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Abstract
Background: People with diabetes have almost twice the risk of developing cognitive impairment or dementia as
do those without diabetes, and about half of older adults with diabetes will become functionally disabled or cognitively
impaired. But diabetes requires complex self-management: patients must learn about the implications of their disease;
manage their diets, physical activity, and medication; and monitor their blood glucose. Difficulties with cognition can
hinder these activities.
Methods: The purpose of this study was to explore perceptions of cognitive ability in a multiethnic sample of persons
with type 2 diabetes (T2DM). One hundred twenty participants completed surveys assessing perceived memory,
executive function, diabetes self-management, and quality of life. Scores on the surveys were examined along with
hemoglobin A1C levels and demographics.
Results: Scores for executive function were positively associated with self-reports of dietary adherence and blood glucose
monitoring. Perceived memory ability was a significant predictor of quality of life, and executive function was a significant
predictor of A1C.
Conclusions: Patients’ perceptions of their cognitive difficulties may assist health care providers in detection of patients’
deficiencies in performing diabetes self-management tasks. The relationships between cognitive difficulties and selfmanagement found in this descriptive study suggest that research on the processes leading to cognitive changes in
T2DM is needed, as are studies on how those processes affect diabetes self-management.
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Background
Diabetes is a known risk factor for cognitive impairment,
owing to mechanisms such as chronic hyperglycemia or
hypoglycemia, insulin resistance or hyperinsulinemia,
oxidative stress, and build-up of beta-amyloid protein in
the brain [1]. People with type 2 diabetes (T2DM) have
cognitive impairment at rates that are twice as high as
those for people without T2DM and having diabetes in
midlife is associated with an almost 20% greater decline
in cognitive function over 20 years then for those without T2DM [2]. In addition, some studies have found
changes in brain structure and brain activation patterns
with obesity, insulin resistance, and/or metabolic
* Correspondence: hcuevas@mail.nur.utexas.edu
The University of Texas, Austin School of Nursing, 1710 Red River, Austin, TX
78701, USA

syndrome before development of overt T2DM [2]. It is
often assumed that informing a patient about diabetes
self-management skills, including diet, self-monitoring
of blood glucose, and medication management, will
positively influence glycemic control. Yet it is possible
that when patients feel they are experiencing cognitive
problems it will affect all these tasks, and little has been
done to examine the combined effects of diabetes and cognitive impairment on diabetes self-management—especially
in minority groups with a higher prevalence of T2DM and
a higher disease burden [3, 4]. Recent examinations of
cognitive function and diabetes self-management have been
done with small, mostly non-Hispanic white samples,
demonstrating a gap in our understanding of diabetes and
cognitive function and how diabetes is associated with
impairment in specific cognitive domains such as memory
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and executive function in minority groups [5, 6]. The purpose of this study is to examine the relationships between
perceived cognitive function, diabetes self-management,
quality of life, and glycemic control in a multiethnic sample.

Methods
Design, study population, and data collection

This was a cross-sectional, descriptive correlational
study. Over a 5-month period, a convenience sample of
participants from 21 to 70 years old with T2DM was
recruited from an endocrinology clinic in close proximity to the authors’ university. Recruiting efforts included
the placement of flyers in the clinic’s exam rooms and
research office as well as face-to-face contact by the PI
with potential participants. Potential participants who
expressed interest in the study were screened for eligibility by the PI and a member of the clinic’s research staff
by asking potential participants questions based on the
inclusion/exclusion criteria. Inclusion criteria were as
follows: ages from 21 to 70; living with diabetes for at
least 1 year; ability to read, speak, and understand
English. Because survey responses from participants with
dementia can be unreliable, those previously diagnosed
with dementia were excluded as well. Patients with
hypertension and hyperlipidemia were included. Those
with type 1 diabetes or who did not know what type they
had were also excluded.
One hundred and eighty-five potential participants
were screened. After the inclusion/exclusion criteria
were applied, 135 patients remained. These participants
received paper copies of the study’s survey instruments
as well as an addressed/stamped envelope to return the
surveys to the primary investigator. They were advised
that return of their questionnaires to the primary investigator signified informed consent. Of them, 122
returned surveys. Two patients who returned the survey
were excluded because they indicated that they had been
diagnosed with cognitive impairment (Alzheimer’s disease and impairment after a stroke) when asked to list
other co-morbidities; the final sample included 120 participating patients.
Measures

The following survey instruments were used.
Perceived memory

The 57-item Multifactorial Memory Questionnaire
(MMQ) assesses three dimensions of memory selfappraisal: contentment (feelings about one’s memory),
ability (subjective impressions of one’s memory capability), and strategy (reported frequency of use of various
memory aids) [7]. The 18 items for contentment are
rated on a 5-point scale (0 = strongly agree, 1 = agree, 2
= undecided, 3 = disagree, 4 = strongly disagree), with
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higher scores suggesting higher contentment about memory ability. Scores range from 0 to 72, with Cronbach’s
alpha = 0.95 [7]. For ability, 20 items ask participants to
indicate how often specific memory failures have occurred
in the past 2 weeks on a 5-point scale (0 = all the time, 1 =
often, 2 = sometimes, 3 = rarely, 4 = never). Higher scores
reflect better subjective memory ability, with a score range
of 0–80 and a Cronbach’s alpha of 0.93. For strategy, 19
items ask participants to rate how often they use certain
memory strategies (0 = never, 1 = rarely, 2 = sometimes, 3 =
often, 4 = all the time). Scores range from 0 to 76, with
alpha = 0.83 [7].
Perceived executive function

The Barkley Deficits in Executive Function Scale–Short
Form (BDEFS-SF) is used to evaluate executive function
in adults ages 18–81 [8]. The instrument shows the
types and extent of perceived executive function deficits
in daily activities over an extended period of time [8].
Items on the self-report version assess how often participants have engaged in behaviors that represent specific
types of executive functioning over the past 6 months:
time management, self-organization/problem-solving,
self-restraint, self-motivation, and self-regulation of
emotion. Items are measured on a 4-point Likert scale
ranging from 1 = never or rarely to 4 = very often. The
short form contains 20 items and requires 4–5 min to
complete. Scores from each subscale are tallied and
added to yield a total score. Percentile ranks are computed from the raw scores and compared with norms
determined by age. Higher percentile rankings within a
subscale represent greater executive functioning deficits
in that particular area. Higher percentile scores from the
total raw score represent general executive functioning
deficits. Internal consistency for the short-form scale is
high, with Cronbach’s alpha = 0.92. Pearson’s r correlations across subscales have been found to range from
0.55 to 0.80; test-retest reliability, from 0.62 to 0.80 in
prior studies [8].
Diabetes self-management adherence

The Summary of Diabetes Self Care Activities (SDSCA)
measures five self-reported activities in diabetes selfmanagement: self-monitoring of blood glucose, diet,
checking one’s feet, exercise, and smoking habits [9].
Participants answer 25 questions about the number of
days in the last week on which they have performed
specific aspects of diabetes self-management. For example, a participant has the choice to select a number, 0
through 7, in answer to the question, “How many of the
last seven days have you checked your blood sugar?”
Scores are calculated for each of the five regimen areas;
higher scores indicate greater participation in selfmanagement behaviors. Inter-item correlations have
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been found to range from r = 0.20 to r = 0.76 for the
SDSCA subscales; 4-month test-retest reliability ranges
from r = -0.05 to 0.78 in prior studies [9].
Quality of life

The RAND 36-item Short Form Health Survey (RAND
SF-36) was developed as part of a multi-year, multi-site
study designed to explain variations in patient outcomes.
It measures eight health dimensions commonly included
in widely used health surveys: role limitations due to
physical problems, social functioning, physical functioning, bodily pain, general mental health, role limitations
due to emotional problems, vitality, and general health
perceptions. It also includes a single item that indicates
perceived change in health [10]. Total scores range from 0
(poorest health) to 100 (best health). The survey’s scales
have been shown to have adequate internal consistency,
with alphas ranging from 0.72 to 0.94 [11]. Test-retest
values ranged from 0.60 to 0.90, with the exception of
bodily pain at 0.43. Factor analysis resulted in two higher
order factors representing the physical and mental health
constructs of the instrument. The subscale of “general
health” was used to indicate quality of life for this project.
Demographics

Participants also completed a short demographic form
that included questions regarding age, ethnicity, A1C
level, educational level, medications, and co-morbidities.
Data analysis

Data were analyzed using the Statistical Package for Social
Sciences, Version 22.0 [12]. Descriptive variables were reported (numbers, percentages, means with standard deviations) for all variables. Pearson’s bivariate correlation
analysis was used to assess correlations between demographic variables and the survey scores (MMQ, BDEFSSF, etc.) and between the survey scores themselves. The
significance level was set at 0.05. Separate multiple linear
regressions were conducted to predict the impact of perceived cognitive function on quality of life and A1C.

Results
Demographic characteristics

Table 1 presents the characteristics of the total sample
(n = 120). Half of the participants were from minority
populations. Participants’ mean reported A1C was 8.6%
(SD = 1.5). The number of co-morbidities ranged from 0
to 4; 75% had hyperlipidemia; 62.2%, hypertension;
15.6%, hypothyroidism. There were no significant differences in number of co-morbidities between age groups.
Fifty-one percent were on oral glucose-lowering medications, 31% on insulin, and 17.5% on a combination of
oral medications and insulin. Only 4.2% of the participants were not on any medications, and 1.6% noted the
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type of medication as “other” and wrote it in as an injectable non-insulin such as liraglutide. Results from the
SDSCA show that adherence to diet and exercise was
low, with participants averaging only 3 days a week of
adherence to a healthy diet and less than 2 days a week
of at least 30 min of exercise.
Scores on the subscales of the MMQ and BDEFS-SF
were calculated for all 120 participants (Table 2). MMQ
ability and contentment scores fell in the middle range,
indicating moderate subjective memory ability but moderate contentment with overall memory. Use of compensatory memory strategies (e.g., list making, reminders,
etc.) was low. Scores on the BDEFS-SF were compared
with a normative population and ranged from marginal
clinical significance (76th–84th percentile) to markedly
deficient (99th percentile) [8]. The mean score for the
total BDEFS-SF placed these participants in the 94th
percentile (mildly deficient). No significant differences
were seen in scores between ethnic groups.
Pearson’s bivariate correlations (see Table 2) demonstrated a weak but significant positive correlation between age and self-organization on the BDEFS-SF (r
= .26, p < 0.01) as well as between education and both
BDEFS-SF self-motivation and total BDEFS-SF (r = .26,
p < 0.01; r = .19, p < 0.05). Length of time with diabetes
was positively correlated with decreased levels of selfrestraint (r = .20, p < 0.05). Moderate significant correlations were found between A1C and some of the BDEFSSF subscale scores (range, r = .32 to .46, p < 0.01). Total
BDEFS-SF scores were weakly to moderately related to
measures of diabetes self-management (range, r = -.07 to
-.33, p < 0.01), and MMQ scores were weakly associated
with diabetes self-management (Table 3).
Multiple linear regression analyses were conducted to
predict the variation in quality of life and A1C. Variables
significantly related to quality of life were entered simultaneously: MMQ ability, MMQ strategies, and BDEFSSF total. Results showed that all variables in the model
explained 38% of the perceived quality of life score and
23% of the A1C. Perceived memory ability (MMQ ability) was the strongest predictor of quality of life (β
= .285, p = 0.004), and total scores on the BDEFS-SF
were the strongest predictors of A1C (β = .445, p < 0.01).
To evaluate glycemic control, the same regression analysis was run, but A1C replaced the quality of life variables. The analysis showed that the cognitive variables,
when considered together, also significantly explained
29% of the A1C. The strongest predictor in the model
was the total BDEFS-SF score (β = .62, p = 0.011),
followed by memory contentment (β = -.19, p < 0.05).

Discussion
This study shows a clear relationship between perceived
cognitive function, aspects of diabetes self-management,
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Table 1 Participants’ characteristics
Total sample
(n = 120)

Non-Hispanic White
(n = 54)

Hispanic
(n = 44)

African American
(n = 21)

Asian
(n = 1)

Age (years)

53.7 (3.5)

53.7 (14.0)

53.5 (12.7)

52.1 (13.8)

33.0

Gender (% female)

49.2 (n = 59)

40.7

50.0

76.2

100

100 (1)

Education %(n)
High School

15 (18)

14.8 (8)

15.9 (7)

9.5 (2)

Some College

15 (18)

14.8 (8)

18.2 (8)

9.5 (2)

Associates

16.7 (20)

14.8 (8)

18.2 (8)

19.0 (4)

College Graduate

36.8 (44)

35.2 (19)

34.1 (15)

47.6 (10)

Master’s Degree

8 (10)

9.3 (5)

6.8 (3)

9.5 (2)

Doctoral Degree

8 (10)

11.1 (6)

6.8 (3)

4.8 (1)

Diabetes duration (years)

6.7 (5.1)

6.4 (4.6)

7.0 (5.2)

7.4 (6.0)

1.0

A1C

8.6 (1.5)

8.6 (1.5)

8.8 (1.6)

8.1 (1.3)

6.0

Number of co-morbidities

1.3 (1.03)
range = 0 to 4

1.3 (0.99)
range = 1 to 3

1.4 (1.06)
range = 1 to 4

1.2 (1.0)
range = 1 to 3

0

Days per week of diet adherence

3.28 (1.29)

3.35 (1.27)

3.35 (1.36)

3.00 (1.23)

2.50

Days per week of exercise adherence

1.37 (1.39)

1.31 (1.22)

1.42 (1.54)

1.52 (1.53)

0

Days per week of glucose monitoring

2.76 (2.17)

2.76 (2.20)

2.82 (2.14)

2.40 (1.92)

7

Days per week of foot care

1.79 (1.33)

1.72 (1.30)

1.76 (1.40)

2.11 (1.28)

0

MMQ contentment

34.5 (5.2)

34.5 (5.5)

34.7 (5.0)

33.2 (4.8)

42.0

MMQ ability

40.1 (7.4)

40.0 (7.3)

41.2 (7.6)

38.4 (7.6)

39.0

MMQ strategies

28.5 (7.5)

28.8 (7.2)

28.8 (7.5)

27.4 (8.5)

24.0

BDEFS time

10.1 (2.2)

10.0 (2.0)

10.4 (2.2)

9.2 (2.2)

8

BDEFS self-organization

9.6 (2.1)

9.8 (2.2)

9.4 (1.9)

9.2 (1.8)

10

BDEFS self-restraint

8.4 (2.2)

8.2 (2.3)

8.7 (2.2)

8.0 (2.0)

9

BDEFS motivation

8.5 (2.0)

8.6 (1.8)

8.4 (2.1)

8.3 (2.1)

9

BDEFS emotion

9.6 (2.1)

9.7 (1.8)

9.5 (2.6)

9.1 (1.7)

13

BDEFS total

46.2 (6.1)

46.6 (6.2)

46.6 (6.6)

44.0 (4.4)

49.0

Values are Mean (Standard Deviation) unless otherwise noted

Table 2 Correlations between demographic characteristics and
cognitive variables

Diet

Exercise

Glucose
monitoring

Foot care

MMQ contentment

.09

-.03

-.01

-.02

MMQ ability

.25a

.23b

.00

.16

-.05

MMQ strategies

.12

-.02

-.10

-.01

.02

BDEFS-SF time

-.17

.04

-.09

-.20b

BDEFS-SF self-organization

-.26a

-.14

-.22b

-.10

BDEFS-SF self-restraint

-.13

-.08

-.03

.71

Age

Education

A1C

Years with DM

MMQ contentment

.09

-.07

-.19b

-.03

MMQ ability

.03

-.04

-.13

-.01

MMQ strategies

.07

-.09

-.01

BDEFS-SF time

.04

.09

.32b

BDEFS-SF self-organization

.26a

.10

.12

.04

a

Table 3 Correlations between diabetes self-management activities
and cognitive variables

b

BDEFS-SF self-restraint

.08

.17

.34

.19

BDEFS-SF self-motivation

.03

.26a

.37a

-.03

BDEFS-SF self-motivation

-.22b

-.14

-.03

-.26a

BDEFS-SF self-regulation
of emotion

-.01

-.05

.17

-.03

BDEFS-SF self-regulation
of emotion

-.17

.10

-.08

.29

BDEFS-SF total

.14

.19b

.46a

.07

BDEFS-SF total

-.33a

-.07

-.10

-.29a

a

a

b

b

Correlation is significant at the 0.01 level
Correlation is significant at the 0.05 level

Correlation is significant at the 0.01 level
Correlation is significant at the 0.05 level
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and glycemic control. The results also indicate that that
the cognitive function variables examined here are important for health care providers to bear in mind when
they discuss diabetes self-management with patients.
This is consistent with prior studies that have demonstrated the importance of screening for executive
dysfunction in people with diabetes, but how changes in
executive function capacity impact self-management
capacity needs more study [13–15].
Participants had some perceived impairment in memory and executive functioning, as indicated by the scores
on the MMQ and BDEFS-SF. Both scales have been used
to assess perceived memory and executive function in a
number of groups [16, 17]. The MMQ has been tested,
for example, in French (n = 114; mean age, 71.7) and
Dutch (n = 294; mean age, 65.9) elderly non-clinical populations [6, 18]. Illman et al. tested it in a sample with
temporal lobe epilepsy along with healthy controls [17].
All three studies found the MMQ valid and reliable. The
present study is one of the first to use the MMQ and
the BDEFS-SF for participants with T2DM. The results
support the idea that people with T2DM have concern
about their memory but use fewer strategies to compensate for their perceived memory difficulties. They also
have lower levels of goal-directed behavior. In studies of
other chronic conditions, people who judge their memory to be poor have also had difficulty in creating
approaches to solving illness-related problems [19, 20].
Thus, people with diabetes and perceived memory difficulty may also have problems in developing strategies to
deal with self-management issues. Complaints about
memory should be considered by health care providers
as an indicator of a potentially reduced ability to cope
with diabetes problems. Of course there may be other
contributors to the present results apart from diabetes
alone, such as baseline intelligence, baseline brain
volume, and genetic predispositions [21]. Future research
is needed to investigate relationships between these cognitive function variables, objective neuropsychological tests,
and functional MRI imaging.
No significant relationships were found between
ethnicity and cognitive function variables in this
study, but the higher prevalence of T2DM in minority
populations reported in other studies indicates that
the overall prevalence of cognitive dysfunction in
those populations could be greater as well [22, 23]. In
other words, there might still be issues in dealing
with diabetes self-management that are not experienced by non-Hispanic whites. Previous research has
shown a connection between cognition and diabetes
in large populations; but there remain important
differences in diabetes burden, and little is known
about the relationships between diabetes and cognition in underserved groups [24].
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Duration of diabetes has been associated with increased rates of cognitive impairment, with one study
estimating that diabetes duration of greater than 10 years
was linked to at least a 55% greater risk of major cognitive impairment than in people without diabetes [25].
The mean number of years with diabetes for those in
the present study was 6.7 years, with a range of 1 to
24 years; 20% of the sample was in the >10 years category for cognitive impairment risk. Additionally, the
number of co-morbidities is connected to an increased
risk for cognitive impairment [25]. All participants
except one in this sample had at least one co-morbidity.
The most frequent co-morbidity was hyperlipidemia,
followed by hypertension, both of which are conditions
with well-established links to cognitive impairment [26].
Given our results and the association of higher A1C
levels with lower perceived executive function, the possibility of an effect of cognition on diabetes self-management
cannot be excluded. The presence of perceived impairment
in executive function was significantly related to higher
A1C levels. This is consistent with prior studies using
objective, as opposed to self-report, measures of executive
function [15]. The present study’s findings also support
studies in which executive function, measured by objective
neuropsychiatric tests, was related to lower levels of
diabetes self-management [4, 15]. The present findings
demonstrate that self-reports may be valid and useful tools
to screen for cognitive dysfunction, comparable to tools
that require specialized training to administer. Adherence
to a dietary regimen for T2DM requires an individual to
plan meals and be mindful of carbohydrate and calorie
content while remembering other foods consumed that
day. Such attention necessitates the utilization of both
memory and executive function. Detailed data on the
mechanisms of this effect of changes in memory and executive function on diabetes self-management are generally
absent in current research [27].
Other investigations have shown that changes in
cognitive function predicted diabetes medication adherence irrespective of treatment complexity [28]. The
present results did not indicate a significant association
between medication adherence and the examined cognitive variables. Some studies have examined mechanisms
of the underlying pathology of cognitive impairment and
diabetes such as fluctuations in glucose, but how those
mechanisms might be clinically relevant remains unclear
[5]. Although the present study was not undertaken to
address the causal pathogenesis of cognitive decline, that
topic should receive further investigation.
Both A1C and some of the examined cognitive variables were predictors of quality of life in this sample.
Trials have shown that adults who engage in aerobic
training show improvements in cognitive areas such as
memory and executive function as well as in quality of
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life [29]. The present sample had low levels of exercise,
and it is possible that interventions to increase physical
activity could have improved their cognitive function,
quality of life, and glycemic control. Other quality of life
factors such as constricted life-space and few hours
spent outside the home are also related to decreasing
levels of cognitive function, but studies examining the
effects of environmental factors affecting quality of life
along with cognition and diabetes self-management have
not been completed [30].
Limitations

The results of this study show a relationship between
perceived cognitive function, specifically executive
function, and diabetes in a multiethnic sample. However, the study has some limitations. First, the study
relied on self-reported data, which might include
answers influenced by social desirability. In future
studies, researchers might want to add neuropsychological tests in which participants are observed as
they perform activities for comparison. Using lab-reported
A1C from medical records or blood samples would
also help to prevent this limitation. The small sample
size from a single area of the country also limits
generalizability. But the inclusion of a sample with
over 50% from minority populations is a strength.
Also, because of the study’s cross-sectional design,
only associations were measured; conclusions about
causality could not be made.

Conclusions
Diabetes can affect cognitive function, and cognitive
function may affect diabetes self-management, which is
critical for glycemic control [5, 6]. Guidelines issued in
the past several years have endorsed screening for cognitive impairment in people with diabetes because such
impairment may hinder self-management [31, 32]. The
results of this study suggest clinical implications: cognitive assessment of executive function and memory correlated with glycemic control should be included in
diabetes treatment plans. Poor performance on selfreport assessments for cognitive function can signal
health care providers to ask patients about their
perceived deficiencies in performing self-management
tasks, so that they can develop individualized plans of
care that take patients’ insights and preferences into
account as well as refer patients for more in-depth
neurological evaluations if needed [33]. Research regarding the processes that lead to cognitive changes in
T2DM is needed; so too are studies of how those processes affect self-management activities. Finally, longitudinal studies should be conducted to examine the
relationships between cognitive variables and selfmanagement activities over time.

Page 6 of 7

Abbreviations
A1C: Hemoglobin A1C; BDEFS-SF: Barkley deficits in executive function scale –
short form; MMQ: Multifactorial memory questionnaire; PI: Primary investigator;
RAND SF-36: Rand short form health survey; SDSCA: Summary of diabetes selfcare activities; T2DM: Type 2 diabetes
Acknowledgements
Editorial support with manuscript development was provided by the Cain
Center for Nursing Research and the Center for Transdisciplinary Collaborative
Research in Self-management Science (P30, NR015335) at The University of
Texas at Austin School of Nursing.
Funding
This research was funded by The Cain Center for Nursing Research: Cain
Excellence Small Grant Award.
Availability of data and materials
The dataset as an SPSS program is available upon request from the authors.
Authors’ contributions
HC contributed to the study design, data collection/analysis, drafting the
manuscript. AS advised the project and assisted in drafting the manuscript.
Both authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Consent to publish was attained from the participants and the Institutional
Review Board at the University of Texas at Austin.
Ethics approval and consent to participate
The study protocol was approved by the Institutional Review Board at the
University of Texas at Austin; approval number 2015-09-0153, approval date
11/02/15. The study’s objectives were clarified for participants and after signing
informed consent they were invited to participate in the study.
Received: 8 September 2016 Accepted: 25 January 2017

References
1. van Bussel FCG, Backes WH, van Veenendaal TM, Hofman PAM, van Boxtel
MPJ, Schram MT, et al. Functional brain networks are altered in type 2
diabetes and prediabetes: signs for compensation of cognitive decrements?
The Maastrict Study. Diabetes. 2016;65(8):2404–13. http://dx.doi.org/10.2337/
db16-0128.
2. Biessels GJ, Deary IJ, Ryan CM. Cognition and diabetes: a lifespan
perspective. Lancet Neurol. 2008;7(2):184–90. http://dx.doi.org/10.1016/
S1474-4422(08)70021-8.
3. Mayeda ER, Haan MN, Yaffe K, Kanaya AK, Neuhaus J. Does type 2 diabetes
increase rate of cognitive decline in older Mexican Americans? Alzheimer
Dis Assoc Disord. 2015;29(3):206–12. http://dx.doi.org/10.1097/WAD.
0000000000000083.
4. Crowe M, Sartori A, Clay OJ, Wadley VG, Andel R, Wang HX, et al. Diabetes
and cognitive decline: investigating the potential influence of factors
related to health disparities. J Aging Health. 2010;22(3):292–306. http://dx.
doi.org/10.1177/0898264309357445.
5. Gatlin PK, Insell KC. Severity of type 2 diabetes, cognitive function, and selfcare. Biol Res Nurs. 2015;7(5):540–8. http://dx.doi.org/10.1177/
1099800414557565.
6. Primozic S, Tavcar R, Avbelj M, Dernovsek MZ, Oblak MR. Specific cognitive
abilities are associated with diabetes self-management behavior among
patients with type 2 diabetes. Diabetes Res Clin Pract. 2012;95(1):48–54.
http://dx.doi.org/10.1016/j.diabres.2011.09.004.
7. Troyer AK, Rich JB. Psychometric properties of a new metamemory
questionnaire for older adults. J Gerontol B Psychol Sci Sco Sci. 2002;57(1):
19–27. http://dx.doi.org/10.1093/geronb/57.1.P19.
8. Barkley RA. Barkley deficits in executive functioning scale (BDEFS for adults).
New York: Guilford Press; 2011.

Cuevas and Stuifbergen Journal of Diabetes & Metabolic Disorders (2017) 16:7

9.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Toobert DJ, Hampson SE, Glasgow RE. The summary of diabetes self-care
activities measure; results from 7 studies and a revised scale. Diabetes Care.
2000;23(7):943–50. http://dx.doi.org/10.2337/diacare.23.7.943.
Ngo-Metzger Q, Sorkin DH, Mangione CM, Gandek B, Hays RD. Evaluating
the SF-36 health survey (version 2) in older Vietnamese Americans. J Aging
Health. 2008;20(4):420–36. http://dx.doi.org/10.1177/0898264308315855.
Walters SJ, Brazier JE. What is the relationship between the minimally
important difference and health state utility values? The case of the SF-6D.
Health Qual Life Outcomes. 2003;1:4. http://dx.doi.org/10.1186/1477-7525-1-4.
IBM Corp. IBM SPSS Statistics for Windows, Version 22.0. Armonk: IBM Corp; 2013.
Thabit H, Tun TK, McDermott J, Sreenan S. Executive function and diabetes
mellitus—a stone left unturned? Curr Diabetes Rev. 2012;8(2):109–15. http://
dx.doi.org/10.2174/157339912799424555.
Nguyen HT, Grzywacz JG, Arcury TA, Chapman C, Kirk JK, Ip EH, et al.
Linking glycemic control and executive function in rural older adults with
diabetes mellitus. J Am Geriatr Soc. 2012;58(6):1123–7. http://dx.doi.org/10.
1111/j.1532-5415.2010.02857.x.
Munshi MN, Hayes M, Iwata I, Lee Y, Weinger K. Which aspects of executive
dysfunction influence ability to manage diabetes in older adults? Diabet
Med. 2012;29(9):1171–7. http://dx.doi.org/10.1111/j.1464-5491.2012.03606.x.
van der Werf SP, Vos SH. Memory worries and self-reported daily
forgetfulness: a psychometric evaluation of the Dutch translation of the
Multifactorial Memory Questionnaire. Clin Neuropsychol. 2011;25(2):244–68.
http://dx.doi.org/10.1080/13854046.2010.543290.
Illman NA, Moulin CJA, Kemp S. Assessment of everyday memory
functioning in temporal lobe epilepsy and healthy adults using the
multifactorial memory questionnaire (MMQ). Epilepsy Res. 2015;113:86–9.
http://dx.doi.org/10.1016/j.eplepsyres.2015.03.011.
Fort I, Adoul L, Holl D, Kaddour J, Gana K. Psychometric properties of the
French version of the multifactorial memory questionnaire for adults and
the elderly. Can J Aging. 2004;23(4):347–57. http://dx.doi.org/10.1353/cja.
2005.0020.
Caller TA, Secore KL, Ferguson RJ, Roth RM, Alexandre FP, Henegan PL, et al.
Design and feasibility of a memory intervention with a focus on selfmanagement for cognitive impairment in epilepsy. Epilepsy Behav. 2015;44:
192–4. http://dx.doi.org/10.1016/j.yebeh.2014.12.036.
Torres RV, Elias MF, Seliger S, Davey A, Robbins MA. Risk for cognitive
impairment across 22 measures of cognitive ability in early-stage chronic
kidney disease [published online ahead of print March 8, 2016]. Nephrol
Dial Transplant. http://dx.doi.org/10.1093/ndt/gfw005.
Biessels GJ, Reagan LP. Hippocampal insulin resistance and cognitive
dysfunction. Nat Rev Neurosci. 2015;16(11):660–71. http://dx.doi.org/10.
1038/nrn4019.
Arvanitakis Z, Bennett DA, Wison RS, Barnes LL. Diabetes and cognitive
systems in older black and white persons. Alzheimer Dis Assoc Disord. 2010;
24(1):37–42. http://dx.doi.org/10.1097/WAD.0b013e3181a6bed5.
Dore GA, Waldstein SR, Evans MK, Zonderman AB. Associations between
diabetes and cognitive function in socioeconomically diverse African
American and white men and women. Psychosom Med. 2015;77(6):643–52.
http://dx.doi.org/10.1097/PSY.0000000000000196.
Vincent C, Hall PA. Executive function in adults with type 2 diabetes: a
meta-analytic review. Psychosom Med. 2015;77(6):631–42. http://dx.doi.org/
10.1097/PSY.0000000000000103.
Compeán-Ortiz LG, Gallegos EC, Gonzalez-Gonzalez JG, Gomez-Meza M,
Therrien B, Salazar BC. Cognitive performance associated with self-care
activities in Mexican adults with type 2 diabetes. Diabetes Educ. 2010;36(2):
268–75. http://dx.doi.org/10.1177/0145721710361783.
Snyder HM, Corriveau RA, Craft S, Faber JE, Greenberg SM, Knopman D, et
al. Vascular contributions to cognitive impairment and dementia including
Alzheimer’s disease. Alzheimers Dement. 2015;11(6):710–7. http://dx.doi.org/
10.1016/j.jalz.2014.10.008.
Koekkoek PS, Kappelle LJ, van den Berg E, Rutten GEHM, Biessels GJ.
Cognitive function in patients with diabetes mellitus: guidance for daily
care. Lancet Neurol. 2015;14:329–40. http://dx.doi.org/10.1016/S14744422(14)70249-2.
Stilley CS, Bender CM, Dunbar-Jacob J, Sereika S, Ryan CM. The impact of
cognitive function on medication management: three studies. Health
Psychol. 2010;29(1):50–5. http://dx.doi.org/10.1037/a0016940.
Anderson ND, Murphy KJ, Troyer AK. Living with mild cognitive impairment:
a guide to maximizing brain health and reducing risk of dementia. New
York: Oxford University Press; 2012.

Page 7 of 7

30. de Vries McClintock HF, Wiebe DJ, O’Donnell AJ, Morales KH, Small DS,
Bogner HR. Neighborhood social environment and patterns of adherence
to oral hypoglycemic agents among patients with type 2 diabetes mellitus.
Fam Community Health. 2015;38(2):169–79. http://dx.doi.org/10.1097/FCH.
0000000000000069.
31. Sinclair A, Morley JE, Rodriguez-Mañas L, Paolisso G, Bayer T, Zeyfang A, et
al. Diabetes mellitus in older people: position statement on behalf of the
International Association of Gerontology and Geriatrics (IAGG), the European
Diabetes Working Party for Older People (EDWPOP), and the International
Task Force of Experts in Diabetes. J Am Med Dir Assoc. 2012;13(6):497–502.
http://dx.doi.org/10.1016/j.jamda.2012.04.012.
32. Kirkman MS, Briscoe VJ, Clark N, Florez H, Haas LB, Halter JB, et al. Diabetes
in older adults: a consensus report. J Am Geriatr Soc. 2012;60(12):2342–56.
http://dx.doi.org/10.1111/jgs.12035.
33. Cheng G, Huang C, Deng H, Wang H. Diabetes as a risk factor for dementia
and mild cognitive impairment: a meta-analysis of longitudinal studies.
Intern Med J. 2012;42(5):484–91. http://doi.dx.org/10.1111/j.1445-5994.2012.
02758.x.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

