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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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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. Salih'*, Harith Kh. Al-Qazaz?.

!Nineveh Health directorate, Mosul, Iraq.
’Department 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 HbA 1¢c were attained from
the patient's records.

Results: The result demonstrated that 90% had impaired
cognitive function. No significant correlation between cognitive
functionand age, BMI, HbA 1 ¢, 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, HbAlc, duration of diabetes, and medication
used for diabetes.

Key words. Dementia, diabetes type 2, cognitive, glycemic
control, HbAlc, 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
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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 [§].

Several studies indicate that high blood sugar is linked to
cognitive impairment, according to ACCORD MIND, an
increase of 1%in HbAlc 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 HbAlc 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 TIDM 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.
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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 HbAlc £ 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.

Cognitive function

Characteristics Total Dementia Mild  Normal
N=380 n=191 n=151 n=38
50.3% 39.7% [10%
Age
Mean + SD 55.47 £8.3555.95 5499 5495
BMI
Mean £ SD 29.69 +£5.04 29.54 29.97 129.37
Duration of Diabetes
Mean + SD 10.18 £7.66 10.11 10.18 10.54
Duration of comorbid 12.5
disease 10.47 £ 8.61 |10.11 9.95 ’
Mean + SD
HbAlc
Mean £+ SD 8.68+1.47 9.26 8.49 8.44
Gender (%)
Male 54.7 98 86 24
Female 453 93 65 14
Marital status (%)
Single 1.3 2 3 0
Married 98.7 189 148 38
Educational level (%)
Primary 58.4 143 71 8
Secondary 28.2 38 56 13
University 13.4 10 24 17
Employment (%)
Not employed 73.4 156 106 17
Employed 26.6 35 45 21
Monthly income (%)
less than 500000 1QD
500000-1000000 IQD 38.4 o3 44 4
56.3 90 96 28
more than 1000000 53 3 1 6
1QD ’
Smoking (%)
Yes 18.7 28 30 13
No 81.3 163 121 25
Presence of other co-
A o
$orb1d disease (%) 358 7 46 13
©s 64.2 119 105 20
No
More than one
1 1 0,
;omorbld disease (%) 47 9 6 3
©s 95.3 182 145 35
No
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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, HbAlc, 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 University Frequency Percent
secondary

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
HbAlc 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 19.72 20 3.85

Female 18.63 19 4.42 0.024
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Smoking*

Yes 20.34 |21 3.97

No 1897 19 4.16 0.015
Marital state*

Single 19.4 20 2.96
Married 19.23 19 4.17 0.993
Educational level**

Primary 17.85 18 4.13
Secondary 20.57 21 332 <0.05
University 22.41 23 3.04
Employment*

Not employed 1859 |19 4.23 <0.05
Employed 21 21 3.35
Monthly income**

Less than5000001QD 17.31 17 4.29
500000-10000001QD 20.23 20 3.61 <0.05
More than10000001QD 22.5 22 2.58

Insulin*

Yes 19.33 20 4.27

No 19.15 19 4.06 0.736
Glibenclamide*

Yes 19.03 19 4.02 056
No 19.33 20 4.22 ’
Metformin*

Yes 19.08 19 4.15

No 19.52 20 4.15 0.309
Glimepiride*

Yes 18.69 19 391

No 19.28 20 4.18 0.274
Sitagliptin+ Metformin*

Yes 19.33 20 4.07

No 19.22 19 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 HbAlc 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 HbAlc 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 HbAlc level, weak
positive relation with duration of DM, and moderate positive
relation with education [23]. Studies revealed that the HbAlc
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 HbAlc level tends to increase by 0.01 mmol/mol /
year after 20 years old and the suggested formula to calculate
the corrected HbAlc level. This information should be taken
into consideration when deciding the target HbAlc in elderly
diabetic patients to reduce the risk of hypoglycemia [24,25].
[corrected HbA lc (%) 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].
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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, HbAlc,
duration of diabetes, and medication used for diabetes.
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