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The effect of glycemic control on executive functions in elderly patients with
type 2 diabetes mellitus.
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Abstract
Introduction: DM is a major health problem. It is well known that DM has a deleterious effect on
vascular, retinal, renal, and peripheral nerve functions. A growing evidence suggests that elderly with
type 2 DM have impairments in executive functions. The aim of the study was to detect the effect of
glycemic control, duration of DM and its complications on executive functions.
Methods: A cross-sectional observational study was conducted in a sample comprised of two hundred
elderly patients with type 2 diabetes. Glycemic control, duration of diabetes, complications of diabetes
and executive functions were assessed
Results: There was a significant correlation between glycemic control and neuropsychological tests
assess executive functions except for the clock drawing test. Also, there was a significant correlation
between duration of diabetes and the number of diabetes complications and executive functions tests.
Conclusion: Poor glycemic control is associated with worse executive functions, also longer duration of
diabetes and increasing number of diabetes complications are associated with poorer executive
functions.
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Introduction
DM is a major health problem. WHO stated that the number of
people with diabetes has increased from 108 million in 1980 to
422 million in 2014 and proposes that diabetes will be the
seventh leading cause of death in 2030 [1]. The incidence of
type 2 DM is among the most common chronic diseases
continue to rise because of the aging population, urbanization,
and increasing prevalence of physical inactivity and obesity
[2].
It is well known that DM has a deleterious effect on vascular,
renal, retinal, vascular and peripheral nerve functions. In
addition to these well-Known complications type 2 DM has
been identified as a significant risk factor for cognitive
impairment and dementia [3]. Previous studies results showed
that older adults with diabetes have increased risk of dementia,
and that poor glycemic control leads to cognitive dysfunction
[4,5]
Executive function is a domain of cognition, it involves a broad
set of cognitive abilities such as working memory, attention,
organization and inhibition of inappropriate behaviour that are
necessary for performing complex, goal-directed activities.
These functions are often related to the frontal lobe, because
they are dependent on the frontal cortex and its networks in
other cerebral and subcortical areas [6].
Recently it is suggested that elderly with type 2 DM have
executive dysfunction so higher attention is being directed to
the connection between diabetes and executive functioning
domain of cognition now. Recent data suggest that executive
dysfunction is considered a risk factor for poor blood sugar
control [7]. Executive dysfunction is associated with poor self56

care, including low autonomy, inability to make decisions, low
independence in instrumental activities of daily living, poor
adherence to medication and also resistance to care [8].
Physiological data enforce the likelihood of executive functions
affection in older adults with type 2 DM, due to the
neuroanatomical changes resulting from impaired glycemic
control, insulin resistance and vascular disease [9].
Neuroanatomical changes in diabetic patients include cortical
and subcortical brain atrophy and significantly deeper white
matter lesions and infarcts than persons without DM [10].
Impaired glycemic control has long been suspected to
contribute to the development of cognitive impairment in
diabetic patients. [9] Animal models have indicated that
hyperglycemia may induce the formation of reactive oxygen
species and advanced glycation end products, the activation of
protein kinase C and polyol pathways, increased glucose
shunting in the hexosamine pathway, and affection of
neurotransmitter functions [9]. Vascular dysfunction may
contribute to the development of executive disturbance. There
is a speculation that the combination of reduced cerebral flow
and activation of Thromboxane A2 receptor may disrupt
cerebral vasodilatation. The resulting ischemia may be
exacerbated by hyperglycemia providing an environment in
which damaging agents as lactate or glutamate can accumulate
and cause neural injury [9]. Recent evidence suggests that
insulin resistance may enhance the development or inhibit the
degradation of the β amyloid plaques characteristic for
Alzheimer disease [9].
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Materials and Methods
A cross-sectional observational study was conducted to
investigate the effect of glycemic control, duration of DM and
its complications on executive functions. Participants were 200
elderly patients with past history of type 2 diabetes mellitus
aged 60 years and above both males and females recruited
from geriatric outpatient clinic and geriatric department in Ain
Shams University Hospital. Exclusion criteria included patients
under 60 years, illiterate patients, patients with disturbed level
of consciousness due to any medical condition or drug effect,
patients with delirium, patients with other comorbidities
affecting executive functions (e.g. cerebrovascular stroke,
chronic kidney disease) and those who refused to participate.
Data collection included detailed medical history with duration
of diabetes and presence of complications, clinical
examination, mini-mental state examination, geriatric
depression scale activities of daily living (ADLs), instrumental
activities of daily living (IADLs), all patients underwent
executive functions assessment using EXIT 25, animal verbal
fluency, digit span forward, digit span backward and clock
drawing test [11-18]. Glycemic control was assessed by
measuring HbA1c, FBS and 2HPP through a venous blood
sample for each patient. Informed consent was obtained from
all participants.

correlation with Animal verbal fluency, Digit span forward and
Digit span backward. Regarding the Clock drawing test there
was a significant negative correlation with HbA1c and a nonsignificant negative correlation with FBS and 2 hr PP (Table
2).
Table 1. Demographic characteristics of cases.
Mean ± SD

Range

65.5 ± 4.8

60-77

N

%

Male

88

44%

Female

112

56%

Working

46

23%

No working

154

77%

with others

150

75%

alone

50

25%

5 yrs education

112

56%

6-10 yrs education

66

33%

>10 yrs education

11

5.5%

No

130

65%

Yes

70

35%

Age (Yr; Mean ± SD)

Gender

Occupation

living arrangement

Education

Data analysis
Analysis of data was performed by the 16th version of
Statistical Package for Social Science (SPSS). Description of
quantitative data was done in the form of Mean (M), Standard
Deviation (SD) and range. Frequency and percentage were
done for qualitative variables. Spearman’s correlation
coefficient was used for non-parametric correlations.
Significance level measured according to P value (probability),
P>0.05 for insignificant, P<0.05 for significant and P<0.01 for
highly significant.

Results
The study included 200 participants 56% women and 44%
men. Their age ranged from 60 to 77 years and the mean age
was 65.5 ± 4.8 years. 77% of the participants were not working
and 23% were working. 925% of our patients were living alone
but the rest 75% living with others. Most of them 65% were
educated for 5 years and 65% of them were non-smokers
(Table 1).
There was a significant positive correlation between HbA1c,
FBS and 2HPP with EXIT 25 and a significant negative

Smoking

Duration of DM also had significant positive correlation with
EXIT 25 and significant negative correlation with Animal
verbal fluency, Digit span forward and backward and Clock
drawing test (Table 2).
The patients were classified as regard diabetic complications to
3 categories (not complicated, had only one complication
either "neuropathy or retinopathy or nephropathy" and
multiple complications). It was found that number of diabetic
complications had a significant positive correlation with EXIT
25 and significant negative correlation with Animal verbal
fluency, Digit span forward and backward and Clock drawing
test (Table 2).

Table 2. The correlation of HbA1c and plasma glucose level with executive functions.
Spearman's rho correlation
HbA1c

FBS

2 HPP

duration of DM in
DM complications
years

Correlation Coefficient

0.508

0.316

0.208

0.345

0.323

Sig. (2-tailed)

.000

.000

0.003

.000

.000

EXIT 25
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Animal verbal
animals)

fluency

(no.

of

Correlation Coefficient

-0.505

-0.289

-0.210

-0.356

-0.397

Sig. (2-tailed)

.000

.000

0.003

.000

.000

Correlation Coefficient

-0.369

-0.517

-0.429

-0.235

-0.144

Sig. (2-tailed)

.000

.000

.000

0.001

0.042

Correlation Coefficient

-0.420

-0.271

-0.198

-0.409

-0.346

Sig. (2-tailed)

.000

.000

0.005

.000

.000

Correlation Coefficient

-0.447

-0.108

-0.047

-0.400

-0.439

Sig. (2-tailed)

.000

0.128

0.513

.000

.000

Digit span forward

Digit span backward

Clock drawing test score

Discussion
Glycemic control is an important element of diabetes
management. Many older adults can’t achieve or maintain
glycemic control [19]. Impaired cognition may contribute to
this. Effective control of blood glucose level involves a series
of complex goal-directed behaviours including proper
nutrition, regular exercise, medication management and selfmonitoring of blood glucose [20]. A patient’s cognitive ability
to execute these behaviours is essential for diabetes selfmanagement.
Previous studies found that cognitive capacity affects
individuals’ ability to achieve glycemic control, and poor
glycemic control results in impairment of cognitive function in
adults with diabetes, this suggests the possibility of presence of
bidirectional association [7].
Impaired performance on a variety of executive tasks has been
reported in older adults with type 2 DM and a significantly
increased risk of executive decline has been observed on
longitudinal investigations of type 2 DM and cognition [21]
Executive functions are complex cognitive processes involved
in control and regulation of simple cognitive actions as well as
goal directed and future oriented behaviours. It involves
multiple domains as attention, working memory, cognitive
flexibility decision making, judgment, and behavioural
regulation [22].
The current study aimed at investigating the effect of glycemic
control, duration of DM and presence of diabetes
complications on executive functions in elderly patients with
type 2 DM. It involved 200 elderly patients with type 2 DM
both males and females.
Assessment of different executive functions domains was done
by using 5 neurophysiological tests, these tests are:
EXIT 25: assesses planning, initiation, and regulation of
complex goal directed behavior, Digit span forward and
backwards are used to assess working memory, working
memory is the ability to hold information for a brief period and
to manipulate it. Animal verbal fluency test was used to assess
semantic memory, the clock drawing test used to assess
planning, organization, and visuospatial skill [15-18].
The current study provided evidence for the presence of
executive dysfunction in elderly patients with type 2 diabetes
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mellitus. These findings are consistent with the results of the
study done by Qiu et al. [23], who performed a cross-sectional
study that showed that diabetic patients’ speed in processing
and executive functions were markedly lower than others.
The results of this study showed a significant positive
correlation between HbA1c, FBS and 2HPP and EXIT 25. It
also showed a significant negative correlation between HbA1c,
FBS and 2HPP and digit span forward, digit span backwards
and animal verbal fluency tests. The clock drawing test had a
non-significant negative correlation with HbA1c, FBS and
2HPP.
Several cross sectional studies found that uncontrolled diabetes
is associated with poor cognitive functions, In a study done to
evaluate the relationship between the degree of hyperglycemia
which was assessed by HbA1c and FBS and cognitive status
which was assessed by the Digit Symbol Substitution Test
(DSST), Mini Mental Status Examination [MMSE], Rey
Auditory Verbal Learning Test, and Stroop Test it found that
Higher A1C levels are associated with lower cognitive function
in individuals with diabetes [24].
Another cross-sectional study performed by Grober et al. [25]
to investigate the relation between glycemic control, memory
impairment and executive dysfunction in elderly patients with
diabetes found that Memory impairment and executive
function affection were associated with inadequately controlled
diabetes. Executive function was assessed by an ordinal
composite score derived from animal fluency and months
backward.
These results disagree with the results of Action to Control
Cardiovascular Risk in Diabetes (ACCORD) Study which
enrolled 2977 patients (mean age=62.5 years; SD=5·8) with
type 2 diabetes divided into 2 groups. The first group receives
intensive glycaemic control targeting HbA1c to less than 6.0%
and the second group receives a standard strategy targeting
HbA1c to 7.0–7.9%. Cognitive assessment was done using the
Digit Symbol Substitution Test (DSST) score, at baseline and
at 20 and 40 months. The results revealed that there was no
signiﬁcant difference between 2 groups in means 40-month
DSST score [26]. The discrepancy in the results between both
studies may be attributed to narrow HbA1c range in the
ACCORD study as it compared cognitive functions in
intensive (HbA1c less than 6.0%) versus standard glycemic
control (HbA1c 7.0–7.9%) while in the current study
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correlation was done between executive function and glycemic
control with wider HbA1c range (5.8-11.5%). Besides,
Different tests to assess cognitive functions have been used in
each study. In the ACCORD study the Digit symbol
Substitution Test is used while in this study 5
neuropsychological tests have been used to evaluate different
domains of executive functions. These factors can explain such
variation in the results
Long duration of DM may be associated with greater cerebral
macro vascular disease, clinical and subclinical cerebral
infarctions that may affect cognitive function [27]
In the current study there was a statistically significant positive
correlation between diabetes duration and EXIT 25 test and a
statistically significant negative correlation between diabetes
duration and other neuropsychological tests used to assess
executive functions. These results are in accordance with those
of a study done to evaluate the relationship between T2D and
cognitive impairment, and the subjects with diabetes had lower
MMSE score than those without diabetes. Also, a statistically
significant correlation between the duration of the disease and
cognitive dysfunction was observed [28]
This study also showed that the number of diabetic
complications had a statistically significant correlation with all
neuropsychological tests used to assess executive functions.
According to some studies, the vascular complications of
diabetes such as retinopathy are the most important predictors
for the cognitive decline [29]. A longitudinal study from Japan
confirmed the association between diabetic retinopathy and
cognitive impairment [30]. Another study showed that diabetic
patients with lower limb amputation because of peripheral
vascular disease had lower cognitive functioning especially in
the areas of memory and executive functions [31]

Conclusion
This study assessed the effect of glycemic control on executive
functions in elderly patients with type 2 diabetes. It concluded
that poor glycemic control is associated with worse executive
functions, also the findings suggest that longer duration of
diabetes and increasing number of diabetes complications are
associated with poorer executive functions.

Recommendations
•
•

•

•

59

Physicians should consider follow up and control of HbA1c
to avoid poor glycemic control and its complications.
Assessment of executive functions in diabetic patients is
recommended on diagnosis and periodically for early
detection of executive dysfunction.
Special concern for patients with longer duration of
diabetes mellitus and continuous follow up of their
executive and cognitive functions.
Try to prevent diabetic complications via continuous follow
up and good glycemic control.

•

•

Encouragement of diabetic patients to attend educational
and self-management sessions for better quality of life and
better control.
Future studies to investigate the effect of other factors such
as BMI, dyslipidemia and other comorbidities on executive
functions.
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