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Abstract
Background
Cognitive dysfunction is increasingly recognized as an important comorbidity of diabetes mellitus (DM).

Objective
The purpose of this study was to determine the prevalence and predictors of cognitive decline in individuals
with type 2 diabetes mellitus (T2DM).

Methods
This cohort study included patients with type 2 diabetes mellitus aged between 40 and 75 years and with a
duration of the evolution of diabetes that is greater than five years admitted in endocrinology consultation
of the Sheikh Khalifa ibn Zaid Hospital in Casablanca, Morocco. For each patient, we collected clinical
characteristics and biological assessments. All subjects provided screening test results as defined by the
Mini-Mental State Examination (MMSE).

Results
We included a total of 100 patients with diabetes between May and September 2021. The median age of the
patients was 65 years (interquartile range (IQR): 59-70 years), 65% were males, and the median duration of
diabetes was 15 years (IQR: 9-20 years). The most common cardiovascular risk factors (CVRFs) were
hypertension (72.7%) and dyslipidemia (53%). The most common complications of diabetes were peripheral
neuropathy (50%), diabetic retinopathy (DR) (39%), peripheral artery disease (33%), and coronary artery
disease (27%). Cognitive impairment was present in 47.5% of our patients. For the multivariate analysis, we
found that the decrease in the MMSE score is associated with the increase in age (p-value = 0.004) and the
occurrence of diabetic retinopathy (p-value < 0.001), dyslipidemia (p-value = 0.006), and elevated creatinine
(p-value < 0.001).

Conclusion
It is necessary to consider the cognitive decline of patients with diabetes as one of the most important
complications of this disease because of its impact on the evolution and compliance of these patients.

Categories: Endocrinology/Diabetes/Metabolism, Neurology
Keywords: mini-mental state examination, complications of diabetes, cardiovascular risk factors, cognitive
impairment, diabetes

Introduction
There is increasing evidence that patients with type 2 diabetes mellitus (T2DM) are predisposed to cognitive
decline leading to dementia [1]. Up until now, the prevalence of diabetes and cognitive impairment are very
similar, suggesting an overlap in the risk factors associated with the two diseases [2,3]. In the United State of
America (USA), data from a prominent veterans' registry revealed that the prevalence of dementia and
cognitive impairment associated with diabetes was 13.1% for those aged 65-74 years [4]. As a result,
cognitive decline is increasingly recognized by patients with diabetes and their physicians. This
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complication remains less explored and treated than other complications of diabetes [5].

Patients with mild cognitive impairment (MCI) have an increased risk of developing cardiovascular risk
factors (CVRFs) [6]. The impact of CVRFs, such as diabetes mellitus, dyslipidemia, obesity, and hypertension,
on cognition exists [7,8]. However, the physiopathology of CVRFs in patients with mild cognitive
impairment is still unclear.

Furthermore, managing the diabetic condition requires cognitive functions, such as attention, memory,
planning, and calculating. Impaired cognitive function may threaten the patient's ability to perform self-
monitoring of glucose and thus the ability to self-manage their diseases [9].

In this study, we investigated the link between cardiovascular risk factors in patients with type 2 diabetes
and cognitive disorders that could help detect subjects who have a higher risk of developing cognitive
decline in our Moroccan society.

Materials And Methods
Study design
This observational cohort study included all patients with T2DM aged between 40 and 75 years and with a
duration of the evolution of diabetes that is greater than five years admitted in endocrinology consultation
of the Sheikh Khalifa ibn Zaid Hospital in Casablanca, Morocco, between February 2021 and February 2022.
We excluded patients with a history of ischemic stroke and depression, on antiepileptic drugs, with
glycosylated hemoglobin (HbA1c) < 4%, and who are older than 75 years.

Clinical assessment
For each patient, we collected data related to his/her demographic characteristics involving gender and age,
comorbidities (hyperuricemia, hypertension, amputation, and cardiovascular diseases), microvascular
complications (diabetic nephropathy, peripheric neuropathy, and diabetic neuropathy), macrovascular
complications (coronary heart disease and peripherical arterial disease), and biological assessments (HbA1c,
creatinine, low-density lipoprotein (LDL) cholesterol, uric acid, and urinary microalbuminuria). Finally, all
subjects provided Mini-Mental State Examination (MMSE) results.

Predicting variables
The different complications were acknowledged using standard definitions. Peripheral sensory neuropathy
was detected by testing pain evoked by light touch according to Michigan Neuropathy Screening
Instrument scores [10]. Nephropathy was defined as a urinary albumin/creatinine ratio of more than
3 mg/mmol in an early-morning urine sample [11]. Diabetic retinopathy (DR) was observed in patients who
reported the occurrence of proliferative diabetic retinopathy at baseline and underwent standardized eye
examinations. Coronary heart disease was defined by the informed history of angina, coronary artery bypass
grafting, or angioplasty myocardial infarction [12]. Peripheral arterial disease was considered present when
arterial ultrasonic examination of the lower limbs or arteriography was performed previously and showed
atheromatous plaques and/or arterial stenosis [11].

Cognitive function
Global cognition was defined using the Mini-Mental State Examination (MMSE) adapted to the Maghrebi
population, a widely used test in clinical and research settings, taking into account education level [13]. A
positive screening test was defined by an MMSE score of <27/30 [14].

Ethical considerations
The ethics board of Mohammed VI University of Health Sciences approved our study. Data confidentiality
and patient anonymity were maintained at all stages of the study (data file number: CERB/UM6SS/11/21). We
deleted patient-identifying information before analyzing the database. Informed consent was obtained for
all patients before inclusion.

Data analysis
Data were analyzed using JAMOVI version 1.6.23.0 [15]. Descriptive analysis was performed for continuous
variables using medians with interquartile ranges (IQRs) and categorical variables using percentages. The
difference in the cognitive status was expressed using the nonparametric Mann-Whitney U test on the

equality of medians for continuous variables and Fisher's exact test and chi2 test for categorical variables.

Univariate linear regression was presented to study the link between all available variables, as described
above, and cognitive impairment. Multivariate linear regression was performed to study the association
between cognitive impairment and all available variates. Since cognitive impairment might be highly
correlated with many variables, particularly complications of diabetes, we used a stepwise multivariate
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model based on a bidirectional elimination, with a p-value of <0.2 and including all significant control
variables as found in the univariate analysis.

Results
A total of 100 patients with diabetes who consulted at the endocrinology consultation of Sheikh Khalifa ibn
Zaid Hospital during the period defined above were included in our study. The median age of patients was 65
years (IQR: 59-70 years); the male/female ratio was 1.8, and the median duration of diabetes in the patients
was 15 years (IQR: 9-20 years). The most common cardiovascular risk factors were hypertension (72.7%) and
dyslipidemia (53%). The most common complications of diabetes in our sample of patients were peripheral
neuropathy (50%), diabetic retinopathy (39%), peripheral artery disease (33%), and coronary artery disease
(27%). Concerning the biochemical analysis of patients in the study, the median HbA1c was 8% (IQR: 7.1%-
9.13%), the median LDL cholesterol was 0.9 mg/L (IQR: 0.71-1.2 mg/L), microalbuminuria was positive in
17% of the patients, the median creatinine was 7.25 mg/L (IQR: 6.3-9.93 mg/L), the median uretic acid was

53 mg/L (IQR: 36.5-63 mg/L), and the median body mass index (BMI) was 26.5 kg/m2 (IQR: 23-30 kg/m2).
Cognitive impairment as defined by an MMSE score < 27/30 was present in 47.5% of our patients (Table 1).

Variables Values

Age, median (IQR), years 65 (59-70)

Males, n (%) 65 (65)

Duration of diabetes, median (IQR), years 15 (9-20)

Tobacco use, n (%) 18 (18)

Dyslipidemia n (%) 53 (53)

BMI, median (IQR), kg/m2 26.50 (23-30)

Hypertension, n (%) 72 (72)

Hyperuricemia, n (%) 9 (9)

Diabetic retinopathy, n (%) 39 (39)

Diabetic nephropathy, n (%) 17 (17)

Peripheric neuropathy, n (%) 50 (50)

Coronary artery disease, n (%) 27 (27)

Peripheral artery disease, n (%) 30 (33)

Podiatric grade, n (%)

0 64 (64)

1 14 (14)

2 10 (10)

3 12 (12)

Amputation, n (%) 6 (6)

HbA1c, median (IQR), % 8 (7.10-9.13)

LDLc, median (IQR), (g/L) 0.90 (0.71-1.20)

Positive microalbuminuria, n (%) 17 (17)

Creatinine, median (IQR), mg/L 7.25 (6.30-8.93)

Uric acid, median (IQR), mg/L 53 (36.50-63)

TABLE 1: Characteristics of the study population
IQR: interquartile range; BMI: body mass index; HbA1c: glycosylated hemoglobin; LDLc: low-density lipoprotein cholesterol
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Concerning the status of Mini-Mental State Examination scores in our sample of patients, there was a
significant difference in age (p-value < 0.001), dyslipidemia (p-value = 0.022), microvascular complications
concerning diabetic nephropathy (p-value = 0.001), diabetic retinopathy (p-value < 0.001), macrovascular
complications including coronary heart disease (p-value = 0.029) and peripheral artery disease (p-value =
0.046). There was also a significant difference in terms of certain biochemical analyses including LDL
cholesterol (p-value = 0.018), positive microalbuminuria (p-value = 0.001), and creatinine (p-value < 0.001)
(Table 2).

Variables Cognitive impairment (n = 52) (52%) No cognitive impairment (n = 47) (47%) P-value

Age, median (IQR), years 69.50 (60-73) 63 (58.50-65.50) <0.05

Males, n (%) 35 (35) 30 (30) 0.71

Duration of diabetes, median (IQR), years 15 (10-20) 14 (8-19) 0.25

Tobacco use, n (%) 10 (10) 8 (8) 0.81

Dyslipidemia n (%) 33 (33) 19 (19) 0.02

BMI median (IQR), kg/m2 26 (22-30) 27 (23-30) 0.98

Hypertension, n (%) 41 (41) 30 (30) 0.06

Hyperuricemia, n (%) 7 (7) 2 (2) 0.10

Diabetic retinopathy, n (%) 32 (32) 7 (7) <0.05

Diabetic nephropathy, n (%) 15 (15) 2 (2) <0.05

Peripheric neuropathy, n (%) 28 (28) 21 (21) 0.36

Coronary artery disease, n (%) 19 (19) 8 (8) 0.02

AOMI, n (%) 22 (22) 11 (11) 0.04

Podiatric grade, n (%)   0.20

0 32 (32) 32 (32)  

1 10 (10) 4 (4)  

2 3 (3) 7 (7)  

3 7 (7) 4 (4)  

Amputation, n (%) 3 (3) 3 (3) 1.00

HbA1c, median (IQR), % 8.54 (7.18-10) 8 (6.95-8) 0.064

LDLc, median (IQR), g/L 1.03 (0.83-1.27) 0.80 (0.66-1.16) 0.01

Positive microalbuminuria, n (%) 15 (15) 2 (2) <0.05

Creatinine, median (IQR), mg/L 8.35 (6.95-12.30) 7 (6-8.10) <0.05

Uric acid, median (IQR), mg/L 55.9 (47.50-65.50) 44.50 (34-63) 0.11

TABLE 2: Comparison of the study population as per their cognitive status
IQR: interquartile range; BMI: body mass index; AOMI: acute and old myocardial infarction combined; HbA1c: glycosylated hemoglobin; LDLc: low-density
lipoprotein cholesterol

Regarding univariate analysis (Table 3), we observed that cognitive impairment was associated with age (ß: -
0.171; 95% CI: -0.251 to -0.090) (p-value < 0.001), duration of diabetes (ß: -0.157; 95% CI: -0.251 to -
0.090) (p-value = 0.009), cardiovascular risk factors including hypertension (ß: -2.76; 95% CI: -4.68 to -
0.836) (p-value = 0.005) and dyslipidemia (ß: -2.3; 95% CI: -4.10 to -0.682) (p-value = 0.007), complications
of diabetes including diabetic retinopathy (ß: -4.82; 95% CI: -6.35 to - 3.29) (p-value < 0.001), diabetic
nephropathy (ß: -5.61; 95% CI: -7.67 to -3.55) (p-value < 0.001), peripheric neuropathy (ß: -1.98; 95% CI: -
3.71 to -0.253) (p-value = 0.025), coronary heart disease (ß: -3.000; 95% CI: -4.90 to -1.11) (p-value = 0.002),
peripheral artery disease (estimate: -2.23; 95% CI: -4.05 to -0.402) (p-value = 0.017), and podiatric grade 3
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(ß: -4.004; 95% CI: -6.79 to -1.21) (p-value = 0.005). Cognitive impairment was associated to biochemical
analysis including the rate of HbA1c (ß: -1.06; 95% CI: -1.70 to -0.432) (p-value = 0.001), positive
microalbuminuria (ß: -5.61; 95% CI: -7.67 to -3.55) (p-value < 0.001), and the rate of creatinine (ß: -0.501;
95% CI: -0.686 to -0.317) (p-value < 0.001).

For the multivariate analysis (Table 3), we found that the decrease in the MMSE score is associated to the
increase in age (ß: -0.0975; 95% CI: -0.163 to -0.00324) (p-value = 0.004), the occurrence of diabetic
retinopathy (ß: -1.825; 95% CI: -3.109 to -0.541) (p-value < 0.001), and dyslipidemia (ß: -3.423; 95% CI: -
4.793 to -2.054) (p-value < 0.001).

Variables
Univariate analysis coefficient β
(95% CI)

Multivariate analysis coefficient β
(95% CI)

Multivariate analysis stepwise coefficients
β (95% CI)

Age (years) -0.17 (-0.25, -0.090) -0.14 (-0.35, 0.060) -0.09 (-0.16, -0.03)

Male (%) -0.40 (-2.27, 1.46) 0.014 (-0.27, 0.30)  

Duration of diabetes
(years)

- 0.15 (-0.27, -0.04) -0.05 (-3.39, 3.28)  

Tobacco use (%) 0.19 (-2.10, 2.50)   

Hypertension (%) -2.76 (-4.68, -0.83) 0.17 (-3.08, 3.43)  

Hyperuricemia (%) -2.56 (-5.61, 0.49) -2.14 (-6.88, 2.59)  

Dyslipidemia (%) -2.39 (-4.10, -0.68) -1.89 (-5.09, 1.30) -1.82 (-3.10, -0.54)

Diabetic retinopathy (%) -4.82 (-6.35, -3.29) -0.91 (-4.88, 3.04) -3.42 (-4.79, -2.05)

Diabetic nephropathy (%) -5.61 (-7.67, -3.55) -1.69 (-9.32, 5.94)  

Peripheric neuropathy (%) -1.98 (-3.71, -0.25) -2.27 (-4.89, 0.34)  

Coronaropathy heart
disease (%)

-3.00 (-4.90, -1.11) -2.84 (-6.51, 0.83)  

Peripheric arteriopathy
(%)

-2.23 (-4.05, -0.40) 0.26 (-3.01, 3.53)  

Amputation (%) -0.78 (-5.28, 3.72)   

Podiatric grade

1-0 -0.99 (-3.52, -1.52) 1.46 (-3.63, 6.56)  

2-0 -0.54 (-3.45, 2.37) 2.88 (-2.45, 8.23)  

3-0 -4.00 (-6.79, -1.21) 0.89 (-4.79, 6.58)  

HbA1c (%) -1.06 (-1.70, -0.432) -0.18 (-0.84, 0.48)  

LDLc (g/L) -0.91 (-3.40, 1.56)   

Positive microalbuminuria
(%)

-5.61 (-7.67, -3.55)   

Creatinine (mg/L) -0.50 (-0.68, -0.31) -0.00 (-0.08, 0.072) -0.34 (-0.50, -0.18)

Uric acid (mg/L) -0.05 (-0.13, 0.017)   

TABLE 3: Analysis of factors associated with cognitive impairment in patients with diabetes
BMI: body mass index; CI: confidence interval; HbA1c: glycosylated hemoglobin; LDLc: low-density lipoprotein cholesterol

Discussion
Prevalence
The prevalence of cognitive impairment was 47.5% in our patients; it could be explained by the elevated
median age of our population. These findings are in agreement with other investigations [1]. In their study
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that involved 169 patients with type 2 diabetes whose cognitive status was assessed using Mini-Mental State
Examination (MMSE), Świątoniowska-Lonc et al. [9] found that 56.8% of patients had cognitive impairment
(MMSE < 27).

Predictors of cognitive decline in patients with diabetes
Age

In the present study, we found that patients with cognitive decline compared with those with normal
cognition were older. These findings are in agreement with other investigations such as the study of Messier
et al. [16], which reported deficits in measures of attention due to subcortical and white matter changes
[17]. Among other small vessel cerebrovascular diseases, the risk factors glucose intolerance and
hyperinsulinemia [18] and type 2 diabetes [19] have been shown to be associated with white matter disease.
Metabolic disturbances accompanying insulin resistance (IR) disrupt not only the functioning of the liver,
muscles, and adipose tissue but also the brain [20,21]. Additionally, recent studies have demonstrated that
peripheral IR results in loss of brain function, which indicates a strong relationship between metabolic
disturbances and cerebral degeneration [20].

Chronic Kidney Disease (CKD)

The independent effect of CKD severity on cognitive decline has not been fundamentally studied, even if
both CKD and dementia share common risk factors. One of the principal findings of this study was that
progressive CKD with increasing creatinine (taking into account that creatinine is one of the indicators of
renal failure depending on age and nutritional status) is associated with poorer cognitive performance
measured using Mini-Mental State Examination. The Japanese study by Lee et al. [22] investigated the link
between CKD and cognitive decline in patients without dementia. They demonstrated that lower GFR is
associated with poorer cognitive function. The mechanism of cognitive decline in patients with decreased
renal function is still ambiguous [23]. According to Ikram et al. [24], it is due to endothelial dysfunction and
inflammation, the markers of which are elevated independently of cardiovascular risk factors.

Diabetic Retinopathy

In our patient sample, we found that the onset of diabetic retinopathy (DR) was associated with increased
cognitive decline. Ding et al. [25] studied a population of 1,046 patients with type 2 diabetes in Edinburgh.
They found that, in this representative population of elderly people with type 2 diabetes, increasing severity
of DR was associated with poorer overall cognitive ability [26,27]. Because of the considerable homology
between the retinal and cerebral microvasculature, retinal vascular changes are likely to provide an indirect
marker of concomitant changes in the cerebral microvasculature.

Dyslipidemia

The impact of dyslipidemia on cognitive decline in patients with diabetes is unclear. In our study, the level
of cognitive impairment was influenced by the co-occurrence of diabetes and dyslipidemia and possibly by
the association of other cardiovascular risk factors. Vintimilla et al. [7] studied the impact of cardiovascular
risk factors on cognitive status in a Mexican cohort of 515 patients using several tests to measure global
cognition of the MMSE. They found that when diabetes and dyslipidemia were present, this affected the
ability to think, reason, and remember [28].

Currently, we know that the apolipoprotein E4 is detected in astrocytes and microglial cells and is also
perceived in vascular endothelial cells, neurons, and neuritic activities. ApoE4 gene plays a critical role in
lipid metabolism and brain physiology and is also associated with an increased risk for cognitive decline. De
Strooper and Karran [29] demonstrated that widespread deposition of apolipoprotein β (Aβ ) in Alzheimer's
disease (AD) is both the cause and consequence of vascular pathology. The pathogenic impact of increased
Aβ deposits with ApoE4 in MCI could provide a viable genetic factor for detecting the risk of cognitive
decline in patients with type 2 diabetes [30].

Impact of cognitive impairment on adherence to treatment
The cognitive impairment in patients with diabetes impairs verbal memory and psychomotor skills [31,32].
Tasks related to diabetes self-management involve multiple skills, such as memory, attention, planning, and
calculation [33], and have an impact on blood glucose control [34]. In a Polish study that analyzed the impact
of cognitive impairment on self-monitoring of blood glucose, they found that the self-monitoring in patients
with cognitive impairment is less performant than in other patients [9].

Treatment of cognitive impairment in patients with diabetes
The search for innovative treatments to prevent cognitive impairment and improve cognition in people with
mild cognitive impairment or Alzheimer's disease is ongoing. Several avenues have led to a dead end; other
approaches seem promising [35]. For patients with diabetes, a recent large registry study of veterans with
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T2DM under 75 years of age found that metformin use was associated with a lower risk of subsequent
dementia than sulfonylurea use while controlling for known confounders [36]. Perhaps drug safety studies
should include neurological safety as well, in addition to cardiovascular safety.

Limitations and strength
This study has several strengths and limitations. The limitations of our study are the sample size and the
occurrence of selection bias due to the realization of the study in a third-level hospital. We did not analyze
the impact of medication use on diabetes, hypertension, and dyslipidemia. Finally, it would be better to
consider the glomerular filtration rate as an indicator of CKD, because it is a more objective parameter than
creatinine. The strengths of this study are that it includes well-typed MCI subjects, the use of
neuropsychological tests that have been standardized for the Moroccan population, and its originality due
to the fact that we still do not know everything about cognitive impairment in patients with diabetes.

Conclusions
Recommendations for the management of people with diabetes who have been diagnosed with cognitive
impairment are currently based primarily on expert opinion and limited to elderly populations. Although the
rationale for these recommendations is clear, it is evident that additional multicentric studies are needed for
the optimal management of these individuals. The age and risk factor profile increase considerably the
incidence of dementia in patients with diabetes older than 60 years, and it may be appropriate to adapt the
screening range based on the patient's cardiovascular risk factors and risk for dementia. Furthermore,
regarding the prevention component, it is necessary to select appropriate screening tests to use in patients
with type 2 diabetes.
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