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redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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PREVALENCE OF COGNITIVE IMPAIRMENT AND ITS ASSOCIATED FACTORS 
AMONG TYPE 2DIABETIC PATIENTS: FINDING FROM A CROSS SECTIONAL STUDY 

IN IRAQ

Israa M. Salih1*, Harith Kh. Al-Qazaz2.
1Nineveh Health directorate, Mosul, Iraq.

2Department of Clinical Pharmacy, College of Pharmacy, University of Mosul, Mosul, Iraq.

Abstract. 
Background: Diabetes mellitus is a metabolic condition 

characterized by chronic hyperglycemia and disturbance in body 
metabolic state. It is estimated that nearly half of patients with 
diabetes will suffer from cognitive impairment and impairment 
in the performance of daily functions. The aim was to determine 
the prevalence of cognitive impairment and its predictors among 
diabetics.

Methods: A cross-sectional study was conducted on type 2 
diabetic patients attending the AL-Wafaa clinic in Mosul. A 
validated questionnaire Saint Louis University Mental Status 
Examination (SLUMS) was used to evaluate cognitive function. 
The recent value of FBS or RBS and HbA1c were attained from 
the patient's records.

Results: The result demonstrated that 90% had impaired 
cognitive function. No significant correlation between cognitive 
function and age, BMI, HbA1c, duration of diabetes, and duration 
of co-morbid disease. Significant correlation between cognitive 
function and RBS level. Significant differences were found 
between cognitive function and gender, smoking, educational 
level, employment, and monthly income. While no significant 
differences were found with the marital state. The differences 
between SLUMS scores and the type of medications used for 
diabetes also were examined and no significant differences were 
found.

Conclusion: Decline cognitive performance is common 
among diabetic patients, more than half had a cognitive 
function. It is associated with gender, smoking, educational 
level, employment, and monthly income. No association was 
reported with age, HbA1c, duration of diabetes, and medication 
used for diabetes.

Key words. Dementia, diabetes type 2, cognitive, glycemic 
control, HbA1c, SLUMS.
Introduction.

Diabetes mellitus is a heterogeneous group of diseases 
characterized by chronic hyperglycemia that is associated with 
end-organ dysfunction, damage, and failure, like the blood 
vessels, retina, kidney, heart, and nervous system. The estimated 
prevalence of diabetes by the International Diabetes Federation 
(IDF) was 366 million in 2011 and is expected to increase to 
552 million by 2030 [1]. Cognitive impairment is the inability 
to remember, learn new things, concentrate, or make decisions 
that affect daily life and increases the burden on society due to 
functional disability and thus increased health care costs [2]. 

Diabetes mellitus is a recognized danger issue for cognitive 
impairment. Learning and memory, language, executive 
feature, complicated interest, perceptual-motor, and social 
cognition are all examples of cognitive capabilities. Mild 

cognitive impairment (MCI) represents an intermediate stage 
between normal cognition at a certain age and more serious 
deterioration of dementia [3]. Mild cognitive impairment can 
occur without meeting the whole diagnostic standards for 
dementia, which requires that the deficiencies interfere with 
day-by-day activities. Patients with diabetes are more likely to 
have cognitive problems [4].

With advancing age, the chances of developing cognitive 
impairment increase, but cases of cognitive impairment have 
been recorded in people with diabetes who are at a young age 
[5]. Diabetes associated with both subtypes of MCI (aMCI 
and naMCI) in middle-aged patients [6]. It is estimated that 
nearly half of patients with diabetes will suffer from cognitive 
impairment and impairment in the performance of daily 
functions [7]. Cognitive impairment leads to the inability to 
comply with instructions for the correct use of medications, 
proper diet, and exercise, which leads to irregular blood sugar, 
including the risk of hypoglycemia [8]. 

Several studies indicate that high blood sugar is linked to 
cognitive impairment, according to ACCORD MIND, an 
increase of 1%in HbA1c results in a 0.14 decrease in the mini-
mental state examination [MMSE) score [9]. Brain cells utilized 
glucose as a primary source of energy. Some studies suggest that 
repeated episodes of hypoglycemia are associated with cognitive 
impairment [10]. The chronic hyperglycemia of diabetes 
increases the production of advanced glycation end products. 
Among these long-lived glycated proteins are neurofibrillary 
tangles and amyloid-beta plaque markers of Alzheimer’s 
disease (AD). The metabolic sequelae of the formation of AGE 
includes oxidative stress, cell function impairment, and glucose 
hypometabolism. AGE affects neuronal cell functioning by a 
number of mechanisms like calcium influx, apoptosis, oxidative 
stress, and oxidative phosphorylation inhibition [11,12]. To 
determine the prevalence of cognitive impairment and its 
predictors among diabetics.
Materials and methods.

Study design and setting: Cross-sectional study by means 
of convenient sampling methods was conducted to collect the 
required number of patients for the study. Al-Wafaa diabetes 
center in Mosul. The study was conducted from December 2021 
to April 2022. The study approval was obtained by the ethical 
committee of the Clinical Pharmacy Department at the College 
of Pharmacy, University of Mosul, and the ethical committee in 
the Nineveh Directorate of Health. All patients who agreed to 
participate in the study signed a consent form. The HbA1c level 
were obtained from the patient’s record and FBS were measure 
for fasted patients otherwise RBS were measured. The cognitive 
function was assessed using a SLUMS questionnaire.
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Participants: participants of both sex who were diagnosed 
with type 2 diabetes irrespective of the type of medication used 
or duration of diabetes. patients with psychiatric disorders, 
Patients on sleeping pills, pregnant women, and night shift 
workers were all excepted from the study. 

Sample size: The required sample was determined using 
the Raosoft sample size calculator (http://www.raosoft.
com/samplesize.html). The study population was calculated 
depending on the number of patients who visit the Al-Wafaa 
center. About 32000 patients attended the Al-Wafaa center 
annually about third of them had T1DM and were excluded. The 
remaining 21000 patients are considered as the total number 
used to calculate the required sample. According to Raosoft, the 
required number was 378 with an accepted margin of error of 
5% and a confidence level of 95%. The final sample size which 
depended on this study was 380 patients.

Research instruments: The Arabic version of the SLUMS 
questionnaire was used for cognitive function examination in 
this study. It consists of two parts demographic information, and 
cognitive function as follows:

1-Sociodemographic data: It consist of age, sex, BMI, 
smoking, marital state, education level, monthly income, and 
information about diabetes like duration and type of medication 
used. Also, past medical history, history of other comorbid 
disease, duration and treatment used for it.

2- Cognitive function was examined in all the patients by the 
Saint Louis University Mental Status (SLUMS) is a screening 
tool for the cognitive state it consists of 11 items and a total score 
of 30 points and needs about 7 min. for administration. It consists 
of seven domains of assessment of cognition: attention, recall, 
orientation, fluency, calculation, visuospatial construction, and 
language. An excellent discriminator between normal cognition 
and mild cognitive changes is the 5-word delayed recall [13]. 
Arabic version of SLUMS was used in this study [14]. Many 
types of cognitive screening tests were available, but no one 
can be considered superior to another, for example, Mini-
Mental State Examination (MMSE) and Montreal Cognitive 
Assessment are commonly used and required a high educational 
level. SLUMS is more convenient for the study population and 
available in many languages.

Scale scoring: SLUMS score is divided as follows:
For high school education. 
1- Score from 27 - 30 Normal. 
2- Score from 21 - 26 Mild neurocognitive disorder.
3- Score from 1 - 20 for dementia.
For less than high school education
1- Score from 25 - 30 Normal. 
2- Score from 20 - 24 Mild neurocognitive disorder.
3- Score from 1 - 19 Dementia.
Since more than half of the study population had a low 

educational level (primary 58.4%) the cutoff point used was ≤ 24.
Statistical analysis: For data analysis, SPSS version 19 was 

used. For categorical variables Percentages and frequencies were 
used and for continuous variables Mean ± SD were used. To test 
the correlation between two continuous variables spearman was 
used and for continuous and two or more categorical variables 
Mann-Whitney U and Kruskall-Wallis H were used respectively. 
A p-value < 0.05 was considered as significant.

Results.
Demographic characteristics of the study population: The 

socio-demographic characteristics for a total of 380 patients 
were prescribed as follows: The age between 35 to 82 years 
with mean ± SD 55.47 ± 8.356 and the mean ± SD BMI was 
29.69 ± 5.047. Most patients were married (98.7%) and 54.7% 
were men. The mean duration of diabetes in the study was 10.18 
years and the mean HbA1c ± SD level of 8.68 ± 1.47 (Table 1). 
About 40% of participants were on insulin and the rest used 
different oral hypoglycemic agents. For the presence of other 
comorbid diseases, 35.8% had one and 4.7% had more than one 
comorbid disease.

Table 1. Socio-demographic characteristics of the study population.

Characteristics Total 
N=380

Cognitive function

Dementia 
n=191
50.3%

Mild 
n=151
39.7%

Normal 
n=38
10%

Age
Mean ± SD 55.47 ± 8.35 55.95 54.99 54.95

BMI
Mean ± SD 29.69 ± 5.04 29.54 29.97 29.37
Duration of Diabetes
Mean ± SD 10.18 ± 7.66 10.11 10.18 10.54
Duration of comorbid 
disease
Mean ± SD

10.47 ± 8.61 10.11 9.95 12.5

HbA1c
Mean ± SD 8.68 ± 1.47 9.26 8.49 8.44
Gender (%)
Male
Female

54.7
45.3

98
93

86
65

24
14

Marital status (%)
Single
Married

1.3
98.7

2
189

3
148

0
38

Educational level (%)
Primary
Secondary
University

58.4
28.2
13.4

143
38
10

71
56
24

8
13
17

Employment (%)
Not employed
Employed

73.4
26.6

156
35

106
45

17
21

Monthly income (%)
less than 500000 IQD
500000-1000000 IQD
more than 1000000 
IQD

38.4
56.3
5.3

98
90
3

44
96
11

4
28
6

Smoking (%)
Yes
No

18.7
81.3

28
163

30
121

13
25

Presence of other co-
morbid disease (%)
Yes
No

35.8
64.2

72
119

46
105

18
20

More than one 
comorbid disease (%)
Yes
No

4.7
95.3

9
182

6
145

3
35
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Cognitive patterns among study population: The cognitive 
function was evaluated using the SLUMS examination which 
consists of 11 questions and a score range between 0-30. The 
mean score for the cognitive function examination was 19.23 
± 4.15 with a median value of 19. As more than half of the 
study population had a low educational level (primary 58.4%) 
the cutoff point used was ≤ 24. So, the result demonstrated that 
90%had impaired cognitive function (Table 2). The Kolmogorov 
- Simonov test showed (P < 0.05) that indicated the nonnormal 
distribution of the results and non-parametric statistical 
tests (spearman’s correlation) were used to examine the 
correlation between the SLUMS scores and socio-demographic 
characteristics of the T2D patients. No significant correlation 
between cognitive function and age, BMI, HbA1c, duration 
of diabetes, and duration of co-morbid disease. Significant 
correlation between cognitive function and RBS level (P < 0.05) 
(Table 3).

Table 2. Percent and frequency of impaired and normal cognitive 
function among participants.

Variables Primary and 
secondary University Frequency Percent

Dementia 181 10 191 50.3
Mild 127 24 151 39.7
Normal 21 17 38 10

Table 3. The correlation between demographic characteristics and 
cognitive function (continuous).
Variables N Rho* P value
Age 380 -0.005 0.333
BMI 380 0.012 0.808
Diabetes duration 380 0.012 0.813
Duration of co-morbid disease 136 0.018 0.835
FBS 318 -0.024 0.666
HbA1c 380 0-0.081 0.113
RBS 64 -0.307 0.014
Number of cigarettes 71 0.078 0.517
* Spearman’s correlation.

Non-parametric statistical tests (Mann-Whitney test for 
dichotomous data and Kruskal-Wallis test for polychromous 
data) were used to examine the differences in SLUMS scores 
among socio-demographic groups of the T2D patients. 
Significant differences were found between cognitive function 
and gender, smoking, educational level, employment, and 
monthly income. While no significant differences were found 
with the marital state. The differences between SLUMS 
scores and the type of medications used for diabetes also were 
examined and no significant differences were found (Table 4).

Table 4. The differences between demographic characteristics and 
cognitive function (categorical).
Variables Mean Median SD P value
Gender*
Male 
Female

19.72
18.63

20
19

3.85
4.42 0.024

Smoking*
Yes
No

20.34
18.97

21
19

3.97
4.16 0.015

Marital state*
Single
Married

19.4
19.23

20
19

2.96
4.17 0.993

Educational level**
Primary
Secondary
University

17.85
20.57
22.41

18
21
23

4.13
3.32
3.04

<0.05

Employment*
Not employed
Employed

18.59
21

19
21

4.23
3.35 <0.05

Monthly income**
Less than500000IQD
500000-1000000IQD
More than1000000IQD

17.31
20.23
22.5

17
20
22

4.29
3.61
2.58

<0.05

Insulin*
Yes
No

19.33
19.15

20
19

4.27
4.06 0.736

Glibenclamide*
Yes
No

19.03
19.33

19
20

4.02
4.22 0.56

Metformin*
Yes
No

19.08
19.52

19
20

4.15
4.15 0.309

Glimepiride*
Yes
No

18.69
19.28

19
20

3.91
4.18 0.274

Sitagliptin+ Metformin*
Yes 
No

19.33
19.22

20
19

4.07
4.17 0.766

*Mann-Whitney U test, **Kruskal-Wallis test.

Discussion.
This study was conducted to explain the relationship between 

DM and cognitive function, and to explain the associated 
factors. A number of studies confirmed this association 
and examine different risk factors for developing cognitive 
problems. Diabetes associated with both subtypes of MCI 
(aMCI and naMCI) in middle-aged patients [6]. One study 
found that DM was associated with a twofold increased risk 
of vascular dementia, 47% and39% increased risk of dementia 
and Alzheimer's dementia among elderly patients respectively 
and this association was independent of the cardiovascular 
comorbidities [15]. 

The prevalence of cognitive impairment in the population study 
was found (90%). Other studies found a different prevalence of 
cognitive impairment this may be due to different factors like 
the educational level of the study population and other Socio-
demographic characteristics, and different screening tools and 
cut-off points. In Saudi 80%, Pakistan 24.4 % [16], China 28 % 
[17], and other regions 31.5 % [18], 21.8 % [19].

Diabetes is associated with a reduction in brain volume 
especially in certain region hippocampus, cerebellar area, 
and thalamus [20]. These structural changes occur prior to 
functional changes. There is controversial evidence about the 
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effect of glycemic control on cognitive function as some studies 
reported that tight glycemic control in midlife had a protective 
effect against the late-life decline in cognitive function [21]. 
On the other hand, the intensive glycemic control in the older 
population did not have a protective effect against the decline in 
cognitive function [22]. Although this may be due to the need of 
poly pharmacy to get this control and side effect associated with 
this medication, or the increase chance of hypoglycemia which 
also had a negative effect on cognitive function.

No significant correlation was found with age, duration of 
diabetes, and HbA1c level. While a significant association 
was found with post-prandial glucose level, gender, smoking, 
educational level, employment, and monthly income. This 
finding with regard to age, duration, and HbA1c level may 
be due to the lower age of the study population (mean 55.47 
years) compare with another study conducted on elderly 
patients > 60 years old [9]. A study conducted on young adults 
(<60) found weak negative relation with HbA1c level, weak 
positive relation with duration of DM, and moderate positive 
relation with education [23]. Studies revealed that the HbA1c 
level did not reflect the same meaning as in young people. 
This may be due to the effect of comorbidity in the older 
population which had impaction on the life span of red blood 
cells. The HbA1c level tends to increase by 0.01 mmol/mol /
year after 20 years old and the suggested formula to calculate 
the corrected HbA1c level. This information should be taken 
into consideration when deciding the target HbA1c in elderly 
diabetic patients to reduce the risk of hypoglycemia [24,25].                                                      
[corrected HbA1c (%) for age was 5.09+0.01 (age)]

A significant association with gender was observed in another 
study [26] this association is stronger in men, and aMCI was 
more common among females while naMCI was more common 
among male [6]. In spite of this, another study conducted in 
Cairo found that cognitive impairment was more prevalent 
among female [27-29]. This may be due to the stronger vascular 
adverse effect of diabetes in women than men [30]. The 
biological differences between male and female for example the 
endogenous estradiol in women may play a role in this effect 
[31]. Significant association with smoking was observed this in 
contrast to another study which reported no association [32]. 
The significant association with educational level was confirmed 
in another study [2]. Some studies also found that the effect of 
education is more profound than the effect of age on cognitive 
function [33]. Although another study found that age has a more 
pronounced effect on cognitive function than education [34]. 
Occupation and socioeconomic state also affect the cognitive 
function in diabetic patients [2]. Low socioeconomic state and 
low income were observed in another study this may be due to 
low dietary intake, low health care services, and social isolation 
[35]

No significant difference was found between cognitive function 
and medication used for diabetes this result obtains in another 
study [36]. Whereas other studies found that cognitive function 
impairment were more likely to develop in patients who were 
used insulin compared with patients on oral hypoglycemic 
agents [37,38]. Another study found an association with oral 
hypoglycemic agents [39]. 

Conclusion.
Decline cognitive performance is common among diabetic 

patients, 90 % had a decline in cognitive function. It is associated 
with gender, smoking, educational level, employment, and 
monthly income. No association was reported with age, HbA1c, 
duration of diabetes, and medication used for diabetes.
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