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Abstract

Background: Diabetes afflicts almost 382 million individ-
uals around the world and a 592 million expected to be affected
by the year 2035, despite the fact that the pathophysiology
of cognitive dysfunction in T2DM is hazy, hyperglycemia,
hypoglycemia and insulin resistance have significant roles.

Aim of the Study: The aim of the study was to: Evaluate
the affection of cognitive function in patients with T2DM on
insulin and comparing between the effect of controlled and
non-controlled levels of HbA1C on cognitive function regard-
ing duration of diabetes, duration of insulin therapy, age, sex,
level of education and type of occupations of the patients.

Patients and Methods: A total of 100 patients diagnosed
as T2DM for more than 5 years were included in this study,
divided into two groups based on level of HbAlc: Controlled
group (50 patients with HbAlc was <6.5%) and Uncontrolled
group (50 patients with HbAlc was >_6.5) ages of patients
was between 35 and 55 years. Each patient was assessed by
clinical assessment, laboratory investigations and neuropsy-
chological assessment of cognition by: MMSE and MoCA.

Results: The frequency of cognitive impairment in young
adult patients with T2DM was 18%. There were weak negative
relationship between age of the patients and the cognitive
function, moderately negative relationship between the duration
of T2DM and cognitive function, moderate negative relation-
ship between the HbA1C level and the cognitive function and
the frequency of cognitive impairment was increasing with
increasing level of HbAlc.

Conclusion: Cognitive function in patients with T2DM
affected by control of diabetes, duration of T2DM and to less
extend age of the patients, and every one of them is an
independent risk factor for cognitive impairment.

Key Words: Cognitive impairment — MMSE — MoCA— Duration
of diabetes — Glycosylated hemoglobin — Level
of education — Type 2 diabetes mellitus (T2DM).

Introduction

TYPE 2 diabetes mellitus (T2DM) is a common
metabolic disease, it is characterized by hypergly-

Correspondence to: Dr. Mohamed A. Zaki,
E-Mail: mazamr89(@gmail.com

cemia, caused by insulin resistance and an inade-
quate compensation in the secretion of insulin. In
the last 5 decades it has become increasingly evi-
dent that diabetes may also affect the central nerv-
ous system, a complication referred to as 'diabetic
encephalopathy’, this complication is reflected in
impaired cognitive functioning and is also associ-
ated with an increased risk of dementia [1,2].

Cognitive functioning is comprised of multiple
cognitive domains, such as memory, information-
processing speed, language, vasoconstriction, per-
ception, attention and executive functions, which
can be impaired selectively [3].

Hyperglycemia in diabetes is due to the insuf-
ficient action of insulin, and cognitive impairment
is not only closely associated with hyperglycemia,
but also with the action of insulin. Insulin enters
the brain through the blood-brain barrier where it
binds with insulin receptors. In the brain, insulin
is involved in various cognitive functions. There
is a particularly large number of insulin receptors
in the hippocampus and cerebral cortex, which
play a central role in memory. Insulin induces the
release of (3-amyloid peptide (A) in cells to the
cell exterior, and also promotes the expression of
insulin degrading enzyme (IDE). As IDE also
degrades AP, if there is lack of insulin, A B will
accumulate [4].

In the case of hyperinsulinemia or insulin re-
sistance, due to down regulation, there is a decrease
in insulin receptors and less insulin comes into the
brain. Also, as insulin is degraded by IDE, in the
high insulin state, IDE is consumed and its amount

Abbreviations:

MMSE: Mini Mental State Examination.
MoCA : Montreal Cognitive Assessment scale.
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decreases, resulting in an increasein A (J causing
cognitive impairment to progress [5]. Also autopsy
findings showed that hyperinsulinemia and hyper-
glycemia as aresult of insulin resistance enhanced

neurotic plague formation [6] . In addition, the
intranasal administration of insulin has been shown

to be effective when its action in the brain is
insufficient, and there are expectations that this
could become a new type of therapy [7].

Patients and M ethods

This study was a cross sectional and single-
arm assessment study of cognitive function in
patients with T2DM on insulin. Patient enrollment
was between March 2016 and March 2017. Adult
T2DM patients (between the ages of 35 and 55
years for more than 5 years) at outpatient diabetes
clinic, department of Internal Medicine, Assiut
University Hospital.

50 patients with T2DM on insulin with control-
led HbA1c on treatment (HbA 1c <6.5) were in-
cluded in the study. Another age and sex matched
group (50 patients) with T2DM on insulin with
uncontrolled blood glucose level (HbA1c > 6.5)
with same duration of treatment had the same work
up as thefirst group.

All patients received a description of the study
and they were informed about the purpose, risks,
benefits and required follow-up. Informed consent
was obtained from each participating patient.

Theinclusion criteria were:

1- Patients with T2DM.

2- Onininsulin therapy for more than 5 years.

3- Aged: 35-55 years.

4- Normal neurological examination with no evi-
dence of central nervous system affection.

5- Educated to high school or above.

The exclusion criteria ruled out:

1- Patients with hypertension and advanced cardiac
condition.

2- Patients with T2DM on oral hypoglycemic drugs
and patients with TIDM.

3- Patients aging less than 35 years or more than
55 years.

4- Patients with abnormal neurological examination
suggestive of CNS affection or with history of
neurological or psychiatric conditions affecting
cognition, e.g. (Dementia, Parkinsonism, MS...
etc.).

5- Patients with other medical conditions that may
affect cognition (uremic, hepatic, thyroid dys-
function, malignancy, vitamin B 12 deficiency,
lung diseases, Rheumatological disorder etc.).

6- Patients with visual or hearing impairment,
which may interfere with scales application
with the patients.

7- Patients receiving drugs that may affect cognition
e.g. benzodiazepines, opiates, antidepressants
and anticonvulsants.

8- Educated patients below high school or illiterate
patients.

Each patient assessed with the following:
A- Clinical assessment includes:

I- Proper history taking & Full general examina-
tion:

Including following data for each patient: age,
gender, marital state, highest education level,
duration of T2DM, associated medical condition,
currently control or not on insulin treatment, blood
pressure (mmHg).

[1- Full neurological examination:

According to the sheet of Neurology depart-
ment, Assiut University hospital, to exclude any
neurological disorder.

B-Laboratory investigation:
I- Glycosylated Hemoglobin (HBAL c):

Patients with T2DM, HbA 1c of 48mmol/mol
(6.5%) was recommended as the cut off point for

diagnosing controlled and non-controlled patients
in this study.

I1- Total lipid profile:
Including HDL, LDL, triglycerides and total

cholesterol, to exclude patients with hyperlipidemia
which is a possible cause of cognitive affection.

C- Neuropsychological assessment of Cognitive
function:

Every patient assessed once by the established
assessment tools which are questionnaire-based
scales.

I- Mini Mental State Examination (MMSE) or
Folstein test is the most commonly used instru-
ment for screening cognitive function [§]. Itis
also used to estimate the severity and progres-
sion of cognitive impairment and to follow the
course of cognitive changesin an individual
over time.The maximum scoreis 30, a score of
20to 25 isindicative of mild cognitive impair-
ment [9].
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I1- Montreal Cognitive Assessment scale (MoCA):

MoCA was developed as atool to screen pa-
tients who present with mild cognitive complaints
and usually perform in the normal range on the
MMSE [10], it is a one-page 30-point test adminis-
tered in approximately 10 minutes.

The MoCA assesses several cognitive domains.
The short-term memory recall and delayed recall,
visuospatial abilities, multiple aspects of executive
functions, a phonemic fluency task, verbal abstrac-
tion, attention, concentration, working memory,
Language and Finally, orientation to time and
placeisevaluated [11].

Satistical analysis:

We entered the patient datain a Microsoft Excel
(2010, Redmond) spreadsheet, data was collected
and analyzed using SPSS (Statistical Package for
the Social Science, version 20, IBM, and Armonk,
New Y ork). Continuous data was expressed in form
of mean £ SD while nominal datawas gxpressed
in form of frequency (percentage). Chi -test was
used to compare the nominal data of different
groups in the study while student t-test was used
to compare mean of different two groups. Multi-
variate regression analysis was used to determine
the independent risk factors for cognitive impair-
ment in the study.

Ethical Consideration:

The present study was approved by ethics com-
mittee of Faculty of Medicine, Assiut University.
All patients received a description of the study and
they were informed about the purpose, risks, ben-
efits, alternatives, and required follow-ups. In-
formed consent was obtained from each participat-
ing patient. Confidentiality was assured for all
patients.

Results

The study included 100 patients known to have
type 2 diabetes mellitus on insulin therapy divided
into two groups based on level of HbA1c:

- Controlled group; patients with HbA 1 c was
<6.5%.

- Uncontrolled group; patients with HbA1lc was
>6.5%.

Demographic characteristics of the studied
patients:

Current study showed that no significant dif-
ferences between those patients with controlled
DM and those with uncontrolled DM where p was
>0.05.
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Cognitive assessment of all studied patients:
to assess the cognitive function in both groups we
use MM SE and MoCA.

Definition of cognitive impairment in the study:
Cognitive impairment was considered if the

patient who had MM SE scores below 25 or MoCA
score below 26.

Frequency of cognitive impairment in this study:

We found that 18 (18%) patients had cognitive
impairment (all of those patients had MM SE score
<25 and MoCA score <26). Fourteen (28%) patients
from those with cognitive impairment had uncon-
trolled DM while the other four (8%) patients had
controlled DM.

Parameters of MoCA and MMSE in the study:

- Mo CA: It was noticed that 14 (28%) patients
with uncontrolled DM vs. 4 (8%) patients with
controlled DM had cognitive impairment based on
MoCA (score <26) with significant difference
between both groups (p=0.01). Regarding MoCA;
patients with controlled DM had significantly
higher score of executive function, language flu-
ency, attention and recalling with p-value <0.05.
Other parameters as naming, orientation, abstraction
and language repetition had no significant differ-
ences between both groups with p>0.05. Also, total
score of MOCA was significantly higher in patients
with controlled DM (27.5 vs. 25.5; p=0.00).

- MMSE: The study showed that 14 (28%)
patients with uncontrolled DM vs. 4 (8%) patients
with controlled DM had cognitive impai rment
based on MM SE (score <25) with significant dif-
ference between both groups (p=0.03). Regarding
MMSE, it was noticed that recall and language
were significantly different between both groups
with higher scoresin those with controlled DM
withp-value was 0.00 for each. It was noticed that
the total score of Mini-mental state had no statistical
differences between both groups ( p>0.05).

Demographic characteristics of patients with
normal cognitive function vs. those with cognitive
impairment:

Regarding the demographic data of the patients
according to cognitive function; patients with
impaired cognitive function had significant higher
duration of DM and age with p was 0.00 for each
of them. Magjority of - 70 (93.3%-patients with
normal cognitive function had university education
or above while only 10 (40%) patients from those
with impaired function had university level or
above (p=0.00). Also, magjority of patients-45
(54.8%) patients with normal cognitive function
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had mentally dependent function and most of those
with impaired cognitive function had hand depend-
ent function (p=0.01). Sex, and marital status had
no significant differences between both groups
where p>0.05.

Parameters of MOCA and MMSE in the study
according to cognitive function:

- MoCA: Total score was significantly higher
in those with normal cognitive function (28.47 vs.
20.5; p=0.00). Executive function, language fluen-
cy, abstraction and recalling were significantly
higher in those with normal cognitive function
(p>0.05) while other parameters had no significant
differences between both groups (p>0.05).

- MMSE: Total score was significantly higher
in those with normal cognitive function (28.53 vs.
24.02; p=0.00). Those patients with normal cogni-
tive function had significantly higher orientation,
registration and recall scores (p<0.05) while lan-
guage and attention had no significant differences
between both groups (p>0.05).

Correlation between cognitive scores with dif-
ferent parametersin the study:
* Age of patients:

Had significant negative weak correlation with

MoCA [-0.3 (0.00)] and had significant negative
wesak correlation with MM SE [-0.33 (0.00)].
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e Duration of T2DM:

Duration of diabetes also had significant nega-
tive moderate correlation with MoCA [-0.41 (0.00)]
and had significant negative moderate correlation
with MM SE [-0.55 (0.00)].

* HbAlc:

HDbA 1 c also had significant negative moderate
correlation with Montreal Cognitive scale [-0.6
(0.00)] and had significant negative moderate
correlation with MM SE [-0.55 (0.00)].

Type of occupation and cognition:

It was found that patients with mentally depend-
ent occupation had significantly higher scores of
MoCA and MM SE (p<0.05).

Level of HbAlc and cognition in patients with
uncontrolled DM:

Based on HbA1 c level in patients with uncon-
trolled DM it was shown that frequency of cognitive
impairment was increasing with increasing level
of HbA1c.

Multivariate regression analysis for prediction
of cognition impairment in patients with type 2
DM: It was noticed that age of the patients (>55
years), uncontrolled DM, duration of DM (>10
years), and level of HbA 1 c (>7.5%) were inde-
pendent risk factors for cognition impairment in
the current study.

Table (1): Demographic characteristics of studied patients.

Controlled group

Uncontrolled group

(n=50) (n=50) p-value
Age (years): 52.46+5.77 54.46+ 10.07 0.94
3545 23 (46) 25 (50)
>45 27 (54) 25 (50)
Sex:
Male 32 (64) 31 (62) 0.99
Female 18 (36) 19 (38)
Education level:
University level and above 43 (86) 32 (64) 0.04
Below university level 7 (14) 18 (36)
Marital status:
Married 45 (90) 45 (90) 053
Single 5(10) 5(10)
Duration of DM (years) 13.11+2.98 14.23+3.09 0.11
Type of occupation:
Mental function 26 (52) 23 (46) 0.06
Hand dependent 24 (48) 27 (54)

Continuous data was expressed in for of mean * SD while nominal datain form of frequency (percentage).

p-vaue was significant if <0.05. n: Number.
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Table (2): Cognitive assessment of both groups.

Controlled group Uncontrolled group

Parameters (n=50) (n=50) p-value

Mo CA:
Executive function 4.4+0.92 3.8+1.26 0.00
Naming 3+0.00 2.8+0.41 0.07
Attention 55+0.51 3.30+0.87 0.04
Repeation 2+0.00 2+0.00 0.32
Fluency 0.6+0.11 0.5+0.11 0.00
Abstraction 5.3+0.87 4.8+0.94 0.87
Recalling 4.30+0.67 1.7+0.46 0.00
Orientation 5.9+0.33 5.1+0.86 0.98
Total score 27.5+2.65 25.5+4.65 0.00
Cognitive impairment (<26) 4(8) 14 (28) 0.01

MMSE:
Orientation 9.8+1.19 9.8+1.19 0.11
Registration 3+0.00 3+0.00 0.54
Attention 4.8+0.67 4.7+0.46 0.67
Recall 25+0.67 2.1+0.83 0.00
Language 8.1x0.95 7.9+0.71 0.00
Total score 27.9+2.36 27+191 0.07
Cognitive impairment (<25) 4(8) 14 (28) 0.03

- Continuous data was expressed in form of mean * SD while nominal datain form of frequency
(percentage). p was significant if <0.05. n; number.

Table (3): Demographic characteristics of patients according to cognitive function.

Normal cognition Impaired cognition ;
(n=82) (n=18) p-value
Age (years) 43.88+4.8 48.48+3.68 0.00
Sex: 0.17
Mae 53 (65) 10 (55)
Female 29 (35) 8 (45)
Education level: 0.00
University level and above 70 (85) 10 (55)
Below university level 12 (15) 8 (45)
Marital status: 0.99
Married 65 (79.2) 18 (100)
Single 10 (20.8) 0
Duration of DM (years) 10.6+3.65 14.4+4.45 0.00
Diabetic group: 0.00
Controlled 45 (54.8) 4(22)
Uncontrolled 37 (45.2) 14 (78)
Type of occupation: 0.01
Mental function 45 (54.8) 4 (22%)
Hand dependent 37 (45.2) 14 (78%)

- Continuous data was expressed in for of mean * SD while nominal datain form of frequency
(percentage). p-value was significant if <0.05. n; number.
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Table (4): Domains of cognitive function.

Normal cognition

Impaired cognition

Parameters (n=82) (n=18) p-value

MoCA:
Executive function 4.67+£0.47 2.440.82 0.00
Naming 3+0.00 2.61£0.54 0.98
Attention 5.67+0.47 4.6+0.57 0.96
Repeation 2+0.00 2%0.00 0.32
Fluency 0.37+0.11 0 0.00
Abstraction 3.840.1.79 3.47+0.44 0.00
Recalling 3.47+0.67 1.6+£0.54 0.00
Orientation 5.47£0.76 3.6%0.81 0.55
Total score 28.47+1.44 20.5£2.55 0.00

MMSE:
Orientation 9.73£0.44 9.1£1.5 0.00
Registration 3+0.00 3+0.00 0.00
Attention 4.840.43 4+0.64 0.09
Recall 2.67+0.47 1.1£0.43 0.00
Language 8.331£0.60 7.01£0.61 0.91
Total score 28.53+1.09 24.02+1.19 0.00

Data was expressed in form of mean * SD. p was significant if <0.05. n; number.

Table (5): Correlation between cognitive scores with different
parameters in the study.

Variables MoCA MMSE
Age —0.3 (0.00) —0.33 (0.00)
Duration of DM -0.41 (0.00) —0.55 (0.00)
HbAlc —0.6 (0.00) —0.55 (0.00)

- Data was expressed in form r; indicated to strength of association
and (P); indicated to significance of correlation and was considered
significant if <0.05.

DM : Diabetes mellitus.

HbA lc: Glycosylated hemoglobin.

Table (6): Types of occupation and cognition.

Mentally Hand
dependent  dependent P-Value
(n=49) (n=51)
Montreal assessment ~ 29.234+2.78  27.234+1.08 0.04
Mini-mental state 28.11£3.55 25.1242.59 0.00

- Data was expressed in form of mean * SD. p-value was significant
if <0.05.

Table (7): Multivariate regression analysis for prediction of
congitive impairment.

' 95%
Variables Od.d S confidence p-value
ration .
interval
Age of patients >55 years 1.2 2.33-5.67 0.04
Uncontrolled DM 2.33 1.56-3.34 0.00
Duration of DM >10 years 2.1 4.44-5.06 0.01
HbAlc>7.5% 1.7 1.09-3.04 0.03

p was significant if <0.05.
DM  :Diabetes mellitus.
HbAlc:Glycosylated hemoglobin.
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Fig. (1): Frequency of cognitive impairment in the study.
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Fig. (2): Frequency of impaired Cognition based on level of
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Discussion

Our study demonstrated that the prevalence of
cognitive impairment between adult patients with
T2DM on insulin therapy is 18%.

As regards demographic characteristics of the
studied patients:

In our study, the mean age of T2DM patients
was 52.9+6.7, with male predominance 62%, most
of the patients had high educational level (Univer-
sity level and above) 64%, 49% of the patients
have mentally dependent occupations and 51% of
the patients have hand dependent occupations
(p>0.05).

1- Asregard age, age group and cognition:

We found weak negative relationship between
age of the patients with T2DM and the cognitive
function and patients with age group between (35-
45 years) had higher scores of MoCA and MM SE
than the other group between (45-55 years) (p<
0.05).

To the opposite of the present study most of
studies [12-20] , showed a very strong negative
relationship between Age and glycosylated hemo-
globin level from one side and the cognitive func-
tion from the other side. And the present study
result stands near the same observation of Roy S,
etal., [21].

There are many factors that could explain this
difference. First, age-related cognitive impairment
is mostly reported after 60 years of age [22], in our
study, the mean age of T2DM patients was 52
years, therefore it is appropriate to state that a
normal age-related natural decline in the cognitive
function after the age of 60 years could have in-
creased the likelihood of a higher prevalence of
cognitive impairment in the studies that included
older adult T2DM patients.

Second, structural brain imaging studies on
T2DM patients over 60 years old show more pro-
nounced micro- and/or macro-vascular complica-
tions which do not tend to occur in younger adults

(17].

Third, older adult patients tend to have more
associated comorbid conditions compared to young-
er adults, such as hypertension, hyperlipidemia,
atherosclerotic cardiovascular disease, depression,
etc. These comorbid conditions are independently
associated with cognitive decline [9].
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2- Asregard duration of diabetes and cognition:

Our study found a moderately negative rela-
tionship between the duration of T2DM and cog-
nitive function scores. More than half of our patients
with cognitive impairment had T2DM for more
than 10 years. Our findings were similar to the
observations of previous studies [21-25], and our
study results are different from the results of a
study included patients with the mean age 27 years
and there was no decline in the cognitive function
after an average of 18 years [26] . These findings
indicate that factors other than the duration of
T2DM must be responsible for adverse influence
on cognitive function.

3- Asregard educational level and cognition:

We found that the level of education significan-
tly affect the cognitive function in our young adult
T2DM patients as M gjority of patients (93.3%)
with normal cognitive function had university
education or above while only 10 (40%) patients
from those with impaired function had university
level or above (p=0.00). Our findings are the same
as the findings of studies made by ME. Dupre, et
al., [27] and differ from the study that found that
the level of education did not significantly affect
the cognitive function in young adult T2DM pa-
tients [21].

4- As regards type of occupation and cognition:

In the current study we found that those patients
with mentally dependent occupations had signifi-
cantly higher scores of MoCA and MM SE than
patients with hand dependent occupations (p<0.05).
Our findings are similar to the observations of
previous studies [28-30] .

5- Asregard HBAL c and cognition:

We found moderate negative relationship be-
tween the HbA 1 C level and the cognitive function.
Our observation stands markedly different from
the observations of the majority of the studies that
have shown a very strong negative relationship
between glycosylated hemoglobin level and the
cognitive function [12-20] and stands near the same
observation of arecent study to assess cognitive
function and control of T2DM in young adults [27].

6- Asregard possible factors associated with cog-
nitive impairment in T2DM by multivariate
logistic regression models:

Based on previous statistical conclusions,
T2DM (controlled or not), hyperlipidemia (yes or
no), age, sex, education, the scores of MM SE and
MoCA, were included in the multivariate logistic
regression models. We found that uncontrolled
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T2DM, duration of T2DM (>10 years), and level
of HbA1 ¢ (>7.5%) are independent risk factors for
cognition impairment in the current study. And
thisresult is close to the results made in previous
studies [27,31] .

Conclusion:

Cognitive dysfunction in patients with T2DM
issignificantly affected by control of diabetes
(level of HbA1c), duration of T2DM, and to less
extends to age of the patient, and we can consider
each one of them is an independent risk factor for
cognitive impairment.
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