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This article has been corrected to resolve an issue regarding attribution of the licensed tool used in data
collection. The authors started data collection in June 2019 with an Urdu translation of Mini Mental State
Examination (MMSE) that was commonly used and in circulation in Pakistan for judging cognitive status of
patients. Unfortunately at that time the authors did not know that the MMSE had been licensed, and that
they would have to purchase authorized copies from the copyright holder Psychological Assessment
Resources, Inc for use in their study. This issue was brought to their attention prior to publication and the
authors then contacted the license holding company for retroactive permission to publish and paid for the
rights.

Per the permission agreement, the authors were required to state in the publication that unauthorized Urdu
MMSE copies were used. This was added to the Intellectual Property disclosures section with the authors
believing they had satisfied this condition. However, after publication, Psychological Assessment Resources
required the following corrections, which have since been made:

o The following statement was moved from the Disclosures section to the
second paragraph of the Materials and Methods section: "The authors without
prior knowledge that the tool had been licensed used unauthorized copies of
Urdu MMSE for data collection. Permission for publication of data obtained
from administering MMSE to 332 patients was retroactively obtained from
Psychological Assessment Resources, Inc."

e Since the copies of Urdu MMSE were unauthorized, they cannot be validated
and the reference to validation should be removed. As a result, the following
sentence and accompanying reference have been removed and the remaining
in-text citations renumbered to ensure accuracy with the revised reference
list: "The Urdu translation of MMSE has previously been validated, and a cut-
off value of 24 was found to maximize sensitivity and specificity (69% and
93%, respectively) when subjects of all education levels were collectively
considered [16]." [16] Awan S, Shahbaz N, Akhtar SW, et al.: Validation study
of the Mini-Mental State Examination in Urdu language for Pakistani
population. Open Neurol J. 2015, 9:53-8. 10.2174/1874205X01509010053

Abstract
Objective

To determine the incidence of cognitive impairment established on the mini-mental state assessment in
type 2 diabetic patients presenting at Holy Family Hospital, Rawalpindi.

Materials and methods

This cross-sectional descriptive study was carried out from June 2019 to December 2019. Individuals with a
diagnosis of type 2 diabetes mellitus were included, and detailed history, physical examination, and
biochemical variables were noted. They were assessed through Mini-Mental State Examination (MMSE)
(Urdu translation) to look for the primary outcome variable, i.e., cognitive impairment. All patients with type
2 diabetes mellitus diagnosed at least one year back, irrespective of gender, were included in this
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investigation. Patients with a previous history of head injury, epilepsy, stroke, those on an antidepressant or
antipsychotic medications, those with deranged renal function tests, and those already diagnosed with
dementia were excluded from the study.

Results

Three hundred thirty-two patients meeting the inclusion criteria were included in the study. The mean
standard deviation age of the study population was 65.32 + 11.33 years, with maximum age being 80 years
and the minimum being 50 years. Two hundred patients (60.24%) were below 65 years of age, and 132
patients (39.76%) were 65 years of age or above. Two hundred sixteen (65.06%) were males, and 116
(34.96%) were females. The mean duration of diabetes mellitus (DM) was 10.17 + 4.81. The mean MMSE
score was 22.69 + 5.26. Out of 332 patients, 81 (24.4%) patients had cognitive impairment. Patients who
were 65 or older had a significantly higher proportion of cognitive impairment, compared to those below 65
years of age (p-value = 0.0214). There was no significant difference in the proportion of cognitively impaired
patients between males and females (p-value = 0.2497). Similarly, there was no significant difference
between those who were diagnosed with type 2 diabetes for 10 years or more and those who were diagnosed
less than 10 years ago (p-value = 0.3791).

Conclusion

Cognitive impairment is common in individuals having type 2 diabetes mellitus. It is also associated with the
increasing age of diabetic patients. However, cognitive impairment in type 2 diabetes mellitus is not
associated with gender. In addition, there is no significant difference in cognitive impairment between the
patients who were diagnosed with diabetes more than 10 years ago and those who had it diagnosed less than
10 years ago.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine, Neurology
Keywords: cognitive, brain, diabetes, encephalopathy, mmse

Introduction

Diabetes mellitus (DM) is a chronic disorder of elevated blood glucose. It is classified into two distinct types
(type 1 and 2). Type 1 diabetes mellitus is characterized by autoimmune destruction of beta cells in the
pancreas leading to absolute insulin deficiency. Type 2 diabetes mellitus is characterized by different
combinations of insulin resistance and insulin deficiency. As per WHO, diabetes is diagnosed with one or a
combination of the following criteria: a fasting plasma glucose concentration equivalent to or greater than
7.0 mmol/liter (126 mg/dL), two hours plasma glucose concentration equivalent to or greater than 11.1
mmol/liter (200 mg/dL) during a 75-g oral glucose tolerance test, and/or hemoglobin A1C (HbAlc)
equivalent to or beyond 6.5% (48 mmol/mol) [1].

Diabetes occurs in 5%-10% of the population. Majority of the affected population (95%) has type 2 diabetes
mellitus. It is estimated 463 million people were affected with diabetes in 2019 [2]. Over the past 25 years,
the prevalence of diabetes has doubled in men and increased by 60% in women [3]. In Pakistan, the overall
weighted prevalence of diabetes was recorded up to 26.3% [4].

Various micro- and macrovascular complications of diabetes mean that the disease is a major factor of
morbidity and mortality worldwide. These include cardiovascular and cerebrovascular disease, peripheral
vascular disease, retinopathy, and end-stage renal disease [5]. Diabetes multiplies the risk of all-site cancer
(except prostatic carcinoma) [5]. It also increases the risk of mental health illnesses among patients, such as
depression [6]. These complications are generally well known to the healthcare providers and are usually
dealt with adequately, according to the resources available.

However, a problem commonly ignored by healthcare providers is the link between diabetes and cognitive
dysfunction. This is despite the relationship being well established in the literature. In recent years, several
studies have shown strong evidence for the presence of cognitive impairment in diabetes [7-9]. A recent
systematic review and meta-analysis estimated the prevalence of mild cognitive impairment type 2 diabetes
mellitus (T2DM) patients to be as high as 45% [10].

Insulin resistance and obesity (which are shared risk factors for both diabetes and cognitive
impairment), chronic low-grade inflammation and hyperglycemia or hypoglycemia, and cardiovascular
complications of diabetes may be some of the risk factors implicated in development of cognitive
impairment in patients [11,12]. Diabetes is known to adversely affect several cognitive domains. These
include memory and processing speed, although executive function may be spared [13,14].

Since there is a dearth of studies conducted in our region exploring the relationship between type 2 diabetes
and cognitive impairment, we wanted to conduct this investigation. Knowledge of this prevalence would
help healthcare providers give it due consideration while managing the complications of diabetes.
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Materials And Methods

This descriptive cross-sectional study was conducted at Medicine Unit I, Holy Family Hospital, Rawalpindi,
Pakistan, from June 2019 to December 2019. Ethical approval was taken from the institutional research
forum of the Rawalpindi Medical University. Patients with age greater than 50 years, random blood sugar
greater than 200 mg/dL, fasting blood sugar level greater than 126 mg/dL, or HbA1lc levels greater than 6.5%
were defined as having type 2 diabetes mellitus. All patients with type 2 diabetes mellitus diagnosed at least
one year back, irrespective of gender, were included in the study. Patients with a history of head injury,
epilepsy, stroke, those on an antidepressant or antipsychotic medication, those with deranged renal function
tests, and those already diagnosed with dementia were excluded from the study. Three hundred thirty-two
patients were selected using consecutive (nonprobability) sampling. All the patients were explained about
the nature and purpose of the study. Informed written consent for participation was obtained. Patients’
sociodemographic details including years of education were recorded in a proforma.

An Urdu translation of Mini-Mental State Examination (MMSE) was applied through the interview from each
patient to assess cognitive impairment. The MMSE takes into account various domains of cognitive
functioning. These include spatial and temporal orientation, immediate memory, attention/concentration,
delayed recall, and language [15]. Patients with scores 23 or below out of 30 were considered cognitively
impaired. The authors, without prior knowledge that the tool had been licensed, used unauthorized copies
of Urdu MMSE for data collection. Permission for publication of data obtained from administering MMSE to
332 patients was retroactively obtained from Psychological Assessment Resources, Inc.

The collected data were analyzed using the statistical software SPSS-17 (IBM, New York, United States). For
categorical variables like gender and presence or absence of cognitive impairments, frequencies along with
percentages were calculated. For quantitative variables like age and the exact MMSE score, the mean and
standard deviation was calculated. Factors such as age, gender, and duration of diabetes were controlled
through stratification. Chi-square test was applied poststratification. P-value less than 0.05 was considered
significant.

Results

The mean # standard deviation age of the study population was 65.32 + 11.33 years, with the maximum age
being 80 years and the minimum being 50 years. Two hundred patients (60.24%) were below 65 years of age,
and 132 patients (39.76%) were 65 years of age or above (Figure ). Two hundred sixteen (65.06%) were
males, and 116 (34.96%) were females (Figure 2). The mean duration of DM was 10.17 * 4.81. The mean
MMSE score was 22.69 + 5.26.
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FIGURE 1: Distribution of patients by age
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FIGURE 2: Distribution of patients by gender

Out of 332 patients, 81 (24.4%) patients had cognitive impairment (Figure 53). Patients who were 65 or older
had a significantly higher proportion of cognitive impairment, compared to those below 65 years of age (p-
value = 0.0214) (Table 7). There was no significant difference in the proportion of cognitively impaired
patients between males and females (p-value = 0.2497) (Table I). Similarly, there was no significant
difference in cognitive impairment between those who had type 2 diabetes mellitus for 10 years or more and
those who had type 2 diabetes mellitus for less than 10 years (p-value = 0.3791) (Table 1).

Cognitive

impairment
= No cognitive

impairment

Figure 3

FIGURE 3: Proportion of cognitively impaired patients versus those not
cognitively impaired
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Age

Less than 65 years (total 200) More than 65 years (total 132) p-value
Patients with cognitive impairment 40 (20%) 41 (31.1%) 0.0214
Gender

Males (total 216) Females (total 116) p-value
Patients with cognitive impairment 57 (26.4%) 24 (20.7%) 0.2497
Duration of T2DM

More than 10 years (total 102) Less than 10 years (total 230) p-value
Patients with cognitive impairment 28 (27.5%) 53 (23.0%) 0.3791

TABLE 1: Analysis of cognitive impairment with age, gender, and duration of type 2 diabetes

mellitus

T2DM: type 2 diabetes mellitus.

Discussion

The results of our study ascertain that almost one in four of the patients suffering from type 2 diabetes
mellitus also suffers from cognitive impairment; therefore, cognitive dysfunction is not uncommon in
patients with T2DM. This proportion is in line with the findings in the literature. Khullar et al. found this
proportion to be 33.73% [16]. Other studies have shown it to range from 3% to 23% [17,18].

We want to emphasize that cognitive dysfunction in type 2 diabetes mellitus is almost as common as its
other micro- and macrovascular complications. Awareness of this important complication can help in better
counseling of the patients and their families. It can lead to directing more material resources and expertise
toward the issue. It can also lead to a better multidisciplinary approach, such as the involvement of the
neurologist for better patient management.

Cognitive impairment might be one of the multitudes of reasons for poor compliance of the patients to
lifestyle modifications and pharmacotherapy used to manage the disease. Patient education regarding
cognitive impairment would help them better understand the problems they are facing. This might lead to
better compliance to treatment and, as a result, good glycemic control. Also, education of the family and
other caregivers regarding the presence of cognitive dysfunction might help them better understand the
problems the patient is facing, and as a result, patient care would improve. In summary, awareness of
cognitive dysfunction in type 2 diabetics among physicians, patients, and their caregivers can go a long way
in improving patients’ quality of life.

In addition to this, our results show that increasing age is a risk factor for the development of cognitive
impairment in type 2 diabetics. This relationship is also well established in the literature [19]. Since diabetes
mellitus [20] and old age are both independent risk factors for developing Alzheimer’s disease, vascular
dementia, and other disorders resulting in the culmination of cognitive decline, a combination of both can
contribute to a higher incidence of cognitive impairment among older diabetics.

The present study showed no significant difference in cognitive impairment between the genders. This is in
contrast to other studies, which have described that the diabetic women have double the risk of
neurocognitive impairment compared to men, and female gender is an independent risk factor for
development of neurocognitive deficit [21,22]. One study even described a 3.75 times risk of cognitive
impairment in women compared to men [23]. Perhaps, a larger sample size could have shed more light on
this relationship.

The present study also showed no significant relationship between the duration of T2DM with cognitive
impairment. This is also contrary to many previous studies investigating the association. One study showed
that patients who have been diagnosed with T2DM for five years or more perform worse in aspects of
cognition such as logical memory and word fluency compared to those who have been diagnosed newly [24].
A study of the Iranian population reported a negative correlation between MMSE scores and the duration of
T2DM [25]. Similarly, a study conducted in India showed that diabetic individuals with a duration of diabetes
for more than 10 years were 4.34 times more likely to develop cognitive impairment compared to the newly
diagnosed diabetics [26]. We propose that more studies should be conducted in our region, so this
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relationship could be explored further.

Our results might have been influenced by certain potential limitations. Firstly, age and education can
influence MMSE scoring to judge neurocognition. Secondly, since the sensitivity of MMSE for timed
elements of executive functions and memory is low, residual confounding for them may have remained to be
exposed. Thirdly, the number of diabetic patients included in the study might be small and a larger cohort
could have better elucidated the relationships we investigated.

Conclusions

Cognitive impairment is common in individuals having type 2 diabetes mellitus. It is also associated with the
increasing age of diabetic patients. However, cognitive impairment in type 2 diabetes mellitus is not
associated with gender. In addition, there is no significant difference in cognitive impairment between the
patients who were diagnosed with diabetes more than 10 years ago and those who had it diagnosed less than
10 years ago.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Research
Forum RMC and Allied Hospitals issued approval R-07/RMC/16. The research proposal titled as "COGNITIVE
IMPAIRMENT IN TYPE 2 DIABETIC PATIENTS PRESENTING AT HOLY FAMILY HOSPITAL RAWALPINDI,"
submitted by Dr. Aimen Malik, Post Graduate Trainee at Department of Medicine, Holy Family Hospital
Rawalpindi, conforms to the accepted ethical standards established by Institution Research Forum of
Rawalpindi Medical University (RMC). Therefore, her research proposal has been approved by Institutional
Research Forum and The Research and Ethical Committee of RMC, and she is allowed to initiate her research
at RMC. Animal subjects: All authors have confirmed that this study did not involve animal subjects or
tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.
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