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Abstract. The aim of this study is to analyze the potential impact of factors (clinical and demographic variables and

comorbidities) associated with Diabetes Mellitus (DM) on certain mental processes related to cognitive impair-
ment, with special attention to the analysis of parameters that define processing speed and executive function.
Neuropsychological examination of elderly Spanish patients (N = 59, 33 females, M,g. 70.98 years) diagnosed with DM,
in addition to application of an ad hoc questionnaire to collect information on comorbidities and other relevant demo-
graphic variables. Based on a cross-sectional design, correlational analysis was carried out. Cognitive performance
showed an inverse relationship to age and cardiopathology while years of schooling and regular physical activity
appeared as neuroprotective factors. DM is an illness which, linked to other variables, can be regarded as a risk factor
for the development of cognitive impairment. Certain factors (physical activity and cognitive stimulation) have the
potential to mitigate this tendency. There is a need to further our understanding of the neurobiological mechanisms

involved.
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Diabetes Mellitus (DM) is a chronic endocrine-metabolic
disorder, manifesting high rates of hyperglycemia in
association with deficient insulin production or resis-
tance to insulin. The nosological classification of DM
includes type 1 (lack of insulin production due to the self-
immune destruction of B cells in the pancreas’s islets of
Langerhans), type 2 (deficient insulin production and
functionality) and Gestational (temporary metabolic
disorder related to pregnancy).

DM prevalence is high, with an estimated 347 million
persons affected worldwide (Danaei et al., 2011). The
World Health Organization (WHO) predicts that this
pathology will become the seventh greatest cause of
death by the year 2030 (World Health Organization,
2010).

The prevalence of DM in Spain has been placed at
13.8% of the adult population (over age 18). This per-
centage can be broken down into 7.8% for cases of
diagnosed DM2 (type 2 DM), and 6% of the Spanish
population that is unaware that they suffer from diabetes
(CIBERDEM, 2013). At the same time, as much as 30%
of the population may present a variety of disorders
related to glucose metabolism (Soriguer et al., 2012).

DM has a substantial impact on public health. The
added cost to health care is high, not only because of
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DM'’s high prevalence and chronic nature, but also
because of other disorders that may accompany it. DM
has been linked notably to a variety of psychiatric and
neurodegenerative disorders (Biessels, Deary, & Ryan,
2008). Also verified is its etiopathogenic importance in
triggering cerebrovascular pathology and its status as
a risk factor for cognitive impairment and dementia
(Allen, Frier, & Strachan, 2004; Cukierman, Gerstein, &
Williamson, 2005), heightened when accompanied by
other variables such as high blood pressure (Obisesan,
2009), age (Obisesan et al., 2008), obesity (Whitmer,
Gunderson, Quesenberry, Zhou, & Yaffe, 2007), depres-
sion (Katon et al., 2010), hyperglycemia (Cukierman-
Yaffe, 2009), dyslipidemia or hypercholesterolemia
(Bruce et al., 2008). The risk of decline in intellectual func-
tioning is further increased in the case of low educational
level or male gender (Mejia-Arango & Zufiiga-Gil, 2011).

DM is therefore a predisposing factor for cognitive
impairment, one element in a multifactorial etiology,
where the determining mechanisms are not precisely
understood. Based on prospective epidemiological
studies, there seems to be from 1.5 to 3 times increased
risk of dementia in diabetic subjects when compared
to controls, ratified in the Honolulu Asia Aging Study
(Kalmijn et al., 2000), the Kungsholmen project (Xu,
Qiu, Wahlin,, Winblad, & Fratiglioni, 2004) and the
Rotterdam Study (Ott et al., 1999).

Along with the usual theories that explain neurolog-
ical alterations as produced by the concomitant factors
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cited above — age, obesity, depression, etc. —there are also
hypotheses that justify DM-generated cognitive impair-
ment, based on alteration in insulin secretion, glucose
intolerance or insulin resistance (Rénnemaa et al., 2008).

Recent research has been able to outline DM’s under-
lying neurobiological mechanisms, such as its negative
effects on hippocampal neurogenesis, dendritic remod-
eling and increased apoptosis. These result in problems
with learning and emotional control (Ho, Sommers, &
Lucki, 2013), and from a neuro-physiological perspec-
tive, cognitive impairment has been linked to alterations
in the amplitude of low-frequency fluctuations in sev-
eral areas of the brain, in proportion to the severity —in
degree and constancy — of the level of hyperglycemia
(Xia et al., 2013). From a more genetic focus, there is
apparent evidence of the role of polymorphism linked
to an insulin-degrading enzyme (rs6583817) in DM2
patients, affecting their executive cognitive performance
(MCcFall et al., 2013).

Taking another research perspective, we note a lack
of studies that perform neuropsychological assessments
and focus strictly on the use of cognitive tests, studies
that seek to analyze and inquire further into a possible
relationship between DM and cognitive performance
(decline and/or preservation). In principle, the scien-
tific literature reports certain results that would relate
DM to processing speed disorders (Jacobson, et al.,
2007; Manschot et al., 2006; van Harten et al., 2007).
Furthermore, we find disorders in executive functions
(Spauwen et al., 2013; van den Berg, de Craen, Biessels,
Gussekloo, & Westendorp, 2006; van Harten et al., 2007),
memory (Akisaki et al., 2006; Manschot et al., 2006),
specifically working memory (Sommerfield, Deary, &
Frier, 2004) and declarative memory (Bruehl et al., 2007),
in different samples of diabetic adults, as well as atten-
tion deficit (van Harten et al., 2007) and verbal fluency
deficit in a sample of diabetic women (Bruehl et al., 2007).
Insulin resistance has also been related to poorer perfor-
mance on frontal tests in studies with healthy subjects
(Knopman, Mosley, Catellier, & Sharrett, 2005).

The objective of our study is to analyze the possible
influence of different variables on cognitive func-
tioning in patients with DM. On one hand, we study
the influence of clinical factors that often accompany
this pathology (hypercholesterolemia, high blood
pressure, obesity, etc.), and on the other hand, we
consider the possible effect of sociodemographic fac-
tors (age, gender, educational level, physical exercise),
both in terms of cognitive decline and cognitive preser-
vation (neuroprotection). Next, in light of the dearth
of research on the different cognitive impact of dif-
ferent types of diabetic pathology and their respec-
tive treatments (Type 1 vs. Type 2 DM), we compare
the results obtained from insulin-dependent subjects
to results from other diabetics, who in this case had

https://doi.org/10.1017/sjp.2015.61 Published online by Cambridge University Press

only been prescribed the use of oral anti-diabetic
medication.

For this purpose, we rely on the application of dif-
ferent neuropsychological tests and interpretation of
their results, thereby assessing certain cognitive pro-
cesses, most notably information processing speed and
different executive functions such as attention, opera-
tional memory and inhibitory capacity or resistance
to interference. Recall that executive functions encom-
pass the most sophisticated mental capacities (Lezak,
1982; Luria, 1969) and that, together with processing
speed as mentioned above, they present greater suscep-
tibility to aging (Diamond, 2002) and to decline brought
on from multiple brain disorders (West, 2000).

Methods
Participants

The patient sample was drawn from the Tres Mares
Hospital (Cantabria, Spain), located in a town with
high DM incidence. The 59 patients who participated
(females = 33 and males = 26) were between 50 and 85
years of age (M =70.98; SD = 10.24), with diagnoses of
type 1 (N = 14; 23.70 %) or type 2 (N = 45; 76.30 %)
diabetes; treatment of the pathology covered a mean
period of 8.71 years (SD = 5.85).

The inclusion criteria were (1) explicit, voluntary
acceptance of participation in the study, (2) a diagnosis
of DM, and (3) age 50 or above. Two exclusion criteria
were applied: (1) a score of 24 or lower on the screening
tool Mini-Mental State Examination (MMSE), based on
the cutoff indicated in the test instructions for possible
dementia (Folstein, Folstein, & McHugh, 1975); and
(2) existence of sensory and/or motor alterations that
might hinder adequate test execution.

Procedures

Prior to administering the cognitive tests, we obtained
explicit acceptance from the candidates who wished
to participate, through their informed consent. Medical
records of the selected patients were then collected,
and data relative to the pertinent clinical variables
was compiled. Next, ad hoc interviews were con-
ducted in order to obtain data on the patients” soci-
odemographic variables, such as years of schooling
or their level of physical exercise. All phases of the
analysis process were carried out by a single examiner
who was trained on the different tests and belonged
to the research group.

Predictors

The different variables examined appear in Figure 1.
This chart shows the sociodemographic and clinical var-
iables as a function of their ability to impact cognition,
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Figure 1. Relational chart of clinical and sociodemographic variables considered in the analyses.

whether as potential neuroprotectors (exercise and
education) or as risk factors. For the latter, we consider
basically those elements that, together with DM, make
up the so-called metabolic syndrome. In addition,
we analyze the possible influence of the type of DM
and number of years in treatment to date. We consider
in turn any possible effect from the “gender” factor,
even though, as of today, the different studies seem
to show no clear positive or negative gender-related
influence.

The sample presented the following clinical and
sociodemographic profile: 17 were diagnosed with
depression (28.8%), 41 with high blood pressure (69.5%),
with 34 hypercholesterolemia (57.6%), 21 with cardi-
opathy (35.6%). Additionally, the sample was divided
in terms of Body Mass Index (BMI), according to World
Health Organization parameters: 21 (35.6%) had nor-
mal body weight (BMI 18.50-24.99), 27(45.8%) were
overweight (BMI >25.00) and 11(18.6%) obese (BMI >
30.00). Regarding factors with a potentially benefi-
cial effect, the sample showed a mean of 9.05 years of
schooling (SD = 2.03; Range = 6-17), and three groups
were distinguished in terms of physical exercise: 15 as
“no exercise” (22.4%), 27 “sporadic exercise” (40.3%)
and 25 had an “exercise habit” (37.3%). The “no exer-
cise” group stated that they practically never exercise,
other than what is required for daily activities; “sporadic
exercisers” occasionally exercise but not systematically;
and the final group (“exercise habit”) practices exercise
on a daily basis for up to 2 hours or more.

Separating our sample according to the type of
diabetes represented, Tables 1 and 2 show results obtained
for the different clinical and sociodemographic factors.
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The only divergence is seen in years of suffering and
treatment of the disease, obviously in favor of patients
with Type 1 DM, with its early appearance and diagno-
sis. Aside from this, it is remarkable that all the subjects
with Type 1 DM had high blood pressure, in contrast to
those in the Type 2 sample.

The similarity and uniformity of the context of the
cognitive assessment, and of the sample itself, help to
avoid any distortion in our results. The subjects are
all from the same local area, users of one local health-
care center (not hospitalized), and were assessed in the
course of a routine visit, in all cases examined by the
same assessor.

Neuropsychological Tests

The following tests were selected and administered in
their original procedural design:

The Mini-Mental State Examination (MMSE), a screening
test, in its Folstein et al. version (1975). Anumber of tests
are performed per questions and instructions given by

Table 1. Clinical and sociodemographic (continuous) variables as a
function of type of diabetes

DM Type 1 DM Type 2

M SD M SD
Age 70.57 12.33 71.11 9.66
Education Years 9.64 2.84 8.86 1.71
Body Mass Index 26.60 4.14 27.15 4.10
Diabetes Years 12.61 8.18 7.33 3.71
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Table 2. Clinical and sociodemographic (categorical and dichotomous)
variables as a function of type of diabetes

DM Type 1 DM Type 2

Variables % N % N
Sex

Male 35.7 5 46.7 21

Female 64.3 9 53.3 24
Depression

Yes 28.6 4 28.9 13

No 714 10 71.1 32
Cardiopathy

Yes 429 6 33.3 15

No 57.1 8 66.7 30
HBP

Yes 64.3 9 55.6 25

No 35.7 5 44.4 20
HC

Yes 100 14 60.0 27

No 0 0 40.0 18
Exercise

NE 28.6 4 17.8 8

SE 214 3 48.9 22

EH 50.0 7 33.3 15

Note: HC = Hypercholesterolemia; HBP = High Blood
Pressure; NE = No Exercise; SE = Sporadic Execise;
EH = Exercise Habit.

the assessor. This test evaluates processes such as space
and time orientation, registration, attention, calculation,
recall, language, complex commands.

The Stroop Interference Test, Golden version (Golden,
1994). Three pictures are presented consecutively, where
subjects are asked to read the names of colors printed
in black type (Word subtest), then to name the font
color of several x’s (Color subtest), and finally to name
the font color of color names, without regard to the
meaning of word shown, which in all cases differs
from the respective font color (Word/Color subtest).
After instructing the subject to do the test as quickly
as possible, a count is taken of the number of words
read in 45 seconds; errors are not penalized per se, but
since the subject must correct each error, the final time
obtained is impacted by any mistakes. This test measures
processing speed, attentional capacity and executive
function (resistance to interference).

Subtest A from the Trail Making Test (TMT), a subtest of
Halstead-Reitan’s neuropsychologicalbattery. Subjects
must connect 25 numbers that are randomly distrib-
uted around a single page, linking them in ascending
order; the assessment focuses on the time used for cor-
rect execution. Attention, psycho-motor skill, sequencing
and processing speed are measured (Reitan & Wolfson,
1985).
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The Wechsler Adults Intelligence Scale (WAIS), using
the subtests Digit Span Forward, Digit Span Backward,
and Letter-Number Sequencing. The Digit Span Forward
task consists of repeating a series of numbers with
increasing difficulty, since one more number is added
in each new trial, in the order given orally by the
assessor, and heard audibly by the subject being
assessed. Analogously, the Digit Span Backward task
presents the same procedure as the prior test, except
that the subject must repeat the numbers in the oppo-
site order to how they are presented. These tests pri-
marily assess attention span and immediate auditory
memory. Finally the Letter-Number Sequencing sub-
test consists of listening to a list of mixed numbers and
letters, which the subject must reorder (numbers in
ascending order and letters in alphabetical order). This
test assesses attention and resistance to distraction,
immediate auditory memory and working memory
(Wechsler, 2008).

Statistical Analyses

Using this approach, a cross sectional study was carried
out with the sample described above, and correlational
analysis was defined, taking into account both the soci-
odemographic data and the test results. The statistical
package for the social sciences, SPSS (v. 19), was used.

Results

Table 3 shows our sample’s performance on the different
neuropsychological tests, as data expressed in descrip-
tive statistics.

Linear regression was used to analyze how the vari-
ables of age, gender, years of schooling, type of Diabetes,
years with Diabetes, physical exercise, body mass index,
cardiopathy, high blood pressure, hypercholesterolemia
and depression are related to the different measurements
of cognitive performance.

In Table 4, older age is associated with poorer perfor-
mance on the Stroop test, especially on the Word /Color
subtest. By contrast, lower body weight (BMI) and fun-
damentally, greater levels of physically exercise, are pre-
dictors of better performance on the Stroop test, with
the exception of the interference subtest.

In Table 5, we see how the WAIS scores (Digit Span
Forward, Digit Span Backward and Letter-Number
Sequencing) also drop off sharply with age. By contrast,
higher levels of physical exercise are associated with
better cognitive performance, as does years of schooling.
Type 2 diabetics tend to obtain slightly better results
than type 1 diabetics (see Digit Span Forward).

Table 6 presents results from the two tests that are
especially sensitive to processes of dementia. While age
is a key predictive variable in the TMT-A, this is less
true (levels do not reach statistical significance) for the
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Table 3. Main statistics from the results obtained on the cognitive tests

M (SD) Range Asymmetry Kurtosis
MMSE 26.45 (4.25) 14.00-30.00 -1.34 782
TMT-A 85.94 (56.75) 18.00-216.00 709 —740
Digit Span Forward 5.84 (2.34) 2.00-11.00 297 -767
Digit Span Backward 5.15 (1.97) 2.00-9.00 115 -.769
Word Reading 41.06 (17.21) 5.00-61.00 —-.548 -1.189
Color Reading 40.54 (17.82) 4.00-61.00 -.520 -1.192
Word-Color Reading 15.55 (7.64) 1.00-27.00 -.092 -1.332
Interference —5.25 (3.54) -11.24-3.07 328 -.281
Letter-Number Sequencing 7.00 (3.32) 0.00-13.00 .029 -1.140

Note: Trail Making Test -TMT- (score in seconds).
Table 4. Linear regression models for the three measures of the Stroop test
Word-Color Reading Interference
Word Reading (R?2=0.60)  Color Reading (R?> =0.61)  (R?=0.66) (R2=0.17)

Predictors B t B t B t B t
Age —-467 —4.105%** -.524 —4.671*** -.610 —5.841*** -.339 —2.036*
Sex 097 1.014 094 993 .060 688 -.041 -292
E.A. 011 .094 -.018 —-.152 .003 .026 -.032 -178
D.T. .054 492 .019 170 -.007 -.070 -.192 -1.178
D.Y. 015 151 -.007 -.075 -.036 -.388 -.168 -1.132
Exercise 346 3.169** 311 2.890** .305 3.047%* —-.094 -.544
BMI -197 —2.061* -217 -2.303* -.156 -1.773 .165 1.178
Cardiopathy -.102 -1.036 -.084 -.861 —-.034 =377 .200 1.342
HBP .003 025 -.009 -.090 -.033 -.350 -.078 -.516
HC -.043 —-.449 -.032 -.334 =112 -1.269 -.379 —2.622*
Depression -114 -1.273 -110 -1.238 -.093 -1.125 .055 410

Note: The predictive value of the model, given as an adjusted square correlation value, is shown in parentheses.

*p <.05; **p < .01; **p < .001.

E.A. = Education Years; D.T. = Diabetes Type; D.Y. = Diabetes Years; BMI = Body Mass Index; HC = Hypercholesterolemia;

HBP = High Blood Pressure.

MMSE; this can be explained by the relationship
between TMT and Stroop measurements (the latter
being strongly affected by age). One novelty with respect
to attentional performance tests is that cardiopathy
appears as a predictor of poorer execution on dementia
indicators, especially on the MMSE. Finally, exercise
appears again as an important variable in preventing
cognitive impairment.

Discussion

The aim of the present study was to investigate the
neurocognitive state of diabetic patients, specifically
through the study of processing speed and executive
functioning, and taking into consideration several asso-
ciated variables. To be precise, we studied the incidence
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of clinical factors linked to DM as well as the patients’
sociodemographic variables.

First, in the range of clinical signs pertaining to vas-
cular pathologies, our study revealed significant results.
Most notable are the findings between cardiopathy
and the MMSE and TMT-B tests. As we know, the
former test offers dementia screening, while the latter
is noted for its sensitivity in detecting early processes
thereof (Shindo et al., 2013); therefore, based on our
data, we can hypothesize a possible relationship between
the DM patient suffering from cardiopathy and a risk
of cognitive impairment. Moreover, our results reveal
the relationship between cardiopathy and signs of
established cognitive impairment (or dementia), based
on its relationship to MMSE results, regardless of age
(Joosten et al., 2013). This data would be consistent
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Table 5. Linear regression models for the direct and inverse Digits scales and the letters and numbers subtest of the WAIS

Direct S. Forward (R? = 0.72) Inverse S. Backward (R? = 0.60) L-N Sequencing (R? = 0.71)

Predictors B t B t B t

Age —.487 —5.127*** -.311 —2.750** 0,479 —4,916***
Sex -.043 -541 -.050 -.527 0,133 1,630
E.A. 231 2.274* 227 1.877 0,166 1,595
D.T. 237 2.560* 215 1.955 0,093 0,977
D.Y. .073 .871 104 1.047 0,005 0,062
Exercise .367 4.038*** .394 3.634%* 0,330 3,535%**
BMI -.014 -.180 -.135 -1.423 -0,049 -0,600
Cardiopathy =115 -1.402 —-.087 -.890 -0,125 -1,477
HBP 134 1.572 -.006 —-.063 0,040 0,454
HC -.014 -177 .002 .026 0,029 0,346
Depression -.018 —-.243 -.074 -.826 0,086 1,118

Note: *p < .05; **p < .01; **p < .001.
E.A. = Education Years; D.T. = Diabetes Type; D.Y. = Diabetes Years; BMI = Body Mass Index; HC = Hypercholesterolemia;

HBP = High Blood Pressure; L-N Sequencing = Letter-Number Sequencing.

Table 6. Linear regression models for the dementia-specific neuropsy-
chological assessments TMT-A and MMSE

TMT-A (R? = 0.61) MMSE (R2 = 0.42)

between diabetes and the metabolic and hemody-
namic disorders that cause macro and microvascular
damage, altering blood flow to the brain and vascu-
lar reactivity. This postulated consistency between our
results and the possible existence of cerebrovascular

Predictors B t B t disease would also be reinforced by the cognitive
parameters that we have collected, given that vascu-
Age —0.413 -3.705*** -0.204 -1.489 .. . . .
lar dementia is especially characterized by attentional
Sex 0.191 2.036* 0.088 0.761 . .
EA 0.129 1.082 0.080 0.548 and executive alterations (Graham, Emery, & Hodges,
DT 0014 —0132 0015  -0.110 2005). This data calls for further compér.atlve stu.dles
D.Y. 0.079 0.803 0026 -0214 that use protocols addressing other cognitive functions,
Exercise 0.274 2.560%* 0.400 3.039** thereby supplying further empirical arguments to help
BMI -0.097  -1.035 -0.036  -0.309 clarify this question.
Cardiopathy ~ -0.197  -2.041% -0.267  -2.241* Hypercholesterolemia showed an inverse relationship
HBP 0.034 0.341 0.044 0.357 to ability to resist interference. On one hand, this clinical
HC -0.001  -0.004 -0015  -0.132 sign goes further into the cardiovascular point men-
Depression -0.046 0519 -0.098  -0.909 tioned above, since hypercholesterolemia is one of the

Note: The predictive value of each model, given as an
adjusted square correlation value, is shown in parentheses.

*p <.05; **p < 0.01; **p <.001.

E.A. = Education Years; D.T. = Diabetes Type; D.Y. = Diabetes
Years; BMI = Body Mass Index; HC = Hypercholesterolemia;
HBP = High Blood Pressure.

with postulating the existence of possible signs of
vascular dementia as an etiopathogenesis that accounts
for such cognitive impairment. And with good reason:
Despite the fact that DM and its accompanying clin-
ical factors are associated with the risk of other types
of neurodegenerative disorders (e.g. Alzheimer’s;
Arvanitakis, Wilson, Bienias, Evans, & Bennet, 2004),
a large percentage of prospective studies point out its
particular connection with risk for vascular dementia
(Acee, 2012). This link seems to stem from the association
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most important risk factors within this spectrum of
vascular pathology (Cai et al., 2013). This finding is
consistent with the important function of lipids within
the nervous system, something that research has tes-
tified to for years (Beisiegel & Spector, 2001). We know
that about 20% of total body cholesterol is found in
the brain, specifically in the neurogliocyte membranes,
which provide structural and metabolic support to the
neurons. But the study of a relationship between lipids
and the nervous system was triggered by the discovery
of a connection between isoform *4 of apolipoprotein
(Apo) E and Alzheimer’s disease (Jarvik et al., 1995).
Inquiring further into its neurodegenerative potential,
several studies have associated hypercholesterolemia
with a dementia diagnosis (Hughes et al., 2014); it has
even been described as a predictive risk factor of mild
cognitive impairment as well as Alzheimer’s disease,
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regardless of other genetic or associated comorbid factors
(Toro et al., 2014).

Next, we did not find statistically significant results
between cognitive performance and high blood pressure,
even though the figures tend towards decline. According
to previous studies, high blood pressure would be associ-
ated with general cognitive impairment (Obisesan et al.,
2008), which at more advanced ages becomes more
notorious in alterations in attention, processing speed
and executive function (Reitz, Tang, Manly, Mayeux, &
Luchsinger, 2007). On the other hand, as a recent study
shows, it seems that this tendency toward cognitive
decline and dementia does not appear necessarily, but
only in those subjects with a certain propensity toward
dementia already (Wysocki et al., 2012).

When analyzing the possible influence of clinical
and comorbid factors, we found a significant, inverse
relationship between Body Mass Index (BMI) and cogni-
tive performance, specifically as an alteration in sus-
tained attention and processing speed. This finding
agrees with other studies that allude to low global
cognitive performance (Jeong, Nam, Son, Son, & Cho,
2005), and specifically executive performance (Gunstad
etal., 2007). Moreover, obesity has been suggested as
an independent risk factor for developing dementia,
and that BMI follows an inverted U pattern in relation
to risk for dementia (Beydoun, Beydoun, & Wang, 2008).
Obesity during middle age (40-45 years) has been
shown to have a substantial connection with increased
risk of dementia 30 years later. Thus, persons with a
BMI indicating obesity (30 or more), had a 75% greater
possibility of developing dementia as compared to
those who had a normal BMI (18.5 to 24.9; Whitmer,
Gunderson, Barrett-Connor, Quesenberry, & Yaffe, 2005).
Elsewhere, BMI has been related to a reduction in total
volume of the brain (Ward, Carlsson, Trivedi, Sager, &
Johnson, 2005), especially with a decrease in frontal
lobe areas (Pannacciulli et al., 2006); a correlation has
been described between this index and low levels of
N-acetyl-aspartate and choline, mainly in gray and
white matter of the frontal lobe (Gazdzinski, Kornak,
Weine, & Meyerhoff, 2008). The negative effect of obe-
sity on the brain and on cognition can be explained
through a number of etiopathogenetic mechanisms; for
the purposes of our study, we would highlight resistance
to insulin and oxidative stress, as well as inflammatory
processes and vascular alterations (Freeman, Haley-
Zitlin, Rosenberger, & Granholm, 2014). Furthermore,
in a particularly large cohort study, a greater risk for
neurodegeneration was found in connection with vis-
ceral fat, more than with subcutaneous fat. Visceral fat
seems to be metabolically more active, being associated
with substantial production of adipocytokines, and more
importantly in our view, to greater insulin insensitivity
(Whitmer et al., 2008).
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Based on the results of our study, we find a difference
in cognitive performance according to the type of
diabetes and its treatment, specifically in regard to sus-
tained attention and processing speed. This data point
is consistent with results from a prior study, where a
greater tendency toward dementia was seen in the
insulin-dependent patients (Ryan & Geckle, 2000).
More specifically, given that hypertension comorbidity
is the only factor that differentiates our Type 1 DM
sample from the Type 2 sample, percentage wise, this
result could be interpreted in the terms posed by Reitz
et al. (2007), who attributes attention and processing
speed disorders to hypertension. However, this dis-
tinction between types of diabetes is not observed on
most tests, where similar results are found for patients
treated with insulin and patients on oral hypoglycemics.
Similarly, years of treatment for diabetes (a variable
that possibly overlaps with diabetes type, due to the
early appearance of type 1 or insulin-dependent diabetes)
was not found to be a factor that impacts performance.
These results emphasize the importance of the actual
condition that is shared by both types of diabetics,
regardless of the therapeutic (especially the pharmaco-
logical) treatment. Not surprisingly, experimental models
developed with type 1 and type 2 DM showed clearly
evident negative repercussions from both hypergly-
cemia and hypoglycemia, as well as the neurological
anomalies present in both subtypes, substantiated in
negative impact on hippocampal neurogenesis, alter-
ations in dendritic remodeling and increased apoptosis
(Ho et al., 2013).

Regarding possible influence detected from sociode-
mographic variables, we observed a gender difference.
In our study, women present poorer cognitive perfor-
mance than men on the TMT-A test, which, as we noted
earlier, is able to detect nascent processes of dementia.
The data have not yet established a supposed tendency
toward dementia in diabetics according to gender, as
there are studies that show greater risk in men (Mejia-
Arango & Zuniga-Gil, 2011) or a lack of gender differ-
ence (Ott et al., 1999), while other research studies
would justify a greater impact of DM on women, based
on sociological, educational, economic, psychological
and behavioral factors, in countries with similar socio-
economic characteristics to the context of the present
study (Dasgupta, Khan, & Ross, 2010; De Melo, de Sa, &
Gucciardi, 2013).

As could be expected from a long tradition of neu-
rological studies (Haninen et al., 1996), we obtained
a direct relationship between greater age and greater
deficiency on cognitive tests, in our case dealing
exclusively with a sample of diabetic patients. For this
investigation, this functional impairment is more jus-
tifiable due to the predominance of executive func-
tions and processing speed in our assessment protocol,
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these cognitive abilities being especially susceptible to
the passing of years (Ardila & Rosselli, 2007). Specifically,
the executive decline noted here seems to be rein-
forced, from the neuroanatomical perspective, by the
so-called “frontal lobe theory of aging” (West, 1996),
as this specific region is significantly involved in such
functions (Gioia, Isquith, Guy, & Kenworthy, 2000).
This fact is clearly visible in the results from Letter-
Number Sequencing, as well as in the Stroop interference
scores, since these place greater demands on executive
functioning. Although a tendency toward functional
decline was found on the MMSE, it did not reach levels
of statistical significance, the sensitivity of this test
being more oriented to the appearance of dementia.
This fact seems to be justified since age in itself is not a
cause of dementia; the impairment is produced where
aging acts in conjunction with another pathology, such
as cardiopathy or diabetes (Ravona-Springer et al., 2011).
Our data confirms precisely this assumption, since
the clinical factors discussed (e.g. cardiopathy) do
not appear here as isolated entities, but as comorbid
pathology with diabetes, given that our study sample
is entirely composed of diabetic patients.

Regarding influence from the patients’ academic
level (measured as years of schooling), we can observe
a significant direct correlation with attention span.
This could suggest a possible beneficial effect, and
prompts us to inquire further into a positive influence
from education that mitigates the risk of dementia in
diabetic patients. This result is consistent with prior
studies that address DM as one metabolic pathology
(Mejia-Arango & Zaniga-Gil, 2011); elsewhere, studies
from other spheres also confirm this benefit in different
types of neurodegenerative pathology. All this has
given academic or cultural education a high-value status
within the concept of “cognitive reserve” (Andel, Vigen,
Mack, Clark, & Gatz, 2006). This has been explained
through neural mechanisms that generate a cogni-
tive brain remnant, whether through neurobiological
events (brain size, number of neurons, synaptic den-
sity and abundance of interconnections), or through
other phenomena such as using cognitive resources
from preexisting processing or compensatory cogni-
tive resources, triggering activation of new neural
networks. In this manner, adequate cognitive stimula-
tion (Nithianantharaiah & Hannan, 2011) seems to be
behind this neural remnant that would equip a person
with the ability to minimize the effects of age-related
neurological disorders, as well as any damage from
brain pathology, offering protection against the clinical
development of the symptoms or signs typical of neu-
rocognitive disease and dementia (Fratiglioni & Wang,
2007). From another perspective, one cannot overlook
the effect of education in providing more information,
and therefore, better and healthier lifestyle habits, which
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are especially important in relation to pathologies like
DM (Trujillo & Fleisher, 2013).

Next, our study showed aerobic physical exercise as
the most important guideline for neuroprotection,
evident from its direct relationship to all the cognitive
processes that were analyzed. This data point corrobo-
rates the benefit found in many preceding studies that
focus on whether the practice of physical exercise has
any positive impact on cognition (Smith et al., 2010),
and more specifically, within the aging process of
persons with or without cognitive impairment (for a
review, Franco-Martin, Parra-Vidales, Gonzalez-Palau,
Bernate-Navarro, & Solis, 2013). In another review that
deals only with diabetic pathology, the advantages of
establishing physical exercise guidelines are reaffirmed,
and the importance of physical exercise is emphasized
not only from a preventive perspective but also directly
in a therapeutic role (Sanz, Gautier, & Hanaire, 2010,).
Moreover, an empirical study using a population over
age 57 ratified the positive effective produced by aer-
obic exercise on prediabetic or Type 2 DM subjects
(Baker et al., 2010). In our study, the benefit increases in
proportion to frequency of practice, consistently with
other studies that testify to this phenomenon (Subirats-
Bayego, Subirats-Vila, & Soteras-Martinez, 2012). This
beneficial effect of exercise seems to be based on bio-
molecular mechanisms and underlying neural mecha-
nisms. Specifically, the effects of exercise and its benefits
come about through changes in the neuroplasticity
of the hippocampus (which also impacts APOE &4),
through production of brain-derived neurotrophic
factor (BDNF), regulation of brain levels of B amyloid,
and interaction with the Klotho gene (aging suppressor)
through fibroblast growth factor and type 1 insulin-
like growth factor (IGF-1); these in turn can lead to
several neurovascular structures being affected, along
with glial cells such as astrocytes and microglia (Foster,
Rosenblatt, & Kuljis, 2011). All this would justify the
neural and cognitive benefits that result from physical
exercise in patients with diabetic pathology.

Based on our analysis that focuses on certain cogni-
tive functions, we propose future research that incor-
porates a global neuropsychological protocol, in order
to detect possible differences as a function of specific
cognitive processes, and thereby construct better
hypothetical profiles of cognitive decline in diabetics.
In any case, our emphasis on executive functions and
processing speed contributes valuable information
toward a more adequate understanding of the risk
of dementia and receding quality of life in diabetic
patients, since we analyzed cognitive processes with
unique importance in more sophisticated, global mental
functioning — processes that are the most susceptible
to the aging process and are highlighted in numerous
studies as the most affected functions. On the other
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hand, our correlation-based study would be well com-
plemented by other experimental and longitudinal
studies. Nonetheless, our design met our fundamental
objective, allowing inferences to be drawn based on
the effect of factors associated with diabetes and pre-
sent in the de facto diabetic population. Thus, any appear-
ance of clinical variables-cardiopathy, high blood
pressure, obesity, etc.— constituted comorbidity, just
as the sociodemographic variables could be analyzed
with respect to a homogenous sample of diabetes suf-
ferers. In any case, we consider it advantageous for the
sample to be expanded in further studies, so as to opti-
mize its statistical goodness and the consequential
inferential consistency. We also see benefit from future
studies of different drugs that are prescribed for diabetic
patients, taking into account their specific mechanisms
of action as well as the long-term effect as measured
by the time they have been administered. On the
other hand, in order to carry out a more exhaustive
analysis of each participant, it would be helpful to
know their personal parameters of fasting blood glu-
cose and glycosylated hemoglobin levels. Furthermore,
this cognitive-related data should be contrasted to bio-
molecular and neuroimaging results, in order to more
accurately define the associated genetic and anatomic-
functional structure, and thereby draw the appropriate
implications for neurological clinical practice. In this
regard, we consider it vital to inquire into the mech-
anisms that are linked to both cognitive stimulation
and to aerobic physical exercise, in order to obtain
a stronger empirical foundation that reinforces its
therapeutic role.

Our results have analyzed clinical and demographic
variables that are found in diabetic patients, inquiring
into their functionality as risk factors or beneficial
elements with respect to cognitive impairment and/or
dementia. Our objective was to contribute more data to
enhance our understanding of and neurological inter-
vention in an ever-growing sector of the population,
expanding due to greater longevity as well as to the
introduction and establishment of unhealthy lifestyle
habits. More adequate control of the factors involved
in the neurology of this disease would result in more
effective healthcare, and more importantly, enhance the
quality of life of these particular patients.
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