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Abstract

Background: We analyzed the associations between diabetes and cognitive impairment (Cl) and dependence in a
population of patients 65 years or older.

Methods: Cross-sectional study. We randomly selected 311 participants over the age of 65 living in an urban area
of Spain. The mean age of the cohort was 75.89 + 7.12 years, and 69 of the individuals (22.2 %) had diabetes. Two
questionnaires were used to assess cognitive performance (MMSE and Seven Minute Screen Test), and two assessments
were used to evaluate patient dependence (Barthel Index and Lawton-Brody Index). Clinical information and
sociodemographic data were also gathered.

Results: Nearly one quarter of patients with diabetes (21.7 %) lived alone. Diabetic patients were more sedentary
(p =.033) than non-diabetic patients. Roughly one sixth (15.3 %) of the diabetics and 10.1 % of the non-diabetics
were depressed (p =.332). Cl was present in 26.1 % of the diabetics and 14.5 % of non-diabetics (p =.029). Diabetic
patients had a MMSE score that was significantly worse than non-diabetics (24.88 +4.74 vs 26.05 + 4.03; p <.05), but no
differences were found in the Seven Minute Screen Test. Logistic regressions revealed that the presence of diabetes
was independently associated with Cl (adjusted for age, gender, years of education, sedentary lifestyle, body mass
index, diastolic blood pressure, cholesterol, and depression (OR = 2.940, p = .013). Patients with diabetes showed greater
dependence, as measured by the Barthel Index (p =.03) and Lawton-Brody Index (p <.01). Nevertheless, when
dependence (dependence or not dependence for each questionnaire) used as a dependent variable in the
logistic regression analyses, no significant association with diabetes was found, after adjusting for confounding
variables.

Conclusions: Diabetic patients over the age of 65 are more likely to present Cl but not dependence. These
findings support the need to include both a functional and cognitive assessment as necessary components in a
standard evaluation in both clinical guides and randomized trials of therapeutic interventions in patients with
diabetes.

Keywords: Aging, Cardiovascular risk, Cognitive impairment, Dementia, Dependence, Depression, Diabetes

* Correspondence: emiliano@usal.es

1Primary Care Research Unit, The Alamedilla Health Center, Castilla and Ledn
Health Service (SACyL), Biomedical Research Institute of Salamanca (IBSAL),
Salamanca, Spain

’Medicine Department, University of Salamanca, Salamanca, Spain

Full list of author information is available at the end of the article

- © 2016 Rodriguez-Sdnchez et al. Open Access This article is distributed under the terms of the Creative Commons Attribution
() B|°Med Central 4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-016-0208-3&domain=pdf
mailto:emiliano@usal.es
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Rodriguez-Sanchez et al. BMC Geriatrics (2016) 16:33

Background

At present, more than 20 % of individuals over the age
of 65 suffer from diabetes [1, 2]. Furthermore, the preva-
lence of cognitive impairment (CI) has reached similar
levels [3, 4]. These figures are expected to continue to
grow in the coming years, due to the progressive aging
of the population [3]; the prevalence of dependence is
also expected to increase.

A number of studies have found an association be-
tween diabetes mellitus and increased risk of CI [5-8].
However, only a few studies have used a comprehensive
neuropsychological battery of tests to study CI in dia-
betics, and these studies have produced contradictory re-
sults [9—11]. While some studies found an increase in
the presence of CI in diabetic patients [12, 13], others
suggested that diabetes is associated with a slower rate
of cognitive decline in Alzheimer’s disease [14]. These
discrepancies can be explained by a number of factors
[15-17], including differences in study method and de-
sign, demographic characteristics (i.e., subject age, level
of education), presence of diabetes, the prevalence of
risk factors, and geographical scope [9-12]. It is not
clear whether the risk of CI is equally associated with
diabetes throughout the world or whether it is linked to
subgroups that are characterized by varying levels of dis-
ease severity presence of comorbidities [18, 19].

It is also possible that differences found in the associ-
ation between CI and diabetes are related to the diagnostic
criteria used to define CI and dementia [20]. Although the
diagnostic criteria for CI and dementia take into account
the degree of dependence of the subject, little research has
been conducted on the differences between countries in
terms of diabetes and dependence [21]. Peripheral artery
disease and peripheral nerve dysfunction are known
causes of diabetes -related disability, and may explain
more than 30 % of the association of diabetes with disabil-
ity related dysfunction in physical activity. Physical activity
is particularly important for people with diabetes, because
being physically active can improve the body's ability to
use insulin and facilitate weight loss [21].

The purpose of this study was to analyze the associ-
ation of diabetes with CI and dependence in a popula-
tion sample of patients age 65 and older.

Methods

Study design

An observational, descriptive, cross-sectional population
study.

The initial sample for this study was taken from the
DERIVA (DEmentia and cardioVAscular RIsk) study,
whose methodology has already been published else-
where [4]. The purpose of the DERIVA study was to ex-
plore the needs for services that promote personal
autonomy and care for people older than 65. The
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reference population was the population of the city of
Salamanca (172,375 inhabitants total), of which 19.74 %
(34,020) were aged 65 or older. The sample was taken
from the Castilla and Le6n Regional Health Service lists,
which cover 99.5 % of the population. The lists included
both community dwellers and institutionalized elders.
This study was carried out via home interviews in the
urban area of Salamanca, Spain. The study was approved
by an independent ethics committee of the Salamanca
University Hospital (Spain), and all participants were
provided with written informed consent, according to
the recommendations of the Declaration of Helsinki.

Subjects

In the DERIVA study, a random sample was selected,
and was composed of 327 subjects that represented the
adult population of Salamanca age 65 and older. To ob-
tain this random sample, we performed stratified ran-
dom sampling by health districts. Exclusion criteria
included: 1) deceased individuals, 2) errors in address, 3)
people who had moved out of the study area, and 4) in-
dividuals who declined to participate in the study. In
total, 16 participants did not have a complete cognitive
assessment; therefore 311 participants were included in
this study.

Variables

Cognitive impairment

Participants were defined as having CI if they met the
following criteria [20]: 1) performance on neuropsycho-
logical tests that was 1.5 standard deviations below pub-
lished norms on any test according to age and education
level), which indicated impairment in one or more cog-
nitive domains, 2) functional impairment on instrumen-
tal or basic activities of daily living, and 3) concern
about a change in cognitive or functional levels com-
pared with his or her previous state via self-report or a
reliable informant. We also included those patients tak-
ing anti-dementia medication.

We assessed cognitive performance using the Spanish
version of the Mini-Mental State Examination (MMSE)
[22], which was administered by a trained interviewer,
and the Seven Minute Screen Test [23, 24]. The MMSE
assesses a participant’s general cognitive state, and spe-
cific components of temporal and spatial orientation,
attention and calculation, memory, language, and visuo-
constructional skills. The total score of the exam ranges
from 0-30 points. The Seven Minute Screen Test is
composed of four tasks that also assess the patient’s gen-
eral cognitive state and temporal orientation; specifically,
it includes the Benton Temporal Orientation Test, the
Free and Enhanced Cued Recall test (to assess episodic
memory), the Clock Drawing test (to assess visuocon-
structional skills), and the Categorical Fluency Task test
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(to assess language). The patient’s total score is the sum
of the four scores obtained for each task [24].

Diabetes

Diabetes was assessed by self-report, which is considered
to be a reliable and valid indicator of a diabetic status.
We also assessed diabetes based on values of basal gly-
cemia, where values exceeding 126 mg/d in at least two
determinations [25].

Dependence

We measured this variable using two self-reported ques-
tionnaires: the Barthel Index [26] and the Lawton and
Brody Index [27]. We classified the subjects as either in-
dependent (100 points) or dependent (fewer than 100
points) in basic Activities of Daily Living (ADLs), ac-
cording to the amount of help they needed in the
Barthel Index. The subjects were classified as dependent
(fewer than 8 points) or independent (8 points) in
instrumental ADLs, according to their score on the
Lawton and Brody Index.

Depression

We identified subjects with this condition by a diagnosis
of depression or with redemption of at least 1 prescrip-
tion for an antidepressant during last month.

We used the Older Americans Resources and Services
Multidimensional Functional Assessment Questionnaire
(OARS) to assess these variables [28], and we also ad-
ministered the Spanish-validated survey from the MON-
ICA study to evaluate cardiovascular risk factors [29].
Sociodemographic data (age, gender, marital status) and
years of education were recorded. We classified each pa-
tient’s level of education as illiterate (fewer than four
years), primary-secondary education (four to nine years
of education), and higher education (nine years). The
participants were asked whether they lived alone or were
accompanied, if they were with or without a partner, and
what person would be able to help them if they needed
support for ADLs.

Clinical information

Weight, height, body mass index (BMI), waist circumfer-
ence (cm), systolic blood pressure, and diastolic blood
pressure were measured, and pharmacological treat-
ments taken in the last month were noted. We deter-
mined blood sugar values and cholesterol levels from
blood samples, and we calculated cardiovascular risk fac-
tors [29] and diseases diagnosed from the Charlson
Comorbidity Index [30]. Cardiovascular risk factors were
defined as: a) smoking: regular consumption of tobacco
in the last year, and b) a sedentary lifestyle (i.e., not
participating in moderate intensity physical exercise
(walking 4—5 km/h) for at least half an hour, five days

Page 3 of 9

per week). We defined participants as suffering from
hypertension, hypercholesterolemia, or cerebrovascu-
lar disease if a previous diagnosis (these documents
were provided to us), if they received drug treatment
for the control of these processes, or if the values re-
corded upon examination were higher than the follow-
ing limits: a) hypertension: the average value of the
second and third arm measurement was greater than
140/90, and b) hypercholesterolemia: total choles-
terol > 240 mg/dl.

Statistical analyses

We checked the data for statistical normality using the
Kolmogorov-Smirnov test. Normally distributed con-
tinuous variables were expressed as mean + standard
deviation; non-normally distributed variables were pre-
sented as median and 25-75™ percentile. We employed
a frequency distribution similar in the qualitative vari-
ables. A Student’s t-test or Mann-Whitney U test was
used to test the relationship between the quantitative
variables. We used a chi-squared test for the qualitative
variables. We conducted four logistical regression ana-
lyses to study the association of diabetes with CI, de-
pendence (Barthel Index, Lawton and Brody Index), and
depression, where CI, dependence, and depression were
the dependent variables. For each dependent variable,
the same variables were used to adjust the models. The
first model was adjusted for age and gender. The second
model was adjusted for age, gender, years of education,
sedentary lifestyle, and BMI. The third model was
adjusted for age, gender, years of education, sedentary
lifestyle, BMI, diastolic blood pressure, and total choles-
terol. The fourth model was adjusted for age, gender,
years of education, sedentary lifestyle, BMI, diastolic
blood pressure, total cholesterol, and depression. We an-
alyzed the data using the Statistical Package for the
Social Sciences version 20.0 statistical package (SPSS
Inc., Chicago, Illinois, USA). A value of p <.05 was con-
sidered to be statistically significant.

Results
The average age of the 311 participants was 75.89 +
7.12 years, and 60.9 % of the participants were women.
Diabetes mellitus was observed in 69 patients (22.2 %).
When analyzing the sociodemographic characteristics of
diabetics and non-diabetics, no significant differences
were found between the two groups (Table 1). In gen-
eral, we found that most of the participants in both
groups were women, most had received Primary —
Secondary education, that their partner was their main
source of help for performing ADLs. Finally, nearly one
quarter of patients with diabetes (21.7 %) lived alone.

As can be seen in Table 2, diabetic patients were more
likely to be sedentary (p=.033) than non-diabetic
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Table 1 Socio-demographic characteristics of the participants comparing patients with diabetes and without diabetes

Non Diabetic Diabetic P value
n=242 n=69
Mean/Median/n Mean/Median/n
SD/IQR/(%) SD/IQR/(%)
Age (years) 7560+7.10 7690+ 7.22 0.183
Male 7518+ 6.53 7644 +7.09
Female 7582740 77.19+7.38
Age groups (years), n(%) 0.100
66-74 116 (47.9) 25 (36.2)
>75 126 (52.1) 44 (63.8)
Gender Male, n(%) 84 (34.7) 27 (39.1) 0.569
Years of education, median(IQR) 9 (6-9) 9 (6-9) 0.253
Educational level, n(%) 0334
lliterate 69 (28.5) 26 (37.7)
Primary-Secondary education 136 (56.2) 33 (478)
Higher education 37 (15.3) 10 (14.5)
Living with his/her partner, n(%) 139 (574) 40 (58.0) 1.000
Living alone, n(%) 46 (19.0) 15(21.7) 0.608
Someone helps him/her with activities of daily living, n(%) 115 (47.5) 37 (53.6) 0415
Who is his/her primary aid, n(%) 0.594
His/her partner 55 (64.7) 20 (63.5)
Son/daughter 23 (27.1) 10 (32.3)
Others 7 (82) 132
Number of living children, median (IQR) 2(1-3) 2(1-3) 0.743

Values are means + standard deviations(SD) for normally distributed continuous data and medians (interquartile range (IQR)) for asymmetrically distributed

continuous data and number and proportions for categorical data

patients, had lower diastolic blood pressure (p=.022),
and lower total cholesterol and high-density lipoprotein
(HDL) levels (p <0.05). Roughly one sixth (15.3 %) of the
diabetics and 10.1 % of the non-diabetics were depressed
(p=.332), and CI was present in 26.1 % of the diabetics
and 14.5 % of non-diabetics (p =.029).

According to cognitive performance assessments, pa-
tients with diabetes had poorer total scores (24.88 + 4.74)
than patients without diabetes (26.05 +4.03) (p <0.05) on
the MMSE, but there were no differences in the Seven
Minute Screen Test (Table 3). However, these differences
were not seen when the cognitive components were ana-
lyzed separately.

In terms of dependence (Table 4), patients with dia-
betes exhibited greater dependence in performing
basic ADLs as measured with the Barthel Index (p =.03),
and in performing instrumental ADLs as measured
with the Lawton and Brody Index (p <.01). Diabetic pa-
tients showed more dependence both in their total
score (p=.005) and in five out of the eight activities
that we evaluated.

Table 5 lists the results of the four logistic regressions.
In the first analysis, we used CI as a dependent variable

in all of the models. We found that diabetes was signifi-
cantly associated with CI, even when adjusting for all co-
variates, showing an OR of 2.940 (IC 95 % 1.259-6.866,
p =.013). Nevertheless, after adjusting for potential con-
founding variables including dependence (as assessed
with the Barthel Index and the Lawton and Brody
Index), the association was no longer significant. No as-
sociation between diabetes and depression was found
either.

Discussion

Our results show that diabetic patients over the age of
65 are more than twice as likely to show a risk associ-
ation with CI and that the presence of dependence does
not contribute to this association.

There are an increasing number of studies that suggest
that diabetes is a risk factor for dementia, although we
do not know much about the factors that contribute to
this association [16, 17]. Our conclusions were drawn
from a randomly selected sample of individuals living in
an urban Spanish locality and are consistent with those
found in a meta-analysis conducted by Cheng et al. [31].
According to those authors, people with diabetes are
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Table 2 Cardiovascular risk factors and comorbidity of the participants comparing patients with diabetes and without diabetes

Non Diabetic Diabetic P value
n=242 n=69
Clinical variables Mean/Median/n Mean/Median/n
SD/IQR/(%) SD/IQR/(%)
Smoking, n (%) 19(79) 5(72) 1.000
Sedentary lifestyle, n (%) 61 (25.2) 27 (39.1) 0.033
Body mass index, (kg/m2) 275144 282+49 0.255
Waist circumference (cm) 100 (91-108) 101 (94-110) 0.293
Systolic blood pressure (mmHg) 138+ 20 138+22 0.786
Diastolic blood pressure (mmHg) 80+ 13 76+ 11 0.022
Mean blood pressure (mmHg) 99+13 97+13 0.185
Total cholesterol (mg/dL) 207 +34 190+ 37 0.002
LDL-cholesterol (mg/dL) 124 +29 115+30 0.053
HDL-cholesterol (mg/dL) 60+ 17 53+ 14 0.005
Serum glucose (mg/dL) 94 (87-102) 121 (102-146) <0.01
Hypertension, n (%) 168 (69.4) 48 (69.6) 1.000
Hypercholesterolemia, n (%) 59 (24.4) 19 (27.5) 0.637
Depression/anxiety, n (%) 37 (15.3) 7 (10.1) 0332
Cognitive impairment, n (%) 35 (14.5) 18 (26.1) 0.029
Cerebrovascular disease, n (%) 7 (29) 6 (87) 0.044
Charlson morbidity index adjusted for age 4 (3-5) 5 (4-6) <0.01
Values are means + standard deviations (SD) for normally distributed continuous data and number, medians (interquartile range (IQR)) for asymmetrically
distributed continuous data and proportions for categorical data
LDL low density lipoprotein, HDL high density lipoprotein
Table 3 Cognitive performance of the participants comparing patients with diabetes and without diabetes
Neuropsychological variables Non Diabetic Diabetic P value
n=242 n=:69
Mean/SD Mean/SD
Mini-mental-state examination
Total 26.05+4.03 24.88+4.74 0.044
Temporal orientation 443+1.09 4.13+1.40 0.064
Spatial orientation 485+ 057 487 +057 0814
Attention and calculation 412+ 145 374+1.85 0.076
Memory 470+1.20 439+1.19 0.061
Language 741£1.03 728+1.16 0.355
Visuoconstructional skills 0.55+049 048 +0.50 0.325
7 minute screen test
Total 139.34 + 26.20 13868 +24.14 0.859
Benton temporal orientation test 103.75+22.23 98.90 + 27.55 0.136
Enhanced Cued Recall test 14.70 +248 15.11+123 0.201
Clock drawing test 551+200 530+236 0469
Category fluency 1446 +6.20 1426 +525 0816

Values are means =+ standard deviations (SD) for normally distributed continuous data
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Table 4 Functional disability assessment of the participants comparing patients with diabetes and without diabetes

Level of dependence/ independence of ADL Non Diabetic Diabetic P value
n=242 n=69
Mean/n Mean/n
SD/(%) SD/(%)

Basic activities (Barthel Index)

Global mean 91.93+1809 8862+ 19.64 0.190

Independence, n (%) 183 (75.6) 43 (62.3) 0.033
Instrumental activities (Lawton and Brody Index):

Global mean 691+194 6.12+247 0.005
Independence to perform eight ADL n (%) 153 (64.3) 35 (50.7) 0.050
Independence to perform instrumental ADL n (%):

Ability to handle finances 211 (87.6) 5(79.7) 0.117

Shopping 185 (77.1) 8 (69.6) 0.208

Responsibility for own medications, 216 (90.0) 5(79.7) 0.035

Food preparation 183 (75.9) 3 (62.3) 0.031

Ability to use telephone 232 (96.7) 4 (92.8) 0174

Housekeeping 208 (86.3) 9 (71.0) 0.006

Mode of transportation 233 (96.7) 2 (89.9) 0.049

Laundry 194 (80.5) 46 (66.7) 0.022

Values are means + standard deviations (SD) for normally distributed continuous data and proportions for categorical data

ADL activities of daily living

between 1.5 and 2.9 times more likely to be at risk for
CL Our investigation is the first study to describe the as-
sociation between diabetes and CI in Spanish patients
older than 65 years of age. Similar results were found in
recent studies of various populations [13], including
Mexicans [10], Mexican-Americans [12], Chinese [9],
and Australians [16]. However, it should be noted that
prospective studies such as the Framingham Heart Study
[32] and the Leiden 85-plus study [33] have found an
ambiguous relationship between diabetes and dementia;
even a multi-center study in France found that CI pro-
gressed more slowly in groups of diabetic patients than
in non-diabetic patients [14].

We measured poorer MMSE scores in patients with
diabetes, which was also found by Umegaki et al. [34].
This result is consistent with the findings of Okereke et
al. [35], who observed that cognitive scores were signifi-
cantly lower in diabetics with a longer duration of the
disease in a community-dwelling older adults population
from the Physicians’ Health Study II and the Women’s
Health Study. Also, the observed effect of having dia-
betes was the cognitive equivalent off adding three years
to the patient’s age. Roberts et al. [36] observed an asso-
ciation between brain imaging (with ischemic and atro-
phic changes) and poorer cognitive performance in a
population-based cohort that was free of dementia and
whose diabetes had set in before the age of 64. This as-
sociation was not observed in patients whose diabetes

appeared at a later age. It is possible that selective mor-
tality occurs when both diseases appear, which makes it
difficult to determine the epidemiological factors that
create associations among both processes [16, 19]. Also,
it is probable that the pathophysiologic processes that
enhance both processes may require decades to manifest
themselves [36]. Zilkens et al. [16] suggested that de-
mentia onset begins an average of two years earlier in
diabetic patients and increases age-specific mortality
rates. These studies suggested that it is important to
control the cognitive state of diabetics even before they
reach the age of 65. This same age was recommended by
the consensus document from the International Associ-
ation of Gerontology and Geriatrics, the European Dia-
betes Working Party for Older People [37], the
American Diabetes Association and the American Soci-
ety of Geriatrics [2].

However, it cannot be confirmed that the MMSE is a
sufficient test for the early detection of CI in the diabetic
population. There is still no consensus on the battery of
tests that should be used for CI screening in patients
with this pathology, since it has been only recommended
the use of standardized evaluation instruments [20, 38].
While the MMSE appears to be more sensitive than the
Seven Minute Screen Test, it is not clear why poorer
scores were not obtained on the Seven Minute Screen
total score test or in any of the cognitive areas that were
evaluated by both tests. Additional studies are needed to
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Table 5 Multiple logistic regression analyses considering cognitive
impairment, dependence by Barthel Index and Lawton and Brody
Index, and depression as dependent variables, and diabetes as
independent variable

Cognitive impairment

OR IC 95 % OR P value
Model 1 2036 1.044-3.970 0.037
Model 2 2384 1.142-4.979 0.021
Model 3 2.746 1.213-6.217 0.015
Model 4 2940 1.259-6.866 0.013

Dependent variable: Cognitive Impairment. Independent variable:
Diabetes

Dependence by Barthel Index

OR IC 95 % OR P value
Model 1 1.794 0.951-3.386 0.071
Model 2 1514 0.771-2.974 0.228
Model 3 1.383 0.641-2.987 0.409
Model 4 1.398 0.646-3.023 0.394

Dependent variable: Dependence by Barthel Index. Independent
variable: Diabetes

Dependence by Lawton and Brody Index

OR IC 95 % OR P value
Model 1 0.630 0.355-1.118 0.114
Model 2 0.635 0.351-1.151 0.134
Model 3 0539 0.274-1.060 0.073
Model 4 0517 0.258-1.034 0.062

Dependent variable: Dependence by Lawton and Brody Index.
Independent variable: Diabetes

Dependence by depression

OR IC 95 % OR P value
Model 1 0.881 0.350-2.220 0.789
Model 2 0.876 0.343-2.234 0.781
Model 3 0.892 0.344-2.315 0814

Dependent variable: Depression. Independent variable: Diabetes

All models were adjusted for: Model 1: Age and Gender. Model 2: Age,
Gender, Years of education, sedentary lifestyle, and BMI. Model 3: Age, Gender,
Years of education, sedentary lifestyle, BMI, Blood Pressure Diastolic, and
Cholesterol total. Model 4: Age, Gender, Years of education, sedentary lifestyle,
BMI, Blood Pressure Diastolic, Total cholesterol and depression

clarify which alterations are present in patients with dia-
betes [13, 37, 39, 40], and to determine if they could be
related to any specific type of CI. According to this line
of thinking, several indices from resting-state EEG re-
cordings have been proposed for this purpose, and they
could be employed to track the cognitive functioning of
diabetic patients and also to help in the diagnosis of
those who develop CI [41].

Cognitive dysfunction is associated with decreased
ability to conduct personal care and decreased adher-
ence to anti-diabetic treatment plans [31, 42-45]. The
association between diabetes and CI takes on special
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relevance in elderly patients who find themselves in vul-
nerable situations [40]; it is difficult for such patients to
overcome the most dangerous complications. This limi-
tation is serious if patients require help even before the
occurrence of event that necessitates urgent attention;
the situation is particularly dire for the 21 % of individ-
uals living alone [46]. This solitude can have disastrous
consequences for the patient [47]. We noted that on
average, patients with diabetes have a greater need for
assistance with ADLs than non-diabetic patients. The re-
sults of our study are the first to provide data about the
current situation of elderly adults (age 65 or older) in
Spain. Our results are similar to those of Gregg et al
[48] and McGuire et al. [45].

However, it should be noted that the association be-
tween diabetes and level of dependence disappears when
controlling for potential confounding variables in the
multivariate analysis. Therefore, our results revealed that
diabetes is not associated with degree of dependence.
This finding may be because dependence is not a per-
sonal characteristic but is instead a gap between one’s
ability and one’s personal needs, as suggested by
Verbrugge and Jette [49]. These authors highlighted the
importance of carrying out environmental, social, and
individual adaptations that make it possible for elders to
perform their ADLs, and to lessen the functional impact
of their physical or cognitive deficits. In fact, it has been
observed that the considerable differences in the rela-
tionship between diabetes and ADL limitations exist
among different countries [21, 31]. Furthermore,
Bardenheier et al. [50] suggested that functional decline
and physical disabilities contribute to an increased inci-
dence of diabetes. Therefore, it seems advisable to carry
out an assessment of an elderly diabetic patient’s ADL
functionality in order to establish a successful treat-
ment plan [51, 52].

Unfortunately there is no test that assesses the de-
pendence as internationally accepted as the diagnosis
criteria of diabetes. In fact, the recent publication of the
diagnosis criteria from the DSM-5 and CIE for mental
disorders is incomplete and problematic regarding to
psychiatric impairment models and dependence. This
problem is found to be more complex when the ability
to perform activities of daily living is compared by coun-
tries and diseases. This is the reason why, in this study,
we have used two of the most international widely used
tests in the geriatric assessment, the Barthel Index and
Lawton and Brody Index [53].

Links between diabetes, depression, and Alzheimer’s
Disease have been established, although the exact nature
of these links is not yet well understood. Less clear is the
effect that the comorbidity between depression and dia-
betes has on cognitive impairment. In our study, we
found no association between diabetes and depression.
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However, as published in another paper about the
DERIVA study [4], our results support the link between
comorbid diabetes and depression and risk for cognitive
impairment. As far as we know, the relationship between
these diseases (depression, diabetes, and cognitive im-
pairment) has been analyzed in just one study [54],
which found that concomitant depression and diabetes
significantly increased the risk of presenting mild cogni-
tive impairment, but the exact nature of the effects that
comorbid diabetes and depression may have on it were
not conclusive.

The main limitation of this study was that it is a cross-
sectional study that included a relatively small number
of participants. It was not possible to determine a causal
relationship, nor can we confirm the association between
CI and several diabetes-related clinical parameters, be-
cause we did not gather information about the length of
diabetes diagnosis or if the patients had a history of
hypoglycemia.

Conclusions

The results of this study indicate that people over the age
of 65 who have diabetes are more likely to present CI but
not dependence. To confirm the existence of this possible
effect and to further understand the exact nature of the re-
lationship, longitudinal studies that include a large cohort
of patients are needed to evaluate cognitive changes and
dependence in diabetic patients. These findings support
the need to include functional and cognitive assessments
as integral components of the standard evaluation of pa-
tients with diabetes, in both clinical guides and random-
ized trials of therapeutic interventions.
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