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Abstract

times more likely among patients with DRD.

the level of HbA1c is crucial.

Arabia

Background: The incidence of cognitive impairment (Cl) is higher in patients with diabetes mellitus (DM). The
association between DM and Cl and the risk factors for Cl need to be addressed to estimate the prevalence of
cognitive impairment in patients with DM and to identify the potential risk factors. The study is a cross-sectional
study using a convenient sample of 269 subjects. Sociodemographic diabetes-related variables including
biochemical markers were collected. Cl and diabetes-related distress (DRD) were assessed using the Arabic version
of Montreal Cognitive Assessment scale (MoCA) and the Diabetes Distress Screening Scale respectively.

Results: Overall, 80.3% had cognitive impairment while 33.8% had severe impairment. Older age, female gender,
low level of education, and low income were associated with Cl: duration of diabetes and DRD were associated
with Cl while ophthalmic complications were associated with severe Cl. Duration of diabetes was inversely
associated with Cl. Level of HbA1c was significantly higher in patients with severe Cl, and the probability of Cl
increased as the level of HbATc increased. Low level of education was associated with severe Cl, and Cl was two

Conclusion: Cl was higher than worldwide figures. Elderly females with low educational level, long duration of DM,
and low socioeconomic status are at more risk. The probability of severe Cl increased with increased level of
HbA1c. Screening for Cl in patients with diabetes along with intervention programs while considering the DRD and
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Background

Diabetes mellitus is a chronic metabolic disease that is
characterized by hyperglycemia which affects most of
the body systems. Diabetic patients usually develop di-
verse microvascular, macrovascular, and neuropathic
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complications making diabetes a major health problem
[1]. Several studies have linked cognitive impairment
with diabetes mellitus [2-4]. More recent studies
showed that the incidence of cognitive impairment is
higher in patients with diabetes mellitus compared to
general population [5, 6] and that diabetes mellitus is
considered as a risk factor for cognitive impairment [7].
Several studies reported an association between high
blood glucose levels and the onset and progression of
cognitive impairment [8—11]. It was also reported that
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less than 4% of the healthy subjects aged 65 years or less
are suffering from cognitive impairment [12].

Cognitive impairment is defined as difficulty remem-
bering, learning new things, concentrating, or making
decisions that affect everyday life [1]. It is a major com-
munity concern because it results in functional disability,
and it increases healthcare costs [13]. It might adversely
affect the management plan or cause serious harm spe-
cially in patients with diabetes, since patients’ concepts
regarding the need for regular follow-up, self-care, ad-
herence to diet, exercise, and medications depend mainly
on an intact memory [1, 14]. Patients with cognitive im-
pairment might be at risk of having complications from
treatment like developing hypoglycemia because of ei-
ther omission of meals or wrong dose or timing of insu-
lin or oral medications [1, 15].

The exact mechanism for the development of cognitive
impairment in diabetes mellitus is complex. One study
suggests cerebrovascular disease as a risk factor [13].
Other studies suggest that fluctuation of blood glucose
level, end products of metabolism, insulin resistance,
concomitant hypertension, amyloidosis, depression, and
some physical and psychological factors may play signifi-
cant roles [2, 16]. Chronic hyperglycemia has been
proven to be toxic to the neurons due to the production
of advanced glycation end products causing oxidative
damage which causes neuronal injury [8, 17]. Microangi-
opathy, oxidative stress, inflammation, and dyslipidemia
are other important factors which can lead to neuronal
damage resulting in cognitive impairment [1]. Other
suggested mechanisms for cognitive impairment among
individuals with diabetes mellitus include expression of
insulin-degrading enzyme and occurrence of severe
hypoglycemic events [18]. The duration of diabetes and
poor glycemic control has been always considered as im-
portant contributors to the impact of diabetes mellitus
on cognitive impairment [7, 19]. The longer the duration
of diabetes mellitus, the more likely is the occurrence of
complications, including cognitive compromise [19].

Some studies assessing the prevalence of cognitive im-
pairment in the Middle East and Arabic-speaking coun-
tries demonstrated that the range of cognitive
impairment in this region ranges from 4.4 to 32% [20,
21]. A recent study assessing the prevalence of cognitive
impairment among Saudi population aged 60 years and
above demonstrated a prevalence of 46% [21]. It is still
controversial to determine which domain of cognition is
affected the most in patient with diabetes [13].

Diabetes-related distress (DRD) is defined as signifi-
cant psychosocial factors that have been demonstrated
to impact diabetes outcomes. Diabetes distress depicts
the logical and situational challenges which an individual
can encounter concerning the management, support,
and emotional stress of diabetes. Several studies
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demonstrated that diabetes-related distress affects gly-
cemic control, supporting the impact of diabetes distress
on diabetes outcomes [22]. In spite of the obvious rela-
tion between diabetes and DRD, the relation between
cognitive impairment and DRD needs to be addressed.

Although diabetic patients are at increased risk to de-
velop cognitive impairment, the cognitive function of pa-
tients with diabetes is not usually assessed in routine
clinical care. There are no data available on the preva-
lence of cognitive impairment in the diabetic Saudi
population. It is crucial to understand the association
between cognitive impairment and diabetes mellitus in
order to maximize the quality of life. The aim of this
study is to estimate the prevalence of cognitive impair-
ment in patients with DM and to identify the potential
risk factors.

Methods

Study design

We conducted a cross-sectional study using a conveni-
ent sample of 269 diabetic subjects recruited from gov-
ernmental and university general tertiary care hospitals
in Riyadh, Saudi Arabia, from September 2019 till March
2020. Subjects of both genders aged 18 years and above
diagnosed with type 1 or type 2 diabetes for at least 2
years whose diagnosis was based on laboratory tests
(HbAlc, fasting plasma glucose, and 2-h post-prandial
plasma glucose) and are receiving any modality of treat-
ment for diabetes (diet, exercise, oral hypoglycemic med-
ications, and/or insulin) were included in this study.
Patients with an advanced comorbid medical condition
that could have affected cognitive function such as de-
velopmental disorders, mental retardation, advanced
neurological condition, uncontrolled psychiatric prob-
lems, dementia, advanced cardiac or pulmonary condi-
tions, severe liver and/or renal failure, advanced
rheumatological disorder, severe anemia, using steroids
for the treatment of any disease, and patients with
speech or hearing disabilities were excluded.

Sample size calculation

Sample size was calculated using STATA Ver.16 (Stata
Corp, College Station, TX, USA), assuming prevalence
of cognitive impairment at 0.6 + 0.1, P < 0.05, and power
of study 0.8; the minimal sample size was 197, we in-
creased the sample size to 269 to compensate for miss-
ing data.

Ethical considerations The study was conducted in ac-
cordance with the Helsinki Declaration and after the
ethical approval of the Institutional Review Board at
Princess Nourah bint Abdulrahman University, Riyadh,
KSA (IRB-PNU:19-0139), date of approval: 21 October
2019. Informed verbal consent was taken from all study
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participants. Verbal consent was approved by the ethics
committee. The IRB recommends the use of verbal con-
sent in survey procedures unless information is obtained
in such a manner that human subjects can be identified
or subjects’ responses outside the research could place
them at risk of criminal or civil liability or may damage
their employability, or reputation.

Data collection method

Socio-demographic and diabetes-related variables

This part was developed after searching the literature for
similar studies [1, 16]. Additional questions were devised
de novo specifically for this survey to evaluate the socio-
demographic profile and contributing factors for cogni-
tive impairment in the studied sample. It was first
developed in English and was translated into Arabic by
two bilingual speakers. It was revised by two public
health experts for face validity and one field expert for
content validity. It included multiple choice questions
inquiring about the socio-demographic variables like
age, gender, marital status, education, job, and monthly
income, details about patients’ disease such as duration
of diabetes and if the subject suffers from any complica-
tions related to diabetes like numbness and self-reported
ophthalmic complications. Data were collected from the
patients’ medical records documenting the body mass
index (BMI) (calculated as weight divided by height
square), lipid profile (cutoff value according to the
manufacturer), and associated hepatic, renal, cardiac,
and neurological co-morbidities. Hemoglobin Alc
(HbA1lc) level which reflects the glycemic control status
of approximately the previous 3 months was recorded. A
HbAlc percentage of 6.5% was considered the cut point
for diagnosis of diabetes [8, 23]. Blood pressure (BP) was
recorded. Patients with persistent BP readings more than
140/90 were considered uncontrolled [24] and were ex-
cluded from the study.

Measurement scales

Cognitive impairment

We evaluated the cognitive impairment using the
Arabic version of the Montreal Cognitive Assessment
(MoCA) (version 7.1 original version) after getting au-
thors’ permission. The scale assessed seven cognitive
domains, namely, visuospatial/executive function,
naming, attention, language, abstraction, delayed re-
call, and orientation [25]. The possible scores ranged
from 0 to 30 with higher scores indicating better cog-
nitive status; the score was adjusted by adding one
point, if years of education are < 12years. The cutoff
of cognitive impairment was < 26 [26]. A cutoff value
of < 20 was used to determine the prevalence of se-
vere cognitive impairment [27, 28] among the Saudi
population and to identify the possible risk factors
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associated with it. Medical students were trained by
one of the authors—a psychiatrist specialist—to meas-
ure the cognitive impairment using the MOCA scale.
In this study, the Cronbach’s alpha a was 0.76, sug-
gesting a good internal consistency.

Diabetes-related distress
To measure the diabetes-related distress (DRD), we
used the Arabic version of DDS-17 [29]. This scale
assesses DRD during the past month; it includes 17
items, each item is measured on a six-point Likert
scale: a mild to moderate problem is 1 or 2, a moder-
ate to serious problem is 3 or 4, and a serious prob-
lem is 5 or 6. The total score of DDS-17 was
computed by summing the 17 items and dividing by
17. The cutoff for clinically significant DRD is > 2
[30]. The internal consistency of the DDS-17 for this
study was excellent, the Cronbach’s alpha a was 0.92.
The questionnaire was pilot tested on 30 subjects to
ensure both comprehension and readability and to esti-
mate the time required for data collection. Six trained
medical students were responsible for obtaining verbal
consent from participants, explaining the purpose of the
study, distributing the questionnaire, and ensuring that
all questions are answered. If any question found to be
redundant or inappropriate during the pilot test, it was
modified, and a final questionnaire was prepared.

Statistical analyses

We used STATA Ver.16 (Stata Corp, College Station,
TX, USA) for data analysis. Quantitative variables were
described as means = SD, or as median with interquar-
tile range (IQR) if variables were not normally distrib-
uted, while qualitative variables were described as
frequency and percentages with CI 95%. Difference in
the mean total score and in the subdomain scores of
MoCA in relation to duration of diabetes was tested by
one-way ANOVA and LSD post hoc analyses, while as-
sociation between the level of cognitive impairment and
socio-demographic and diabetes-related factors was eval-
uated by Chi-square test and Cramer’s V to assess the
strength of association. We conducted logistic regression
analyses to explore the association between the level of
cognitive impairment and diabetes-related factors in-
cluding, duration, control of diabetes according to the
level of HbAlc, and comorbidities which showed signifi-
cant association in bivariate analysis, and controlled for
socio-demographic variables. The level of statistically
significant results was set at P < 0.05. We estimated the
predicted probability of cognitive impairment in relation
to the level of HbAlc using the marginal effect com-
mands of STATA 16.
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Results

In total, the study included 269 participants, more than
90% of them aged > 40-years old while the mean age
was 56 years. Overall, about one-fifth was single, and fe-
males accounted for nearly two-third of the study popu-
lation. Holders of university degree amounted to 38.7%,
and 60% were not employed—including housewives and
retired individuals—nevertheless income was considered
enough by most of participants. More than 90% of par-
ticipants were overweight or obese (Table 1). As much
as 87.4% had type 2 diabetes. According to the level of
HbAlc, diabetes was controlled in less than one-third of
patients, and the duration of diabetes was > 10 years in
more than half of the sample. Self-reported comorbidi-
ties exceeded 50% each for ophthalmic problems and
symptoms of peripheral neuritis peculiar to diabetes. Re-
view of hospital records revealed hepatic comorbidities
in more than one-fifth of patients followed by renal and
cardiac problems each in more than 10% while the
neurological problems were the least of all comorbidi-
ties. Triglycerides and LDL-C were high in 26.2% and
44.2% respectively while as much as 85% had low levels
of HDL-C. Of note, the study revealed diabetic-related
distress in more than one-third of patients (Table 2).

Table 1 Sociodemographic characteristics of patients with
diabetes, n = 269
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Table 2 Clinical and biochemical profiles of patients with
diabetes

Characteristics

N (%)/median (IQR)

*BMI (weight in kg/height in m?

< 185-249
25-299
230

Practicing exercise

Yes (1-5 days/week, 30 min each)
No

Type of diabetes

Type 1
Type 2

Duration in years

< 10vyears

2 10years

Frequency of testing

Glucose home testing at least once daily

HbA1c, at least once every 3 months

*HbA1C%

Controlled, < 6.5

Uncontrolled, > 6.5

*Blood pressure

High systolic blood pressure > 140 mmHg
High diastolic blood pressure > 90 mmHg

Characteristics

N (%)/mean + SD

Combined, systolic > 140/diastolic > 90 mmHg

Comorbidities

Age in years, mean + SD 56.01 + 997
Age categories

< 40years old 18 (6.7)

40-59 years old 137 (50.9)

2 60 years old 114 (42.4)
Gender

Females 185 (68.8)

Males 84 (31.2)
Social status

Married 208 (77.3)

Single 61 (22.7)
Education

Below bachelor 165 (61.3)

Bachelor 104 (38.7)
Occupation

Unemployed 187 (69.5)

Employed 82 (30.5)
Income

Enough and can save 28 (10.4)

Enough 207 (77.0)

Not enough 34 (12.6)

Hepatic

Renal

Cardiac

Neurological

Self-reported ophthalmic problems

Self-reported numbness

Diabetes distress

Distress of clinical importance, score 2 3

Distress of any level, score = 2

*Lipid profile

LDL in mmol/L, median (IQR)

High level of LDL = 2.59 mmol/L

Total cholesterol in mmol/L, median (IQR)
High level of total cholesterol = 5.18 mmol/L
Triglycerides in mmol/L

High level of triglycerides = 1.69 mmol/L
HDL in mmol/L, median (IQR)

Low level of HDL < 1.55 mmol/L

12 (46)
64 (24.4)
186 (71.0)

167 (62.1)
102 (37.9)

34 (12.6)
235 (87.4)

115 (42.8)
154 (57.2)

110 (40.9)
226 (84.0)

81 (319
173 (68.1)

88 (33.0)
16 (6.0)
98 (36.7)

67 (24.9)
38 (14.1)
32 (11.9)
15 (5.6)
153 (56.9)
138 (51.3)

33 (123)
104 (38.7)

245 (1.04)
118 (44.2)
4.27 (1.36)
51 (19.1)
1.39 (0.73)
70 (26.2)
1.14 (0.4)
227 (85.0)

*Data were missing for two cases each in lipid profile and blood pressure,
seven cases in BMI, and in 15 cases in HbA1c
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The mean value of the total cognitive score in rela-
tion to the duration of diabetes clearly showed an in-
verse significant association. This relation holds for
the mean scores of the seven sub-domains but it was
only significant in the alternating trial making and in
the visuospatial/executive domain (Table 3). Figure 1
depicts the deficits in cognitive function by domain.
Data show the percentage of participants who scored
less than 60 out of the total 100 of the standardized
score—of each subdomain. Overall, 80.3% of partici-
pants had cognitive impairment while 33.8% had se-
vere impairment; meaning that 46.5% of participants
scored 26-20 points. The domain of delayed recall
was the worst as 80% of participants scored less than
60 out of 100, followed by verbal fluency (70%). Per-
centages of deficits were comparable for abstraction,
alternating trial making and visuospatial/executive do-
main ranging from 43 to 52%. The least affected do-
mains were naming and scoring, 24% and 16 %
respectively.

We tested the association between level of cognitive
impairment and sociodemographic and diabetes-related
factors using the bivariate analysis: Table 4 shows that
older age, low-level of education, low income, un-
employment, long duration of diabetes, and DRD were
significantly associated with cognitive impairment. Add-
itionally, sedentary life and self-reported ophthalmic
complications were significantly associated with severe
cognitive impairment. Overall, the strength of associ-
ation is small to moderate as indicated by the value of
Cramer’s V. Interestingly, other diabetes-related comor-
bidities did not show significant association with cogni-
tive impairment (data not shown). Prevalence of CI was
higher in patients with dyslipidemia, yet the difference
did not reach a statistical significance. Also, the associ-
ation between cognitive impairment and control of dia-
betes as defined by HbAlc < 6.5% was not statistically
significant.
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Results of logistic regression analysis revealed that low
level of education and self-reported ophthalmic compli-
cations were independently associated with severe cogni-
tive impairment. Severe cognitive impairment was about
six times more likely in less-educated participants, and
two times more likely in patients with ophthalmic com-
plications. Using the cutoff score < 26 points, cognitive
impairment was five-times more likely in less-educated
participants, and two times more likely in patients with
DRD. The association between the level of HbAlc and
cognitive impairment did not reach a statistically signifi-
cant level (Table 5); nevertheless, the probability of cog-
nitive impairment increased as the level of HbAlc
increased, for example, at HbAlc of 5%, the probability
of severe cognitive impairment was 29% versus 40% at
HbAlc of 12% (Fig. 2).

Discussion

Our study demonstrated that more than 80% of partici-
pants had cognitive impairment. A study performed re-
cently in Saudi Arabia [21] assessing cognitive function
among patients aged 60 years and above reported that
the prevalence of cognitive impairment was 46% based
on the standard MoCA cutoff point. The difference be-
tween our results and these results regarding the MoCA
score is mostly due to the selection criteria as our pa-
tients are all diabetics which is considered as a risk fac-
tor for development of cognitive impairment. Our
results coincide with previous reports which suggest de-
cline in global cognitive function and memory in partici-
pants with diabetes compared to those without diabetes
[7, 13, 31, 32]. The prevalence in our study is compar-
able to one study reported that the prevalence of CI
among patients having diabetes with hemodialysis [33].
Another study reported further higher prevalence of CI
among patients having diabetes with 87.5% [34]. The
lower prevalence reported in our study might be

Table 3 Mean score of total cognitive function and sub-domains according to duration of diabetes using the Montreal Cognitive

Assessment scale

Scale/domains full scores Duration P
< 10years,n =115 mean £ SD  10-19years, n = 81 mean = SD > 20years, h = 73 mean = SD

Total (30) 21.8 + 4.9 22,1 £ 49 19.6 £ 5.7 0.004

Domains
Delayed recall (5) 19+18 22+17 17+16 0137
Verbal fluency (3) 1.9 + 098 1.8 +£099 16 £ 088 0.062
Abstraction (2) 14 +0.76 13+072 1.1 £ 081 0.07
Alternating trial making (6) 4.1+ 1.7 44+ 16 37+19 0.032
Visuoconstructional (5) 36+ 14 36+ 14 29+17 0.011
Naming (3) 2.7 £0.50 2.7 £ 054 26 £ 065 0.249
Orientation (6) 55+ 097 56 £ 087 52+ 1.1 043
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Fig. 1 Cognitive impairment by domain and in total among Saudi patients with diabetes using the Montreal Cognitive Assessment scale, n = 269

All domains,
score<20

Naming Orientation All domains, score
skills <26

explained by the additional decremental effect of end
stage renal disease and hemodialysis on the cognitive
function.

Our results demonstrated that more than one-third of
the participants suffered from severe cognitive impair-
ment. A study performed on younger age group stated
that the prevalence of the cognitive impairment was
19.5% [16]. The difference might be attributed to the dif-
ferent age group selection in both studies and the more
prevalence of risk factors of cognitive impairment in our
patients. Another explanation for this difference is the
diversity in the education level between the participants
in both studies with lower level being in our population.
The level of education has been considered as one of the
most important determinants affecting MoCA score; in
our study, education was independently associated with
both severe and CI. It has been always suggested that
one cutoff point is not ideal, especially for educationally
diverse population [35].

Cognitive domains that have been studied included
memory, psychomotor speed, visuospatial functions,
frontal executive functions, processing speed, verbal flu-
ency, and attention. Our results suggest that all cognitive
domains are not affected equally. The domain of delayed
recall was the worst affected followed by verbal fluency.
Percentages of deficits were comparable for abstraction,
alternating trial making and visuospatial/executive do-
mains while the least affected domains were naming and
scoring. In review of a literature on the association be-
tween diabetes and cognitive function conducted in
India, the authors concluded that verbal memory and
processing speed were the most domains affected with
preservation of functions in other areas including visuo-
spatial function, attention, semantic memory, and lan-
guage [1]. These results are in line with our findings and
was confirmed by another study which revealed impair-
ment of executive function in diabetic individual at

baseline and observed steeper declines in a test of lan-
guage (phonemic verbal fluency) and executive function
(Stroop color/word interference test) compared to indi-
viduals without diabetes. The results support previous
findings of significant differences in executive function,
language, and psychomotor speed/attention [36, 37].
One Japanese study recognized three types of cognitive
impairment according to affected domain of MoCA
score: frontal lobe impairment group in which the atten-
tion, language, and abstraction domains were affected, a
temporal lobe impairment group with impaired recall
domain, and the third is a mixed type [38]. Hishikawa
et al. [39] found significant decrease of MoCA scores in
“naming,” “read list of letters,” and “delayed recall” as-
pects. Similar results were reported by Zhong et al. [40].
Yuan and his colleague reported that elderly patients
with hyperinsulinemia had lower cognitive test scores in
MoCA, orientation, delayed memory, and attention/cal-
culation domains [41].

The importance for identifying which cognitive do-
mains are most affected by diabetes is to target the risk
modification, possibly in the form of implementation of
cognitive rehabilitation therapies including physical ac-
tivity and exercise, which is needed to enhance executive
functioning thus reducing the risk of cognitive impair-
ment [13].

Several studies reported that the duration of diabetes
is a key predictor of cognitive outcomes and that long-
standing diabetes is associated with more significant
cognitive impairment [7, 42]. In our study, the mean
value of the total cognitive score clearly showed an in-
verse significant association with the duration of dia-
betes. The relationship between the cognitive decline
and the duration of diabetes may be due to the accumu-
lating harmful effects which diabetes causes. Longer dur-
ation of diabetes increases the chances of hyperglycemic
events which imposes an oxidative stress and causes
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Table 4 Frequency of cognitive impairment among patients with diabetes according to sociodemographic and disease variables

Variable Cognitive impairment (MOCA score 26 and Severe cognitive impairment (MOCA score 20 and
below) below)
Yes, n (%) P Cramer’s V Yes, n (%) P Cramer’s V
Age in years
< 40years 10 (55.6) 0.001 022 1(56) 0.008 0.19
40-59 years 105 (76.6) 43 (314)
2 60 years 101 (88.6) 47 (41.2)
Gender
Females 145 (784) 0.240 70 (37.8) 0.039 0.13
Males 71 (84.5) 21 (250
Level of education
Below bachelor 149 (90.3) < 0.001 0.32 81 (49.09) < 0.001 041
Bachelor 67 (64.4) 10 (9.62)
Income
Enough with saving 23 (82.1) 0.026 0.16 6 (21.4) 0.022 0.17
Enough 160 (77.3) 67 (32.4)
Not enough 33 (97.1) 18 (52.9)
Employment
Employed 57 (69.5) 0.003 0.18 17 (20.7) 0.003 0.18
Unemployed 159 (85.0) 74 (39.6)
Practicing exercise
Yes 132 (79) 0.508 47 (28.1) 0.012 0.15
No 184 (82.4) 44 (43.1)
Duration in years
< 10years 92 (80.0) 0.041 0.15 36 (31.3) 0.097
10-19 years 59 (72.9) 23 (28.4)
2 20 years 65 (89.0) 32 (43.8)
Diabetic distress
Normal, score < 2 124 (75.2) 0.008 0.16 53 (32.1) 0456
Any level, score = 2 92 (88.5) 38 (36.5)
Level of HbA1C
Controlled, < 6.5mmol/L 66 (81.5) 0.671 23 (284) 0.278
Uncontrolled, > 6.5 mmol/L 137 (79.2) 61 (35.3)
Dyslipidemia
Normal levels 21 (75.0) 0470 9(32.1) 0.853
Abnormal levels 193 (80.8) 81 (33.9)
Comorbidities
No ophthalmic problems 89 (76.7) 0.200 24 (20.7) < 0.001 024
Yes (self-reported) 127 (83.0) 67 (43.8)

Cognitive impairment: measured by Montreal Cognitive Assessment scale (MoCA), total score equals 30; the score was adjusted for the low level of education by
adding 1 point for an individual who has 12 years or fewer of formal education. The cutoff of cognitive impairment is < 26 points, and the cutoff of severe
cognitive impairment is < 20 points. Practicing exercise was considered for practicing 1-5 days/week, 30 min each. Dyslipidemia: high levels of LDL, TG, and low
level of HDL. Other comorbidities did not show significant association with the cognitive impairment

glucose and glutamate toxicity, directly harming neu-
rons. In addition, microvascular complications, including
cerebral microangiopathy, occur with hyperglycemia and
possibly increase the risk of cognitive impairment [19].

In this study, the inverse significant association with the
duration of diabetes holds for the mean scores of the
seven sub-domains, but it was only significant in the al-
ternating trial making and in the visuospatial/executive
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Factor Cognitive impairment Severe cognitive impairment

OR 95% Cl OR 95% Cl
Older age category 2 50 127 0.56-2.86 146 0.60-3.52
Female gender 049 0.21-1.15 1.06 049-2.30
Low level of education 467 2.11-1033% 5.86 2.57-13.35%
Occupation (employed) 0.58 0.27-1.26 0.57 0.27-1.23
Income (Low income) 459 0.57-37.31 134 0.56-3.21
Not exercising 1.00 047-2.09 1.54 0.84-2.86
Duration of diabetes 1.23 0.74-1.70 1.17 0.85-1.61
Diabetes distress of any level 2.26 1.04-4.89% 1.02 0.55-1.88
Ophthalmic complication 121 0.57-2.54 2.19 1.14-4.19*%
HbATC level 0.96 0.75-1.23 1.05 0.86-1.27
Dyslipidemia 2.06 0.58-7.23 129 041-4.07

Cognitive impairment: measured by Montreal Cognitive Assessment scale (MoCA), total score equals 30; the score was adjusted for the low level of education by
adding 1 point for an individual who has 12 years or fewer of formal education. The cutoff of cognitive impairment is < 26 points, and the cutoff of severe
cognitive impairment is < 20 points. Diabetes distress was measured by Arabic version of DDS-17. The cutoff for clinically significant DRD is > 2. Dyslipidemia:

high levels of LDL, TG, and low level of HDL
*P < 0.05

domain. Two previous studies demonstrated that the
duration of diabetes was associated with executive func-
tion domains of cognition [19, 43].

In the current study, low level of education was signifi-
cantly associated with the degree of cognitive impair-
ment. This finding is also supported by Prakash et al.
[44] who demonstrated that the higher the educational
level, the lesser the risk of cognitive impairment. Simi-
larly, Yerrapragada et al. [1] showed that low level of
education is associated with lower cognitive scores.
However, the level of education did not significantly

affect the cognitive function in young adult diabetic pa-
tients [16]. Our study showed that female gender was as-
sociated with more cognitive impairment. This finding is
in line with a recent literature [1] in which the percent-
age of cognitive impairment in females was more than in
males. This finding is also supported by the Salthouse
study [45] which demonstrated that cognitive decline is
more prevalent among females.

It has been suggested that cognitive impairment is
mainly caused by arteriosclerosis at the arteriole level.
Since the retina and brain have common developmental
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Fig. 2 Probability of cognitive impairment with 95% confidence interval in relation to HbA1c levels. a Cognitive impairment. b Sever cognitive
impairment. The cutoff of cognitive impairment is < 26 points, and the cutoff of severe cognitive impairment is < 20 points
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origins and share anatomical, physiological, and auto-
regulational properties, the vascular structures of the
small arteries of the retina and brain are similar [19, 46].
In our patients, the presence of self-reported ophthalmic
complications was significantly associated only with se-
vere cognitive impairment. A recent study by Gupta
et al. [47] stated that the degree of diabetic retinopathy
specially at the more severe stages is associated with in-
creased risk of developing cognitive impairment, inde-
pendent of vision. Therefore, we think that diabetes-
related microangiopathy is facilitated in the brain in sub-
jects with ophthalmopathy, which could explain the as-
sociation between ophthalmic complications and
cognitive impairment.

Analyzing HbAlc levels and cognitive impairment, our
study showed that the mean level of HbAlc was signifi-
cantly higher in patients with severe cognitive impair-
ment, and the probability of CI and severe cognitive
impairment increased as the level of HbAlc increased.
However, the level of diabetic control using HbAlc cut-
off value of < 6.5% was not independently associated
with CI. Of note, control of diabetes was achieved in
only one-third of participants, the small number of par-
ticipants in the arm of controlled diabetes might affect
the result, yet the direct relationship between the prob-
ability of CI and the level of CI should be considered
clinically significant. Studies that found that HbAlc of
6.5% or above was associated with lower cognitive per-
formance [8, 48—51]. Surprisingly, a weak negative rela-
tionship between the HbAlc level and the cognitive
function was detected by another study [16]. This incon-
sistency may be attributable to variations in the study
design, study participants, duration or severity of dia-
betes, and the tools used to assess the degree of cogni-
tive impairment.

Our study showed that the prevalence of CI was
higher in patients with dyslipidemia, yet the difference
did not reach a statistical significance. Over the previous
years, studies have documented the significant contribu-
tion of dyslipidemia in the development of cognitive de-
cline highlighting potential target for prevention [21,
52].

Finally, we found that minimal cognitive impairment
was two times more likely among patients with diabetic-
related distress. This might be explained by the fact that
the impact of distress on glycemic control is twofold or
more which has a great effect on cognitive function [22].

We believe that these data can provide useful informa-
tion from the clinical point of view. The high prevalence
of cognitive impairment is of paramount clinical import-
ance as patients with cognitive impairment may experi-
ence issues completing complex self-care practices, for
example, self-care, independence, caloric intake calcula-
tion, regular blood sugar monitoring, insulin intake and
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dosage adjustment, and arranging meal plans and exer-
cise schedules. Over time, poor self-management may be
reflected as poor metabolic control and increment the
danger of diabetes-related morbidities.

Some limitations of our study deserve consideration.
First, it is a cross-sectional study, so causation cannot be
inferred; also, convenient sampling technique would
limit the generalizability of results. Second, we only have
one reading of HbAlc for each participant, so we cannot
assess trends in HbAlc levels. Third is lack of control
group for assessing the effect of age per se on the cogni-
tive function.

The strengths of our study include the following: first,
this is the first study to assess CI in Saudi patients with
diabetes. Second, we investigated the association be-
tween CI and diabetes-related variables including DRD.
Third, the participation rate was satisfactory, and few
data were missing. Lastly, the measurements of CI and
DRD were reliable as evidenced by the value of the
Cronbach’s alpha.

Conclusion

From our study, we conclude that more than 80% of in-
dividuals with diabetes interviewed in our study had cog-
nitive impairment and about one-third had severe
impairment. The level of HbAlc was significantly higher
in patients with severe cognitive impairment, and the
probability of CI and severe cognitive impairment in-
creased as the level of HbAlc increased. The total cogni-
tive score was significantly lower with prolonged
duration of diabetes. Low level of education, self-
reported ophthalmic complications were associated with
severe CI, while DRD and low level of education were
associated with CI.

Recommendations

We recommend routine screening of cognitive function
in older patients with DM for early detection and regular
follow-up of cognitive impairment; hence, timely psy-
chosocial interventions can be implemented to mitigate
further deterioration in cognitive function. We also rec-
ommend conducting a prospective study on a larger
sample size with multiple HbAlc readings and measur-
ing the baseline cognitive impairment to compare the ef-
fect of duration of diabetes and fluctuation of blood
sugar on cognitive function over time.
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