Our results suggesting almost universal cog-
nitive impairment in patients with diabetes for more
than 20 years has public health implications. The high
prevalence of diabetes would mean a rapidly increas-
ing number of patients with cognitive impairment as
the duration of the disease increases. Health resources
must be planned and allocated to provide attention to
patients whose diabetes self-care abilities are curtailed
due to the onset of cognitive impairment.

Conclusion

The fact that both uncontrolled blood sugars and
hypoglycemia worsen the risk of dementia means that
the management of diabetes with the aim of prevent-
ing cognitive damage is akin to walking on a tightrope.

Hence, screening for MCI in diabetes must run in
parallel with screening for microvascular and macro-
vascular complications. Detection of DACD is an excel-
lent opportunity to commence preventive measures in
terms of antidiabetic drugs less likely to cause hypogly-
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cemia, prescribing drugs which may benefit cognition,
and encouraging performance of cognitive stimulation
exercises.
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