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Abstract

Introduction: Ischemic stroke is the second leading cause of death and disability
worldwide. Therefore, it is necessary that more neuroprotective treatments could be
found. Ghrelin is a 28 amino acid peptide that is principally synthesized in the stomach
mucosa but is also expressed in a variety of other tissues. Beside the well-known role in
feeding and metabolism, there are some findings, that ghrelin could be neuroprotective
in patients after stroke.

Methods: Patients with a first acute ischemic stroke with functionally relevant hemi-
symptomatic symptoms were included until 24 hours after the event. The patient sample
consisted of 14 patients with stroke (mean age = 73.6 years, range = 59 — 84 years,
6 female, 7 male, Table 1). All patients underwent the nine-hole peg test (NHPT) and
a blood draw (ghrelin) on day one and three after stroke. In addition, the de Morton
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Mobility Index (DEMMI) was performed.

Results: The comparison of the outcome of the patients with lower and higher
ghrelin blood concentrations adjusted for age and gender revealed a trend of the

patients with higher levels of ghrelin and a better outcome (DEMMI).

Discussion: Ghrelin may be neuroprotective in patients with an acute stroke.

However, further studies are needed to prove it.

INTRODUCTION

Stroke is the second leading cause of death and one
of the most common neurological causes of permanent
disability. It is also the second leading cause of dementia
worldwide [1]. It is therefore important that, in addition
to optimizing the processes in the rescue chain, measures
and medication are found that improve the outcome and,
above all, the functional impairment. Ghrelin is known as a
“hormone of hunger” as it acts as an antagonist to leptin and
regulates our need for food intake. Mainly it is produced in
the stomach but also in a variety of other tissues [2,3]. It is
therefore also involved in the development of obesity and
plays an important role of its treatment [4-7].

Inrecentyearsithasbeenshownthatghrelinplaysarole
in the processes of the central nervous system in addition
to its important metabolic functions. On the one hand, it is
involved in the creation and establishment of motivation
and rewards [8,9], in the creation and maintenance of
stress as well as in learning and the transfer of information

into our memory including in reward and motivation
[8,9], as well as learning and memory [9-12]. The role of
ghrelin in preventing apoptosis of cells and protecting
against ischemia in heart muscle cells also seems to be
important regarding the protection of strokes [13-15].
Also, in neurodegenerative diseases such as Parkinson
disease (PD) or Alzheimer disease a neuroprotective effect
could be found [16] and also in stroke in animals [17]. In
an animal study with rodents ghrelin was given for three
days after an ischemic injury of the brain. It could be shown
that the number of surviving neurons increased. Also the
neurological deficit, infarct size, and survival of cortical
neurons in rodents were improved after an artificial stroke
[18,19]. In a trial with patients with a cardioembolic stroke
the ghrelin blood concentrations were lower compared
with healthy controls indicating that ghrelin may play a
role after a stroke [20].

In this study we wanted to investigate whether
ghrelin can act as a diagnostic and prognostic laboratory
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parameter in patients with ischemic stroke. Do patients
with a higher ghrelin level at the time when the stroke take
place have a better outcome.

MATERIALS AND METHODS
Patients

The prospective single-centre study was approved
by the Cantonal Research Ethics Committee of Zurich
(Zurich, Switzerland). Patients were recruited at the
stroke unit of the Kantonsspital Winterthur (Winterthur,
Switzerland) and informed written consent was obtained
in accordance with the declaration of Helsinki from all
study participants. Patients with a first acute ischemic
stroke with functionally relevant hemi-symptomatic
impairments were included until 24 hours after the event.
Exclusion criteria were patients with relevant dysphagia,
nutritional risk screening of 3 [21] neurodegenerative
diseases, patients with previous ischemic insults, clinically
relapsed polyneuropathy, patients with gait disorders due
to microangiopathic changes of the brain or rheumatic
diseases, patients with previous psychiatric diseases
and antidepressant or neuroleptic medication, as well
as patients with congenital and/or acquired substance
defects of the brain and/or spinal cord.

The patient sample consisted of 14 patients with stroke
(mean age = 73.6 years, range = 59 - 84 years, 28 female,
25 male, Table 1). All patients underwent the nine hole
peg test (NHPT) and the blood draw (ghrelin) on day one
and three days after stroke (Table 2). In addition, the de
Morton Mobility Index (DEMMI) was performed (see
details below)

Nine Hole Peg Test (NHPT)

The NHPT consists of a board (wood): with 9 holes (10

Table 1: Characteristic (sex and age) and results (ghrelin level (day 1 and 3), DEMMI
(day 1-3), NHPT (day 1 and 3) of the patients

Patient Sex Age Ghrelin /by NHPT
[pg/ml]
1 m 72 140/124 | 76/79/81 | 24/21
2 m 81 85/72  56/57/57  19/17
3 f 79 132/101 | 61/67/75 @ 27/24
4 m 64 82/67  67/71/72 |  31/22
5 £ 69 188/163 | 83/88/92  24/20
6 £ 74 105/77  88/93/94  22/19
7 m 79 67/57  56/57/57  23/20
8 m 57 103/88  67/72/78 @ 25/22
9 f 76 145/123 | 68/87/89  24/19
10 £ 84 178/167 | 66/78/84 | 26/22
11 m 65 163/124 | 81/85/92  23/19
12 m 73 78/56  67/69/72 = 22/21
13 f 77 134/112 | 73/79/86 @ 25/24
14 m 83 156/63 | 72/76/81 | 25/21

Table 2: Overview of the time line when NHPT and DEMMI were performed and
ghrelin level were taken

First day Second day Third day
Nine-hole-Peg-Test Nine-hole-Peg Test
Modifizierte Rankin-Scale? Modifizierte Rankin-Scale
Ghrelin Ghrelin
De Morton Mobility Index
(DEMMI) Y DEMMI DEMMI
Table 2: Regression model 1
b sr?
Predictor b 95% CI sr? 95% CI Fit
[LL, UL] [LL, UL]
(Intercept) | 95.34** | [43.33,147.35]
Sex female 3.80 [-7.94, 15.54] .03 [-.10,.16]
Age -0.56 [-1.23,0.12] 19 | [-13,.51]
Ghrelin_1 0.11 [-0.03, 0.26] .16 [-.14, .46]
R? =.445
95% CI[.00,.63]

mm diameter, 15 mm depth), placed apart by 32 mm and
a container for the pegs: square box (100 x 100 x 10 mm)
apart from the board. The participants were instructed to
remove all the pegs from the holes, one by one, and place
them into the container and then to take back the pegs from
the container, one by one, and replace them into the holes
on the board, as quickly as possible. The board should be
placed at the client’s midline, with the container holding
the pegs oriented towards the hand being tested. Only the
hand being evaluated should perform the test, the hand
not being evaluated was permitted to hold the edge of the
board in order to provide stability. The scores are based
on the time taken to complete the test activity, recorded
in seconds. The stopwatch started from the moment the
participant touches the first peg until the moment the last
peg entered the last hole [21].

De Morton Mobility Index (DEMMI)

The DEMMI is a performance test with 15 items
divided into five categories (mobility in bed, on the chair,
standing, walking and dynamic balance). It was developed
in Australia in 2008, validated in 2011 at the University
of Health in Bochum for the German-speaking area on
geriatric rehab patients. examination also possible in the
patient’s bed /room. They were carried at day one, two and
three after stroke. Values (DEMMI score) can be achieved
between 0 and 100. Higher scores mean a higher degree of
mobility. The lowest clinically relevant difference is given
as 10 points. There is no provision for grading individual
mobility levels based on scores.

Ghrelin

Ghrelin was taken in the routine blood collection on the
stroke unit on day 1 and day 3. It was brought cooled into
the laboratory and stored there at -80 degrees. Ghrelin
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concentrations were determined by ELISA analysis in the
Institute of Veterinary Medicine in Zurich by Prof. Lutz.

STATISTICAL ANALYSIS AND RESULTS

There was a slight preponderance of male patients
(8 male, 6 female). The age distribution showed that the
patients were predominantly older adults, with a mean
age of 73.8, a median of 75, and an age range of 57 to 84
years. Peptide ghrelin concentrations vary widely between
patients, with a range of 67 to 188 pg/ml on the first day
and 56 to 167 pg/ml on the third day. On average, the
values on the first day were significantly higher with a
mean value of 125 pg/ml.4 compared to the third day with
99 pg/ml57 (Figure 1). For the nine-hole peg test, there
was a general decline in test scores from a mean of 24.29
on the first day to a mean of 20.79 on day 3 (Figure 1b).
The DEMMI scales showed increasing mobility over the
three days. The mean value increased from 70.07 (Day 1)
to 75.57 (Day 2) to 79.29 (Day 3) (Figure 1c).

In the following, four different multiple regressions
were calculated to determine the influence of gender and
ghrelin on the functional tests (DEMMI and NHPT) at both
test points. The results of the linear regression show that
one day after the stroke, the independent variables sex
(sex), age (age) and ghrelin could not explain a significant
proportion of the variance of the dependent variable
DEMMI. The F-value was =2.667, with a corresponding
p-value of 0.105, indicating a lack of significance. The
coefficient of certainty R? was 0.445, which means that
the model explains about 44.5% of the variance of the
dependent variable. The adjusted R* was 0.278. This
indicates a moderate adjustment of the model. Despite
the lack of significance, the effect size (f*=0.385) showed
a medium effect accordingly. The individual regression
coefficients showed that no significant effect can be found
ata a=0.05 level as well (Table 2).

50 100 150 20060 100 150 200
Ghrelin in pg/mg

Figure 1a Ghrelin (pg/mg) day 1 (red) and 3 (blue)

16 20 24 28 3216 20 24 28 3z
NHPT

Figure 1b NHPT on day 1 (red) and 3 (blue)

L H

60 70 80 90 60 70 80 90 60 70 80 90
DEMMI

Figure 1c DEMMI on day 1 (red), 2 (green) and 3 (blue)

The results of the linear regression showed that three
days after stroke, a significant proportion of the variance
of the dependent variable DEMMI could be explained by
the independent variables sex (sex), age (age) and ghrelin.
The F-value was (3,10) =4.173, with a corresponding
p-value of 0.037, indicating a significant result of the
overall model. The coefficient of certainty R* was 0.556,
which means that the model explains about 55.6% of the
variance of the dependent variable. The adjusted R* was
0.423. This indicates a good adaptation of the model. The
effect size (f*=0.733) showed a strong effect according to
Cohen (1992).

Despite the significant overall model, a consideration
of the individual regression coefficients showed that no
significant effect could be found at a a = 0.05 level (Table
3).

The results of the linear regression showed that one day
after the stroke, the independent variables sex (sex), age
(age) and ghrelin could not explain a significant proportion
of the variance of the dependent variable NHPT. The
F-value was (3,10)=0.413, with a corresponding p-value
of 0.747, which does not indicate a significant result of
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Table 3: Regression model 2
b sr?
Predictor b 95% CI sr? 95% CI Fit
[LL, UL] [LL, UL]
(Intercept) = 105.65** | [44.34,166.96]
Sexweiblich 11.09 [-3.40, 25.57] 13 [-12,.38]
Age -0.57 [-1.34,0.21] 12 [-.12,.36]
Ghrelin_3 0.11 [-0.08, 0.30] 07 | [-11,.25]

R? = .556*

95% CI[.00,.70]

the overall model. The coefficient of determinacy R* was
0.110, which means that the model explains about 11%
of the variance of the dependent variable. The adjusted
R? was negative at -0.157, indicating a very small model
adjustment. The effect size (f*=-0.136) showed no effect
according to Cohen (1992).

Alook at the individual regression coefficients showed
that no significant effect could be found at a a = 0.05 level
as well (Table 4).

The results of the linear regression showed that one day
after the stroke, the independent variables sex (sex), age
(age) and ghrelin could not explain a significant proportion
ofthe variance ofthe dependentvariable NHPT. The F-value
was (3,10)=0.304, with a corresponding p-value of 0.822,
which does not indicate a significant result of the overall
model. The coefficient of certainty R? was 0.084, which
means that the model explains about 8.4% of the variance
of the dependent variable. The adjusted R* was negative
at -0.191, indicating a very small model adjustment. The
effect size (f?=-0.16) showed no effect according to Cohen
(1992).

Alook at the individual regression coefficients showed
that no significant effect could be found at a a = 0.05 level
as well (Table 5).

DISCUSSION

In our study we wanted to see whether ghrelin plays
a role in patients suffering from stroke. In particular, we
wanted to see if stroke patients have a better outcome
when they have higher ghrelin concentrations than
patients with low ghrelin to demonstrate a possible
neuroprotective impact of ghrelin. A neuroprotective
effect of ghrelin has been demonstrated in various animal
studies. These included artificially generated strokes [22],
brain injury [23], paraplegic syndromes [24] and damage
to the hippocampus region [25] and substantia nigra [26].
So far, however, this neuroprotective effect could only be
demonstrated in animal models. It was also shown that
circulating ghrelin is lower in rats with acute stroke [20].
The reason for the low ghrelin after a stroke has not yet

Table 4: Regression model 3

b sr?
Predictor b 95% CI sr? 95% CI Fit
[LL, UL] [LL, UL]
(Intercept) = 31.14* | [12.11,50.17]
Sexweiblich 0.94 [-3.36, 5.23] .02 [-12,.16]
Age -0.11 [-0.36,0.14] .09 [-.19,.36]
Ghrelin_1 0.01 [-0.05, 0.06] .01 [-.07,.09]
R? =.110
95% CI[.00,.31]
Table 5: Regression model 4
b sr?
Predictor b 95% CI sr? 95% CI Fit
[LL, UL] [LL, UL]
(Intercept) | 23.49%* [8.86,38.11]
Sexweiblich|  1.36 [-2.10, 4.81] 07 | [-19,.33]
Age -0.04 [-0.22,0.15] .02 [-12,.16]
Ghrelin_3 -0.01 [-0.05, 0.04] .01 [-.07,.08]
R? =.084
95% CI[.00,.26]

been clarified [27,28]. It would now be exciting to find
out to what extent the animal models can be transferred
to humans and whether ghrelin can play a role in the
treatment of strokes.

In our study, most likely due to the low number of total
patients, only a trend could be demonstrated, that patients
with lower ghrelin concentrations had a worse outcome
and patients with higher ghrelin concentrations had a
better outcome. Further studies are needed to determine
the mechanism of ghrelin and its neuroprotective role in
acute stroke patients.
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