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Chronic hyperglycemia and hypercortisolemia have deleterious effect on the hippo-
campus, brain area responsible for learning and memory. We aimed to determine
the relationship between hypercorticolemia and cognitive function with T2DM.
Included were 57 patients. Cognition was tested using battery of psychometric
testing (Mini-Mental State Examination or MMSE, Stanford Binet Test (4th edi-
tion) or SBST and Wechsler Memory Scale-Revised or WMS-R) and by recording
P300 component of Event Related Potential (ERPs). Depression was assessed using
Beck Depression Inventory (BDI-Il). We also measured cortisol at basal state and
after dexamethasone injection. Compared to controls (n=40), patients had lower
scores of subsets and total scores of cognitive testing (MMSE, SBST and WMS-R)
(P=0.004), abnormalities in P300 and higher depression scores (P=0.001). Com-
prehension, bead memory, memory for sentences, digit forward, digit backward,
mental control, logical memory, total scores of cognitive testing, P300 amplitude
and depression scores were markedly affected with poor glycemic control. Patients
had high levels HbA1c and cortisol at basal state and after dexamethasone. This re-
lationship was only significant in presence of poor glycemic control after controlling
for age, duration of illness and dyslipidemia. We concluded that hypercortisolemia
appears to exacerbate cognition dysfunction in T2DM only in presence of poor
glycemic control.

Key words: Diabetes mellitus, cognition, memory, insulin, cortisol.

List of abbreviations: DM, diabetes mellitus; T2DM: type 2 diabetes mellitus;
T1DM: type 1 diabetes mellitus; LHPA: limbichypothalamic-pituitary-adrenal axis;
GC: glucocorticoids; CRH: corticotropin-releasing hormone; ACTH: adrencortico-

E tropic hormone; HbAI: glycolysated hemoglobin; BMI: body mass index; HOMA-I:
" homeostatic model assessment to quantify insulin resistance; TC: total cholesterol;

TG: triglycerides; LDL-c: low density lipoprotein cholesterol; HDL-c: high density

This article is available from: lipoprotein cholesterol; ERPs: Event Related Potentials; DEX: dexamethasone;
MMSE: Mini-Mental State Examination; SBST: Stanford Binet subtests testing;

WWW.jneuro.com , ,
WMS-R: Wechsler Memory Scale-Revised; STZ: streptozotocin.

Introduction which undergoes changes that may increase the risk of cog-
nitive decline (as in memory, attention, executive function,
and psychomotor speed) [2, 3]. It is likely that DM-induced
cognitive decline has a multifactorial etiology through mul-
tiple mechanisms including blood glucose and direct effect of
chronic hyperglycemia on the brain [4], blood lipid [5], blood
pressure [6], insulin resistance [7], hypoglycemia [8], chron-
ic complication as micro and macro-vascular complications

Type 2 diabetes mellitus (T2DM) is characterized by abnor-
malities in carbohydrate and fat metabolism, chronic hyper-
glycemia, insulin resistance, and a relative insulin secretion
defect. T2DM comprises 90% of DM [1]. Many organ sys-
tems are adversely affected by diabetes, including the brain,
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(diabetic vasculopathy) [9], dysregulation of limbic-hypotha-
lamic-pituitary-adrenal axis (LHPA) (stress response) [10, 11],
advanced glycation end products, inflammatory cytokines,
oxidative stress [12] and diabetes-related depression [13, 14].
It has been suggested that insulin antagonistic action of hor-
mones and neuropeptides like catecholamines (adrenaline,
noradrenaline and dopamine), GCs, sex steroids and adipo-
kines as well as dysregulation of autonomic nervous activity
may contribute to the early development of insulin resistance
(pre-diabetic condition) and T2DM [15]. Some of these factors
can directly impair glucose uptake capacity and this might
be due to alterations in key proteins involved in insulin’s in-
tracellular signaling pathways [16]. Glucocorticoids (GCs) and
glucose regulation are closely linked. In T2DM, several recent
studies point to the dysregulation of the LHPA with distur-
bances in glucose regulation leading to hypercortisolemia [10,
11]. Under physiological conditions, corticotropin-releasing
hormone (CRH) from the hypothalamus leads to adrencorti-
cotropic hormone (ACTH) release from the pituitary. This in
turn stimulates secretion of GCs from the adrenal cortex. By
acting on a wide array of target tissues, GCs are important for
successful adaptation (stress response). Once elevated, GCs
exert a negative feedback via the pituitary, hypothalamus and
hippocampus [17]. GCs modulate a broad range of neural
functions, including stress reactivity and emotional respons-
es; neuronal excitability and plasticity, learning and memory,
neurogenesis and neuronal death. Normal brain function re-
quires optimal levels of the GCs signaling and that deviation
from this optimal level in either direction is highly deleterious
[18, 19]. Although acute cortisol elevations during stress are
protective, chronically elevated levels have mostly negative
effects [17]. Disturbance in glucose regulation as insulin resis-
tance and T2DM are associated with hypercortisolemia [10-
20]. Chronic hyperglycemia and hypercortisolemia are known
to have deleterious effects on the hippocampus [17], an area
of the brain responsible for learning and memory (particularly
episodic and declarative memory and especially important
for accurate and reliable contextual memory) [21] and also
with the highest colocalization of in insulin [22], glucocorti-
coid [21-23] and glutamate [24] receptors. However, reports
on the relationship between hypercortisolemia and cognitive
impairment in patients with hyperglycemia are few or even
inconsistent and controversial.

Aim of the work

In this study, we aimed to determine the relationship be-
tween hypercortisolemia and cognitive function in patients
with T2DM. We therefore undertook an integral approach
consisted of the followings: 1) evaluation of cognitive func
tion of patients with T2DM using a battery of cognitive test-
ing which are able to determine mild impairment in different
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cognitive domains, 2) We determined confounders associated
with cognitive function with T2DM including: age, duration
of illness, hypertension, dyslipidemia, body mass index (BMI),
insulin resistance, level of glycemic control (as indicative by
glycolysated hemoglobin (HbAIc) and cortisol levels at basal
conditions and with dexamethasone (DEX) suppression test,
and 3) Linear regression analysis was done to determine the
relationship between cortisol levels and scores of cognitive
testing after controlling of related confounders.

Materials and Methods

This is a cross-sectional study included 57 patients with T2DM.
Patients were randomly recruited from the Internal Medicine
and Neurology departments of Assiut and Al-Alzar University
Hospitals. The diagnosis of DM was made according to the
World Health Organization Expert Committee on DM, Gene-
va: WHO [25]. Diabetics met one or more of the following cri-
teria: 1) had a fasting glucose value greater than 125 mg/dl on
two separate occasions; 2) had a 2 hours glucose value greater
than 200 mg/dl during a 75 gram oral glucose tolerance test;
or 3) had a prior diagnosis of T2DM, and were being treated
with hypoglycemic agents and/or diet and exercise. Forty-ag-
es-, sex-, socioeconomic status- and educationally- matched
subjects were included in this study as healthy controls for
comparison. Control subjects were recruited from the general
population. The protocol of this study was in conformity with
the local ethical guidelines and informed written consent was
obtained from each participant. All study participants under-
went a standardized interview questionnaire regarding vascu-
lar risk factors. Excluded from this study were subjects with:
1) known medical illness other than DM and its associated
dyslipidemia, hypertension, insulin resistance and obesity)
2) history of hypoglycemic coma or complications of DM (other
than peripheral neuropathy) as nephropathy, retinopathy, etc;
3) primary neurological condition as history of transient isch-
emic attacks, cerebrovascular stroke or epilepsy or psychiatric
disease (other than depression); 4) previous serious head injury;
5) any sensory or motor disorder that would preclude psycho-
logical testing (including blindness); 6) regular treatment with
any medications other than insulin and/or hypoglycemic drugs,
or medication known to have psychoactive effects such as ben-
zodiazepines, beta-adrenoceptor antagonists, steroids, major
tranquillizers and antidepressants; 7) drug or alcohol abuse; and
8) smoking.

Data collection
Demographic and clinical data were collected as follow: age,
gender, systolic blood pressure, diastolic blood pressure,

weight, height, BMI. Weight was measured to the nearest
0.1 kg on a calibrated balance beam scale. Height was mea-
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sured to the nearest 0.5 cm by a tape measure. BMI was
calculated as follow: BMI [weight (kg)/height (m2)]. Normal
was defined if BMI is >20 to <25 kg/m2, over weight if BMI is
equal or >25 to <30, obese if BMI is equal or >30 to <35 and
morbidly obese if BMI is >35 [26]. Hypertension was defined
according to the National Cholesterol Education Program
guidelines [27]. The following criteria were used: 1) systolic
value >130 mm Hg, 2) diastolic value >85 mm Hg, or 3) use of
antihypertensive medication. Dyslipidemia was also defined
following National Cholesterol Education Program guidelines.
The following criteria were used: 1) statin treatment, 2) tri-
glyceride levels =150 mg/dl, or 3) high-density lipoprotein
levels <40 mg/dl for men and <50 mg/dl for women.

Specimen collection and analysis

Venous blood samples were drawn from patients at 8.00
a.m. Routine hematology tests were done and included:
fasting blood glucose (FBG), complete blood count (CBC),
renal function, lipogram (serum total cholesterol (TC), tri-
glycerides (TG), low density lipoprotein cholesterol (LDL-c),
high density lipoprotein cholesterol (HDL-c)) and uric acid.
Serum levels of TC, TG, HDL-c and LDL-c were measured by
enzymatic colourimetric method using the autoanalyzer Hi-
tachi 911 (Boehinger, Mannheim, USA). Serum uric acid was
determined by colorimetric US plus kit, supplied by Roche
diagnostics, (GmbH, D-68298 Mannheim, USA). Plasma lev-
els of glucose, insulin, and HbATc were assessed after an
overnight fast. The patients received a standard lunch (light
balanced diet: 600 kcal and formed of 35% protein, 30% fat
and 35% carbohydrates). Two hours after meal, 3 ml blood
samples were withdrawn from all participants for estimated
of post-prandial serum glucose (PBG) level. Insulin was deter-
mined in duplicate using an enzyme-linked immunosorbent
assay (ELISA) (Diagnostic Systems Laboratory, Webster, TX.
USA). Insulin resistance was calculated using the homeostasis
model assessment equation for insulin resistance (HOMA-IR)
formula as follow: Fasting insulin (uU/mL) X fasting glucose
(mmol/L) /22.5. Patients were consider to have insulin re-
sistance if HOMA-IR > 2.6 [28]. For estimation of the basal
cortisol level, two independent blood samples were collected
within 2 min of each other just before the glucose ingestion
during a standardized glucose tolerance test. They were av-
eraged and used as an estimate of basal cortisol secretion.
Total cortisol was measured with an enzyme immunoassay
(EIA; IBL, Hamburg, Germany). In DEX suppression test, 1 mg
of dexamethasone was given to the patient at 11 p.m., and
blood was withdrawn at 8 a.m. for a cortisol measurement
[29]. DEX is a human-made (synthetic) steroid that is similar
to cortisol. Therefore, taking dexamethasone should reduce
ACTH levels in normal people and lead to decrease in corti-
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sol levels while increasing cortisol levels after dexamethasone
indicates abnormal response.

Cognitive assessment

Cognitive functions were assessed independently for each
participant by two experienced psychologists and under su-
pervision of the psychiatrist, using a set of standardized Ara-
bic translated neuropsychological tests which are sensitive
for mild cognitive impairment and covering different cogni-
tive domains. They included: Mini-Mental State Examination
(MMSE) [29, 30], Stanford Binet 10 subsets testing (SBST) (4th
edition) [31, 32] and Wechsler Memory Scale-Revised (WMS-
R) [33]. From SBST, we selected vocabulary and comprehen-
sion for assessment of verbal reasoning, pattern analysis for
assessment of visual reasoning, quantitation for quantitative
reasoning, and bead memory and memory for sentences for
short-term memory. From WMS-R, we tested digit forward,
digit backward, mental control, associate learning, logical
memory and visual reproduction.

Event-Related Potentials (ERPs) testing

Before examining ERPs, all participants underwent basic au-
diological testing (Amplaid Model 720, Milan, Italy). Testing
for ERPs was done on a separate day after completion of
neuropsychological testing (Neuropack ST EMG/EP measur-
ing system, MEB-9400 (Nihon Kohden, Japan). ERPs are se-
ries of scalp waves that are extracted from the electroen-
cephalogram (EEG) by time domain analysis and averaging
of EEG activity following multiple stimulus repetitions. They
were elicited with an auditory discrimination task paradigm
by presenting a series of biaural 1000 Hz (standard) versus
2000 Hz (target) tones at 70 dB with a 10 millisecond rise/fall
and 40 millisecond plateau time. P300, the late component of
ERPs was obtained. Latencies and amplitudes (peak to peak)
of P300 component of ERPs were measured. P300 is believed
to index stimulus significance and the amount of attention
allocated to the eliciting stimulus event, being maximal to
task-relevant or attended stimuli and being absent or small
to task-irrelevant or unattended stimuli [35].

Psychological evaluation

Standardized psychiatric interview was done by applying the
Diagnostic and Statistical Manual of Mental Health Disorders,
fourth edition (DSM-IV) criteria for the diagnosis of depres-
sion [36]. A differentiation between clinical depression and
depressive symptoms was made throughout this work. The
Arabic version [37] of the Beck Depression Inventory (BDI-II)
[38] was used for assessment of the severity of depressive
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symptoms. BDI-II items are in alignment with DSM-IV crite-
ria. BDI-II consists of 21 items, each corresponds to a symp-
tom of depression is summed to give a single score for the
BDI-Il. According to that scale, the patient may have, no or
minimal depressive symptoms (scoring: 0-13), mild symptoms
(scoring: 14-19), moderate symptoms (scoring: 20-28), and
severe symptoms (scoring: 29-63).

Statistical analysis

Calculations were done with the statistical package of SPSS,
version 12.0. Data were presented as mean+SD (standard
deviation) as they were normally distributed. Unpaired two-
sided Student’s t test was used for comparison of means.
Correlations between score of cognitive testing and diabetes
related demographic, clinical, other risk factors, level of glyce-
mic control; depression scores and hormones were assessed
using Pearson'’s test. To determine the relationship between
cortisol levels and cognitive function in patients with T2DM,
linear regressions analysis was done using total score of cog-
nition testing as the dependent variable. Age was controlled
as covariants (entered as the first step). Cortisol levels after
DEX was entered as the second step. HbATc (Indicative of
level of glycemic control) was added as the third step to
ascertain whether long-term glycemic control would add to
the variance explained by the cortisol after DEX and we then
inverted steps two and three to determine the amount of
variance explained by cortisol level after DEX after taking
HbATc into account. For all tests, values of p<0.05 were con-
sidered statistically significant.
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Results

This study included 57 patients with T2DM (male = 20; fe-
males = 37), with mean age of 39.57+13.89 years and dura-
tion of illness of 7.37£5.15 years. Nearly half of the patients
were uncontrolled on anti-diabetic treatment. Demographic
and clinical characteristics of the studied group were shown
in tables (1). Table (2) showed comparison between pa-
tients and control subjects in scores of cognitive functions
and BDI-Il for depression. Patients had significantly lower
scores of MMSE, different subsets of SBST, WMS-R and to-
tal scores of cognitive testing (MMSE, SBST and WMS-R)
(P=0.004) and higher scores of BDI-Il (P=0.001) regardless
to the degree of control on anti-diabetic medications. In this
study, nearly 75.43% (n = 43) of patients with T2DM had
depressive symptomatology, mostly of mild/moderate type
(52.63%; n = 30). Table (3) showed comparison between
patients and control subjects in ERPs variables in relation to
the degree of control on anti-diabetic medications. Patients
had significantly prolonged latencies (P=0.0001) and reduced
amplitudes (P=0.0001) of P300 component of ERPs regard-
less to the degree of control on anti-diabetic medications
(with the exception of P300 amplitude on the right side).
Table (4) showed comparison between patients and controls
in concentrations of glucose, HblAc, insulin and cortisol at
basal conditions and after DEX in relation to the degree of
control on anti-diabetic medications. Patient had significantly
higher concentrations of fasting and post-prandial glucose
level, HbATc, insulin and basal cortisol and cortisol after DEX,

Table 1. Demographic, clinical and laboratory characteristics of the studied groups.

. . . L Patients Control subjects
Demographic and Clinical characteristics (n = 57) (n = 40) P-value
Male/female 20/37 12/28 -
Age; years 20-55 20-50 -
39.57+13.89 30.25+7.40 0.380
Duration of illness; years 1-25 - -
7.37+5.15
History of hypoglycemic coma and diabetic
complications other than peripheral 0 - -

neuropathy

Type of treatment

Oral hypoglycemic

Insulin and oral hypoglycemic

Duration of treatment; years

35 (61.4%) = -
32 (38.6%) - -

1-25 = >

7.37+5.15

Degree of control on treatment
Controlled
Uncontrolled

30 (52.6%) = =
27 (47.4%) = =
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Degree of obesity; # (%)
normal

Overweight

Obese

Morbidly obese

BMI; kg/m?

JOURNAL OF NEUROLOGY AND NEUROSCIENCE

Number of patients with insulin resistance

Blood Pressure; mmHg
Systolic blood pressure

Diastolic blood pressure

Number of patients with hypertension

Lipid profile
TC; mg/dl

LDL-c; mg/dl
TG; mg/dl

HDL-c; mg/dl

Number of patients with dyslipidemia

Kidney function tests
Urea; mmol/I

Creatinine; ymol/I

Uric acid; mg/dl

Data are expressed as range; mean + SD; number (%). TC, total cholesterol; TG, triglycerides;
HDL-c, high density lipoprotein cholesterol.

0
2 (3.51%)
21 (36.84%)
34 (56.96%)
29.07-55.55 3
9.01+6.05

43 (75.44%)

70-140
122.13£13.18
65-110
77.34+£5.309.08
32 (56.14%)

135.00-295.00
188.06 + 41.73
41.00-196.00
100.52+32.16
42.00-450.00
187.60+109.34
23.00-79.00
44.68+13.11
37 (64.91%)

0.90-8.00
4.14+1.09
37.80-130.090
65.93+21.45

3.99+1.71

6 (15%)
12 (30%)
14 (35%)
8 (20%)
26.20-53.50
36.52+4.59

0

100.00-130.00
120.0+0.00
60.00-85.00
80.0+0.00
0

124.00-195.00
168.10+7.10
170.00-270.00
115.30+25.40
49.00-128.00
92.10+8.20
35.00-48.00
43.90+1.20
0

3.00-7.00
4.40+0.30
45.00-110.00
74.70+5.00

4.61+£0.99

Table 2. Comparison between patients and controls in scores of cognitive functions and depression.

Variable

Duration of illness; years

MMSE

Vocabulary

Comprehension

Total verbal reasoning score
Visual reasoning

Total visual reasoning score
Quantitative test

Total quantitative reasoning
score

Bead memory

Memory for sentences
Total score for short-term
memory

Total score of SFST

1Q

© Copyright iMedPub

Patients
(n=57)

1-25
7.37+5.15

22.15+2.85

Controls
(n = 40)

25.04+19

Stanford Binet subtests testing (SBST)

38.94+7.61
33.52+13.98
72.21+18.81
34.63+6.54
66.25+13.85
38.77+5.78

77.40£11.67

43.40+9.18
42.02+8.24
81.65+19.76

294.06+57.68
74.13£14.74

48.20+6.90
46.30+19.20
94.52+26.20
44.56+7.55
86.23+20.54
40.55+7.53
95.75+15.45

58.80+19.78
63.36+17.78
122.17+27.56

312.44+69.21
92.25+16.83

0.042

0.033

0.006
0.0001
0.0001
0.0001
0.0001
0.0001

0.0001
0.0001
0.0001

0.0001
0.0001

Vol. 4 No. 2:3
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0.850

0.855
0.670

LDL-c, low density lipoprotein cholesterol;

P-value
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Wechsler Memory Scale-Revised (WMS-R)

Digit forward 4.43+1.21 6.54+0.98 0.030
Digit Backward 2.60+0.35 4.68+0.99 0.045
Mental Control 3.68+1.57 5.09+1.56 0.050
Logical memory 10.50+1.70 14.43+2.41 0.007
Associate learning 7.42+2.24 10.00+2.11 0.010
Total scores of cognitive 66.62+9.05 97.44+8.08 0.004
testing (MMSE, SBS and

WMS-R)

Depression scores 20.55+8.50 8.59+3.10 0.001

Table 3. Comparison between patients and controls in Event Related Potentials (ERPs) Variables.

Patients Controls

Variable (n = 57) (n = 40) P-value
P300 latency; msec
Right sided 279.00-450.00 276.00-363.00 -
342.61+30.98 328.12+23.98 0.0001
Left sided 273.00-441.00 249.00-351.00
344.64+30.94 314.59+27.59 -
0.0001
P300 amplitude; mv
Right sided 1.20-19.12 6.81-17.80 7.43+2.784 -
8.09+3.97 6.70-15.80 10.63+2.28 0.0001
Left sided 2.68-18.68 -
8.50+4.06 0.0001

Table 4. Comparison between patients and controls in concentrations of glucose, HblAc, insulin and cortisol at basal condi-
tions and after dexamethasone (DEX).

. Patients Controls

Variable (n=57) (n = 40) P-value

Fasting blood sugar; mmol/I 4.50-15.20 3.10-5.40 -
9.35+2.55 4.30+0.71 0.0001

Post-prandial glucose; mmol 7.00-16.00 4.50-6.30 -
12.69+2.39 5.37+0.59 0.0001

Glycolysated hemoglobin 5.90-10.90 4.00-5.70 -
(HbA1c) 8.11+1.22 4.86+0.48 0.0001

Insulin; plU/ml 2.00-35.10 2.00-7.20 -
14.17+10.83 5.56+1.93 0.0001

Insulin resistance 43 (75.44%) - -

Cortisol; pg/ml 26.0-61.0 3.0-30.0 -
38.15+£9.48 14.30+6.48 0.0001
Cortisol after DEX; ug/ml 22.72+11.24 6.68+2.33 0.0001

6 © Copyright iMedPub
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Table 5. Correlation (r and p-value) between scores of cognitive testing and ERPs variables, clinical variables, lab variables,

depression scores, and hormonal concentrations.

Total scores of cognitive testing (IMSE, SBST and WMS-R)

Variables

P
P300 latency -0.560 0.010
P300 Amplitude 0.340 0.004
Age 0.370 0.050
Duration of illness 0.658 0.001
HbA1c 0.543 0.010
Systolic blood pressure 0.168 0.199
Diastolic blood pressure 0.234 0.455
TC 0.267 0.570
TG 0.12 0.098
LDL-c 0.125 0.078
HDL-c 0.225 0.325
BMI 0.109 0.435
HOMA-IR -0.365 0.003
Depression scores 0.254 0.754
Basal cortisol levels -0.456 0.001
Cortisol levels after DEX -0.345 0.002

ERPs, Event Related Potentials; DEX, dexamethasone; MMSE, Mini-Mental State Examination, SBST, Stanford Binet Subtests testing;
WMS-R, Wechsler Memory Scale- Revised; HbA1c, glycolysated hemoglobin; TC, total cholesterol; TG, triglycerides; LDL-c, low density
lipoprotein cholesterol; HDL-c, high density lipoprotein cholesterol; BMI, body mass index; HOMA-IR, homeostatic model assessment to

quantify insulin resistance.

Table 6. Associations between cognition, cortisol levels after dexamethasone test, and HbA1c derived from linear regres-

sion analyses.

Step 1 Step 2 Step 3
(Controlled for age) (cortisol level after DEX) (HbA1c)
Total scores of B P-value B P-value B P-value
cognitive testing ) ) )
(MMSE, SBST and 0.240 0.005 0.191 0.003 0.305 0.023
WMS-R) Step 1 Step 2 Step 3
(Controlled for age) (HbA1c) (Cortisol level after DEX)
B P-value B P-value B P-value
-0.240/-0.274 0.005 -0.305 0.001 -0.192 0.143

MMSE, Mini-Mental-State-Examination; SBST, Stanford Binet subtests testing; WMS-R, Wechsler Memory Scale-Revised; DEX,

dexamethasone; HbA1c, glycolysated hemoglobin.

particularly those who were uncontrolled on anti-diabetic
medications. Table (5) showed significant correlations be-
tween total scores of cognitive testing and age (r = -0.370,
p = 0.050), duration of illness (r = -0.658, p = 0.001), blood
glucose level (r = -0.543, p = 0.010) and ERPs latency (r =
-0.560, p = 0.004) and amplitude (r = 0.340, p = 0.053),
insulin (r = -0.365, p = 0.004) and cortisol (r = -0.456, p =
0.001). BMI was positively correlated with HbATc (r = 0.372,
p = 0.021); HbA1c was positively correlated with cortisol (r
= 0.341, p = 0.036) and HOMA-IR was positively correlated

© Copyright iMedPub

with insulin (r = 0.914, p = 0.001) and cortisol (r = 0.364, p
= 0.025) concentrations. Table (6) showed the associations
between cognition, cortisol levels after DEX test, and HbA1c
derived from linear regression analyses. We observed an as-
sociation between total scores of cognitive testing (MMSE,
SBST and WMR-S) and higher cortisol levels after DEX only
in association with poor glycemic control but disappeared
with glycemic control.



iMedPub Journals

Our Site: http://www.imedpub.com/

Discussion

Evidences from this study further confirm the risk of cogni-
tive dysfunction with T2DM as follow: Patients with T2DM
had low scores of cognitive testing and poor performance in
different cognitive tasks as verbal relations, comprehension,
visual reasoning, pattern analysis, quantitation, bead me-
mory, short term memory and memory for sentences, digit
forward, digit backward, mental control, logical memory and
associate learning and abnormalities in P300 component of
ERPs, a physiological analogue of cognitive testing [30]. Total
scores of cognitive testing was found to be negatively associ-
ated with, age. The presence of insulin resistance, the dura-
tion of DM and overall level of glycemic control as indicated
by HbAIc [40, 41]. In accordance, Cox et al. [40] observed
that the increase of blood glucose >15mmol/l was associ-
ated with marked decline in cognition and poor performance
in arithmetic tasks. Wu et al. [41]. observed that compared
to treated patients, the untreated patients with DM had 2
points decline over 2 years on the MMSE with a duration of
illness <5 years and a 6 point decrease on the MMSE with
a duration of illness > 5 years. In addition, many authors
also observed an improvement in performance of cognitive
tests with improvement in glucose tolerance [40, 41]. Hip-
pocampal abnormalities, an area of the brain responsible
for learning and memory, were incriminated as a cause of
cognitive dysfunction observed among patients with chronic
DM. Studies demonstrated that well-controlled middle-aged
individuals with T2DM and non-diabetic individuals with in-
sulin resistance have declarative memory deficits and specific
hippocampal volume reductions. It has been suggested that
the decreases in hippocampal insulin receptors activities in
T2DM contributed to behavioral deficits in type 2 rodents
and cognitive deficits in humans.

In the present study, a high frequency of patients had insu-
lin resistance (75.44%), hypertension (56%) and dyslipidemia
(65%), however, none were related to poor cognitive scores.
Depression was also frequently reported (75%), but was not
related to poor cognitive scores. Epidemiological studies sug-
gested that diabetic patients are two to three folds more
likely to develop depressive illness when compared to non-
diabetic individuals. In general, the prevalence of depression
with DM was estimated to be 31.1% [42].

In the present study, T2DM was associated with hypercorti-
solemia at the basal conditions and after DEX administrations
(DEX suppression test) particularly in patients with poor gly-
cemic control. In accordance, several studies done on patients
with disturbed glucose regulation as with insulin resistance
and T2DM, observed elevation of cortisol levels at basal mea-
sures [10], after DEX suppression test [43] and after CRH
administration [44]. Others observed association between
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cortisol level and glycemic control [10]. While in contrast, oth-
ers reported no alterations [45]. The variable results across
studies may be attributed to different methodologies and
populations studied. In the study, the relationship between
hypercortisolemia after DEX remained significant only in as-
sociation with poor glycemic control but disappeared with
glycemic control. In accordance, Bruehl et al. [11] observed
an association between impairment in declarative memory,
elevated basal plasma cortisol levels, higher levels after DEX
suppression, a larger response to CRH, positive association
between HbAIc and cortisol levels during the DEX/CRH test
independent of age, BMI, hypertension, and dyslipidemia.
the authors also observed an inverse association between
declarative memory and cortisol levels across all subjects and
with glycemic control. From the results of this study and oth-
ers and the pathophysiological similarities between DM and
stress-related cognitive deficits and mood disorders, we sug-
gest that T2DM is a common metabolic disorder accompa-
nied by cognitive deficits, depression and increased secretion
of adrenal stress hormone cortisol (hypercorticism), in which
all are influenced by the level of glycemic control. We suggest
that the anatomically related structures as the hippocampus
which is implicated in cognitive deficits and the amygdala
which is implicated in the activation of stress response, are
very sensitive to glycemic control and might be responsible
for the cognitive deficits and depression associated with
T2DM [13, 14, 46]. This is further supported by the following
observations: First: the specific role of the hippocampus, in
cognitive dysfunction, stress, mood disorders and aging have
been investigated in a number of animal models and human
studies in T1DM [23], T2DM [11], stress related neuropsychi-
atric disorders and age related cognitive deficits and behav-
ioral abnormalities [13, 14]. Stranahan et al. [46] showed that
rats treated with streptozotocin (STZ, animal model of T1IDM)
had hypoinsulinemia, hyperglycemia, hypercortisolemia, and
impairments in hippocampal neurogenesis, synaptic plastic-
ity and learning. Similar deficits are observed in db/db mice,
which are characterized by insulin resistance, elevated cor-
ticosterone and obesity. Revsin et al. [23] observed obvious
cognitive deficits in the novel object-placement recognition
task streptozotocin (STZ) mice. The authors observed that
hippocampal alterations in STZ-diabetic mice and chronic ex-
cess of glucocorticoid secretion and was characterized by:
a) increased glial fibrillary acidic protein-positive astrocytes as
a marker reacting to neurodegeneration, b) increased c-Jun
expression marking neuronal activation and reduced Ki-67
immunostaining indicating decreased cell proliferation, and
¢) blockade of glucoreceptors GR resulted in attenuation of
the morphological signs of hippocampal aberrations and res-
cued the diabetic mice from the cognitive deficits. Second:
The LHPA is also activated in people with T2DM and there
are data linking increased cortisol concentrations with cog-
nitive impairment observed of type 1 and type 2 diabetic
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animals [23]. On the other hand, GCs have been implicated
as pathophysiological mediators of obesity, insulin resistance
and T2DM [11. 23, 47]. Gene expression profiling revealed
a significant down-regulation of several glutamate receptor
subunits and glutamate transporters in the hippocampus
with functional damage to the hippocampal cells of GRov
mice, a very distinctive animal model with overexpression of
GRs specifically in forebrain and had characteristic pheno-
type with increased reactivity to the environment along with
emotional lability, increase in anxiety-like and depression-like
behaviors was shown [48]. Third: Glutamate signaling is also
essential in controlling the structural and functional plasticity
of the synapse and plays a critical role in learning and mem-
ory mechanisms within the hippocampus [49]. A large body
of work demonstrates the key role of altered glutamatergic
mechanisms in glucocorticoid-induced cognitive deficits and
deficits associated with normal aging. Several age-related
changes in glutamatergic function have been described, in-
cluding a reduced capacity for glutamate uptake and a loss
in the number of high-affinity transporters in the terminals
of aged animals and age associated decreases in the hip-
pocampal density of glutamatergic receptors and cognitive
consequences [24]. Aging is also associated with dysregula-
tion of LHPA, leading to a delayed termination of the stress
response and in turn increases exposure to GCs which exac
erbates the likelihood of neural damage, particularly in the
hippocampus. Furthermore, previous studies have observed
an exaggerated LHPA response to this challenge test among
depressed patients as well as among the elderly due to reduc
tion in feedback regulation due to a hippocampal GC recep-
tor deficit [17]. Forth: Insulin is a competitive inhibitor for
insulin degrading enzyme [50]. and thus persistent elevations
in insulin,as may interfere with peripheral AB amyloid, clear-
ance and this could lead to higher AB concentrations in the
brain [51]. Another possibility is that chronically high insulin
in the periphery may paradoxically causes a relative hypoinsu-
linized state in the brain and hyperinsulinemia could actually
result in cognitive dysfunction by impairing insulin-mediated
utilization of glucose by cells in the brain particularly the hip-
pocampus, which is enriched with insulin receptors [22]. The
knowledge that cognitive deficits are frequently associated
with T2DM will have important implications for treatment of
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T2DM and for research purposes. Future researches have to
include the following: a) longitudinal studies that prospec-
tively assess the relation of the disease process to cognition
over time, b) comprehensive longitudinal evaluation of endo-
crine status, cognition, and brain imaging, and 3) randomized
clinical trials that compare cognitive function in DM patients
receiving memory enhancers, antidepressants, versus a con-
trol group of DM patients. However, and despite the strength
of our findings, this study had some limitations which include:
1) a relatively small sample size; 2) we did not measure ACTH
to determine the link between T2DM and LHPA regulation.

Conclusions

In patients with T2DM, hypercortisolemia appears to exacer-
bate cognition dysfunction only in presence of poor glycemic
control. Large-scale epidemiological and intervention stud-
ies might enhance our understanding and management of
diabetes-related cognitive and behavioral abnormalities.
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