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Abstract

Background/Objectives: Diabetes mellitus is associated with cognitive impairment, but
evidence from southern Morocco remains limited. This study examined the associations of
diabetes status, HbAlc, and diabetes duration with Mini-Mental State Examination (MMSE)
performance among adults aged 45 years or older in Dakhla. Methods: This hospital-based
comparative cross-sectional study included 100 participants (50 with diabetes and 50 with-
out diabetes). Data were collected through a structured bilingual questionnaire and medical
records. MMSE scores below 27 defined MMSE-based cognitive impairment. Crude and
age-, sex-, and education-adjusted linear regression models with HC3 robust standard
errors were complemented by correlation, subgroup, chi-square, and odds-ratio analyses.
Results: Mean MMSE scores were lower in participants with diabetes than in those without
diabetes (24.4 £ 5.39 vs. 28.8 &= 2.08). After adjustment, diabetes remained associated with
a 4.13-point lower score (f = —4.13; 95% CI: —5.57 to —2.69; p < 0.001). MMSE-defined
impairment occurred in 54% and 14% of the diabetic and non-diabetic groups, respectively
(OR =7.21; 95% CI: 2.72-19.05; p < 0.001). Within the diabetic group, MMSE scores cor-
related inversely with diabetes duration (r = —0.523; p < 0.001) and HbAlc (r = —0.393;
p = 0.005), but neither remained independently associated after adjustment. Participants
with type 1 diabetes had lower median MMSE scores and longer disease duration than
those with type 2 diabetes, although this subgroup comparison was exploratory. Con-
clusions: Diabetes was strongly associated with lower MMSE performance and a higher
prevalence of MMSE-defined impairment in this hospital-based sample. The cross-sectional
design precludes causal interpretation, and the findings require confirmation in larger
prospective studies.

Keywords: diabetes mellitus; glycated hemoglobin A; cognitive impairment; Mini-Mental
State Examination; cross-sectional study; middle-aged adults; older adults

1. Introduction

Demographic aging and the rising incidence of metabolic dysregulation are driving a
global shift in disability patterns. Cognitive decline represents a major determinant of lost
autonomy among older adults, highlighting the identification of modifiable risk factors as a
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priority for public health interventions. Cognitive function broadly reflects an individual’s
capacity to process, integrate, and adapt to environmental demands and serves as an
accessible clinical indicator of neurofunctional integrity [1,2]. Interdependent cognitive
domains, including episodic memory, executive function, sustained attention, language,
and perceptual-motor processing, collectively dictate overall intellectual performance,
such that impairment in a single domain can cascade across the cognitive network [3,4].
Although age-related cognitive trajectory often shows gradual attenuation, functional
independence can be preserved in the absence of major pathological drivers.

A growing body of epidemiological and preclinical evidence underscores a shared
pathophysiological nexus between age-associated metabolic disorders and neurodegener-
ative conditions. Notably, individuals with diabetes exhibit a markedly elevated risk of
developing Alzheimer’s disease (AD) relative to normoglycemic controls [5,6]. Conversely,
a substantial proportion of patients clinically diagnosed with AD present with co-morbid
impaired glucose tolerance or overt diabetes [7,8]. Glycemic management remains complex
due to the systemic nature of metabolic dysfunction. Chronic hyperglycemia triggers exten-
sive microvascular and macrovascular pathology, predisposing patients to nephropathy,
retinopathy, peripheral neuropathy, and cardiovascular events [9-11].

Recent neurobiological research has centered on the central nervous system (CNS)
manifestations of insulin resistance and hyperinsulinemia. Type 2 diabetes mellitus (T2DM),
the predominant diabetic phenotype, is classically defined by obesity, peripheral insulin re-
sistance, compensatory hyperinsulinemia, dyslipidemia, and arterial hypertension [12,13].
Insidious cognitive impairment, particularly affecting learning efficacy and memory consol-
idation, frequently emerges during the early stages of T2DM. Pathologically, these cognitive
deficits mirror classic neurodegenerative hallmarks, most notably the accumulation of ex-
tracellular amyloid-beta (A) plaques and intracellular neurofibrillary tangles composed
of hyperphosphorylated tau protein [14,15].

While the macro- and microvascular end-organ complications of diabetes are well doc-
umented with risk mediated by disease duration, specific phenotype, and chronic glycemic
control [16-18], the subtle mechanisms through which metabolic stress compromises central
neural networks remain less clearly defined.

In Morocco, diabetes represents a pressing public health burden. Estimates from the
International Diabetes Federation (IDF) indicate that over 2.9 million adults aged 20 to
79 were affected by 2024, representing more than 10% of the adult population [19]. Crucially,
nearly half of these cases remain undiagnosed, while an estimated 2.2 million individuals
live with prediabetes [20]. Despite this growing burden, empirical data regarding the inter-
section of metabolic disease and neurocognitive decline remains scarce across southwestern
Morocco, including regions like Dakhla. In these areas, epidemiological transitions driven
by dietary changes, physical inactivity, delayed diagnosis, and sub-optimal glycemic moni-
toring exacerbate the risk of secondary diabetic complications, including early cognitive
impairment among older demographics.

Although large-scale cohort studies demonstrate overall associations between diabetes
and cognitive decline, the magnitude varies across regional populations due to localized
disparities due to healthcare access and longitudinal glycemic control. Epidemiological
data from southern Morocco, particularly the Dakhla region, is largely absent. To address
this gap, the present study evaluates global cognitive status via the Mini-Mental State
Examination (MMSE) in diabetic and non-diabetic adults residing in Dakhla, investigating
its specific association with diabetes duration and long-term glycemic control (HbAlc).
These findings aim to provide valuable clinical and regional insights into an increasingly
vital domain of metabolic neurobiology.
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2. Methods
2.1. Setting and Participants

This hospital-based comparative cross-sectional study was conducted at Hassan II
Regional Hospital Center (CHR) in Dakhla, Morocco, from 1 January to 30 May 2025.
The analytic sample comprised 100 adults, including 50 participants with diabetes and
50 without diabetes (Figure 1). Participants were recruited from eligible hospital attendees
during the study period. Diabetes status and subtype were determined from medical
records; participants without diabetes attended the hospital for conditions unrelated to
diabetes. Ethical approval was granted by the Regional Health Directorate of Dakhla-Oued
Ed-Dahab and the Higher Institute of Nursing Professions and Health Techniques on
25 November 2024, under approval code AN°52.

Setting Study period Target population
Hassan Il Regional Hospital Center, Adults aged 45 years or older
Dakhla, Morocco LI DLy, 202 living in Dakhla
\ J
( )
Inclusion criteria Total sample Exclusion criteria
* Resident in Dakhla | * Age < 45 years
* Age 2 45 years n - 1 00 * Unable to participate in interview
* Able to participate in interview ' * Not resident in Dakhla
< J/
|
v
Diabetic participants (D) Non-diabetic participants (ND)
n =50 n=50

Assessment domains (collected for group D only)

Sociodemographic and Clinical and metabolic variables
anthropometric variables

Age (years)
Sex (male/female)
Height (cm), Weight (kg)

Body mass index (BMI, kg/m?)

~N w 7 N
Cognitive assessment
¢ Mini-Mental State Examination (MMSE)

¢ Score range: 0-30

* Diabetes type (type 1/ type 2) \

* Diabetes duration (years) ‘

* Treatment (oral agents / insulin / other) i

* Comorbidities (hypertension, dyslipidemia, ‘
cardiovascular disease, etc.)

« Lifestyle factors (smoking, physical activity, etc.)

Cognitive decline defined as

Education level « HbA1c (%) MMSE < 27
L\ Y f P 4
(G N N
Pri biect Secondary analyses
LD e k) ¢ Associations of MMSE with HbA1c * Group comparison: Welch's independent-
and diabetes duration samples t-test
Compare MMSE scores O Plaeh;ageencezc;f cognitive decline * Prevalence comparison: chi-square test
<
between D and ND groups " (O g ) ek * Strength of associations: Pearson

. ( OR:}?:(;S(Z/:)%?""WG cCine correlation coefficients (r)

J ),

Figure 1. Research structure and methodology.

Eligible participants were aged 45 years or older, resided in Dakhla, were able to
complete the interview and cognitive assessment, and provided written informed consent.
Individuals younger than 45 years, non-residents, those with history of neurological issues,
and those unable to complete the interview were excluded. The two groups were not
individually matched by age, sex, educational attainment, or comorbidity profile.

2.2. Data Collection Procedure

Data were collected through a structured questionnaire administered in Arabic or
French by the study team and supplemented with information from participants’ medical
records. The questionnaire documented sociodemographic characteristics, anthropometric
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data, lifestyle factors, and relevant clinical history. Medical records were reviewed to
verify diabetes status and subtype and to obtain diabetes duration, current treatment,
comorbidities, and the most recent HbAlc value available at the time of enrollment. The
questionnaire and cognitive assessment were completed during the study visit.

2.3. Study Variables and Outcome Definitions

Recorded variables included age, sex, educational attainment, weight, height, body
mass index (BMI), diabetes status, diabetes subtype, diabetes duration, treatment, comor-
bidities, lifestyle factors, and HbAlc. Diabetes status was the principal exposure in the
full sample. Among participants with diabetes, HbAlc, disease duration, and diabetes
subtype were evaluated as disease-related factors. BMI was expressed in kilograms per
square meter (kg/ m?).

Global cognitive performance was assessed using the Mini-Mental State Examination
(MMSE), a 30-point screening instrument covering orientation, registration, attention and
calculation, recall, language, and visuospatial construction. The continuous MMSE score
was the primary outcome. For prevalence and odds-ratio analyses, MMSE-defined cognitive
impairment was operationally defined as a score below 27. This screening classification was
not considered equivalent to a clinical diagnosis of mild cognitive impairment or dementia.

2.4. Statistical Analysis

Continuous variables were summarized as mean + SD or median, as appropriate,
and categorical variables as counts and percentages. Mean MMSE scores were compared
between groups using Welch’s independent-samples ¢-test because equal variances were
not assumed. The mean difference, 95% CI, and Hedges” g were reported. Crude and
adjusted linear regression models examined associations of diabetes status, HbAlc, and
diabetes duration with MMSE scores. Adjusted models included age, sex, and education
and used HC3 robust standard errors. Subgroup comparisons used Kruskal-Wallis and
Holm-adjusted Mann-Whitney U tests. Pearson correlations, chi-square tests, crude odds
ratios, and 95% Cls were also calculated. All tests were two-sided, with p < 0.05 considered
significant. Analyses were performed using R version 4.4.2.

3. Results
3.1. Description of the Study Population

The study included 100 participants, comprising 50 participants with diabetes and
50 participants without diabetes, classified according to diabetes status documented in
their medical records. Participants” average ages were 56 years for the diabetic group
and 54.4 years for the non-diabetic group. The average body mass index (BMI) was a
bit higher among diabetics at 26.9, compared to 25.8 in non-diabetics. Moreover, HbAlc
concentrations were markedly elevated in those with diabetes, averaging 8.62%, whereas
non-diabetics had an average of 5.66%.

Table 1 presents the mean values for demographic, anthropometric, metabolic, lifestyle,
and cognitive measures, classified by sex (male or female), diabetic condition (diabetic
or non-diabetic), and cognitive status (decline or normal). In males, those with both
diabetes and cognitive decline exhibited a higher average age (63.67 years) compared to
diabetic males without cognitive decline (54.67 years). In females, participants experiencing
cognitive decline were generally older (53.42 years) than those without decline (50.00 years).
Overall, men showed greater body weights than women, irrespective of diabetic status.
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Table 1. Summary of variables segmented by diabetes status, sex, and cognitive conditions.
Diabetes Status Diabetic (n = 50) Non-Diabetic (1 = 50)

Gender Women Men Women Men
Cognitive status Normal Decline Normal Decline Normal Decline Normal Decline
Subgroup size, n 11 12 12 15 18 5 25 2
Age (years) 500+78 534+106 547+124 637+94 522+76 686+45 524+85 645+£35
Weight (kg) 80.7+18.0 719+125 787+£133 77.3+84 694+72 618£36 787 +74 740+ 14
Height (m) 1.6 £0.1 1.6 £0.1 1.8+0.1 1.7 +£0.1 1.7+0.1 1.6+0.1 1.7+0.1 1.7+0.1
BMI (kg/m?) 305+72 265+31 254+47 2584+29 256+£23 250x15 260+24 266+£39
HbA1c (%) 83+09 7.7 £08 93+33 91+29 56+0.2 58 +0.2 56+02 54+0.0
DM duration (y) 3.7 £2.5 6.3 £85 8.4 +83 104+ 85 N/A N/A N/A N/A
MMSE score 290+1.0 234+25 29.0+1.1 180+39 297+06 240£26 294407 250x+14

BMI, body mass index; HbAlc, glycated hemoglobin; DM, diabetes mellitus; MMSE, Mini-Mental
State Examination; N/A, not applicable.

Consequently, participants with diabetes showed markedly elevated average HbAlc
levels compared to those without diabetes, regardless of gender. Among diabetic men, the
HbAIc levels were nearly identical whether they experienced cognitive decline (9.13%)
or maintained normal cognition (9.25%). In contrast, diabetic women with cognitive
impairment had a marginally lower mean HbAlc (7.67%) compared to their counterparts
with normal cognitive functions (8.27%). Non-diabetic men and women both maintained
standard HbAlc levels, approximately between 5.4% and 5.8%, and these levels did not
appear to affect their cognitive abilities.

The Mini-Mental State Examination (MMSE) results varied significantly based on
diabetic status, gender, and cognitive health. For males, those with diabetes and cognitive
impairment scored an average of 18.00, which is considerably lower than diabetic men with
normal mental function, who averaged 29.08. Non-diabetic men experiencing cognitive
decline scored 25.00, surpassing their diabetic counterparts. Men without cognitive issues
achieved the highest mean score of 29.40. Among females, diabetic women with cognitive
deficits had an average score of 23.42, below diabetic women with intact cognition, who
scored 29.00. Non-diabetic women with cognitive decline scored 24.00, whereas those
without cognitive problems scored the most, with an average of 29.72.

3.2. Associations of Diabetes-Related Factors with MMSE Performance

Participants with diabetes had significantly lower mean MMSE scores than participants
without diabetes (24.4 £ 5.39 versus 28.8 £ 2.08; mean difference = —4.40 points; 95% CI:
—6.03 to —2.77; Welch’s t(63.28) = —5.39; p < 0.001). The standardized difference was large
(Hedges” g = —1.07). This unadjusted comparison is illustrated in Figure 2.

Linear regression analysis showed that diabetes was significantly associated with
lower MMSE scores in both crude and adjusted models. After adjustment for age, sex,
and education, participants with diabetes scored an average of 4.13 points lower than non-
diabetic participants (3 = —4.13; 95% CI: —5.57 to —2.69; p < 0.001). Among participants
with diabetes, diabetes duration showed a weak crude association with lower MMSE scores,
but this association was no longer significant after adjustment. HbAlc was not significantly
associated with MMSE scores in either model (Table 2).
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Figure 2. Unadjusted comparison of MMSE scores between diabetic and non-diabetic partici-
pants, including the between-group mean difference and 95% confidence interval. D = diabetic;
ND = non-diabetic.

Table 2. Crude and adjusted associations of diabetes-related factors with MMSE performance.

Predictor

Diabetes, D vs. ND

Crude B (95% CI)
—4.42 (—6.04 to —2.80) <0.001
—0.26 (—1.49 t0 0.98) 0.687 —0.04 (—1.15 t0 1.07) 0.943
—0.26 (—0.52 to —0.003) 0.047 —0.13(—0.41 t0 0.15) 0.369

f values represent differences in MMSE points. The diabetes-status model was adjusted for age,
sex, and education. Linear regression models used HC3 heteroscedasticity-robust standard errors.
CI, confidence interval; D, diabetic; ND, non-diabetic; DM, diabetes mellitus; MMSE, Mini-Mental
State Examination.

p-Value  Adjusted 3 (95% CI)

—4.13 (—5.57 to —2.69) <0.001

p-Value

HbAlc, per 1% increase

DM duration, per year

To further characterize these findings by diabetes subtype, MMSE scores, HbAlc levels,
and diabetes duration were compared among non-diabetic, TIDM, and T2DM participants.
Significant between-group differences are presented in Table 3, while Figure 3 provides a
visual summary of the cognitive and metabolic profiles across the three groups.

Following the overall association observed in Table 2, subgroup analysis revealed
substantial differences in cognitive and metabolic profiles across diabetes categories. MMSE
scores differed significantly among non-diabetic, TIDM, and T2DM participants (Kruskal-
Wallis H = 36.09, p < 0.001). Non-diabetic participants had the highest median MMSE score,
whereas those with TIDM had the lowest. Holm-adjusted pairwise comparisons confirmed
significantly lower MMSE scores in both TIDM and T2DM participants compared with
non-diabetic participants. MMSE performance was also significantly lower in TIDM than
in T2DM participants (p = 0.010).
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Table 3. Nonparametric comparison of cognitive and metabolic indicators.

Indicator Non-Diabetic (ND) TIDM T2DM Test Statistic  p-Value Post-Hoc Results
ND vs. TIDM, p < 0.001;
MMSE score 29.0 15.5 25.5 H =36.09 <0.001 ND vs. T2DM, p < 0.001;
T1DM vs. T2DM, p = 0.010
ND vs. TIDM, p < 0.001;
HbAlc (%) 6.0 8.0 8.0 H=282.64 <0.001 ND vs. T2DM, p < 0.001;
T1DM vs. T2DM, p = 0.966
DM duration (y) N/A 26.0 5.0 U=138.0 0.018 T1DM vs. T2DM

Values are presented as median. Overall group differences were assessed using the Kruskal-Wallis
test, followed by Holm-adjusted pairwise Mann-Whitney U tests. DM duration was compared only
between T1DM and T2DM participants. DM, diabetes mellitus; HbAlc, glycated hemoglobin; MMSE,
Mini-Mental State Examination; ND, non-diabetic; TIDM, type 1 diabetes mellitus; T2DM, type
2 diabetes mellitus; N/A, not applicable.

Non-diabetic Type 1 diabetes Type 2 diabetes
MMSE score
(Beiiis) 29.0 15.5 255
1 Higher = better points points points
DM duration
(years) b 26.0 5.0
1 Higher = longer N/A years years
HbA1c
1 Higher = worse %

Color scale |
(per metric row) l

Lowest median Intermediate Highest median

Values are median values. Color intensity is normalized within each metric row.

Figure 3. Summary of MMSE scores, HbAlc levels, and diabetes duration across non-diabetic, TIDM,
and T2DM participants.

HbAlc levels also differed significantly across the three groups (H = 82.64, p < 0.001).
Both diabetic subgroups had significantly higher HbAlc levels than the non-diabetic group,
although no significant difference was observed between TIDM and T2DM participants
(p = 0.966). Among diabetic participants, diabetes duration was significantly longer in the
T1DM group than in the T2DM group (Mann-Whitney U = 138.0, p = 0.018). Overall, the
pattern presented in Table 3 and Figure 3 indicates a greater cognitive burden in TIDM par-
ticipants, accompanied by a longer duration of diabetes. In contrast, current HbAlc levels
were comparable between the two diabetes subtypes. These findings should be interpreted
with caution given the small TIDM subgroup and the cross-sectional study design.

3.3. Correlations Among Diabetes Duration, HbAlc, and MMSE Performance

Among participants with diabetes, diabetes duration was moderately positively corre-
lated with HbAlc (r = 0.517; 95% CI: 0.279 to 0.695; p < 0.001), indicating that participants
with longer diabetes duration generally had higher HbAlc levels. Diabetes duration was

https://doi.org/10.3390/diabetology7080159


https://doi.org/10.3390/diabetology7080159

Diabetology 2026, 7, 159 8 of 16

also moderately inversely correlated with MMSE score (r = —0.523; 95% CI: —0.700 to
—0.286; p < 0.001), while HbAlc showed a weaker inverse correlation with MMSE perfor-
mance (r = —0.393; 95% CIL: —0.605 to —0.129; p = 0.005).

Table 4 reports the magnitude, precision, and statistical significance of the three
pairwise correlations. Figure 4 provides a visual summary of their direction and relative
magnitude, showing positive correlations in blue and inverse correlations in red. Among
the two cognitive associations, diabetes duration had a larger correlation coefficient with
MMSE score than HbAlc.

Table 4. Correlations in participants with diabetes.

Variable Pair n Pearson’s r (95% CI) p-Value Direction and Magnitude
DM duration and HbAlc 50 0.517 (0.279 to 0.695) <0.001 Moderate positive correlation
DM duration and MMSE score 50 —0.523 (—0.700 to —0.286) <0.001 Moderate inverse correlation
HbA1lc and MMSE score 50 —0.393 (—0.605 to —0.129) 0.005 Weak-to-moderate inverse correlation

Pearson correlations were calculated among participants with diabetes. Confidence intervals were
estimated using Fisher’s z transformation. All tests were two-sided. CI, confidence interval; DM,
diabetes mellitus; HbAlc, glycated hemoglobin; MMSE, Mini-Mental State Examination.

Diabetes duration HbA1c MMSE score
(years) (%) (points)
Diabetes duration Diabetes duration r=+0.517 r=-0.523
(years) (years) (95% Cl: 0.279 to 0.695) (95% CI: -0.700 to —0.286)
p < 0.001 p < 0.001
HI::A1c r=+0.517 HbA1c r=-0.393
(%) (95% Cl: 0.279 to 0.695) (%) (95% Cl: —0.605 to —0.129)
p < 0.001 p = 0.005
MMSF score r= _0.523 r= _0.393 MMSE score
(points) (95% Cl: ~0.700 to ~0.286) |  (95% Cl: ~0.605 to ~0.129) (points)
p < 0.001 p = 0.005
Pearson correlation coefficient (r)
A . e
-1.0 -0.5 0 +0.5 +1.0

Negative correlation

No correlation

Positive correlation

Values are Pearson correlation coefficients with 95% confidence intervals (Cl).
Al tests were two-sided.
DM, diabetes mellitus; HbA1c, glycated hemoglobin; MMSE, Mini-Mental State Examination.

Figure 4. Correlations among diabetes duration, HbAlc, and MMSE score in participants with diabetes.

Figure 5 further illustrates the participant-level relationships of MMSE score with
diabetes duration and HbAlc. Figure 5A shows a clearer downward trend in MMSE score
with increasing diabetes duration, whereas Figure 5B shows a weaker, more dispersed
inverse trend between HbAlc and MMSE score. The fitted regression lines and 95%
confidence intervals represent the overall unadjusted trends, while the dashed horizontal
line marks the predefined threshold for MMSE-defined cognitive decline.
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[ @ Type2diabetes (n=37) A Type 1 diabetes (n = 13) ]

Solid line: Linear regression Lower MMSE scores indicate poorer cognitive function.

Shaded area: 95% confidence interval MMSE score < 27 indicates MMSE-defined cognitive impairment.

MMSE, Mini-Mental State Examination; HbA1c, glycated hemoglobin.

Figure 5. Correlations of MMSE score with diabetes duration (A) and HbAlc (B) among partici-
pants with diabetes. The dashed horizontal line marks the predefined threshold for MMSE-defined
cognitive decline.

3.4. Distribution and Magnitude of MMSE-Defined Cognitive Decline by Diabetes Status

MMSE-defined cognitive impairment was observed in 27 of 50 participants with
diabetes (54%) and 7 of 50 participants without diabetes (14%), corresponding to an ab-
solute prevalence difference of 40 percentage points. Diabetes status was associated with
higher crude odds of MMSE-defined cognitive impairment (OR = 7.21; 95% CI: 2.72-19.05;
x? = 17.82; p < 0.001). Because this was a hospital-based cross-sectional study, the odds
ratio represents an association within the study sample and should not be interpreted as an
incidence ratio or causal effect (Table 5; Figures 6 and 7).

Table 5. Prevalence and odds ratios of cognitive decline in diabetic and non-diabetic individuals.

Dsi::)heltsic C[(;Egiitrilze C(;%:ri::;?ly Total Prevalence (%) OR (95% CI) Significance (x?)
Diabetic 27 23 50 54% *** o 7:21 - x? =17.82; p <0.001
(95% CI: 2.72-19.05)
dgg:t'ic 7 43 50 14% 1 N/A
Total 34 66 100 34% N/A N/A
02R = Odds Ratio; x> = Chi-square test. *** Difference is highly statistically significant (p < 0.001,
X~ test).
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Cognitive decline defined as MMSE < 27

Diabetic 27/50 23/50
(n = 50) (54%) (46%)

Non-diabetic 7/50 43/50
(n=50) (14%) (86%)

T T T T
20% 40% 60% 80%
Participants (%)

Absolute prevalence difference:
40 percentage points higher in diabetic participants
(54% vs 14%)

0%

B cognitive decline (MMSE < 27) I Normal cognition (MMSE = 27)

Overall sample prevalence of cognitive decline:
34/100 (34%)

Figure 6. Distribution of MMSE-defined cognitive decline among participants.

Odds ratio with 95% confidence interval

No association
OR=1 Observed counts (n = 100)

Cognitive status
c 5 Decline Normal
Lomparison Group (MMSE <27) (MMSE=227) Total
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4. Discussion

The present study identified a clear cross-sectional association between diabetes and
poorer global cognitive performance among adults aged 45 years and older attending
Hassan II Regional Hospital Center in Dakhla. Participants with diabetes had a mean
MMSE score 4.40 points lower than participants without diabetes, and this difference
remained substantial after adjustment for age, sex, and education (adjusted 3 = —4.13; 95%
CIL: —5.57 to —2.69; p < 0.001). MMSE-defined cognitive impairment was also more frequent
in the diabetic group than in the non-diabetic group (54% vs. 14%), corresponding to an
odds ratio of 7.21 (95% CI: 2.72-19.05). Within the diabetic group, longer diabetes duration
and higher HbAlc were each correlated with lower MMSE scores; however, neither variable
retained an independent association after covariate adjustment. The subgroup analysis
further showed lower median MMSE performance in participants with TIDM than in those
with T2DM, alongside a markedly longer median disease duration in the TIDM subgroup.
Taken together, these findings indicate that diabetes status was the most consistent correlate
of MMSE performance in this sample, whereas the respective contributions of current
glycemic control, accumulated disease exposure, diabetes subtype, and related clinical
factors remain difficult to separate in a small cross-sectional dataset. The results therefore
support an association with cognitive impairment, not evidence of cognitive decline over
time or proof that diabetes directly caused the observed difference.

A biologically plausible interpretation is that cognitive vulnerability in diabetes reflects
the combined effect of several processes that accumulate over time rather than a single
isolated abnormality. Chronic hyperglycemia, insulin resistance, advanced glycation,
oxidative imbalance, low-grade inflammation, and vascular dysfunction may interact and
gradually compromise neuronal and cerebrovascular function [21-23]. This framework is
more consistent with the present results than explanations based on an immediate shortage
of brain energy. Glucose availability to the brain is tightly regulated, and diabetes-related
cognitive impairment cannot be reduced to a simple failure of glucose delivery. Instead,
altered insulin signaling, endothelial dysfunction, microvascular injury, recurrent metabolic
stress, and diabetes-related comorbidities may jointly reduce cognitive reserve and increase
susceptibility to impairment. The relative importance of these pathways probably differs
between individuals and across the course of diabetes. None of these mechanisms was
directly measured in the present study and they should therefore be considered explanatory
hypotheses rather than demonstrated causal pathways.

The contrast between the correlation analyses and the adjusted regression models
deserves particular attention. Diabetes duration showed a moderate inverse correlation
with MMSE score, whereas HbAlc showed a weaker inverse correlation; after adjustment,
both associations were attenuated and no longer statistically significant. This pattern does
not demonstrate that duration or glycemic exposure is unimportant. A single HbAlc
value primarily summarizes recent glycemia and may not adequately represent long-
term exposure, glycemic variability, previous periods of poor control, or treatment-related
hypoglycemia. Conversely, diabetes duration is closely related to age at diagnosis, diabetes
subtype, treatment intensity, and the cumulative probability of vascular or microvascular
complications. Longitudinal studies using repeated glycemic measurements have reported
associations between diabetes, sustained hyperglycemia, and subsequent cognitive decline,
while cross-sectional studies have produced more variable findings [24-27]. The present
results should therefore be interpreted as evidence that neither current HbAlc nor duration
independently explained MMSE performance within this limited sample, rather than as
evidence against cumulative glycemic effects.

The observed sevenfold difference in the odds of MMSE-defined impairment is larger
than the associations generally reported for incident cognitive decline or dementia in
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broad population-based studies [28,29]. Direct numerical comparison is nevertheless inap-
propriate because the present study evaluated prevalent impairment in a hospital-based
sample, used an MMSE threshold of <27, and included equal numbers of participants with
and without diabetes by design. Odds ratios from such a cross-sectional comparison are
not equivalent to relative risks from prospective cohorts, and the estimate is sensitive to
the relatively small number of impaired participants in the non-diabetic group. Studies
conducted in clinical or hospital settings have also reported substantial frequencies of
cognitive impairment among adults with diabetes, although estimates vary according to
age, education, comorbidity burden, recruitment setting, and the cognitive instrument
applied [27,30,31]. Accordingly, the magnitude observed in Dakhla may reflect a genuine
local clinical burden, but it may also have been amplified by selection factors, the chosen
cutoff, residual confounding, and sampling variability. The result is therefore best inter-
preted as a strong association within the studied sample rather than a population-level
estimate for Dakhla or Morocco.

The apparent difference between the T1IDM and T2DM subgroups should also be
interpreted cautiously. Participants with TIDM had a lower median MMSE score, but this
subgroup included only 13 individuals and had a median diabetes duration of 26 years,
compared with 5 years in the T2DM subgroup. Median HbAlc was similar in the two
groups. The observed cognitive difference may therefore reflect longer cumulative exposure,
earlier disease onset, treatment burden, severe hypoglycemia, chronic complications, or
other unmeasured characteristics rather than an intrinsic effect of diabetes type. Long-term
T1DM studies indicate that cognitive outcomes are heterogeneous and are associated with
cumulative glycemic exposure, vascular risk factors, depression, nephropathy, and severe
hypoglycemic events [26,32,33]. Because the sub-group comparison was based on small
and unequal groups, its effect estimate may be unstable and should not be generalized
to all adults with TIDM or T2DM. The finding is clinically noteworthy, but it should be
considered exploratory because diabetes type and duration were strongly intertwined and
could not be reliably disentangled in the available sample.

The association between diabetes and MMSE performance is also likely to be shaped
by factors beyond glycemia. Age, educational attainment, depression, physical inactivity,
sleep disturbance, hypertension, previous cerebrovascular disease, renal disease, visual
impairment, medication burden, and socioeconomic conditions may influence both cog-
nitive test performance and diabetes outcomes [34-36]. The adjusted analysis accounted
for age, sex, and education, which strengthened the comparison, but it did not include all
of these potential confounders or mediators. Education is especially important because
MMSE performance varies across educational and cultural contexts [37,38]. Although the
questionnaire was administered bilingually, the use of a single fixed threshold may still
classify some participants differently from education-adjusted or locally validated norms.
Sensory limitations, fatigue, anxiety during hospital attendance, and familiarity with formal
testing may also affect performance. These considerations do not negate the between-group
difference, but they indicate that part of the observed association may reflect the broader
clinical and social context in which diabetes occurs.

The clinical relevance of cognitive impairment in diabetes is potentially bidirectional.
Reduced memory, attention, or executive functioning may interfere with medication use,
glucose monitoring, dietary decisions, recognition of hypoglycemia, and attendance at
follow-up visits, thereby making diabetes management more difficult [39-41]. Conversely,
recurrent metabolic instability and diabetes-related complications may further increase cog-
nitive vulnerability. The present findings therefore support heightened clinical awareness,
particularly when patients have longstanding diabetes, repeated self-management diffi-
culties, severe hypoglycemia, vascular complications, or subjective cognitive complaints.

https://doi.org/10.3390/diabetology7080159


https://doi.org/10.3390/diabetology7080159

Diabetology 2026, 7, 159

13 of 16

They do not, by themselves, establish that universal routine screening is beneficial. A more
proportionate implication is to use brief cognitive assessment selectively when clinically
indicated and to refer individuals with abnormal results for comprehensive evaluation,
while simultaneously reviewing reversible contributors such as depression, medication
effects, sleep problems, sensory impairment, and glycemic instability. An abnormal MMSE
result should not be equated with a diagnosis of dementia. Physical activity and mul-
tidimensional diabetes care may support healthy aging and cognitive health, but their
cognitive benefits should be presented cautiously because intervention evidence remains
heterogeneous [42,43].

This study provides initial data from an understudied Moroccan region, includes a
contemporaneous non-diabetic comparison group recruited from the same hospital setting,
incorporates clinical-record HbAlc data, and reports both crude and adjusted associations.
The use of heteroscedasticity-robust regression and the separate examination of diabetes
status, HbAlc, and disease duration also improve analytical examination. However, cross-
sectional design prevents assessment of temporal sequence or within-person cognitive
change. The hospital-based sample was small, the TIDM subgroup was particularly limited,
and the groups were not individually matched. A single HbAlc measurement was used,
and information on lifetime glycemic exposure, glycemic variability, severe hypoglycemia,
depression, cerebrovascular history, microvascular complications, medication classes, sleep,
functional status, and socioeconomic conditions was insufficient for comprehensive ad-
justment. The MMSE is a screening instrument with ceiling effects and limited sensitivity
to subtle executive dysfunction, and the <27 cutoff was not adjusted for education or
validated specifically in the Dakhla population. Multiple analyses in a modest sample
may also increase the probability of unstable subgroup findings. Selection bias, residual
confounding, and imprecision must therefore be considered when interpreting the results.

Future research should evaluate these associations in larger community-based samples
and follow participants longitudinally. Repeated HbAlc measurements, data on hypo-
glycemia and glucose variability, detailed vascular and microvascular assessments, and
culturally appropriate neuropsychological testing would help distinguish recent glycemic
status from cumulative metabolic burden. Analyses should prespecify confounders and
avoid relying on a single screening threshold. Studies should also determine whether cogni-
tive difficulties predict subsequent problems with diabetes self-management and whether
targeted multidisciplinary interventions improve both metabolic and cognitive outcomes.
In conclusion, the present study demonstrates a robust association between diabetes status
and lower MMSE performance in this hospital-based sample, while suggesting that longer
disease exposure may be clinically relevant. The findings do not establish causality or a
specific neurological mechanism, but they provide a rationale for larger prospective studies
and careful, context-sensitive cognitive evaluation in adults with diabetes.

5. Conclusions

In this hospital-based sample of adults aged 45 years or older in Dakhla, diabetes was
associated with substantially lower MMSE performance and a higher prevalence of MMSE-
defined cognitive impairment. The association with MMSE score remained after adjustment
for age, sex, and educational attainment. Among participants with diabetes, longer disease
duration and higher HbAlc were inversely correlated with MMSE scores, but neither
retained an independent association after adjustment; these findings therefore should
not be interpreted as evidence of direct causal effects. The lower MMSE scores observed
in the small T1IDM subgroup were accompanied by markedly longer disease duration
and required cautious interpretation. The results support awareness of possible cognitive
difficulties and context-sensitive cognitive assessment when clinically indicated, rather than
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universal screening based on this study alone. Larger community-based prospective studies
incorporating repeated glycemic measurements, hypoglycemia and vascular assessments,
and comprehensive neuro-psychological testing are needed to confirm these associations
and clarify their temporal and clinical significance.
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