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ABSTRACT

Gastroparesis occurs in up to 30-50% of patients with chronic complications of diabetes and is associated with
significant impairments in both quality of life and diabetic control. The ethical clearance of this study had been
approved by bioethics unit of Ivano-Frankivsk National Medical University. The severity of diabetic
gastroparesis (DG) was assessed by Gastroparesis Cardinal Symptom Index (GCSI) questionnaire and Gastric
emptying rate (GER) with 13C-octanoic breath test (13C-OBT). Level of peripheral myelin protein 22 (PMP 22),
ghrelin, cholecystokinin (CCK), were assayed by ELISA. The relationships was analysis by correlation-
spearman rho test, p<0,05. According to the questionnaire results, physical examination data as well as
additional laboratory and instrumental investigations, mild DG was found in 16.7% patients with type 1
diabetes, moderate DG was observed in 15.5% patients and the signs of severe gastroparesis were present in
8.9% patients only. There was very strong correlation among PMP 22, ghrelin, CCK level and the severity

gastroparesis in patients with type 1 diabetes.
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INTRODUCTION

Nowadays the majority of etiopathogenetical
factors of gastric dysfunction is unclear due to
autonomic neuropathy in patients with diabetes.
The mechanism of neurohumoral control of
gastric emptying rate (GER) in diabetics has not
been investigated with total clarity yet.
Regulation of gastric emptying involves a
complex interaction of neural and hormonal
factors in response to feedback signals from
nutrient receptors in the small intestine which
modulate the motor activity of the stomach. The
gastrointestinal peptides released in response to
nutrient meals, are believed to have an important
role in the control of GER in patients with
diabetes. A variety of gastroduodenal motor
abnormalities have been described in patients
with DG, including reduced antral and duodenal
motility, increased pyloric motility, and a

reduction in propagated antropyloroduodenal
contractions [2].

Diabetic peripheral somatic neuropathy (DPSN)
is associated with impaired neuron myelination,
nerve conduction and muscle function. PMP 22 is
glycoprotein with proposed roles in peripheral
nerve myelin formation [1,7, 16]. The pathogenic
mechanisms of reduced myelination in patients
with DG are poorly understood. PMP 22 is the
main component of the myelin sheath being
produced primarily by Schwann cells; the
indicator of its serum level can be considered as
the marker of myelin damage. Thus, the
determination of PMP 22 in patients with DM is
an early diagnostic criterion for the progression
of DPSN symptoms.

Gastrointestinal tract is a rich source of
regulatory peptides should be no surprise
because gut hormones are major players in
regulation of metabolism. Gut peptides regulate
feeding behavior, digestion, absorption, and
transport of nutrients; assimilation, partitioning,
and use of energy [9,11].
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Ghrelin is an endogenous ligand for the growth
hormone secretagogue receptor (GHS-R) that
expressed in the vagal afferent neurones of the
nodose ganglion and migrates
caudally.Immunohistochemistry studies have
also demonstrated the presence of GHS-R in the
myenteric plexus of the stomach and colon in
both rats and human sand in guinea pig ileum
[13,17,19].

Delayed gastric emptying is not always clinically
apparent, the range of gastrointestinal symptoms
may include early satiety, nausea, vomiting,
regurgitation, fullness, bloating and
decompensation of carbohydrate metabolism.
DG islead to intractable vomiting and an inability
to feed, disabling condition with no consistently
effective treatment and carries a poor prognosis.

AIM AND OBJECTIVE

Aim of the study is to determine the relationships
among peripheral myelin protein 22, ghrelin,
cholecystokinin level and severity of gastro
paresis in patients with diabetes.

MATERIALS AND METHODS
Study Design: Observational case-series study.

Ethical Consideration: The ethical clearance of
this study had been approved by bioethics unit of
Ivano-Frankivsk National Medical University.

Procedure of Study: 180 patients with type 1
diabetes (111 males, 69 females), treated at the
endocrinology department of Ivano-Frankivsk
Regional Clinical Hospital, were randomly
selected to undergo complete physical
examination after signing the informed consent
form to participate in a clinical trial. Group I
included 74 (40 males, 34 females; the average
age was 40.5+1.4 years) patients with symptoms
DG and Group II included 106 (71 males, 35
females; the average age was 40.5+1.0 years)
subjects with type 1 diabetes. Clinical data were
collected for all subjects, including body mass
index (BMI), Kerdo autonomic index (KAI),
duration of diabetes, and presence of diabetic
complications.

To diagnose of type 1 diabetes as well as to
evaluate the degree of carbohydrate metabolism
compensation, national standards were used (the
Order of the MOH of Ukraine of 29.12 2014 No
1,021).

Exclusion criteria for participation in the study
included taking medications of symptomatic

treatment affecting gastric motility, liver
dysfunction, organic  diseases of the
gastrointestinal tract, cholelithiasis, and viral
hepatitis, demyelinating diseases of the central
nervous system, thyroid disorders, and renal
impairment.

The prandial and postprandial glucose levels
were measured by glucose oxidase method using
an automatic glucose analyzer AGKM-01K
(Kvertimed, Ukraine). Glycated hemoglobin
(HbA1C) levels were measured using ion
exchange liquid chromatography method.
Baseline sample blood, biochemistry panel,
thyroid function (TSH) were all assessed. The
identification of PMP22, ghrelin, CKK level were
made using the enzyme-linked immunosorbent
assay (ELISA, USA).

Laboratory Assay: Patient’s blood sample was
collected from a median cubital vein for 3 mL and
stored in ethylene diamine tetraacetic acid
(EDTA) coated tube for PMP22, ghrelin and CCK
assay. Blood samples were centrifuged 10.000
rpm for 10 minutes. Supernatan was collected.
Solid phase sandwich ELISA (Human PMP 22,
ghrelin, CCK ELISA kits) were used to analysis
concentration of SDH. Add samples and
standards and incubate the plate at 37°C for 90
minutes, do not wash. Add biotinylated
antibodies and incubate the plate at 379C for 60
minutes, wash plate 3 times with PBS 0,01 M. Add
ABC working solution and incubate the plate at
37°C for 30 minutes. Wash plate 5 times with PBS
0,01 M. Add TMB colour developing agent and
incubate the plate at 37°C in dark for 20 minutes.
Add TMB stop solution and read the OD
absorbance at 450nm in a microplate reader. The
standard curve was plotted as the OD 450 of each
standard solution vs the concentration of
standard solution. The human PMP22, ghrelin
and CCK level of the samples were interpolated
from the standard curve.

The severity of DG was assessed by Gastroparesis
Cardinal Symptom Index (GCSI) questionnaire
and Gastric emptying rate (GER) with 13C-
octanoic breath test (13C-OBT).

Symptoms of DPSN were assessed using the
Neuropathy Disability Score (NDS) - the
Neurological Symptoms Score (NSS). Mild DPSN
or its subclinical form were observed in patients
with the NSS score of 5 points; moderate
manifestations of DPSN were found in patients
with the NSS score of 5-13 points; severe DPN
was seen in patients with the NSS score of more
than 14 points.
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Participants completed a diabetes history
questionnaire, including an item to assess
frequency of severe hypoglycemia. Severe
hypoglycemia was defined as a hypoglycemic
episode during which glucose in the blood was so
low that self-treatment was not possible because
of mental confusion or stupor and external
assistance was required [10,15]. The incidence
and severity of low blood sugar were assessed
using the Hypoglycemia Fear Scale (HFS) - a
questionnaire developed to measure the fear of
hypoglycemia. The Behavior subscale (HFS-B)
measures behaviors used to avoid hypoglycemia
and its negative consequences (the HFS-B score
ranges from 0 to 60). The Worry subscale (HSF-
W) measures different emotional aspects of
hypoglycemia (the HFS-W score ranges from 0 to
72). The total assessment of hypoglycemic
episode severity was made considering the total
score of both scales (HFS-T); in the presence of
positive symptoms, the minimum score - 33
points and the maximum one - 132 points.

The degree of DG severity was determined
applying a three-minute patients’ survey - the
GCSI which allows the patients to evaluate the
severity of symptoms by themselves. The
symptoms were rated on a 5-point scale (0-
absent, 1-very mild, 2-mild, 3-moderate, 4-
severe, 5-extremely severe). The total sum within
1 to 11 points indicates mild degree of severity,
while the total sum within 12 to 22 points
indicates moderate degree of severity; total sum
within 23-33 points indicates severe degree,
while the total sum of more than 34 points
indicates extremely severe degree.

The GER was determined using the 13C- OBT;
normal value for the time by which half of the
gastric content is evacuated (T%) to the
duodenum is 40-75 minutes; motility
acceleration - T%<40 minutes; mild degree of
motility acceleration - 79-95 minutes; moderate
degree of motility deceleration - 96-115
minutes; severe degree of motility deceleration -
more than 115 minutes [18].

The diagnosis of gastroparesis was made based
on gastroparesis severity classification (Abell
T.L. et al, 2006) [6,14]. Grade 1 - mild
gastroparesis - is characterized by easily
controlled symptoms of dyspepsia. The patients
can maintain an adequate body weight and
nutritional status following a regular diet or a
diet with some minor modifications. If there is an
optimal control of carbohydrate metabolism,

hyperglycemia has no negative effect on the
stomach function. Grade 2 - compensated
gastroparesis - is characterized by moderately
severe symptoms which may be partially
controlled with pharmacological agents (the
combination of prokinetic and antiemetic
agents). The patients can maintain adequate
nutrition after their diet and life style correction.
Patients with grade 3 (gastric failure)
gastroparesis are medication-unresponsive.
They cannot maintain adequate nutrition or
hydration. Intensive care is needed including
hospitalization for intravenous hydration and
insulin infusion, intravenous administration of
prokinetic and antiemetic agents and/or surgery.

Statistical Analysis: The data was analyzed
using SPSS 23. The relationship among PMP22,
ghrelin, CCK level and the severity gastroparesis
in patients with type 1 diabetes were analyzed by
spearmen correlation, with 95% confidence
interval. The data was shown descriptively in
narration, table, and percentage.

RESULTS

According to the questionnaire results, physical
examination data as well as additional laboratory
and instrumental investigations, mild DG was
found in 16.7% patients with type 1 diabetes,
moderate DG was observed in 15.5% patients
and the signs of severe gastroparesis were
present in 8.9% patients only.

The main clinical and laboratory as well as
instrumental indicators which were used to
perform the initial examination are presented in
Table 1.

Table 1 shows the incidance DG was higher in
male than female, but the prevalence this
complication was upper in the female. The early
diagnostic of slow GER in male was 54.1% and
the incidance DG in female only 45.9%.

Diabetes duration and HbA:C were comparable
between patients with and without gastroparesis
(11.6+ 0.9 vs. 9.8+ 0.8 years, 9. 2+ 0.1 vs. 9.7£0.2
% respectively) although HbA:C was higher than
the target level for patients with compensation
form of diabetes (Table 1).

Increase level of PMP 22, CCK and decrease
ghrelin in patients [ group are significantly more
as compared to subjects II group.
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Table: Characteristics of studied patients
Indicators Group I (n=74) Group II (n=106)
Gender

Male, n [%] 40 [54.1%] 71 [66.9%]

Female, n [%] 34 [45.9%)] 35 [33.1%]

Age, years 40.5+1.4 40.5£1.0

DM duration, years 11.6+0.9* 9.8+0.8

Body mass index, kg/m? 29.5+0.3* 25.8+0.4

KAJ c.u. -0.8+0.1 -0.5+0.1

Neuropathy Disability Score (NDS), points 17.3+0.8* 10.7+0.8
Results of questionnaire survey

GCSI total score, points 22.9+0.8* 0
Carbohydrate metabolism

Glycated hemoglobin, HbA:C, % 9.2+0.1 9.7+0.2

Fasting glucose in the blood, mmol/L 7.9+0.1 8.9+0.2

Postprandial glycemia, mmol/L 9.9+0.2* 11.1+0.2

Symptoms hypoglycemia, HFS-Total score, points 22.9+0.8* 17.4£1.5
Criterion for nerve fiber demyelination

PMP 22, ng/mL 14.5+2.2% 2.0+0.4
Gastrointestinal peptides

Ghrelin, pg/mL 18.9+7.9* 83.8+3.4

CCK, ng/mL 2.6x0.5* 0.2+0.01
Instrumental evaluation of the GER

13C-OBT, T%, min 115.7£2.7* 58.7+2.9
Chronic complications of type 1 diabetes

Peripheral polyneuropathy, n [%] 74 [100.0] 102 [96.2]

Retinopathy, n [%)] 70 [94.6] 89 [83.9]

Nephropathy, n [%] 49 [64.5] 40[37.7]

Mean + SD, * Kruskal-Wallis test p < 0,05

Table 2: The relationships between peptides level and 13C-OBT

The severity of DG
Characteristics Mild (n=30) Moderate Severe Total r* p
(n=28) (n=16)
PMP 22, ng/mL 8.9+1.4 8.9+1.4 11.7£3.2 14.5+2.2 0.93  0.000
(6.2-12.6) (10.9-12.1)  (19.9-23.1) (7.1-19.9)
Ghrelin, pg/mL ~ 31.8+1.3 (6.9-70.7) 4.7+0.8 1.7£0.3 18.9+£7.9 (3.1-26.7) -0.92 0.000
(3.1-5.3) (1.4-1.7)
CCK, ng/mL 1.8+0.8 2.4£0.2 5.1£0.8 2.6%0.5 (1.8-2.4) 0.91  0.000
(1.6-1.9) (2.2-2.3) (2.4-5.2)

* Spearman rho test (significancy p < 0.05); if r = 0: no correlation; r > 0-0.25: weak correlation; r > 0.25-0.5: moderate correlation, r >
0.5-0.75: strong correlation, > 0.75-0.99: very strong correlation.

To explore the neurophysiological
characteristics of patients with DG were positive
moderate or severe stage of DPSN in result of
severity NDS, (in the patient I group: NDSis 17.3+
0.8 vs. 10.7+ 0.8 resently in subjects II group).

Above figure 1 shows, strong correlation results
of questionnaire (GCSI) and interpretation of
GER using the 13C-OBT.

The symptoms of hypoglycemia was more
present rare in I Group patients than II Group
subjects. We also found that symptoms of
hypoglycemia (HFS-Total) correlated
significantly with result of gastric motor function
parameters of 13C- OBT (r= 0.49 p < 0.05) (figure
2).

The PMP 22, ghrelin, CCK level had very strong
correlation with the result of 13C- OBT (table 2).
In summary, symptoms of DG is associated with
increased level of PMP 22, CCK and decrease
concentration of ghrelin.

DISCUSSION

Several studies have documented the ghrelin was
reported to inhibit gastric accommodation in
healthy volunteers. However, this neuropeptide
has been shown not to affect meal related
symptoms in healthy obese or lean patients
[17,19].
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Figure 1. Correlations between results of total score of GCSI (points) and 13C-OBT( T %2, min) in patients with DG,
Spearman’s correlation coefficient.
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Figure 2: Correlations between results of total score of HFS (points) and 13C-OBT( T Y2, min) in I group patients with
symptoms of gastroparesis, Spearman’s correlation coefficient.

Choung RSS. et al. reported higher prevalence of
DG in female patients than male and due this
gastric dysfunction to the independent factors of
decompensation of type 1 diabetes. In other
scientific works, the impact of age, gender,
disease duration, a positive family history of DM,
cigarette smoking, concomitant cardiovascular
and gastrointestinal diseases, disorders of the
nervous system, the severity of polyneuropathy,
the state of carbohydrate and lipid metabolism
compensation, the incidence and fear of future
hypoglycemic episodes, the degree of obesity are
the predictors of the slowing down of gastric
function in patients with type 1 diabetes [4]. In
our study subjects with very high risk
hypoglycemia was present in the diabetics who
belong to the slow GER. Patients with DG have
significantly better level of postprandial glycemia
as compared to patients without gastrointestinal
symptoms, but this effect is caused by high risk of

hypoglycemia in this group subjects with a
decrease stomach motility. We could not find any
other study that has compared the results like
this [3,5,8].

In the current work, CCK’s action on the pancreas
is mediated by the vagal nerve is based upon
solid data. We found no clear evidence, however,
that increased secretion of this hormone is a
cause of the reduced appetite and food intake
that accompanies GER in patients with DG
[12,20].

Increase concentration of PMP 22 have direct
implications for nerve dysfunction and
neuropathy in subjects with diabetes. The
correlation between hight level of PMP 22 and
result of 13C-OBT observed in our study could be
attributed to the simultaneous small and large
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nerve fibre damage due to common underlying
biochemical mechanism.

The most common duration of diabetes for
longer 10 years associated with increased risk
factor of DG. The slow GER according to decrease
level of grelin and increase level of PMP 22, CCK
are based on the narrowing of the stomach
dysfunction, the early progression of difficult
symptoms of gastroparesis in patients with type
1 diabetes.

The slow GER according to decrease level of
grelin and increase level of PMP 22, CCK are
based on the narrowing of the stomach
dysfunction, the early progression of difficult
symptoms of gastroparesis in patients with type
1 diabetes.

Results of this study showed that
hypercholecystokininemia, hypoghrelinemia,
increase level of PMP 22 were a diagnostic
markers of early grade of DG.

CONCLUSSION

The level of PMP 22, ghrelin, CKK, when
combined with the GCSI and/or 13C-OBT, may
further improve the predictive accuracy with
early diagnostic of DG. These findings need to be
confirmed in larger studies.

Acknowledgement

This study was supported by research foundation
from  Ivano-Frankivsk  National = Medicsl
University.

Conflict of Interest
There is no conflict of interest in this study.

REFERENCES

1. Amici SA, Dunn WA, Notterpek L.
Developmental abnormalities in the nerves
of peripheral myelin protein 22-deficient
mice. J. Neurosci. Res. 2007; 85:238-249.

2. Bharucha AE. Epidemiology and natural
history of gastroparesis. Gastroenterol. Clin.
North. Am. 2015; 44: 9-19.

3. Bharucha AE. Study of Diabetic
Gastroparesis. Clinical Gastroenterology and
Hepatology, 2015; 13 (6): 1210-1211.

4. Choung RS, Locke GR., Schleck CD, et al. Risk
of gastroparesis in subjects with type 1 and 2
diabetes in the general population. Am. J.
Gastroenterol., 2011; 107: 82— 88.

5. Darwiche G, Mohammed SK, Aldawi N, Skaria
S, Tesfa Y. Gastroparesis among type 1 and

10.

11.

12.

13.

14.

15.

type 2 diabetic patients in the United Arab
Emirates. Journal of Diabetes Mellitus 2014;
4(2): 96-106. Available from: http://dx.doi:
10.4236/jdm.2014.42016.

Edula RGR, Roque MV, Bouras EP. How
reliable is a diagnosis of gastroparesis?
Gastroenterology 2014; 146(5): 617-618.
http://dx.doi.org/10.1016/S0016-
5085(14)62230-7.

Guo, J. et al. Abnormal junctions and
permeability of myelin in PMP22-deficient
nerves. Ann. Neurol. 2014; 75: 255-265.
Halland M, Bharucha AE. Relationship
Between Control of Glycemia and Gastric
Emptying Disturbances in Diabetes Mellitus.
Clin Gastroenterol Hepatol. 2016; 14 (7):
929-936.

Janssen T, Meelkop E, Lindemans M,
Verstraelen K, Husson S], Temmerman L,
Nachman R], Schoofs L. Discovery of a
cholecystokinin-gastrin like signaling system
in nematodes. Endocrinology 2008;
149:2826-2839.

Lam AYR, Xin X, Tan WB, Gardner DS-L, Goh
S-Y. Psychometric validation of the
Hypoglycemia Fear Survey-1I (HFS-II) in
Singapore. BM] Open Diab. Res. Care 2017; 5:
€000329.

Lubbers T, de Haan J], Luyer MD, Verbaeys I,
Hadfoune M, Dejong CH, Buurman WA et al.
Cholecystokinin/cholecystokinin-1
receptor-mediated peripheral activation of
the afferent vagus by enteral nutrients
attenuates inflammation in rats. Annals of
Surgery, 2010; 252: 376-382..

MacIntosh CG, Andrews ]M, Jones KL,
Wishart ] M, Morris HA, Morley JJE, Horowitz
M, Chapman [ M. Effects of age on
concentrations of plasma cholecystokinin,
glucagon-like peptide 1, and peptide YY and
their relation to appetite and pyloric
motility. Am ] Clin Nutr 1999; 69:999-1006.
Murray CD, Martin NM, Patterson M, Taylor
SA, Ghatei MA, Kamm MA, Johnston C, Bloom
SR, Emmanuel AV. Ghrelin enhances gastric
emptying in diabetic gastroparesis: a double
blind, placebo controlled, crossover study.,
Gut, 2005;54: 12, 1693-1698.

Parkman HP, Hallinan EK, Hasler WL,
Hamilton FA et al. Early satiety and
postprandial fullness in gastroparesis
correlate with gastroparesis severity, gastric
emptying, and water load testing.
Neurogastroenterology and Motility 2017;
29:e12981.

Polonsky WH, Fisher L, Hessler D, Edelman
SV.Investigating hypoglycemic confidence in
type 1 and type 2 diabetes. Diabetes

Journal of Research in Medical and Dental Science | Vol. 5 | Issue 2 | April -

June 2017 115



Iryna Kostitska

J ResMed Dent Sci, 2017, 5 (3):110-116

16.

17.

18.

Technology & Therapeutics 2017; 19(2):
131-136.

Rosso G, Liashkovich I, Gess B, Young P, Kun
A, Shahin V. Unravelling crucial
biomechanical resilience of myelinated
peripheral nerve fibres provided by the
Schwann cell basal lamina and PMP22. Sci.
Rep. 2014; 4: 7286.

Sallam HS, Chen JDZ. The Prokinetic Face of
Ghrelin. Hindawi Publishing Corporation
International Journal of Peptide. 2010,
Article ID 493614, 11 pages.

Sfarti C, Trifan A, Cojocariu C, Hutanasu C I,
Singeap A M, Stanciu C. Prevalence of
Gastroparesis in Symptomatic Type 1

19.

20.

Diabetics Using 13C-Octanoic Acid Breath
Test and Relationship to Dyspeptic
Symptoms. Gastroenterology,
2010;138(5):S-716.

Wu LM, Premkumar R, Phillips ARJ],
Windsor JA., Petrov MS. Ghrelin and
gastroparesis as early predictors of clinical
outcomes in acute pancreatitis.
Pancreatology, 2016;16(2),181-188.

Zhang ZH, Qin CK, Wu SD. Roles of sphincter
of Oddi motility and serum vasoactive
intestinal peptide, gastrin and
cholecystokinin octapeptideWorld J. G
astroenterol. 2014; 20, 4730-4736.

Journal of Research in Medical and Dental Science | Vol. 5 | Issue 2 | April - June 2017 116



