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Abstract
Objective:

The etiology of cognitive impairment in diabetes is unknown, but probably associated
with many factors. One of the recent hypotheses suggests that ghrelin could be involved
in cognitive impairment in diabetic patients. It has been reported that ghrelin signaling
occurs in the hippocampus and improves memory and spatial learning. The aim of this
study was to evaluate serum levels of ghrelin in elderly, diabetic patients with and with-
out mild cognitive impairment (MCl) and to determine the predictors of having MCl in
elderly diabetics.

Methods:

The cross-sectional study was conduct among 276 elderly subjects with type 2 diabetes. 87
patients with MCl and 189 controls were selected according to the criteria proposed by the
MCI Working Group of the European Consortium on Alzheimer’s Disease (using the Montreal
Cognitive Assessment: MoCA score). Data of biochemical parameters and biomarkers were
collected. The serum levels of ghrelin were assessed using ELISA kit.

Results:

Serum levels of ghrelin were significantly lower in patients with MCl compared to controls. In
MCI patients serum ghrelin levels were positively correlated with MoCA score and negatively
correlated with HbA1c and BMI. The logistic regression models revealed that variables which
increased the likelihood of diagnosis of MCI in elderly diabetic patients were: lower levels
of ghrelin, higher levels of HbA1c, hypertension, previous cardiovascular disease, increased
number of co-morbidities, and less years of formal education.

Conclusion:

In summary, serum levels of ghrelin were decreased in MCl elderly diabetic patients compared
to controls and associated with poor MoCA score. The results indicated that lower ghrelin
levels may be a risk factor for a cognitive impairment in diabetic, elderly patients. Further
prospective larger studies are needed to confirm the role of this marker in the progression to
dementia.
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Introduction

Diabetes is a major public health problem with
established cross-sectional and longitudinal
relationships with cognitive impairment and
dementia. There is a high prevalence of mild
cognitive impairment (MCI) in individuals
with type 2 diabetes mellitus (T2DM) [1,2]. A
meta-analysis of longitudinal studies reported
that individuals with diabetes had 1.21-
fold significantly increased odds of having
Alzheimer’s disease, 1.51-fold higher risk for
any dementia and 1.21 higher risk for mild
cognitive impairment compared to non-diabetic
individuals [3]. Another large study revealed
that diabetes in midlife was associated with
a 19% greater cognitive decline over 20 year
period [4]. Aging itself has also an independent
impact on greater risk of cognitive decline. The
prevalence of MCI in subjects aged 70 years and
older was around 14-18% [5]. Despite the clear
link between cognitive impairment and diabetes
disorders in epidemiologic studies, relatively
licle is known about the mechanism that
underlies this association. A lot of studies had
suggested that cognitive dysfunction in diabetes
could be connected with severe hypoglycemia
or persistent  hyperglycemia,  depression,
inflammation, an increased prevalence of
macrovascular and microvascular disease [6,7].
All these vascular etiology factors can interfere
with other neurological changes in the aging
brain and worsen the cognition [8].

One of recent hypotheses suggested that
a common background of cognitive impairment,
ageing and diabetes is a low-grade activation
of the inflammatory system. The chronic
inflammation could be provoked and sustained
by changes in the gut microbiota composition.
This phenomenon is called “gut-brain axis” and
it incorporates bidirectional communication
between the central nervous system and the
gastrointestinal system [9,10]. Strong objective
evidence of a linkage between gut bacteria and
brain function comes from several human and
animal studies [11-13]. Both dysbacteriosis in
the gut and higher systemic inflammation in
diabetic population can lead to the intestinal
barrier and blood brain barrier dysfunction. Thus
harmful substances such as advanced glycation
end products, pathogens, endoxin with easy
access to neurons, can cause neuroinflammation
and the development of cognitive decline [10].

Recently, some researchers have suggested a
potential role for ghrelin in cognitive dysfunction

in diabetic patients [14,15]. Ghrelin isa hormone
predominantly produced by the gastrointestinal
tract, whereas some small amounts are derived
from the brain [16]. It is responsible for
weight gain through appetite control, energy
balance and increasing food intake providing
the hypothalamus with information on the
amount of body fat [17,18]. Ghrelin signaling
occurs in the areas in the brain - hippocampus
and the ventral tegmental area which regulate
mood and reward. One study showed that
ghrelin signaling improves spatial learning and
memory by increasing dendritic spine synapse
density and long-term potentiation [19]. A lot
of studies proved the protective cardiovascular
effects of this protein [20]. Ghrelin lower blood
pressure through dilating arteries, decrease
the sympathetic activity of the autonomous
nervous system and thus lower heart rate and
vassal tone. Some researchers found that ghrelin
levels are decreased in patients with coronary
atherosclerosis [21], hypertension [22], and
metabolic syndrome [23], coronary heart disease
[24], diabetic subjects with advanced carotid
atherosclerosis [25]. As little literature data is
available concerning ghrelin levels in elderly
diabetic subjects with MCI, the aims of the study
were twofold: Firstly, evaluate levels of serum
ghrelin in elderly patients with T2DM with and
without MCI and secondly, identify the factors
(including ghrelin levels) associated with MCI in
elderly patients with T2DM.

Material and Methods
m Participants and setting

This cross-sectional study was performed at
out-patient diabetology clinic affiliated with the
university hospital no 1 in Lodz, Poland from
November 2013 to February 2014. A brief
screening for recruitment was conducted by the
investigators to identify potential participants. We
included patients aged 65 and over with diabetes
type 2 diagnosed minimum 1 year earlier, subjects
who had been able to understand and cooperate
with study procedures. The number of cases in
the area during the study period determined the
sample size. Exclusion criteria were: diagnosed
depression or dementia, use of possible or known
cognition-impairing drugs in the previous 3
month, presence of neoplasm, constant alcohol
or substance abuse, severe visual, mobility, or
motor coordination impairment, history of
head trauma, inflammatory or infectious brain
disease, severe neurological or psychiatric illness.
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276 participants were recruited from the study
previously described elsewhere [1].

m Study design
The first step of the research included

complete physical examination, blood pressure
measurements, height and weight assessment
and morning blood draw after a 10-12 hour
overnight fast. After eating a breakfast capillary
glucose level was measured to ensure that
subjects were not hypoglycemic at the time of
cognitive testing.

The second step included a standardized
interview and cognitive testing took place in a
private area in the clinic.

= Instruments

Demographic forms and the detailed medical
history of diabetes type 2 were taken and included:
age, sex, years of education, duration of T2DM,
smoking habit, the treatment for diabetes,
number of comorbitidies, presence of diabetic
complications:  nephropathy,  retinopathy,
neuropathy, cardiovascular disease (CVD),
stroke, hyperlipidemia and hypertension. All
variables and possible risk factors were recorded
in a standardized interview. Height and weight
were measured and body mass index (BMI) was
calculated as weight in kilograms divided by
height in meters squared. Systolic and diastolic
blood pressure was measured after a rest for at
least 10 minutes with a sphygmomanometer in
sitting position. The diagnosis of hypertension
was established based on blood pressure levels
measured at the study visit ( 2 140/90 mmHg)
or a prior diagnosis of hypertension and current
treatment with antihypertensive medications.
Hyperlipidemia was defined as an untreated
triglycerides 1.7 mmol/l or/and serum LDL
cholesterol level 2.6 mmol/l or use of any lipid
lowering agent.

= Biochemical analyses

In all patients, peripheral venous blood samples
were collected after overnight fast. Glycosylated
hemoglobin (HbAlc), fasting blood glucose
(FBG), total cholesterol, triglycerides, low-
density lipoprotein cholesterol (LDL-C) and
high-density lipoprotein cholesterol (HDL-C)
levels were measured in a centralized laboratory.
Serum ghrelin levels were assessed using ELISA
kit (EIAab, Wuhan, China) according to the
instructions of the manufacturer. Minimum
detectable concentration was 15.6 pg/ml.

m Neuropsychological assessment

All participants underwent a neuropsychological
assessment. The Montreal Cognitive Assessment
(MoCA) was administrated to evaluate the
cognitive function [26].

The MoCA test consisted of 8 domains:
visuospatial/executive  reasoning, = memory,
naming, abstraction attention, language and
orientation skills, which were aggregated for
a maximum score of 30. The normal score for
MoCA score is 2 26, with one point added if
the subject had fewer than 12 years of formal
education. The MoCA is best screening tool for
detecting MCI in the elderly, diabetic patients
[27]. The diagnosis of MCI was established
according to 2006 European Alzheimer’s Disease
Consortium criteria [28,29]. These criteria are
currently available standard test and include
absence of dementia. In epidemiological studies
the cut-off points for MoCA scores (19/30) are
recommended for the diagnosis of ‘dementia’.
Subjects who had MoCA score 19 and fewer
were excluded from the study as dementia and
sent to psychiatrist for further care. The criteria
mentioned above included also absence of major
repercussions on daily life. Katz Basic Activities
of Daily living (BADL) and Lawton Instrumental
Activities of Daily Living (IADL) questionnaires
were performed to collect information on daily
activities [30,31].

Depressed mood was ascertained from the 30-
item Geriatric Depression Scale (GDS) [32].
A score between 0 to 9 has been found as
normal, scores between 10-19 has been found as
depressive symptoms. Scores = 20 are indicative
of the presence of severe depression and these
subjects were sent to psychiatrist for further
clinical diagnosis.

To evaluate the association of ghrelin levels with
MCI 276 elderly subjects with T2DM were
selected into groups: 87 patients with MCI and
189 patients without MCI as a control.

m Ethics

The study was carried out in full compliance with
the guidelines of good clinical practice of the
world assembly declaration of Helsinki and was
approved by the university ethical committee.
Each patient was assigned a number by which he
was identified to keep his privacy. The purpose,
nature, and potential risks of the experiments
were fully explained to the participants. Written
informed consent was taken from all enrolled
patients at the beginning of the study.

Research
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m Statistical analyses

Statistical ~analyses were performed using
Statistica 10.0 (StatSoft, Poland, Krakow). This
study was designed to detect significant changes
between the diabetic patients with MCI and
control (diabetic patients without MCI). The
mean prevalence of MCI in diabetic patients is
14-31 % [1,2] thus with prediction of MCI in
this study about 25%, using a two tails test with
power of 90% and o = 0.05 a calculated minimal
sample size of 60 for diabetic MCI positive
patients was required to yield a statistically
significant result [http://www.gpower.hhu.de/].

Shapiro-Wilk test of normality was applied. The
descriptive statistics for the continuous variables
were tested using the Student’s t or the Mann
Whitney-U tests and for the categorical variables
using the x? and whenever applicable. To
evaluate the correlations between ghrelin levels
and selected variables we calculated Pearson
correlation coefficients for normally distributed
variables and Spearman rank correlation
coefficients  for nonnormally  distributed
variables. Simple logistic regression model was
done in order to select so-called independent
factors which increase the selection risk MCI in
elderly patients with type 2 diabetes. To evaluate
the association of ghrelin levels with MCI, we
constructed multivariable logistic regression
model to assess whether circulating ghrelin
was independently associated with MCI. To
“optimize” the multivariable model, a stepwise
approach was used (backward elimination
with Wald criteria). Odds ratios (OR) were
computed and presented with the 95% interval
of confidence (CI). A P value of less than 0.05
was considered statistically significant. Data are
shown as means + SD.

Results

m General description of MCl subjects and
controls

The demographic, clinical and biochemical
characteristics of the study group are presented in
Tables 1 and 2. The results of the x*test indicated
patients with MCI were significantly more likely
to be diagnosed with CVD, hyperlipidemia,
hypertension, retinopathy and nephropathy
(Table 1). Furthermore, the Mann—Whitney U
test and T-test showed that patients with MCI
were older with less years of education, had
a longer duration of diabetes, higher number
of co-morbidities, higher level of HbAlc and

triglycerides, lower level of HDL cholesterol
and lower MoCA score (Table 2). Lastly, no
significant differences were found between the
groups in sex, smoking habi, stroke, neuropathy,
type of the treatment, presence of depressive
symptoms, BMI, levels of total cholesterol and
LDL cholesterol (p > 0.05).

m Ghrelin levels in MCI subjects and
controls

Serum levels of ghrelin were significantly
decreased in patients with MCI compared to
controls (p<0.001) (Table 2). As expected, in the
group of patients with MCI serum ghrelin level
was negatively correlated with BMI (r=-0.395,
p<0.001), with HbAlc level (r=-0.318, p<0.001)
and with triglycerides (r=-0.19, p=0.001).
Furthermore, serum ghrelin concentration was
highly correlated with MoCA score (r=0.554,
p<0.001). A positive but weak correlation
was found between this parameter and HDL
cholesterol level. The results are presented in

Table 3 (Table 3).
m Logistic regression models

The univariate logistic regression models revealed
that variables which increased the likelihood
of having been diagnosed with MCI in elderly
patients with type 2 diabetes were: diagnosis
of CVD, hypertension, hiperlipidaemia,
nephropathy, retinopathy, increased number
of co-morbidities, older age and less years of
education, longer duration of diabetes, higher
levels of HbAlc and triglycerides, lower levels of
ghrelin and HDL cholesterol (Table 4). Finally
we constructed a multivariate logistic regression
model to determine the predictors of MCI.
Independent factors associated with MCI were
as follows: lower levels of ghrelin, higher levels
of HbAlc, diagnosis of CVD and hypertension,
increased number of co-morbidities and less
years of education (Table 5).

Discussion

Serum ghrelin levels of elderly diabetic patients
with MCI were significantly decreased compared
to controls. Human studies about protective role
of ghrelin in cognitive dysfunction in diabetes
are poor. In one recently published study the
authors found also lower levels of ghrelin in
T2DM patients with MCI compared to those
with healthy cognition [9]. Other researchers
found that ghrelin is an important predictor of
executive function impairment in patients with
type 2 diabetes [10]. Both studies mention above
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Table 1: Demographic and clinical characteristics of type 2 diabetic elderly patients.

T 2 di with MCI Type 2 di with

( :::7) diabetes with MC| N{cple(n=d1 ;Iga)etes thout v P value
Sex, male/female 34/53 93/96 2.46 0.12
Smoked tobacco regularly 26 (29.8%) 67 (35.4%) 0.83 0.36
Previous CVD* 71 (81.6%) 38(20.1%) 94.3 <0.001
Stroke 7 (8.04%) 7 (3.7%) 233 0.13
Previous HA/ use of HA drugs* 80 (91.95%) 138 (73.01%) 18.3 <0.001
Hiperlipidemia* 81(93.1%) 132(69.8%) 12.87 <0.001
Retinopathy* 61 (70.1%) 60 (31.7%) 356 <0.001
Nephropathy* 43 (49.4%) 54 (28.5%) 11.37 0.007
Neuropathy 20 (22.9%) 36 (19.04%) 0.57 0.45
OAD 71 (81.6%) 151(79.8%) 0.1 0.74
Insulin 42 (48.2%) 88 (46.5%) 0.07 0.79
Presence depressive symptoms % 25 (28.7%) 57 (30.2%) 0.06 0.81

*significance, p<0.05; x? test was used to test for significant differences between patients with MCl and those without MCI (controls), CVD - cardiovascular
disease, HA- hypertension, OAD- oral anti-diabetic drug, MCI — mild cognitive impairment

Table 2: Characteristics and biochemical parameters of type 2 diabetic elderly patients.

Type 2 diabetes with MCI Type 2 diabetes

(nce?) without M (ne189) 2/t Pvalue
Age (years)* 75.7+4.6 726+46 -4.96 <0.001
Education-years* 9.7+18 12.0+£2.2 7.97 <0.001
Duration of T2DM (years)* 11.25+6.3 7.51 £5.85 -5.96 <0.001
BMI (kg/m?) 304 +3.59 29.6 +3.68 -1.92 0.054
Ghrelin (pg/mL)* 239.03 +£47.09 297.83 £39.18 10.85 <0.001
HbA1c (%)* 7.73£0.71 7.01+£0.54 -7.5 <0.001
CHOL (mmol/L) 10.31+2.2 10.29+1.71 -0.5 0.61
LDL (mmol/L) 6.01+1.64 6.08 £1.73 -0.2 0.86
TG (mmol/L)* 10.59+2.68 9.22+1.84 -6.6 <0.001
HDL (mmol/L)* 23+06 2.67+0.42 6.34 <0.001
Co-morbidity (n)* 7.07 £3.22 3.55+233 -8.15 <0.001
MoCA score* 216£15 274%13 13.34 <0.001

Data are mean - SD values

*significance, p<0.05; Mann-Whitney U test (Z), or t test (t) were used to test for significant differences between patients with MCl and those without MCI
(controls)

DM - diabetes mellitus, BMI - body mass index, HbA1c - glycosylated hemoglobin, CHOL - total cholesterol;; HDL - high-density lipoprotein cholesterol;
LDL - low density lipoprotein cholesterol; TG - triglycerides; MoCA - Montreal Cognitive Assessment

were performed in much younger population ISR Relationship of serum levels of ghrelin with other clinical indicators in

than our study, which the first examine serum [ Rl Y0 e TSt e RN (e A
ghrelin levels in elderly subjects. These results Ghrelin p
are consistent with some data come from r
. . . . MoCA score* 0.554 <0.001
animal studies, which suggest that ghrelin
. BMI* -0.395 <0.001
can affect memory function. Kang er al [33]
. . HbA1c* -0.318 <0.001
examined the effect of central acylated-ghrelin
DL L heol A CHOL (mmol/l) 0.008 0.89
an S—acety ated ghrelin (native g .re 11?) on |51 mmol) 0.07 03
memory function and glucose metabolism in an |15 (mmol/n* 019 0.001
experimentally induced Alzheimer’s disease (AD) 4 (mmol/i)* 0.25 <0.001
rat model. They reported that central acylated  |*significance, p<0.05; r-correlation coefficient
ghrelin prevented the deterioration of memory [gmi - body mass index, HbA1c - glycosylated hemoglobin, CHOL - total cholesterol;
function and propose that ghrelin could be |HDL-high-density lipoprotein cholesterol; LDL - low density lipoprotein cholesterol; TG -
triglycerides: MoCA - Montreal Cognitive Assessment

investigated for cognitive and metabolic benefits,
especially in patients with early symptoms of
memory impairment. Another study showed that therefore it might improve cognition via a central
ghrelin agonist improved spatial learning in the nervous system mechanism involving insulin
mice with induced an Alzheimer’s disease and ~ signaling in hippocampus [34]. Jiao ez al. [35]
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Table 4: Assessment results of the risk of ha

ession model in the elderly patients with T2DM.

Variables analyzed B SEof 8 p value OR 95% CI
Sex: female 0.2 0.1 0.12 1.2 0.49-1.59
Smoked tobacco regularly 0.12 0.1 0.36 0.8 0.6-1.16
Previous CVD* 1.43 0.16 P<0.001 4.19 3.03-5.81
Stroke 0.41 0.27 0.14 1.5 0.87-2.58
Previous HA/ use of HA drugs* 0.88 0.22 P<0.001 241 1.55-3.76
Hiperlipidemia* 0.72 0.21 0.001 2.01 1.35-3.12
Retinopathy* 0.8 0.14 P<0.001 2.24 1.7-2.96
Nephropathy* 0.44 0.13 0.001 1.56 1.2-2.03
Neuropathy 0.11 0.01 0.45 1.12 0.82-1.53
OAD 0.1 0.03 0.74 1.1 0.58-2.14
Insulin 0.25 0.06 0.79 1.07 0.64-1.78
Presence depressive symptoms % 0.03 0.01 0.8 0.96 0.73-1.27
Age (years)* 0.137 0.03 P<0.001 1.15 1.08-1.22
Education-years* -0.639 0.09 P<0.001 0.53 0.44-0.63
Duration of T2DM (years)* 0.097 0.02 P<0.001 1.1 1.05-1.15
BMI (kg/m?) 0.058 0.03 0.1 1.06 0.98-1.13
Ghrelin (pg/mL)* -0.033 0.004 P<0.001 0.968 0.96-0.98
HbA1c (%)* 1.69 0.23 P<0.001 5.47 3.45-8.67
CHOL (mmol/L) 0.01 0.003 0.95 1.01 0.99-1.01
LDL (mmol/L) 0.01 0.004 0.74 1.01 0.99-1.01
TG (mmol/L)* 0.02 0.004 P<0.001 1.02 1.01-1.02
HDL (mmol/L)* -0.09 0.018 P<0.001 0.91 0.87-0.94
Co-morbidity (n)* 0.426 0.05 P<0.001 1.53 1.37-1.71
Abbreviations: B: regression coefficient; Cl: confidence interval for odds ratio; OR: odds ratio; SE: standard error; *significance, p<0.05
T2DM - diabetes type 2, CVD - cardiovascular disease, HA- hypertension, BMI — body mass index, CHOL - total cholesterol; CRP - C-reactive protein;
HbA1c - glycosylated hemoglobin; HDL-C - high-density lipoprotein cholesterol; LDL-C - low density lipoprotein cholesterol;

Table 5: Assessment results of the risk of having MCl in a multivariable logistic regression model in the elderly patients with

T2DM.

Variables analyzed B SEof 8 p value OR 95% CI
HbA1c (%)* 0.88 0.37 0.017 242 1.17-5.01
Education-years* -0.47 0.12 P<0.001 0.62 0.48-0.80
Previous HA/ use of HA drugs* 1.83 0.81 0.024 6.26 1.28-30.7
Previous CVD* 217 0.47 P<0.001 8.76 3.42-224
Co-morbidity (n)* 0.20 0.08 0.01 1.23 1.05-1.44
Ghrelin (pg/mL)* -0.03 0.006 P<0.001 0.97 0.95-0.98
Abbreviations: B: regression coefficient; Cl: confidence interval for odds ratio; OR: odds ratio; SE: standard error; *significance, p<0.05
HbA1c - glycosylated hemoglobin, HA- hypertension, CVD - cardiovascular disease

summarized the effects of ghrelin on regulating
brain advanced function. They suggested that
ghrelin could regulate neuronal activity, increased
synaptic transmission and synaptic plasticity,
promote synapse formation and enhances long-
term potentiation to regulate memory and
cognition. Human studies revealed that mRNA
levels of ghrelin are decreased in patients with
Alzheimer’s disease, which is characterized by
progressive memory loss and cognitive decline
[36]. On the other hand ghrelin is reported to
have neuroprotective, anti-apoptotic and anti-
inflammatory function and therefore it increases
neuronal survival [35]. The anti-inflammation
effect of ghrelin is played via reducing the

microglial activation and inflammatory cytokines
release in inflammatory reaction. In addition,
ghrelin plays neuroprotective role for attenuating
blood-brain barrier disruption [35]. It has been
hypothesized in previous studies that low-grade
chronic inflammation is associated with MCI or
with cognitive decline [37,38].

We found in our study that in the group of
patients with MCI serum ghrelin level was highly
correlated with MoCA score. In agreement with
our results other authors had also confirmed
that association [9]. In one study ghrelin was
positively correlated with executive function
assessed by the Wisconsin Card Sorting Test,
although it wasn’t related to MoCA score in
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T2DM patients. The executive function could
be a sensitive indication of diabetic cognitive
decline among diabetes population. The author
proposed that serum ghrelin level might be a
biomarker of executive function in patients with

type 2 diabetes mellitus [10].

Expectedly, we found significant but negative
relationships  between serum ghrelin levels
BMI, HbAlc level and triglycerides. Many
studies confirmed that sustained hyperglycemia,
indicated by elevated HbAlc, is an independent
risk factor for the cognitive impairment [39].
Other researchers also noticed that ghrelin levels
in obesity patients was lower compared to age-
matched controls health people [40], and they
are negatively correlated with BMI [9,41].

Finally, we found that lower serum ghrelin levels
were the independent factor associated with
MCI in elderly diabetic patients in multivariate
analysis. Higher levels of HbAlc, diagnosis of
CVD and hypertension, increased number of
co-morbidities and less years of education - all
these factor are proven to contribute to cognitive
impairment in diabetes [1,6]. Decreased ghrelin
levels could be another predictor of diagnosis of
MCI in elderly diabetic population.

Although our study provides important
insights into the pathophysiology of cognition
dysfunction in elderly diabetic patients; it does
have limitations.

Firstly, the study population was relatively small,
and the findings should be interpreted with caution.

Secondly, this investigation was limited to
patients with diabetes, and therefore, an
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