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Abstract

Background: Type 2 Diabetes Mellitus (T2DM) patients are twice as likely to develop dementia. The study’s goal was
to evaluate cognitive performance and risk factors for cognitive decline in this population.

Methods: Prospective observational study was conducted with 400 T2DM adults, of whom, during routine baseline
and follow-up appointments, had socio-demographic, clinical, and laboratory data collected, and underwent physi-
cal examination, screening for depression symptoms (Patient Health Questionaire-9-PHQ-9), and cognitive tests:
Mini-Mental State Examination (MMSE), Semantic Verbal Fluency Test, Trail Making Test A/B, and Word Memory Tests.
Each cognitive test score was converted to a z-score and its average resulted in a new variable called Global Cognitive
z-Score [GCS(2)]. Averages of the cognitive test scores and GCS(z) at both moments were compared by the Stu-

dent’s T-Test for paired samples. Multivariate binary logistic regression models were built to assess the association of
GCS(z) < zero with risk factors for cognitive decline at the baseline and follow-up.

Results: After exclusions, 251 patients were eligible, being 56.6% female, mean age of 61.1 (£9.8) years, 12.6 (£ 8.9)
years of DM duration, and 7.6 (£ 4.2) years of school education. Follow-up had 134 patients reevaluated and took
place after a mean of 18.4(% 5.0) months. Eleven (14%) patients with a GCS(z) > 0 at baseline turned into a GCS(z) <0
at follow-up. There were no significant differences between the means of cognitive test scores and GCS(z) at the two
evaluation moments. At the baseline, the multivariate logistic regression model identified five risk factors associated
with GCS(z) < zero: age > 65 years, schooling < 6 years, arterial hypertension, depression symptoms, and diabetic retin-
opathy (DR), with odds ratio (OR) and 95% confidence interval (CI95%) respectively: 546 (2.42-12.34); 12.19 (5.62-
26.46); 2.55 (0.88-7.39); 3.53 (1.55-8.07) e 2.50 (1.18-5.34). At follow-up, the risk factors for GCS(z) < zero were: school-
ing <6 years, DM duration > 10 years, depression symptoms, arterial hypertension, and cardiovascular disease (CVD),
OR and CI95% respectively: 10.15 (3.68-28.01); 2.68 (0.96-7.48); 4.92 (1.77-13.70); 7.21 (1.38-35.71) € 5.76 (1.93-17.18).

Conclusions: Based on our results, cognitive evaluation and follow-up should be incorporated on the routine of
T2DM patients, especially for those with advanced age, low education level, prolonged DM duration, arterial hyper-
tension, depression symptoms, CVD, and DR.
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Background
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do Parana (PUCPR), Rua Imaculada Conceicao, 1155, Curitiba 80215-901, Brazil million [1]’ and it is estimated that in 2030 there will
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be 74 million, reaching 131 million in 2050 [2]. How-
ever, the most striking is that 58% of these people live
in countries classified as emerging economies, with an
even greater projection of growth for the next few years
[3]. Following the global trend, there was an increase in
dementia incidence/100,000 inhabitants of 4.5% and
prevalence/100,000 inhabitants of 7.8%, in recent dec-
ades in Brazil [4].

Chronic non-communicable diseases are responsible
for a high number of deaths, in addition to the loss of
quality of life and significant financial impact on public
health [5]. Among these diseases, Type 2 Diabetes Mel-
litus (DM) affected about 463 million adults worldwide in
2019, with an expected increase to up to 642 million in
2040, according to the International Diabetes Federation.
In Latin America, Brazil is the country with the highest
number of people with DM and the fifth in the world,
which means 16.8 million people, being important to
highlight that one in five of these people is over 65 years
old [6].

Longitudinal studies identified that the risk for demen-
tia is greater in the population with DM [7-14]. The risk
is 1.73 for all types of dementia, 1.53 for Alzheimer’s
Dementia (AD), and 2.27 for vascular dementia, when
compared to people without DM [13, 15]. Furthermore,
epidemiological studies also indicate that 80% of patients
with AD have DM or glucose intolerance [16]. Subtle
changes in cognition are seen in DM patients in all age
groups, but minimal cognitive dysfunction (MCD) and
dementia become more evident after 60 years of age [13].

Even MCD that does not interfere with self-care can
progress and affect executive functions that involve solv-
ing everyday problems, change in habits, and judgment
when faced with new situations [17]. All of this can inter-
fere with self-care and quality of life, as well as make the
patient dependent, burdening families and communities.

The study of the potential impact of controlling seven
risk factors for dementia [DM, arterial hypertension
(AH), obesity, smoking, depression, low education, and
sedentary lifestyle] in reducing its prevalence, identified
that, together, they contribute to almost half of the AD
cases globally (17.2 million). It is estimated that a 10-25%
reduction in these risk factors can potentially prevent up
to 1.1-3.0 million cases of AD worldwide [10].

Given the high prevalence of people with T2DM and
the aging population growth, with a consequent increase
in dementia rates, this study aimed to assess the cogni-
tive alterations and their risk factors in a population of
patients with T2DM in an emerging economy coun-
try, making possible the implementation of prevention,
detection, and future treatment strategies.

Considering the hypothesis that a cognitive decline
over time may occur in the T2DM population and that
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there may be modifiable and non-modifiable exposure
factors among individuals at higher risk for this decline,
the main study objective was to evaluate the cognitive
performance and decline in 12-24 months and second-
ary objective was to identify demographic, clinical and
laboratory exposure factors for cognitive decline on this
population.

Materials and methods

Study design and sample

A longitudinal prospective study was conducted from
September 2017 to December 2020, in a tertiary hospital
in southern Brazil. In our convenience sample, patients
were sequentially recruited, according to their attend-
ance at their routine appointments. They were evaluated
upon their arrival at the clinic at baseline and reassessed
within at least 12 and no later than 24 months after base-
line [18]. Patients over 18 years of age with T2DM of
both genders were included. Patients with T2DM were
considered those who did not need insulin in the first
3 years of the disease and had no history of ketonuria or
ketonemia at diagnosis [19]. Four hundred patients were
initially evaluated.

Patients with a history of using medicines that alters
cognition (benzodiazepines, hypnotics, antipsychotics,
tricyclic antidepressants, anticonvulsants, anticholiner-
gics, and antihistamines) were excluded, as well as those
who were unable to perform the cognitive tests due to
illiteracy, vision or hearing impairment. Those with a
previous diagnosis of dementia of any etiology, stroke,
traumatic brain injury, Parkinson’s disease, schizophre-
nia, or any other situation that affects cognition were also
excluded. Patients that met dementia criteria at MMSE at
initial evaluation were excluded as well.

The study was approved by the Research Ethics Com-
mittee of Pontificia Universiade Catdlica do Parand and
conducted following the principles of the Declaration of
Helsinki [20].

Data collection

Participants answered a questionnaire containing demo-
graphic data (age, gender, race, marital status, and
education), lifestyle habits (physical activity, alcohol con-
sumption, smoking), and medical history [DM onset age,
acute complications such as severe and chronic hypo-
glycemia such as retinopathy, neuropathy, and DM kid-
ney disease, cardiovascular disease (CVD)], in addition
to comorbidities and medications used. Data collected
were age (years), auto-referred gender (male/female/
other), auto- referred race (white, black, brown, or yel-
low), marital status (single, married or stable union, sepa-
rated or divorced), education (years of formal school),
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lifestyle habits (physical activity, alcohol, and tobacco
consumption).

The data from physical activity was collected as the
type of exercise (aerobic/resistance), the number of
days/week, and minutes/day. It was considered physi-
cally active participants who met the criteria of at least
150 min of moderate or 75 min of intensive aerobic exer-
cise per week. Tobacco and alcohol consumption was
measured as former use or past/never used.

Medical history data were retrieved from medical
records and collected directedly by anamnesis upon
baseline. Data collected were: T2DM onset date, last
year’s severe hypoglycemia episodes, chronic complica-
tions (retinopathy, neuropathy, and DM kidney disease),
cardiovascular disease (CVD), other comorbidities, and
all current medications used for diabetes and comorbidi-
ties. Severe hypoglycemia was defined as that in which
the patient needed help from others for treatment and/or
had a reduced level of consciousness, with an improve-
ment of symptoms after treatment [19, 21].

The following data was collected from physical exami-
nation: Body Mass Index (BMI) (kg/m?), Abdominal and
Neck Circumference (cm), Systolic Blood Pressure (SBP)
(mmHg), and Diastolic Blood Pressure (DBP) (mmHg).
Arterial hypertension diagnosis was defined as two meas-
urements of SAP > 140 mmHg and/or DBP > 90 mmHg
or yet if using antihypertensive medication [22].

Retina clinical examination was performed by the oph-
thalmologists by retinal mapping under drug-induced
mydriasis by indirect binocular ophthalmoscopy and slit-
lamp biomicroscopy and, when indicated, by fluorescein
angiography and optical coherence tomography classified
as an absence of diabetic retinopathy (DR), non-prolifer-
ative DR, proliferative DR, and macular edema [19, 23,
24].

Diabetic neuropathy was considered in the presence of
clinical symptoms and signs compatible with peripheral
sensory-motor neuropathy according to the criteria rec-
ommended by the Guidelines of the Brazilian Diabetes
Society, based on peripheral neurological clinical exami-
nation [19].

DM kidney disease was considered in the presence of
eGFR <60 ml/min/1.73m? and/or ACR >30 mg/g and/or
persistently elevated creatinine for more than 3 months,
following the recommendations of KDIGO (Kidney Dis-
ease: Improving Global Outcomes) and the guidelines of
the Brazilian Diabetes Society [19, 25].

Laboratory test data were retrieved from the hospital’s
laboratory test files within a period of up to 3 months
before the cognitive evaluation. Data collect were: gly-
cated hemoglobin (HBAlc) (%), fasting glucose (mg/dl),
total cholesterol (mg/dl), low-density lipoprotein (LDL)
(mg/dl), high-density lipoprotein cholesterol (HDL) (mg/

(2022) 14:105

Page 3 of 13

dl), triglycerides (mg/dl), thyroid-stimulating hormone
(mUI/L), free thyroxine (ng/dl), B12 vitamin (pg/ml),
creatinine (mg/dl), urea (mg/dl) and urinary albumin-
to-creatinine ratio (ACR)(mg/g creatinine). Creatinine
values were used to calculate the estimated glomerular
filtration rate (eGFR) adjusted for age and gender using
the CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration) formula [25-27].

Diagnosis of dyslipidemia was based on the Guide-
lines of the Brazilian Cardiology Society (LDL > 100 mg/
dl if intermediate cardiovascular risk, > 70 mg/dl if high
cardiovascular risk, and>50 mg/dl if very high car-
diovascular risk; and/or HDL <45 mg/dl and/or Tri-
glycerides >150 mg/dl) and/or if being treated with
lipid-lowering medication [28].

In the follow-up assessment, the patients again
answered the lifestyle habits, medical history, and depres-
sion symptoms questionnaire, as well as underwent the
same tests to assess their cognitive function.

Cognitive and depression symptoms assessment

The cognitive tests performed, validated in Portuguese,
were the Trail Making Test A and B to assess sustained
attention, mental flexibility, executive function, spa-
tial/visual organization, and processing speed [29-32],
and the semantic Verbal Fluency test to assess seman-
tic memory storage capacity, ability, ability to retrieve
information from memory, and processing of execu-
tive functions [31-34]; the CERAD (The Consortium to
Establish a Registry for Alzheimer’s Disease) Word List
Test to assess memory [32—34]; and the MMSE, to screen
patients at risk of being diagnosed with dementia and
make a global assessment of cognition, covering aspects
of orientation, memory, attention, calculation, language,
and comprehension [32, 35-41]. The cutoff value of
MMSE varies according to education level, and scores
with values below the cutoff corrected by the education
level in the Brazilian population were used to indicate
dementia risk [39]. (Additional file 1).

The PHQ-9 (Patient Health Questionaire-9), validated
in Portuguese, was carried out and values above 9 were
considered as a risk of a diagnosis of major depression
[42, 43]. (Additional file 2).

To avoid bias, the investigators who applied the tests
were previously trained by the same psychologist and
authorized to apply the tests after being certificated in
their capacity by the trainer.

Knowing that cognitive tests performance can be
impaired by hypoglycemia. To avoid this bias, patients
had their capillary glucose test measured by a glucom-
eter, and the cognitive tests were not administrated if
results were below 80 mg/dl. To avoid interference from
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the environment, the cognitive tests were performed in
a silent room and without any unfamiliar person present.

Statistical analysis

Our outcome variable was cognitive performance and
exposure variables were: age, gender, physical activity,
tobacco use, alcohol use, any severe hypoglycemia epi-
sode in last year, T2DM, PHQ-9>9, arterial hyperten-
sion, depression/anxiety diagnosis, CVD, use of insulins,
use of statins, hypothyroidism, DR, macular edema, dia-
betic neuropathy, DM kidney disease, BMI> 30 kg/mz,
eGFR<60 ml/min/1.73 m?, urinary albumin/creatinine
ratio > 30 mg/g creatinine, and HBAlc>7%.

To uniformly analyze the set of different cognitive tests,
the results of all tests were transformed into a Z-score,
added, and divided by the total number of tests per-
formed to create a continuous variable called Global
Cognitive Score [GCS(z)]. Then we categorized it into
GCS(z) > or<zero and used it as the outcome variable
of interest. The same score was made upon baseline and
at the follow-up assessment, using the means and stand-
ard deviations (SD) of the initial assessment for each test.
Thus, any Z score<0 at baseline means a worse perfor-
mance within the group, and in this second assessment
indicated a decline in the score compared to the baseline
assessment.

Student’s T-Test for dependent samples was used to
compare each cognitive test scores and the GCS(z) at
baseline and follow-up.

To assure that the sample in follow-up phase was rep-
resentative of the complete sample at baseline, it was
compared demographic, clinical, laboratory character-
istics, cognitive tests, and the GCS(z) data between the
complete sample at baseline and the sample that partici-
pated at follow-up phase, as well as between sample that
participated at follow-up and that did not. For that, it was
performed the Student’s T-Test for independent samples,
the Mann—Whitney test, and Pearson’s chi-square test,
when applicable.

The association between GCS(z) and exposure vari-
ables was tested using multivariate binary logistic regres-
sion at baseline and follow-up. To test the independence
of each exposure variable we built the multivariable logis-
tic regression models having other exposure factors as
confounders.

These exposure variables were categorized as age >
65 years, schooling < 6 years, PHQ-9>9 (yes/no), gen-
der (female/male), physical activity (yes/no), tobacco
consumption (current or previous/never), alcohol con-
sumption (current or previous/never), last year severe
hypoglycemia episodes (yes/no), DM > 10 years (yes/no),
arterial hypertension (yes/no), depression/anxiety diag-
nosis (yes/no), CVD (yes/no), use of insulins (yes/no),
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use of statins(yes/no), hypothyroidism (yes/no), DR (yes/
no), macular edema (yes/no), diabetic neuropathy (yes/
no), DM kidney disease (yes/no), BMI> 30 kg/m? (yes/
no), eGFR <60 ml/min/1.73 m? (yes/no) and HBAlc>7%
(yes/no). Only variables with p<0.25 in the univariate
analysis were used in the multivariate models [44]. For all
other tests, the significance level used was 5% (SPSS ver-
sion 22. IBM Corporation, Armonk, NY®).

Results

Descriptive data

Sample characteristics

Among the 400 patients evaluated, 149 were excluded for
several reasons, including 49 (16.3%) that met dementia
criteria at MMSE. (Fig. 1).

The final sample consisted of 251 patients, 56.6%
female, with a mean age of 61.1 (£9.8) years, 12.6 (+8.9)
years of DM, and 7.6 (+4.2) years of school education.
Two hundred and six patients (82.4%) were hyperten-
sive and 89% had dyslipidemia. The prevalence of at least

Visit 1 Baseline
(n=400)

Visit 1 Baseline (n=400)
Excluded (n=149)

Use of medicines not allowed: 52
History of stroke:10
History of traumatic brain injury:2
History of Parkinson's disease:2
History of schizophrenia:2
Lack or incomplete data:13
Visual impairment: 8
Hearing loss:2
llliteracy: 4

Inability or withdrawal to complete
cognitive tests:5

Dementia at MMSE:49

Visit 1 Baseline
Final sample
(n=251)

Visit 2 Lost Follow up (n=117)
Phone contact changed : 39
Not interest to participate anymore:3
Willing to postpone test by fear of
COVID-19 infection : 65
Moved to other district :5

o Death :4
Visit 2 Follow up Recovering from ophtalmologic
Final Sample surgery :1
(n=134)

Fig. 1 Study flow diagram
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one microvascular complication was 54%, with DR being
prevalent in 46.5%. Cardiovascular disease was present
in 35.2%. In the screening for depression symptoms by
the PHQ-9, 37.1% had a score compatible with the risk
of major depression and 21.3% had presented at least one
episode of severe hypoglycemia in the previous year. DBP
value was within the desired range in approximately 36%
of the patients and SBP in 65%. (Table 1) (Table 1, Addi-
tional file 3).

Among the 134 patients who participated in the fol-
low-up phase, 55% were female, with a mean age of 61.5
(£9.9) years, 12.5 (+4.3) years of DM, and 7.5 (£8.3)
years of schooling. One hundred and six patients (79.1%)
were hypertensive and 92.5% had dyslipidemia. At least
47.7% had one of the microvascular complications of
diabetes, DR was present in 44.4%, and CVD in 28.4%.
(Table 1) The average time for performing the reassess-
ment was 18.4 (£ 5.0) months after the first phase.

At both times, data from laboratory tests were within
normal limits, except for lipid profile, fasting glucose,
and HBA1c, with only 30% having HBAlc <7%. LDL cho-
lesterol levels were within the desired range in 21% of
patients and HDL cholesterol in 40%, according to indi-
vidual stratification of individual risk [28] (Table 1).

There was no significant difference in demographic,
clinical, laboratory aspects, and cognitive tests at baseline
between the complete sample, the sample that partici-
pated in the follow-up phase, and the sample that did not
(Tables 1 and 2, Additional file 3).

Cognitive tests and GCS(z) results
The cognitive tests and the GCS(z) results at baseline are
resumed in Table 2.

Main results

Although we did not find a significant difference between
the means of the cognitive tests scores and GCS(z) at
the two evaluation moments (Table 3), eleven (14.1%)
patients with GCS>0 at baseline had GCS<zero at
the 18 months follow-up period, with a mean z score
decrease of -0.439 £0.255.

At Dbaseline, multivariate binary logistic regres-
sion analysis was built having the exposure variables
extracted from the univariate binary logistic regression
analysis. These variables were age > 65 years, schooling <
6 years, score on the PHQ-9 questionnaire>9, DM dura-
tion>10 years, physical activity, arterial hypertension,
CVD, DR, and macular edema (Fig. 2) (Additional file 4).

Multivariate logistic regression model at baseline
resulted in five exposure variables associated with
GCS(z) < 0: age > 65 years, <6 school education years, the
presence of arterial hypertension, score on the PHQ-9
questionnaire >9, and DR (Fig. 3) (Additional file 4) even
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Table 1 Baseline Samples Characteristics
Characteristics N (134)
Mean +SD/%/
Median (IQR)*
Age (years) 6154+99
Education (school years) 75443
DM duration (years) 125+83
Female (%) 52.2
White Race (%) 79.1
Married / Steady Union (%) 619
Physically Active (%) 30.6
Smoker/Former smoker (%) 425
Alcoholic/Former alcoholic (%) 336
Diastolic Blood Pressure (mmHg) 796+£113
Systolic Blood Pressure (mmHg) 1294+17.8
BMI (Kg/m?2) 306449
Abdominal circumference (cm) 103.7£12.2
Neck circumference (cm) 394442
Arterial hypertension (%) 79.1
Dyslipidemia (%) 925
Hypothyroidism (%) 284
Hyperthyroidism (%) 3.7
Cardiovascular disease (%) 284
Diabetic Retinopathy (%) 444
Macular edema (%) 1.1
Diabetic Neuropathy (%) 194
DM kidney disease (%) 477
Severe hypoglycemia (%) 216
Depression/Anxiety 17.9
PHQ-9 score > 9 (%) 396
Insulin Use (%) 61.9
Statins Use (%) 79.7
Urea (mg/dl) * 39.0(17.0)
Creatinine (mg/dl)* 0.9(0.4)
eGFR (ml/min/1.73m?) * 833(31.8)
Blood glucose (mg/dl)* 147.0(71.2)
HbA1c (%)* 7.8(2.3)
ACR (mg/g creatinine) * 17.7(49.6)
TSH (mU/L)* 2.101.7)
Free T4 (ng/dl) 11403
Triglycerides (mg/dl)* 153.0(119.0)
HDL cholesterol (mg/dl)* 42.0(13.0)
Total cholesterol (mg/dI)* 160.0(57.0)
LDL cholesterol (mg/dl)* 84.0(39.5)
Vitamin B12 (pg/ml)* 340.0(286.0)

SD standard deviation, IQR interquartile range*, DM: diabetes mellitus, BMI: body
mass index, PHQ-9: patient health questionnaire-9, eGFR: estimated glomerular
filtration rate, ACR: albumin-to-creatinine ratio, TSH: thyroid stimulating
hormone, T4: thyroxine, HDL cholesterol: high density lipoprotein cholesterol,

LDL cholesterol: low density lipoprotein cholesterol
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Table 2 Baseline cognitive tests and global cognitive score ()

Characteristics N=134

mean +SD/%
MMSE (score) 272420
Verbal fluency (score) 16.7£5.0
TMTA (seconds) 5534264
TMTB (seconds) 162.6+109.6
Immediate Memory (score) 165441
Recall Memory (score) 51£19
Recognition Memory (score) 84417
GCS(z) (score) 0.092+0.631
GCS(2) <0 (%) 418

Student-T test for paired samples

SD standard deviation, MMSE: Mini-Mental State Exam, TMT A and B trial making
test A and B, GCS(z) global cognitive score (z)

Table 3 Comparison of cognitive tests and global cognitive
scores at baseline and follow-up

Cognitive Tests Baseline Follow-up P
(n=134) (n=134)
Mean +SD Mean +SD
MMSE (score) 272+20 271+21 0.57
Verbal Fluency (score) 16.7£5.0 164450 0.28
TMTA (seconds) 5524265 5584304 0.71
TMTB (seconds) 154.9£109.40 1525£1216 077
Immediate Memory (score) 16.5+42 16.5+4.2 0.95
Recall Memory (score) 51+19 50+20 0.68
Recognition Memory (score) 84417 84417 0.96
GCS(2) 0.092£0.631 0.068£0.699 0.51

Student-T test for paired samples

SD Standard deviation, MMSE Mini-Mental State Exam, TMT A and B Trail making
test A and B, GCS(z) Global cognitive score (z)

after adjustment for DM duration>10 years, physical
activity and CVD.

In follow-up, we also built a multivariate binary logis-
tic regression analysis having the exposure variables
extracted by univariate binary logistic regression analysis.
These variables were, age > 65 years, schooling < 6 years,
score on the PHQ-9 questionnaire>9, physical activ-
ity, DM duration > 10 years, arterial hypertension, CVD,
DR, macular edema, use of statins, and GFR <60 ml/min-
ute/1.73 m (Fig. 4) (Additional file 5).

The multivariate logistic regression model resulted in
five explanatory variables associated with GCS(z)<0 at
follow-up: school education years < 6 years, DM duration
> 10 years, score on the PHQ-9 questionnaire > 9, arterial
hypertension, and CVD, even after adjustment for age
> 65 years, physical activity, DR, macular edema, use of
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statins and GFR <60 ml/minute/1.73 m?% (Fig. 5) (Addi-
tional file 5).

Discussion

Modifiable risk factors that were significantly associated
with lower cognitive performance at baseline and in the
follow-up after adjustments, were prolonged DM dura-
tion, depression symptoms, arterial hypertension, CVD,
and DR.

Other cross-section studies also demonstrated that
arterial hypertension is associated with cognitive decline
and dementia [45, 46]. Epidemiological and longitudinal
studies found an association between hypertension in
middle age with incident dementia and cognitive decline
later in life in the general population, but this association
in less robust if hypertension initiates in later life [47-53].

Hypertension is well established as a risk factor for car-
diovascular and cerebrovascular disease. Especially in
midlife, it has been identified as a risk factor for cerebral
atrophy, white matter microstructural damage, stroke,
and cerebral small vessel disease. There is also evidence
of an association between vascular dementia and white
matter hyperintensities progression, cerebral micro-
bleeds, and lacunar infarcts [51, 53]. Evidence suggests
that hypertension contributes to the development and
progression of such neurological changes by promoting
vessel wall remodeling and endothelial dysfunction [55—
57]. AD is also associated with hypertension, demon-
strated by the accentuation of reduced brain volume and
increase of f-amyloid plaques and neurofibrillary tangles
in hypertensive patients compared with normotensives
[58, 59].

So, it seems clear that hypertension can affect brain
structure and function, but these associations are influ-
enced by many concurrent factors like age, duration of
hypertension, intensity of blood pressure control, and
specific mediations. A controversial issue is whether
the intensity and type of medication used for hyperten-
sion treatment could interfere with cognitive outcomes
still exist. A recent meta-analysis concluded that ade-
quate antihypertensive treatment reduces the incidence
of dementia and MCD in the long term [60]. The Sprint
Mind study showed a reduction in the risk of MCD
in patients adequately treated for hypertension [61].
Although some studies suggest better cognitive perfor-
mance with specific antihypertensive classes, a recent
review failed to show a benefit of one antihypertensive
class over another [62]. Therefore, efforts for early arte-
rial hypertension diagnosis and adequate treatment
according to international guidelines in middle age seem
a reasonable protective action in high-risk patients.

Diabetes and depression are frequently concomitant.
Individuals with type 2 diabetes have a doubled risk for
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Variable GCS (z) < zero
HBalc 2 7% ——e—
ACR > 30 mg/g de creatinina= —e—
GFR < 60 ml/min/1,73 m2- el
BMI > 30 kg/m2- —ei—
Diabetic neuropathy = ——e——
Diabetic renal disease— —io—
Diabetic retinopathy— Po—e—
Macular edema- ——e—
Hypothyroidism= —io—
CVD- P o—e—
Statin use= l—'—'
Insulin use= —e+—
Depression /Anxiety = ——
PHQ-9 > 9- —e—i
Hypertension— P
Severe hypoglycemia- —e——
Alcoholic— —ei—
Tabbacco smoker= —e—
Physical activity - —e—j
Diabetes duration = 10 years— H—e—
School education < 6 years= —e—
Male Gander=— F——e—
Age 2 65 years— —e—
T LI | LI L L | 1 rr]
0.1 1 10 100
Odds ratio (Cl 95%) Log scale
Note: HBa1c: glycated hemoglobin, ACR: Albumin-to-creatinine ratio, GFR: glomerular filtration rate,
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Fig. 2 Baseline exposure factors for Global Cognitive Score <0 Univariate Binary Logistic Regression

depression as compared with individuals without dia-
betes, otherwise, individuals with depression have a 1.5
higher risk of diabetes [63]. This correlation is complex
and the pathophysiologic pathway behind this associa-
tion is not completely understood, but hyperglycemia,
microvascular dysfunction, dysregulation of the hypo-
thalamic-pituitary axis, and low-grade inflammation are
abnormalities that can explain the temporal association
between depression and type 2 diabetes [64, 65]. Depres-
sion is closely associated with cognitive dysfunction and
dementia, but it is still unclear to what extent it is a risk
factor or whether it is a prodromal symptom of demen-
tia. Some studies associate the presence of depression as

a risk factor when it starts at young or middle age, and
as a prodromal symptom of dementia when it starts in
later life [2, 66—68]. Therefore, the presence of depression
symptoms at a later age should be seen as a warning sign
for the later development of dementia. In this study, there
was a significant association between the score of depres-
sion symptoms (PHQ-9>9) and worse cognitive perfor-
mance at baseline and in the follow-up period. It is not
possible to know whether it is a symptom or a risk fac-
tor, reinforcing the importance of diagnosing and treat-
ing depression, as well as monitoring cognitive decline in
these patients with depression symptoms.
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Fig. 3 Baseline exposure factors for Global Cognitive Score <0 Multivariate Logistic Regression

CVD was present in 35% of the patients in this study
and was one of the risk factors associated with worse
cognitive performance in the follow-up. The Brazilian
cross-section brain bank study that explored neuropatho-
logic lesions and cognitive status, found that neuropatho-
logical diagnosis irrespective of cognitive status was
found in 44% of patients. Among them, 20% had mixed
neuropathological findings. Vascular dementia (VD)
was present in 35% and Alzheimer’s disease (AD) alone
or associated with another neuropathological diagnosis
in 50%. These findings show that vascular disease is fre-
quent in this population, showing the importance of car-
diovascular risk factors and cardiovascular disease [69].

In a large Taiwanese cohort, the development of any
vascular event, especially in the first years after the diag-
nosis of T2DM, showed a risk for dementia up to twice
as high [70]. Another longitudinal study explored the
association between cardiovascular health score at age
50 and incidence of dementia and found that adherence
to ideal cardiovascular vascular health recommendations
(smoking, diet, physical activity, body mass index, fasting
glucose, blood cholesterol, blood pressure) in midlife was
associated with a lower risk of dementia later in life [71].
Exalto L.G. et al. created a 10-year dementia risk score
and found that: microvascular disease, diabetic foot,
cerebrovascular disease, cardiovascular disease, acute
metabolic events, depression, age, and education most
strongly predicted dementia [72].

There is some evidence that a decrease of cerebral
blood flow (CBF) causes a series of changes in the neu-
rovascular unit (NVU), such as impaired neuronal func-
tion, abnormal activation of glial cells, and changes in

vascular permeability, all of which collectively play a role
in the pathogenesis of VD [73, 74].

In 2020, The Lancet Commission on dementia pre-
vention, intervention, and care, supported a grow-
ing body of evidence for eleven potentially modifiable
risk factors for dementia: less education, hypertension,
hearing impairment, smoking, obesity, depression,
physical inactivity, diabetes, low social contact, exces-
sive alcohol consumption, traumatic brain injury, and
air pollution. According to this commission, the CVD
risk factors: hypertension, smoking, obesity, seden-
tarism and diabetes should be prevented and controlled
to prevent dementia [75]. However, adequate control of
these cardiovascular factors is far from what National
and International Guidelines recommend, despite
being widely publicized and disseminated by Medical
Societies and Health Management Bodies worldwide
[22, 76-79]. This study also identified a high percentage
of patients with uncontrolled cardiovascular risk fac-
tors, which highlights the need to identify barriers from
the point of view of health professionals, managers, and
patients preventing achieving these goals.

DR was identified as the other risk factor for worse
cognitive performance. Recently a systematic review
and meta-analysis of twenty-two studies, including
cross-sectional and cohort studies showed a similar
association between DR and cognitive impairment. In
this study, the presence of DR reflected a higher cogni-
tive dysfunction with OR =2.45 (95% CI 1.76-3.41) and
HR=1.34 (95% CI 1.10-1.62). The pooled OR was 2.38
and 3.11 for Asia and Oceania respectively, and there
was no association in North America and with TIDM.
There was no study from South and Central America in
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Fig. 4 Follow-up exposure factors for Global Cognitive Score <0 Univariate Logistic Regression

this review. They found as well that DR severity showed
a positive correlation with cognitive impairment [80].
One other review and meta-analysis evaluated the asso-
ciation between DR and cerebral small vessel disease
with any type of cognitive dysfunction and found an
association between DR and structural abnormalities in
the brain with impaired cognitive function [81].

Retina and brain have similar pathological and aging
mechanisms and, therefore, can be an easily accessible
source of information for cerebral neurodegenerative
processes. Communication between the brain and the
retina occurs through retinal ganglion cells, connect-
ing with the cortex through the optic nerve. Like the

blood-brain barrier, the blood-retinal barrier plays a role
in regulating the supply of oxygen and glucose and pro-
tecting the retinal microenvironment against exposure
to molecules, in this case, especially to inflammatory
cytokines commonly circulating in patients with DM and
its comorbidities [82, 83]. The production or activation
of inflammatory cytokines at the brain level can lead to
insulin action resistance in the brain, resulting in dete-
rioration of brain processes such as neuron survival, den-
dritic plasticity, synaptic function, learning, and memory
[84, 85].

Optical coherence tomography and corneal microscopy
are non-invasive, rapid assessment tests that can produce
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retinal and corneal images and detect findings of neuro-
degeneration. The retinal nerve fiber layer is the inner-
most part of the retina and is formed by retinal ganglion
cells and alterations in this region are associated with
neurodegeneration [86—88]. Retinal microcirculation can
also be non-invasively visualized using retinal arteriogra-
phy [89]. Studies have observed an association between
corneal neurodegeneration findings with cognitive altera-
tions and imaging findings related to MCD and dementia
[90-92]. Both microcirculatory and neurodegenerative
changes in the retina and cornea are associated with cog-
nitive changes and dementia, but the better marker and
the mechanisms involved have not been fully elucidated
[83].

One recent review studied the risk factors for progres-
sion from MCD to dementia in a T2DM population and
found an association between longer DM duration and
DR with increased risk for cognitive decline progression
[93]. The mechanisms by which T2DM acts as an acceler-
ating factor in the dementia process are not fully known.
Several pathogenic mechanisms have been postulated,
including hyperglycemia and its enzymatic glycation end
products, insulin resistance, hypoglycemia, micro and
macrovascular disease, inflammation, oxidative stress, in
addition to alterations in the metabolism of amyloid pep-
tides, amylin, and tau protein. It is most likely that these
mechanisms are concurrent and occur in different pro-
portions in different patients, but insulin resistance and
inflammation may be the connection of several of these
mechanisms [47-49].

DM courses with alterations in the blood-brain bar-
rier and microvascular dysfunctions, making the brain
susceptible to various aggressions and compromising the
supply of nutrients [50]. An in vivo study with animal
models of TIDM and T2DM showed that the breakdown

of this barrier was associated with increased expression
of inflammatory genes at the brain level [51]. Patients
with insulin resistance, prediabetes, and diabetes have
activation of tumor necrosis factor-a resulting in inhibi-
tion of phosphorylation of the tyrosine kinase enzyme in
insulin receptors in the periphery, and this is one of the
main mechanisms of peripheral insulin resistance [52].
Similarly, the production or activation of inflammatory
cytokines at the brain level can lead to insulin action
resistance in the brain, resulting in deterioration of brain
processes such as neuron survival, dendritic plasticity,
and synaptic function, learning, and memory [51, 53, 54].

Some limitations can be pointed out in this study. One
of them is the lack of imaging tests to correlate with the
clinical results. One other limitation was the number of
patients lost at follow-up phase. The follow-up sample
could lead to selection bias if their characteristics dif-
fered from the baseline sample. However, we have tested
potential differences among those who participated and
those who did not participate in the follow-up, and no
difference was found, as well as checked critical reasons
for loss of follow-up and did not find any. We also believe
that despite our efforts in using validated instruments for
cognitive assessment applied by trained specialists, recall
bias can be present.

The strength of this study is that there are few studies
in Brazil evaluating cognition, cognitive decline, demen-
tia, and related risk factors in the general population
and even less in the T2DM population [40, 41, 94]. This
is possibly the first national longitudinal study to clini-
cally assess cognitive dysfunctions in the T2DM from a
public health system and its risk factors. Even with the
limitations, we reproduced data from a real-life scenario
in public health in a middle-low-income country set-
ting that could be generalized for similar health services
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around the world, since the last IDF Atlas indicates that
4 in 5 people with diabetes are at low and middle-low-
income countries [6].

Our findings confirm the importance of screening for
cognitive dysfunction and dementia in T2DM popu-
lation. Brazilian and the American Diabetes Society/
Endocrine Society guidelines recommend the individu-
alization of goals and choices for DM treatment in the
elderly based on their self-care capacity and cognitive
status, improving the quality of care for these patients
[20, 95, 96].

Conclusions

Based on our results, cognitive evaluation and follow-
up should be incorporated into the routine of T2DM
patients, especially for those with advanced age, low edu-
cation level, prolonged DM duration, arterial hyperten-
sion, depression symptoms, CVD, and DR.

Even though guidelines already suggest the need for
screening for cognitive dysfunctions in the T2DM popu-
lation over 60 years of age, this does not happen in clinical
practice due to the difficulties in carrying out time-con-
suming tests that require training to be performed. How-
ever, identifying and following those at higher risk for
cognitive dysfunction and decline could help clinicians to
improve the quality of care for these patients and concen-
trate efforts to retard cognitive decline.
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