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Abstract

About 10% coronavirus (COVID-19) infected patients are with diabetes com-
orbidity. Also, diabetes promotes severe progression in COVID-19 patients.
Diabetes comorbidity is associated with significant mortality in those people
with COVID-19. In this position statement, the management of diabetes in
cases of COVID-19, has been presented. The impact of diabetes on the mor-
bidity and mortality of COVID-19, as well as both the target glucose level and
the method of blood glucose control have been presented in details.

Keywords
COVID-19, Diabetes Mellitus, Glycemic Target, Blood Glucose Control

http://creativecommons.org/licenses/by/4.0/ 1. Introduction

During our current era, the pandemic of coronavirus disease 2019 (COVID-19)
has drawn the attention of every one all over the globe. In April 6™ 2020, glob-
ally, according to the World Health Organization (WHO), CoVID-19 affected
1,210,956 confirmed cases with 67,594 deaths, with its unprecedented challenges
to the global public health system [1]. This pandemic has disrupted the flow of
everyday life as we know it. Healthcare systems started to experience some fail-
ure which led to reallocation of its resource in a new setting because of this crisis
with a great difficulties for both healthcare personals and patients. Of course,
people with comorbid diseases like diabetes mellitus are at a great risk for the

hazardous consequences of this pandemic. Thus, the Saudi Society of Diabetes
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would like to provide its recommendations for the clinical care of diabetes dur-
ing this COVID-19 pandemic.

2. Diabetes Mellitus and COVID-19
2.1. Diabetes Mellitus and COVID-19 Morbidity and Mortality

Diabetes promotes severe progression in COVID-19 patients, the presence of
coexisting diabetes was more common among COVID-19 patients with severe
disease than among those with non-severe disease (16.2% vs. 5.7%), (Figure 1).
Data was extracted regarding 1099 patients with laboratory-confirmed Covid-19
from 552 hospitals in 30 provinces, autonomous regions, and municipalities in
China through January 29, 2020 [2]. Another nationwide analysis of comorbid-
ity and its impact on 1,590 patients with COVID-19 in China, also, revealed
thatCOVID-19 patients with diabetes had a worse prognosis (Figure 2) [3].
Diabetes is considered as a risk factor for mortality in cases with COVID-19.
A large national study showed that the mortality of patients with diabetes was
significantly higher than that of non-diabetic patients, (10% vs 2.5% P <0.001)
[3]. In addition, WHO Joint Mission claimed that patients who reported no
comorbid conditions had a CFR of 1.4%, patients with comorbid conditions had

Figure 1. COVID-19 patients with comorbidities [2].

Figure 2. The risk of reaching to the composite endpoints and disease
severity among patients with COVID-19 [3].
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much higher rates—9.2% for diabetes [4]. Also, Chinese CDC declared that pa-
tients who reported no comorbid conditions had a case fatality rate (CFR) of
0.9%, while patients with comorbid conditions had much higher rates—7.3%
for diabetes [5]. A research about clinical characteristics of 82 death cases with
COVID-19 found that diabetic ketoacidosis is one of the causes of mortality [6].

2.2. How Does Diabetes Accentuate COVID-19 Morbidity?

High level IL-6, TNF-a and other inflammatory cytokines are expressed in the
serum of individuals with diabetes [7]. Moreover, animal models suggested that
diabetes significantly promoted the production of TLR4-induced IL-6 [8]. Also,
studies have shown that coronavirus, including SARS, is highly likely to activate
TLR3 and TLR4, leading to a runaway immune response [8], which in turn leads
to I1-6-dominated cytokine storms, which have also been shown to be one of the
leading causes of death from coronavirus pneumonia [9]. In addition, IL-6 were
associated with death of COVID-19 patients, univariate regression showed in-
creasing odds of in-hospital death associated with IL-6 (odds ratio 1.12, 95% CI
1.03 - 1.23, Per 1 unit increase; p = 0.0080) [10]. Therefore, it can be speculated
that over activation of TLR4 signaling (Figure 3) in individuals with diabetes
may contribute to the progression of the severity of the disease and even mortal-
ity.

Moreover, patients with diabetes may have bad glycemic control after viral

Figure 3. The potential mechanism of high severe/died risk in diabetic patients [10].
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infection. It was suggested that SARS-CoV may cause pancreatic islets pathology
because of the expression of angiotensin converting enzyme 2 (ACE2), the func-
tional receptor of SARS-CoV, in the exocrine and endocrine tissues of the pan-
creas [11]. In addition, a recent study in China have found that SARS-CoV-2 is
able to efficiently use human ACE?2 as a receptor for cellular entry, which could

potentially facilitate human-to-human transmission [12].

2.3. Glucose Level Fluctuation in Patients with COVID-19

Glucose level is fluctuating in patients with diabetes and COVID-19 because of
irregular diet, reduced exercise, increased glucocorticoids secretion due to stress,
the use of glucocorticoids in treatment, the interruption or non-standard treat-
ment with oral antidiabetic drugs (OAD) in isolation wards. Also, COVID-19
can cause human body to produce a large number of inflammatory cytokines

and lead to extreme stress in some severe and critical patients [13].

3. Management of Diabetes Mellitus in Patients with
COVID-19

3.1. Glycemia Target in Patients with COVID-19

Stratification of cases with COVID-19 according to severity is the first step for
better glucose management. For mild and moderate non-elderly COVID-19 pa-
tients, stick with strict high control target (Table 1). For mild and moderate el-
derly patients, or patients who have been using glucocorticoid, set up a low or
strict control target. For severe and critical patients, elderly patients, hypoglyce-
mia intolerable patients, or patients who have organ dysfunction or serious car-
diovascular and cerebrovascular diseases, set up a low control target (Table 1).
Also, hypoglycemia occurrence should be minimized during glucose manage-
ment in diabetes patients with COVID-19. Medical care should be performed in
time if hypoglycemia occurs [13].

3.2. Therapeutic Principle of Glucose Management in Patients
with COVID-19

Insulin treatment is the first choice if diabetes combined with severe infection.
For non-critical patients, insulin sc. injection is recommended, and basic dosage
can refer to the out-of-hospital dosage. For critical patients, CSII is recom-
mended. In case of serious glucose metabolism disorder with water and electro-
lyte and acid-base disorders, IV insulin treatment should be started, in combina-

tion with aggressive fluid infusion. If the clinical condition is stable and eating

Table 1. Target stratification of glucose management in hospitalized patients.

High Medium Low
FPG/PPG, (mmol/L) 4.4 -6.1 6.1-7.8 7.8 -10.0
2hPPG/GLU, (mmol/L) 6.1-7.8 7.8 -10.0 7.8-13.9
DOI: 10.4236/ijcm.2020.115020 202 International Journal of Clinical Medicine
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pattern is regular, patients can continue OAD treatment as before admission.
Using NPH and long-acting insulin is recommended during glucocorticoid
treatment to control the glucose level. Also, measure 7 point glucose (if neces-
sary, plus nocturnal glucose) during insulin treatment [13]. Antidiabetic drugs

and their use are shown in Table 2.

3.3. Management Plan of Diabetes in Patients with COVID-19
according to Disease Severity

Severity of COVID-19 can be based on the clinical classification released by the
National Health Commission of China as shown in Table 3 [14].

1) Mild cases

There is no need to adjust the original regime too much. Both OAD and in-

sulin treatment can be maintained. The progress of COVID-19 can be rapidly,

Table 2. Anti-diabetic drugs and COVID-19.

Class Comment

Not recommended in severe/critical patients; patients with gastrointestinal

Metformin
symptoms or lack of oxygen.
Mild/moderate patients using glucocorticoid:
e Short-acting agents can be used in early stage;
Secretagogue 16 28 asecd v stag

e Middle/long-acting agents if FPG and/or PPG increased or in
advanced stage.

Can be used to control PPG.

a-glucosidase
5 Not recommended in severe/critical patients; or in patients with

inhibitor R .
gastrointestinal symptoms.
Can be used during the process of glucocorticoid treatment.
TZD . . .
Regime should be adjusted according to treatment effect.
DPP-4i Not recommended
SGLT-2i Not recommended for COVID-19 patients having stress reaction at

different levels.

Table 3. Severity classification of COVID-19.

Mild clinical manifestation

Mild .
None Imaging Performance
Moderate Fever, respiratory symptoms, pneumonia performance on X-ray or CT
Meet any of the followings:
1. Respiratory distress, RR > 30/min;
Severe 2. Oxygen saturation < 93% at rest state;

3. Arterial partial pressure of oxygen (PaO.)/Fraction of inspiration Oz (FiO2) <
300 mnHg, 1 mmHg = 0.133 kPa

Meet any of the followings:
1. Respiratory failure needs mechanical ventilation;
Critically severe 2. Shock;
3. Combined with other organ failure, patients need ICU monitoring and
treatment

DOI: 10.4236/ijcm.2020.115020
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and can be worsen with hyperglycemia, thus, it is strongly recommend to in-
crease the frequency of glucose monitoring, and consult with physicians to
adjust treatment regime whenever needed even in diabetes patients with mild
COVID-19.

2) Moderate cases

Original treatment regime is to be maintainedif patient’s cognitive condition,
appetite and glucose control are within normal range. In patients with obvious
COVID-19 symptoms who cannot eat regularly, OAD is to be switched to insu-
lin. Premix insulin regime is to be switched to basal-bolus regime or insulin
pump for better flexibility of glucose management.

3) Severe and critical cases

Intravenous insulin injection should be the first-line treatment. For patients
who are in process of continuous renal replacement therapy (CRRT), the pro-
portion of glucose and insulin in the replacement solution should be increased
or decreased according to glucose monitoring result to avoid hypoglycemia and
severe glucose fluctuations.

3.4. Management Plan of for Different Types of Diabetes in
Patients with COVID-19

1) Type 1DM

Insulin pump or basal plus bolus insulin treatment is the optimal regimen.
Insulin analogues are recommended as first choice. Insulin treatment regimenis
to be individualized according to individual’s profile.

2) Type 2DM

For mild COVID-19 patients with low-moderate glucose increase, non-insulin
diabetes drugs can be used. For patients with fever or treated by glucocorticoid,
insulin treatment is the first choice. For critical patients, insulin IV injection is
recommended.

3) Glucocorticoid-associated diabetes

Glucocorticoids-induced glucose increase often occurs between after-lunch
and before-sleep. Therefore, it is important to monitor blood glucose after lunch

and before dinner. Insulinisthe first choice.

3.5. Glucose Management of COVID-19 and Diabetes Treated with
Glucocorticoids

Effect of glucocorticoids in COVID-19 is uncertain. However, some centers re-
ported that glucocorticoids can be used in critical patients, or patients with fever
and sporadic lesion in lungs, to reduce inflammatory lung injury. Thus, special
consideration should be taken in management of glucose level in those cases
[13].

3.6. Glucose Management of Children and Adolescents

In children, strengthen blood glucose monitoring (4 - 7 times/day) and indivi-

dualize the exercise program. The total energy requirement in kcal/day = (Age *
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70

- 100) + 1000 with carbohydrate: 50% - 55%, fat: 25% - 35% and protein: 15%

- 20%. It is to be adjusted by nutrition, physical activity and stress of the child-

ren. Identify DKA and hypoglycemia in time. Target of blood glucose control is
HbAlc < 7.5% [15] [16].

4.

Recommendations

Because of the more fluctuations of blood glucose level, strengthened dy-
namic glucose monitoring is necessary.

As disease conditions of COVID-19 and diabetes can change rapidly, it is
recommend to apply insulin therapy as soon as possible according to glucose
level, and actively adjust treatment regime, to control glucose to a relatively
ideal level.

Insulin IV injection should be the first-line treatment in severe and critical
patients.

For fasting patients, the suggested ratio of glucose to insulin in IV infusion
fluid is 2 - 4 G glucose: 1U insulin.

Too much and too long course of glucocorticoid treatment are main risk
factor for glucose deterioration.

When gradually reduce glucocorticoid treatment, we should also pay atten-
tion to glucose fluctuation, and adjust insulin dosage according to glucose
level.

In principle, it is recommended to measure blood glucose 7 times a day.
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Abstract

As a product in the process of insulin synthesis, C-peptide’s physiological
function is still not very clear. Recent studies have shown that C-peptide has
many potential cell targets and has biological effects on a variety of tissue
systems in humans and other animals. In this paper, the effects of C-peptide
on diabetic complications, reproductive endocrine system, blood system, tis-
sue repair, and neoplastic diseases were reviewed to provide references for
further clarification of c-peptide related problems.

Keywords

C-Peptide, Physiological Functions, Review

1. Introduction

C-peptide is a polypeptide composed of 31 amino acids; it is a key substance
connecting proinsulin alpha chain and beta chain, and plays an important role
in the correct folding of proinsulin and the formation of disulfide bonds. Endo-
genous or exogenous substances such as glucose, amino acids, glucagon, etc.
stimulate £ cells to release equal amounts of insulin and C-peptide from their
secretory vesicles. The regulation of insulin on blood glucose, fat and protein
metabolism has been very clear, and has long been used clinically as a hypogly-
cemic drug. As a homologous active substance secreted by insulin, C-peptide has
not been paid enough attention for a long time, and its physiological function is
still not very clear. C-peptide was previously considered to be inert, but now
more and more studies have shown that C-peptide is a physiologically active
molecule with many potential cellular targets [1]; it can play an important role in
diabetic complications, reproductive endocrine system, blood system, tissue re-
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pair, tumor diseases and other aspects.

2. The Role of C-Peptide in Diabetic Complications
2.1. Effect of C-Peptide on Kidney

Diabetic nephropathy (DN) is a serious diabetic microvascular complication; it
is the main cause of end-stage renal disease and the leading cause of death in
T1DM patients. The appearance of urinary protein and the gradual decline of
renal function are the signs of the development of DN.

Studies have shown that C-peptide has the effect of improving DN, and its
protective effect on the kidney is reflected in two aspects of structure and func-
tion. A study in rats showed that physiological dose of C-peptide treatment can
reduce urinary protein, improve glomerular sclerosis and podocyte morphology,
reduce the thickness of glomerular basement membrane, and inhibit the synthe-
sis of glomerular mesangin [2]. Another Meta analysis showed that C-peptide
can reduce glomerular hyperfiltration and reduce urine protein in TIDM pa-
tients with normal renal function or early renal disease; C-peptide can reduce
urine protein, diminish glomerular volume and mesangial matrix area in diabet-
ic animals [3]. However, research by Nakamoto et al showed that C-peptide did
not improve the glomerular filtration membrane structure of early T1DM rats,
and believed that the protective effect of C-peptide on reducing glomerular fil-
tration rate was functional, not Structural [4]; but the duration of this study is
short (only 1 day of C-peptide injection), and its long-term effect is unknown, so
the conclusion is open to question. Evaluation of the effect of pancreatic trans-
plantation surgery further supports the beneficial effect of C-peptide on DN,
because renal function in patients with T1DM can be partially improved after
transplantation, which is considered to be due to the supplementation of C-
peptide [5].

Research by Li et al showed that C-peptide hardly enters glomerular cells
when blood glucose levels are normal, but C-peptide can be dynamically loca-
lized in the nucleus after high glucose stimulation, which provides a basis for
elucidating the mechanism of C-peptide on DN [6]. The protective mechanism
of C-peptide on DN is as follows: a) C-peptide stimulates eNOS gene transcrip-
tion, inhibits iNOS expression, down-regulates RAGE and up-regulates PKA, and
prevents and delays microangiopathy in the kidney [2] [6]. b) Matrix metallo-
proteinases (MMPs) are zinc-dependent endopeptidases, which can degrade many
types of extracellular matrix components.C-peptides may reduce the accumula-
tion of DN extracellular matrix by delaying MMP-9 expression, thus reversing
DN [7]. ¢) C-peptide may be used as a natural antioxidant to protect the func-
tion of islet S cells and delay DN [8]. d) C-peptide can play a protective role in
the kidney by reducing the inflammatory response [9].

2.2. Effect of C-Peptide on Retina

Diabetic retinopathy (DR) is the most common microvascular complication of
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diabetes and one of the main causes of blindness in adults, which greatly reduces
the quality of life of diabetic patients. 45% of T2DM patients with a disease
course of more than 10 years are associated with varying degrees of DR [10].

A large number of studies have shown that C-peptide can reduce the occur-
rence of DR. A retrospective analysis of the Diabetes Control and Complications
Test showed that the residual secretion of serum C-peptide reduced the inci-
dence of DR in T1DM patients. Studies have shown that serum C-peptide levels
are negatively correlated with the prevalence of DR in patients with T2DM; DR
patients show lower levels of fasting C-peptide, 2 h postprandial C-peptide, and
AC-peptide (2h postprandial C-peptide minus fasting C-peptide) [11]. Retinal
pigment epithelium (RPE) is a layer of epithelial cells containing pigment be-
tween the neural retina and the choroid; RPE cells have the potential to differen-
tiate into photoreceptors and ganglion cells. The main cause of DR is damage to
RPE, which leads to the destruction of the blood-retinal barrier and macular
edema [12]. An animal experiment (STZ-induced T1DM mouse model) showed
that C-peptide can improve retinal vascular permeability and prevent vascular
leakage [13].

The mechanism by which C-peptide protects the retina is as follows: a) C-
peptide improves retinal vascular permeability and prevents retinal neovascula-
rization by affecting various effector proteins and transcription factors of RPE
[13]. b) C-peptide normalizes Na*-K*-ATPase activity [14], on the one hand pre-
vents RPE into fibroblasts and myofibroblasts [15], on the other hand inhibits
the activity of retinal vascular endothelial growth factor dependent signaling

pathway recovery [13], thereby preventing retinal detachment.

2.3. Effect of C-Peptide on Nervous System

Diabetic peripheral neuropathy (DPN) is the most common neurological com-
plication of diabetic patients. DPN greatly increases the risk of diabetic patients
suffering from foot ulcers, ankle fractures and lower limb amputations, leading
to a significant decline in the quality of life of patients. It also causes a huge so-
cio-economic burden.

C-peptide may have a potential inhibitory effect on the occurrence of DPN. A
study of Chinese people showed that serum C-peptide was negatively correlated
with the prevalence of DPN in T2DM patients; the serum concentration of fast-
ing C-peptide, 2 h postprandial C-peptide and AC-peptide in the non-DPN
group was significantly higher than that in the clinical DPN group and the con-
firmed DPN group [16]. Jolivalt et al research showed that exogenous C-peptide
can delay and prevent STZ-induced T1DM mice from experiencing movement,
pain, temperature, and tactile dysfunction [17]. Clinical studies have shown that
exogenous C-peptide can improve the ability of lower limb vibration perception
in TIDM patients [18].

The mechanism by which C-peptide delays the occurrence of DPN is that
C-peptide stimulates eNOS gene expression, enhances Na*-K*-ATPase activity,
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and increases the secretion of neurotrophic factors, thereby protecting nerve

cells and nerve fibers from high glucose toxicity damage [19].

2.4. Effect of C-Peptide on Macrovascular Disease

Diabetic macroangiopathy mainly includes coronary arteriosclerosis, cervical
vascular and cerebral vascular sclerosis, renal arteriosclerosis, extremity arterios-
clerosis, etc., which is the main cause of death in T2DM patients.

Studies have shown that serum C-peptide can promote arteriosclerosis. Pik-
kemaat et al showed that increased baseline serum C-peptide concentration was
associated with increased risk of all-cause death and cardiovascular death in
newly diagnosed T2DM patients [20]. Further research shows that for all T2DM
patients (regardless of whether they are newly diagnosed or not, regardless of
whether they have atherosclerotic disease), C-peptide is positively correlated
with cardiovascular mortality risk [21] [22].

The mechanism by which C-peptide promotes the occurrence of macrovascu-
lar complications is that C-peptide increases the lipid deposition on the vascular
wall by increasing triglycerides or reducing high-density lipoprotein cholesterol
levels; Increased risk of cardiovascular disease by promoting proliferation of

vascular wall macrophages and vascular smooth muscle cells [23] [24].

3. The Role of C-Peptide in Other Aspects
3.1. Effect of C-Peptide on Reproductive Endocrine System

Non-alcoholic fatty liver disease (NAFLD) refers to a wide range and varying
degrees of liver damage, from steatosis to steatohepatitis, advanced liver fibrosis
and cirrhosis. C-peptide may promote the development of NAFLD. Data from
the National Health and Nutrition Examination Survey show that fasting
C-peptide is a risk factor for NAFLD in the general population of the United
States [25]. Studies have shown that C-peptide is independently associated with
liver fibrosis in T2DM patients [26]. The mechanism by which C-peptide pro-
motes NAFLD is that C-peptide increases leptin by activating PI3K or PKB
pathway [27], and the increase of leptin promotes hepatic steatosis [28].

C-peptide has a positive effect on the increase of bone mineral density (BMD).
Studies have shown that C-peptide levels are positively correlated with lumbar
BMD in postmenopausal women [29]. A study of postmenopausal women with
diabetes has similar conclusions [30]. The mechanism by which C-peptide in-
creases BMD may be through the ERK 1/2 pathway acting on osteoblasts, in-
creasing collagen biosynthesis, and inhibiting osteoclasts by reducing RANKL
expression [30].

C-peptide can maintain the reproductive system function of diabetic animals.
Studies have shown that C-peptide can be combined with insulin (or even re-
place insulin) to prevent or delay mouse testicular dysfunction caused by di-
abetes [31]. The mechanism is as follows: a) The antioxidant effect of C-peptide

reduces DNA breakage and apoptosis [32]; b) C-peptide can activate protein ki-
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nase &, inhibit the generation of reactive oxygen species by mitochondrial NADPH

oxidase, thereby preventing the apoptosis of endothelial cells [33].

3.2. C-Peptide Levels Are Associated with Hematological Diseases

C-peptide has a positive effect on the increase of hemoglobin. A cross-sectional
study of T2DM patients showed that the concentrations of fasting C peptide, 2 h
postprandial C-peptide, and AC-peptide in anemia patients were lower than
those without anemia, indicating that the degree of anemia was negatively cor-
related with serum C-peptide concentrations in T2DM patients (fasting C pep-
tide: r = —0.057, p = 0.032; 2 h postprandial C-peptide: r = —0.098, p < 0.001;
AC-peptide: r = —0.095, p < 0.001) [34]. Hemoglobin is used as an indicator to
evaluate the degree of anemia. The lower the hemoglobin, the more severe the
anemia. At present, the mechanism of C-peptide on hemoglobin is not clear; it is
considered that C-peptide may have the effect of anti-oxidation and mainten-

ance of Na*-k*-ATPase activity, so as to prolong the life of red blood cells.

3.3. Effect of C-Peptide on Tissue Repair

C-peptide may have a potential role in promoting the repair of tissue damage.
Studies have shown that C-peptide can significantly promote skin wound heal-
ing in diabetic mice [35]. A study of TIDM mice showed that when simvastatin
induces skeletal muscle apoptosis, C-peptide can effectively inhibit apoptosis
[36]. Tauber et al study has shown that angiogenesis and granulation tissue
formation in the early healing stage of non-diabeticrabbit skeletal muscle tissue
samples are positively correlated with the level of C-peptide in peripheral blood
[37], so it is believed that C-peptide can also be used to monitor the healing
process of tissues without diabetes. The mechanism of C-peptide to promote
tissue healing is as follows: a) C-peptide inhibits apoptosis through pertussis
toxin sensitive pathway [36]. b) C-peptide induces endothelial cell migration and
mediates neovascularization by activating extracellular signal-related kinases and

inducing nitric oxide production [35].

3.4. The Role of C-Peptide in Neoplastic Diseases

C-peptide plays an important role in a variety of neoplastic diseases. C-peptide
may have different effects on tumors in different parts. C-peptide can promote
the occurrence and development of various tumors. A large prospective study
showed that high levels of C-peptide increased the risk of developing cancer in
the colon (OR = 1.73), liver (3.23), kidney, renal pelvis, and ureteral cancer
(2.47) [38]. Another study showed that high levels of C-peptide may be asso-
ciated with high-risk prostate cancer. The mechanism by which C-peptide pro-
motes the occurrence of these tumors is not clear [39].

C-peptide may have an inhibitory effect on tumor formation and metastasis in
certain parts. Studies have shown that C-peptide can prevent vascular leakage

and metastasis of melanoma cells in the lungs of diabetic mice caused by hyper-
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glycemia [40]. The mechanism may be that C-peptide reduces the damage of
adhesion molecules to the vascular endothelium by inhibiting the induced
intracellular events of vascular endothelial growth factor (including the increase
of intracellular reactive oxygen levels, TGase2 activation, etc.), thereby prevent-
ing vascular leakage [40]. Research by Nogueira ef a/. Showed that C-peptide le-
vels are inversely related to pancreatic duct adenocarcinoma in current smoking

patients [41].

4. Outlook

In summary, C-peptide can play an active role in multiple systems, including
chronic microvascular complications of diabetes, bone mineral density, repro-
ductive system, anemia, tissue repair, and the occurrence of some tumors; how-
ever, it has adverse effects on diabetic macrovascular complications, fatty liver,
and other tumors. At present, the many mechanisms of C-peptide are still un-
clear. At present, many mechanisms of action of C-peptide are still unclear; as a
small molecule peptide, it is unclear whether it can cooperate with other sub-
stances to exert physiological and biochemical functions. With the deepening of

research, C-peptide may be used as a breakthrough in diabetes treatment.
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Abstract

Objective: To investigate the relationship between hypertensive intracerebral
hemorrhage and internal carotid atherosclerosis and its risk factors by CTA
(Computed tomography angiography). Methods: The clinical materials of
hypertensive intracerebral hemorrhage patients with carniocervial CTA from
January 2018 to August 2019 in Puren Hospital of Wuhan were analyzed re-
trospectively. The correlation and risk factors between hypertensive intrace-
rebral hemorrhage and internal carotid atherosclerosis were studied by lo-
gistic regression and descriptive analysis, at the same time, the application
value of carniocervial CTA in patients with cerebral hemorrhage was eva-
luated. Results: There was a correlation between hypertensive intracerebral
hemorrhage and internal carotid atherosclerosis (y* = 5.319, P =0.021 < 0.05,
OR = 2.70 > 1), which indicated that internal carotid atherosclerosis was the
risk factor of hypertensive intracerebral hemorrhage, and there was no sig-
nificant correlation between the location of internal carotid atherosclero-
sis, multiple atherosclerosis of internal carotid artery and hypertensive intra-
cerebral hemorrhage. Monofactor analysis showed that the risk factors of
hypertensive intracerebral hemorrhage with internal carotid atherosclerosis
were sex, age, diabetes and hyperlipidemia. According to the logistic regres-
sion analysis, hyperlipidemia and diabetes were independent risk factors for
hypertensive. Conclusion: The occurrence of hypertensive intracerebral he-
morrhage is related to internal carotid atherosclerosis and is affected by many
factors. Carniocervial CTA is helpful to the diagnosis of cerebral hemorr-
hage.
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1. Background

Hypertensive intracerebral hemorrhage is a common cerebrovascular disease in
clinical work. As the problem of aging population becomes more and more
prominent, the incidence of the disease is also increasing year by year. It has the
characteristics of disability rate, mortality rate, high recurrence rate and is one of
the biggest threats to human health in the 21st century [1]. Studies have shown
that carotid atherosclerosis exists in 20% of patients with intracerebral hemorr-
hage [2]. This paper uses head and neck CTA, to further explore the relationship
between the characteristics of carotid atherosclerotic plaque in internal carotid
artery and hypertensive intracerebral hemorrhage, and expounds the application

value of CTA in intracerebral hemorrhage disease.

2. Objects and Methods
2.1. Object of Study

From January 2018 to August 2019, 50 patients with hypertensive intracerebral
hemorrhage who were admitted to Puren Hospital of Wuhan City were selected
as the experimental group and 50 patients with non-cranial hemorrhage were
selected as the control group, including 9 patients with mild craniocerebral trau-
ma, 20 patients with dizziness and headache, 21 patients with transient ischemic
attack. All patients underwent CTA examination.

Inclusion criteria: 1) consistent with the clinical diagnostic guidelines related
to hypertensive intracerebral hemorrhage [3]; 2) confirmed by MRI, CT and
other imaging examinations; 3) initial onset.

Exclusion criteria: 1) patients with secondary intracerebral hemorrhage, such
as aneurysm rupture, cerebrovascular malformation, trauma, tumor, etc.; 2) pa-
tients with recurrent hypertensive intracerebral hemorrhage; 3) patients with
hemorrhagic cerebral infarction; 4) patients with head and neck CTA with poor
imaging and incomplete clinical data.

From January 2018 to August 2019, 50 patients with non-cranial hemorrhage
were selected as the control group, including 9 patients with mild craniocere-
braltrauma, 20 patients with dizziness and headache, 21 patients with transient
ischemic attack, and head and neck CTA were performed during hospitalization

or during outpatient visits.

2.2. Methods

2.2.1. Instruments and Reagents
Adopt 128 row GE optima660CT machine, non-ionic contrast agent iodohydrol;
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the patient has signed the consent before the examination.

2.2.2. Scanning Mode

Take the supine position, use the head frame to fix the head, ask the subject to
keep the head and neck still during the examination, fix the forehead with ban-
dages, ask the patient to breathe calmly, avoid swallowing when scanning. scan-
ning range from the aortic arch to the cranial top. scan parameters: tube voltage
100 KV, tube current 350 mA, scan layer thickness, layer interval scan 0.6 mm
scan field of view 400, LW = 40, pitch 0.984:1.000. Iodine sea-alcohol, iodine
contrast agent g/50ml. 17.5 all patients were treated with low-dose group injec-
tion: through the elbow intravenous injection of contrast agent 15 ml and saline
20 ml flush tube, injection speed 4 - 5 ml/s, delay Xs (x represents the scan delay
time, the routine set to 10 s) after the C4 vertebral lam dynamic scan. The mi-
cro-calcification region of interest (MROI) analysis software was used to observe
and measure the peak concentration of the contrast agent at the C4 carotid ar-
tery, and obtain the turning point Y on the time-density curve of contrast en-
hancement Value, according to the conventional method (X + 2Y + 1) to calcu-
late the enhanced scan delay time, wait for 5 min after injecting 50ml of contrast
agent and 50 ml of saline to perform a two-phase scan of the same site with the

contrast agent injection flow rate, and obtain a head and neck CTA image.

3. Basic Information

Record the patient’s age, gender, diabetes, hyperlipidemia, smoking, drinking
history and other data. Carotid atherosclerotic plaque is defined as local bulge
thickening, protruding into the lumen, thickness > 1.3 mm [4]. According to
carniocervial CTA imaging data and the 7-segment method of internal carotid
artery proposed by Bouthillieretal in 1996 [5], the carotid atherosclerosis was di-

vided into extracranial atherosclerosis and intracranial atherosclerosis.

4. Statistical Processing

SPSS17.0 was used for statistical analysis. Counting data is expressed in (n%),
using y* test. The measurement data is expressed by (X * S), and t test is used.
Multivariate correlation analysis was performed using binary classification Lo-
gistic regression analysis. P < 0.05 is a significant difference, with statistical sig-

nificance.

5. Result
5.1. Comparison of Basic Clinical Data

The patients in the hypertensive cerebral hemorrhage group were 36 - 81 years
old, with an average of (62.86 + 10.38) years old. There were 32 male patients
and 18 female patients. The patients in the non-cerebral hemorrhage group were
27 - 82 years old, with an average of (59.86 + 13.23) years old. There were 26
male patients and 24 female patients. Two independent sample t tests were car-
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ried out on the ages of the two groups. The t value was 1.261 and the p value was
0.210. There was no difference in age between the two groups. Chi-square test
was conducted on the gender composition of the two groups, and their y* value
was 1.478 and p value was 0.224. There was no difference in gender composition
between the two groups. There was no statistically significant difference in age

and gender between the two groups, and they were comparable.

5.2. Analysis of the Incidence of Internal Carotid Atherosclerosis
in Patients with Hypertensive Cerebral Hemorrhage and the
Correlation between Internal Carotid Atherosclerosis and
Hypertensive Cerebral Hemorrhage

According to the imaging data of the patient’s head and neck CTA, the statistics
of internal carotid atherosclerotic plaque sclerosis. Among the 50 patients with
hypertensive cerebral hemorrhage, 38 patients (76.0%) with internal carotid
atherosclerosis, including 11 patients (28.9%) with internal carotid artery intra-
cranial segment alone There were 6 patients (15.8%) with plaque in the extra-
cranial segment of arteries, and 21 patients (55.3%) had both; in the control
group, there were 27 patients (54%) with internal carotid atherosclerosis.
Among them, 13 patients (48.1%) had plaque in the intracranial segment of the
internal carotid artery alone, and 3 patients (11.1%) had plaque in the extra-
cranial segment of the internal carotid artery (11.40%). The formation of inter-
nal carotid atherosclerosis is a risk factor for hypertensive cerebral hemorrhage
(P <0.05, OR == 2.70 > 1). There is no difference in the probability of plaques in
the intracranial and extracranial segments of the internal carotid artery leading
to cerebral hemorrhage (P > 0.05). Not relevant (p > 0.05). See Tables 1-3 for
details.

5.3. Single Factor Analysis of Carotid Atherosclerosis in Patients
with Hypertensive Cerebral Hemorrhage

Among 50 cases of hypertensive cerebral hemorrhage, patients with internal

Table 1. Correlation analysis of internal carotid atherosclerosis and hypertensive cerebral hemorrhage.

With internal Carotid Without internal e p
atherosclerosis Carotid atherosclerosis
With 38 12
Hypertensive cerebral
5.319 0.021
hemorrhage
Without 27 23

Table 2. Correlation between different parts of internal carotid artery and hypertensive cerebral hemorrhage.

Intracranial segment  Extracranial segment X P
With 32 27
Hypertensive cerebral
0.340 0.560
hemorrhage
Without 24 14
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Table 3. Correlation between the features of internal carotid atherosclerosis site and hypertensive cerebral hemorrhage.

With

Hypertensive cerebral
hemorrhage

Without

Simple part Mixed parts b P
17 21
1.332 0.248
16 11

carotid atherosclerosis were divided into group A, and patients without internal
carotid atherosclerosis were divided into group B. There are 38 people in group
A and 12 people in group B. Univariate analysis showed that the risk factors for
atherosclerosis in patients with hypertensive cerebral hemorrhage were gender,
age, diabetes, smoking, hyperlipidemia and so on. The specific situation is shown
in Table 4.

5.4. Multivariate Logistic Regression Analysis of Hypertensive
Cerebral Hemorrhage

With or without hypertensive intracerebral hemorrhage (with hypertensive intra-
cerebral hemorrhage = 1, without hypertensive intracerebral hemorrhage = 0) as
the dependent variable, gender (male = 1, female = 0), age (260 is 1, <60 is 0),
diabetes (yes = 1, no = 0), smoking (y = 1, no = 0), hyperlipidemia (y = 1, no =
0) and other factors are independent variables, and multivariate logistic is per-
formed after assignment regression analysis. Hyperlipidemia and diabetes are
independent risk factors for hypertensive cerebral hemorrhage. The specific sit-

uation is shown in Table 5.

6. Discussion

Atherosclerosis is a common cause of cerebrovascular disease. 70% to 80% of
blood in the brain is supplied by the internal carotid artery. Previous studies
have pointed out that carotid atherosclerotic plaque is a high factor for cerebral
infarction. However, regarding carotid artery, there are few studies on the corre-
lation between atherosclerosis and cerebral hemorrhage. This article uses the
head and neck CTA to explain the correlation and risk factors of internal carotid
atherosclerotic plaque with hypertensive cerebral hemorrhage.

This study found that the formation of internal carotid atherosclerotic plaques
is a risk factor for hypertensive intracerebral hemorrhage, but it has no signifi-
cant correlation with whether the plaques are in the intracranial or extracranial
segment of the internal carotid artery. Hypertensive cerebral hemorrhage is
based on hypertension, and various types of hypertension can cause cerebral
hemorrhage under certain circumstances. At the same time, studies have shown
that the incidence of atherosclerosis in patients with hypertension is significantly
increased. Patients with hypertension have atherosclerosis 3 - 4 times higher
than those with normal blood pressure. May be due to high blood pressure, the
arterial wall is under high pressure, increasing the excitability of its sympathetic
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Table 4. Single factor analysis of carotid atherosclerosis in patients with hypertensive cerebral hemorrhage.

relevant factor classification Group A Group B X P
Male 28 4
Gender 4.813
0.028
Female 10 8
=60 28 3
Age
7.225 0.007
<60 10 9
With 22 2
Diabetes
. 6.211 0.013
Without 16 10
With 30 5
Hyperlipidemi
yperipidemia , 431 0.036
Without 15 7
With 27 3
Smoking
. 6.255 0.012
Without 11 9
With 19 8
Drinking
. 1.020 0.313
Without 19 4

Note: Group A: patients with internal carotid atherosclerosis among 50 cases of hypertensive cerebral hemorrhage; Group B: patients without internal caro-
tid atherosclerosis among 50 cases of hypertensive cerebral hemorrhage.

Table 5. Multivariate logistic regression analysis of hypertensive cerebral hemorrhage.

B S.E, Wals df Sig. Exp (B) EXP(B) 95% C.I.
Gender 0.053 0.469 0.013 1 0.909 1.055 0.042 - 2.647
Age —-0.284 0.480 0.352 1 0.553 0.752 0.294 - 1.926
Hyperlipidemia 0.916 0.449 4.163 1 0.041 2.500 1.037 - 6.027
Diabetes 1.221 0.499 5.996 1 0.014 3.391 1.276 - 9.010
Smoking 0.526 0.445 1.397 1 0.237 1.692 0.707 - 4.050
constant -1.075 0.489 4.841 1 0.028 0.341

nerves, increasing the amount of adrenaline angiotensin, endothelial cell dam-
age, causing excessive prostaglandins and thromboxane to adhere to the patient's
platelets And lipid deposition, and stimulate smooth muscle cell proliferation,
eventually leading to the formation of carotid atherosclerosis [6]. In this study, it
was found that in the hypertensive cerebral hemorrhage group and the control
group, the incidence of atherosclerosis in the intracranial segment of the internal
carotid artery was higher than that in the extracranial segment, respectively, 64%
and 48%. The specific reason is not clear, and it may be caused by the relatively
tortuous blood vessels of the internal carotid artery from the rock section to the
communication section in the cranial, resulting in relatively unstable hemody-
namics.

Multivariate analysis of whether patients with hypertensive cerebral hemorr-

hage have internal carotid atherosclerosis found that age greater than 60 years
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old, hyperlipidemia, diabetes, smoking, and gender are all influencing factors.
And multivariate Logistic regression analysis of hypertensive cerebral hemorr-
hage pointed out that hyperlipidemia (OR = 2.500, 95% CI: 1.037 - 6.027, P =
0.041) and diabetes (OR = 3.391, 95% CI: 1.276 - 9.010, P = 0.014) is an inde-
pendent risk factor for hypertensive cerebral hemorrhage. Therefore, for hyper-
tensive patients over 60 years old, in addition to actively controlling blood pres-
sure, blood lipid and blood sugar levels should also be paid attention to. It has
positive significance for preventing hypertensive cerebral hemorrhage.

With the development of CT angiography (Computed tomography angio-
gram, CTA) technology, we can use CTA image data to observe and measure the
plaque in the blood vessels of the head and neck and related data. Some research
results show that in detecting the number of internal carotid artery plaques, the
results of ultrasound examination are significantly lower than the results of CTA
examinations. The relationship between the characteristics of plaque and hyper-
tensive cerebral hemorrhage. CT angiography of the head and neck is one of the
important examination methods of cerebrovascular disease. Its operation is sim-
ple, the result is faster, safe and efficient, and it can accurately display the posi-
tion, size, and shape of the examiner's blood vessel and surrounding tissue. The
doctor provides a reliable basis for the diagnosis of the disease [7]. For patients
with cerebral hemorrhage, CTA examination can further investigate cerebral
hemorrhage caused by aneurysm and arteriovenous malformation. Compared
with ultrasound, the imaging of blood vessels by CTA is clearer, especially for

the examination of intracranial blood vessels.

7. Conclusion

In summary, patients with high blood pressure and diabetes who are over 60
years old are actively controlling blood lipid levels and quitting smoking, which
is one of the important measures to prevent hypertensive cerebral hemorrhage.
Reducing the prevalence of carotid atherosclerosis has certain significance for
controlling hypertensive cerebral hemorrhage. As an auxiliary examination me-
thod of cerebrovascular disease, CTA is conducive to improving the accuracy of

diagnosis and is worthy of promotion in the clinic.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-
per.

References

[1] Chamarro, R., Ponz, A., Alonso, M.D., Gil, R. and Lainez, J.M. (2003) Arterial
Hypertension and Intracerebral Hemorrhage. Neurologia, 18.

[2] Shoichiro, S., Toshiyuki, U., Mikito, H., Kazuyuki, N., Kazuo, M. and Kazunori, T.
(2013) Intra- and Extracranial Atherosclerotic Disease in Acute Spontaneous Intra-
cerebral Hemorrhage. Journal of the Neurological Sciences, 332, 116-120.
https://doi.org/10.1016/.jns.2013.06.031

DOI: 10.4236/ijcm.2020.115023

234 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2020.115023
https://doi.org/10.1016/j.jns.2013.06.031

B. Wu, C. Z. Zhou

(4]

(6]

(7]

Broderick, J., Connolly, S., Feldmann, E., ef al (2007) Guidelines for the Manage-
ment of Spontaneous Intracerebral Hemorrhage in Adults. 2007 Update: A Guide-
line from the American Heart Association/American Stroke Association Stroke
Council, High Blood Pressure Research Council, and the Quality of Care and Out-
comes in Research Interdisciplinary Working Group. The American Academy of
Neurology Affirms the Value of This Guideline as an Educational Tool for Neurol-
ogists. Chinese Journal of Cerebrovascular Diseases ( Electronic Version), 15, 484-504.
https://doi.org/10.1161/STROKEAHA.107.183689

Yuan, Y.M,, Sun, M.M. and Hang, X.Y. (2015) Relationship between the Ambula-
tory Blood Pressure Index and Atheroscle-Rosis in Elderly Patients with Hyperten-
sion. China Medical Herald, 20, 117-120.

Bouthillier, A., van Loveren, H.R. and Keller, J.T. (1996) Segments of the Internal
Carotid Artery: A New Classification. Neurosurgery, 38, 425-433.
https://doi.org/10.1227/00006123-199603000-00001

Liu, Z.M., Chen, Q.X,, Tian, D.F., Wang, L., Liu, B.H. and Zhang, S.Q. (2015) Clin-
ical Significance of Dynamic Monitoring by Transcranial Doppler Ultrasound and

Intracranial Pressure Monitor after Surgery of Hypertensive Intracerebral Hemorr-
hage. International Journal of Clinical and Experimental Medicine, 8.

Walter, C.M., Dumont, T.M., Zaninovich, O.A., ef al (2017) Completion of the Cir-
cle of Willis Varies by Gender, Age, and Indication for Computed Tomography
Angiography. World Neurosurgery, 106, 953-963.

https://doi.org/10.1016/j.wneu.2017.07.084

DOI: 10.4236/ijcm.2020.115023

235 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2020.115023
https://doi.org/10.1161/STROKEAHA.107.183689
https://doi.org/10.1227/00006123-199603000-00001
https://doi.org/10.1016/j.wneu.2017.07.084

International Journal of Clinical Medicine, 2020, 11, 236-241
https://www.scirp.org/journal/ijcm

ISSN Online: 2158-2882

ISSN Print: 2158-284X

Study on the Effects of Different Dietary
Preparation Methods on Capsule Endoscopy

Shizhen Zhang?, Jingping Cheng?*

'School of Medicine, Wuhan University of Science and Technology, Wuhan, China
’China Resources & WISCO General Hospital, Wuhan University of Science and Technology, Wuhan, China

How to cite this paper: Zhang, S.Z. and
Cheng, J.P. (2020) Study on the Effects of
Different Dietary Preparation Methods on
Capsule Endoscopy. International Journal
of Clinical Medicine, 11, 236-241.
https://doi.org/10.4236/ijcm.2020.115024

Received: March 23, 2020
Accepted: May 10, 2020
Published: May 13, 2020

Copyright © 2020 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Background: Capsule endoscopy (CE) examination has become the first-line
diagnostic method for small bowel disease, and intestinal preparation is a key
factor affecting the quality of CE examination. At present, there is no uniform
standard for dietary preparation methods before CE at home and abroad, and
there are few systematic comparative studies on the choice of dietary me-
thods. Objective: To explore the best method of preparing diet for capsule
endoscopy (CE) examination. Methods: 93 Patients who underwent CE ex-
amination in the digestive endoscopy center of Wuhan union medical college
hospital in October 2019 were randomly divided into 3 groups. Group A (n =
31): 1 day before the examination; a diet with low-residue was given, and 1
day before the examination, fasting was started at 8 p.m. until the examina-
tion was completed. Group B (n = 30): a clear liquid diet was followed 1 day
before the examination, and fasting was started at 8 p.m. 1 day before the
examination until the examination was completed. Group C (n = 32): fol-
lowed an ordinary diet 1 day before the examination, and began fasting at 8
p.m. 1 day before the examination until the examination was completed. In-
testinal preparation of the same drug was performed in 3 groups, and the in-
cidence of side effects and intestinal cleanliness of each group were com-
pared. Results: There was no significant difference in cleanliness between the
three groups (P > 0.05). The incidence of side effects in the three groups was
28.13%, 70.00% and 21.88%, respectively. The difference between group A
and group B, group C and group B is statistically significant (P < 0.05). Con-
clusion: The three diet preparation methods of low-residue diet, clear liquid
diet and ordinary diet can all achieve good intestinal cleansing effect. Clear
liquid diet can not obviously improve the cleanliness of the small intestine,
and there are relatively many side effects.
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1. Introduction

Capsule endoscopy (CE) examination has the advantages of no pain, simple op-
eration, safety, non-invasiveness, and no cross infection, which greatly expands
the field of vision of digestive tract examination. With the rapid development of
gastrointestinal endoscopy technology, small intestine capsule endoscopy has
become the preferred method for diagnosing small intestinal diseases in the field
of digestive diseases. However, there are still some shortcomings in the endos-
copy of small intestine capsules. Intestinal contents play a decisive role in the
accuracy of diagnosis.

Intestinal preparation is a key element that affects the quality of CE examina-
tion [1] [2] [3]. If the gastrointestinal tract is not cleaned thoroughly, and the
contents of the intestinal tract remain, it may result in unsatisfactory captured
images, which may affect the examination results and even cause misdiagnosis
and missed diagnosis. Therefore, thorough gastrointestinal cleansing before cap-
sule endoscopy is performed to improve the clarity of the captured images, which
is helpful to improve the accuracy of small bowel disease detection.

Dietary preparation is an important auxiliary measure for intestinal prepara-
tion [4] [5]. According to the amount of residue generated, dietary preparation
can be divided into clear diet, less residue diet and ordinary diet. At present,
there is no uniform standard for dietary preparation methods before CE at home
and abroad, and there are few systematic comparative studies on the choice of
dietary methods. In order to find out the best diet preparation methods before
CE examination, this article compares and studies the differences in the effect of

different diet preparation protocols on capsule endoscopic bowel preparation.

2. Materials and Methods

2.1. General Information

The case data were included in 93 patients who underwent capsule endoscopy in
the digestive endoscopy center of wuhan union medical college hospital in Oc-
tober 2019, including 60 males and 33 females aged 15 - 89 years. Exclusion cri-
teria: (1) failure of total intestinal examination caused by device factor; (2) the
capsule lens did not reach the small intestine and the capsule lens did not com-
plete the examination; (3) gastrointestinal bleeding, eating in advance and other

factors interfere with the examination of small intestine cleanliness.

2.2. Methods of Examination

(1) Inform the subjects and their families of the precautions for CE examination,
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and sign the informed consent. (2) Preparation of intestinal tract: Before the
examination, group A (n = 31), group B (n = 30) and group C (n = 32) were
given a slag-free diet, a clear-liquid diet and a normal diet, and the rest were the
same. That is to say, fasting will be started at 8:00 p.m. before the inspection un-
til the inspection is completed; at 9:00 p.m. before the inspection on the 1st be-
fore inspection, one packet of compound polyethylene glycol (PEG, Fujingqing)
will be dissolved in the morning at 5:00 and 6:00 on the inspection day. Put it in
1 L of warm water and finish it in 1 hour. On the day of the inspection at 7:00, a
bottle of simethicone is dissolved in 200ml of cold water and finished in 5 mi-
nutes. (3) Inspection: After swallowing CE with a small amount of water, the
subjects are instructed to fast and not to stay away from the inspection site. The
doctor monitors the operation of the capsules in real time and informs them to

eat according to the monitoring results.

2.3. Evaluation Method

Observe the cleanliness of the small intestine, calculatethe incidence of side ef-
fects. Small intestine cleanliness is evaluated by a single-blind method, which is
scored by CE readers based on the cleanliness of the intestinal tract of the CE
image and the overall observation effect. Intestinal cleaning grading: Level 1:
there are very few bubbles in the small intestine, no residue and turbid liquid.
The observation effect is good; Level 2: there is a small amount of air bubbles or
turbid liquid in the small intestine, no residue, which has little impact on the
observation effect; Level 3: a large amount of air bubbles or turbid liquid is
found in the small intestine, and a little residue, which affects the observation
effect; Level 4: a large amount bubbles and turbid liquid, more residue gathered
in the small intestine, which seriously affect the observation. Side effects include
gastrointestinal symptoms such as abdominal pain, nausea, and vomiting, as well
as general malaise such as dizziness and palpitation. The incidence of side reac-
tions is the percentage of people with side reactions in the total number of

people.

2.4. Statistical Methods

SPSS 22.0 statistical software was used for statistical analysis. The small intestine
cleanliness was measured by the rank sum test, the measurement data were ex-
pressed by mean * standard deviation (x * s), and the incidence of side reactions
was measured by chi-square test of line and column list data, with the test stan-
dard = 0.05.

3. Results

3.1. Comparison of General Conditions of Patients
General statistics of gender and age of patients in the three groups: there was no

significant difference in gender and age among the three groups, and the groups

were comparable (Table 1).
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Table 1. Comparison of general conditions of patients.

Gender
Groups n Age (years)
M F
Group A 31 18 13 4277 +15.34
Group B 30 21 9 43.77 +12.47
Group C 32 21 11 43.00 +13.24

3.2. Comparison of the Three Groups Related Indicators

There was no significant difference in cleanliness of small intestine between
groups A, B and C (P > 0.05). The results showed that during CE examination,
taking a sufficient amount of laxatives, most can achieve good intestinal prepa-
ration, but the relationship with dieting seems not so close. Among the 37 pa-
tients, 11 had abdominal pain and distension, 7 had nausea and vomiting, and
19 had palpitation, dizziness and chills. The incidences of side effects in groups
A, B, and C were 28.13%, 70.00%, and 21.88%, respectively, with statistically sig-
nificant differences between group A and B, C and B (P < 0.05). The results
showed that there were significant differences in side effects such as abdominal
pain, nausea, or dizziness in the normal diet group and the low-residue diet

group compared with the clear liquid diet group. See Table 2.

4. Conclusion

The three diet preparation methods of low-residue diet, clear liquid diet and or-
dinary diet can all achieve good intestinal cleansing effect. Clear liquid diet can
not obviously improve the cleanliness of the small intestine, and there are rela-
tively more side effects. The key part of intestinal preparation before capsule
endoscopy is cleaning the intestines. Taking a sufficient amount of laxatives
strictly according to doctor’s instructions until clear liquid is excreted, most can
achieve good intestinal preparation effects. And the relationship between clean-
liness and dieting seems not so close. Furthermore, patients have fewer side ef-

fects after eating, and will be more tolerant to capsule endoscopy examination.

5. Discussion

Since the capsule endoscopy was introduced in 1999, the clinical application of
capsule endoscopy has developed rapidly [6], and capsule endoscopy has now
become the preferred diagnostic method for small bowel diseases [7]. However,
due to the lack of water injection, gas injection, suction, and controllable func-
tions of the capsule endoscope, the real-time intervention of the shooting field
cannot be performed, so the CE examination has higher requirements for clean-
liness of the small intestine [8] [9]. In addition to the quality of intestinal prepa-
ration and oral laxatives, it is closely related to diet preparation programs [10]
[11]. There are few systematic comparisons of diet preparation methods before
the CE examination. At present, it is generally believed that the effect of a clear

liquid diet is better, but it is unclear whether the clear liquid diet before the test
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Table 2. Comparison of the three groups related indicators.

Cleanliness of small intestine/case The incidence of side

Groups .
Level 1 Level 2 Level 3 Level 4 reactions/case (%)
Group A (n=31) 5 14 8 2 9 (29.03)
Group B (n =30) 7 14 6 3 21 (70.00)
Group C (n=32) 4 15 10 3 7 (21.88)

has sufficient benefits to patients compared with low-residue diet and the nor-
maldiet [12] [13] [14] [15].

Intestinal preparation is one of the key aspects of capsule endoscopy. At
present, it mainly focuses on cleaning the intestines and preparing food. We use
3 L PEG electrolyte intestinal lavage liquid for intestinal preparation, and the ef-
fect is satisfactory [16]. As for diet preparation, some are accustomed to re-
stricting their diet 1 d before the examination and fasting from 8:00 p.m. the day
before the examination. Due to lack of energy and nutritional supplements, the
tolerance of the testers is significantly decreased, especially in poor health or
with basic diseases. The elderly, or outpatients from afar, are more likely to have
hypoglycemia-like reactions, aggravate discomfort, and directly affect the ex-
amination results. We observed the intestinal cleanliness of the three groups with
different dietary conditions, and the results were statistically analyzed, with P >
0.05. There was no statistical difference in intestinal cleanliness among the three
groups. The three diets had little effect on capsule endoscopy. A clear liquid diet
cannot significantly improve the cleanliness of the small intestine, and there are
relatively more side effects. There are still some deficiencies in this study, we
need to expand the sample size and do more detailed researches. And it's neces-
sary to do systematic comparative studies on the choice of dietary methods in
the following time.
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Abstract

Objective: To establish an evaluation index system for the first-time certifica-
tion of diabetes specialist nurses in line with the clinical nursing practice in
China, and to provide a reference basis for government administrations and
hospitals to formulate unified standards. Methods: After the research team
has determined the theme, it will consult the development of A) specialist
nursing through the library, Internet and electronic literature database; B) the
history of the development of specialist nurses in diabetes and other fields; C)
the selection criteria of specialist nurses; D) the training of specialist nurses
system, assessment method; E) Specialist nurse certification body, evaluation
standards and certification standards and other related documents, literature,
books and report materials. The author established the preliminary index
system through literature review, specialist interview and group discussion
and used Delphi method to organize three rounds of 30 experts’ consulta-
tions. Results: A first certification evaluation index system including 8 fun-
damental indicators, 5 first-level indicators, 19 second-level indicators and 99
third-level indicators was constructed for diabetes nurses. Conclusion: The
results of three rounds of expert consultation and demonstration are reliable,
and the constructed index system is suitable for comprehensive evaluation of
diabetes specialist nurses, which provides a basis for the effective manage-
ment of nursing resources.

Keywords

Diabetic Specialist Nurses, First Certification Evaluation Index,
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1. Introduction

With the development of social economy, the prevalence of diabetes is rising
world widely. According to the statistics of the International Diabetes Federation
(IDF), it is estimated that 380 million people will be diagnosed with diabetes by
2025 [1]. A survey conducted by the Diabetes Branch of the Chinese Medical
Association, published in the New England Journal in March 2010, shows that
the number of patients with diabetes in China has exceeded 92 million [2],
making it a major diabetic country. In order to cope with the growing popula-
tion of diabetic patients and the resulting economic and medical burdens, di-
abetes specialist nurses have been trained throughout the country [3]. However,
there is no uniform standard for the selection, training, assessment and certifica-
tion of diabetes nurses in China so far [4] [5]. In this study, the Delphi method
was used to establish an evaluation index for the first certification of diabetes
specialist nurses, which is expected to provide a reference basis for the certifica-
tion of diabetes specialist nurses.

2. Steps and Methods

2.1. Set up a Research Team and Select Consulting Experts

The research team consisted of 5 people, including 1 director of nursing depart-
ment, 1 head nurse, and 3 graduate students. 30 clinical experts, involving nurs-
ing management, nursing education, clinical nursing, community nursing, med-
icine, were selected from 10 provinces in East China, South China, West China,
North China, and Central China. Every expert is either from Class A First Class
Hospital or from college of advanced nursing with the technical title of deputy
senior or above (except the experts from clinical nursing, whose minimal title is
intermediate level). The experts with bachelor degree or above have more than
10 years of experience in diabetes or related majors.

2.2. Research Tools

After the research team has determined the theme, it will consult the develop-
ment of A) specialist nursing through the library, Internet and electronic litera-
ture database; B) the history of the development of specialist nurses in diabetes
and other fields; C) the selection criteria of specialist nurses; D) the training of
specialist nurses System, assessment method; E) specialist nurse certification
body, evaluation standards and certification standards and other related docu-
ments, literature, books and report materials. The author established the pre-
liminary index system through literature review, specialist interview and group
discussion and used Delphi method to organize three rounds of 30 experts’ con-
sultations. Key words of database retrieval include: diabetes specialist nurses,
current situation and development of specialist nursing, selection criteria, sys-
tem specifications, assessment methods, certification bodies, evaluation criteria,
etc. Review the collected literature content (see Figure 1 for the selection process
of literature data and Table 1 for the selection content).
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Figure 1. Selection process of research materials.

Table 1. Research materials of literature review and selection.

No. Literature review
) Junwen Zhao, Yajie Li. Effective management of clinical nursing experts and specialized
nurses [J]. Nanfang Journal of Nursing, 2005A4: A33, (03): 21-23.
5 Liping Wu, Huiping Li, Mei Zhao Xiuping Fang. Status quo of diabetes specialist nurses
cultivation. Journal of Nursing Science. 2011. (11): 87-90
N Allen NA. The history of diabetes nursing, 1914-1936 [J]. Diabetes Education, 2003, (6): 976,
979-984, 986 passim.
4 Yan Lv, Weigang Zhao, Yinyue Dong. The roles and development of overseas diabetes
specialist nurses [J]. Chinese Journal of Nursing, 2009, (10): 956+868+957-958.
5 Jainqgin Liu. The status and role of diabetes education nurses—Thoughts on visiting
Australian Diabetes Center [J]. Chinese Journal of Nursing, 2000, (07): 60-61.
6 Kawaguchi T. Certified diabetes expert nurse and nurse educators in Japan [J]. Diabetes
Research and Clinical Practice, 2007: S205-S207.
7 Spross JA, Gerard PS, France N. Directory of clinical nurse specialist programs in the
United States, 2005 [J]. Clinical Nurse Specialist, 2006, (1): 34-48.
Ruby KL, Blainey CA, Haas LB, et al. The knowledge and practices of registered nurse,
8  certified diabetes educators: teaching elderly clients about exercise [J]. Diabetes Education,
1993, (4): 299-306.
9 Moshang J. Getting the job done: the diabetes nurse specialist [J]. International Journal of
Clinical Practice, 2007, (9): 1429-1431.
10 Pingping Zhang. The current situation of clinical nursing experts and specialized nurses in
Japan [J]. Chinese Journal of Nursing, 2002, (09): 76-77.
1 Li Li, Shulan Cai. Review of nursing expert system in Japan and its enlightenment to China
[J]. Chinese Nursing Management, 2010, (02): 65-68.
12 Li Zhou, Ye Lu. A Survey and Consideration on the Need of Specialist Nurses in Hospitals
[J]. Nursing Journal of Chinese People’s Liberation Army, 2008, (02): 24-25+64.
13 Outline of China’s nursing development plan (2011-2015) [J]. Chinese Journal of Nursing,
2012, (03): 286-288.
14 Yang Min. Study on the training mode of American specialized nurses and Its

Enlightenment to China. See: Hu Lijun, chief editor. Nursing. 2009.
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Huo Xiaorong, Liu Shiging, Mo Yongzhen. Practice and experience of establishing training
base for diabetes specialty nurses [J]. Chinese Journal of Nursing, 2007, (06): 496-498.

Yajie Li, Liyin Zhang, Gangyi Peng, etc. The implementation of advanced course education
for graduate students of diabetes specialty nurses in Guangdong Province [J]. Chinese
Journal of Nursing, 2007, (06): 499-501.

Leishi Chen. Management of nursing professional development in Hong Kong [J]. (Chinese
Nursing Management, 2006, (12): 12-15.

Xiuhua Li, Jingxia Guo,Chunjuan Xu, etc. A study on the demands and status of the
development of specialty nursing [J]. Chinese Nursing Managemen, 2005, (05): 8-12.

Huailin Li. “Certification, standards, economy” [M]. Beijing: China Economic Publishing
House, 2005.

Chunyan Song, Juxiang Wang. Quantitative study of nurse core competency and influence
analysis of demographic variables [J]. Chinese Journal of Nursing, 2009, (01): 11-14.

Shen Ning. Research Report on teaching reform of nursing major [M]. Beijing: Higher
Education Press, 2000: 11-12.

Chen Wei, Ma Shugin, Mao Xueyi. Appreciation system theory and cognitive learning
theory—A comparative analysis of the three principles of system theory and cognitive
learning theory [J]. Journal of Lan Zhou Institute of Education, 2013, (06): 103-104.

Junwen Zhao, Yajie Li. Effective management of clinical nursing experts and specialized
nurses [J]. Nanfang Journal of Nursing, 2005, (03): 21-23.

Ruihua Jin, Jie Zheng, Yan Wang. Development status of diabetes nurse specialists in China
[J]. Nursing Research, 2010, (27): 2449-2450.

Sun Zhengiu. Comprehensive evaluation method of medicine and its application [M].
Beijing: Chemical Industry Press, 2006:40.

Fan Luo, Xi Shuhua. Study on the construction of core competency evaluation index system
for emergency specialized nurses [J]. Chinese Journal of Nursing, 2011, (02): 144-147.

Binhai Li, Junzhen Liu. Analysis on nurses’ job stress, satisfaction and related factors [J].
Soft Science of Health, 2009, (01): 36-38.

Huang Junyao, He Qian. Analysis and suggestion on health human resources in the hospital
[7]. 2009, (01): 126-127.

Wu Beiwen. Analysis and actuality in nursing research papers’ writing and publishing [J].
Chinese Journal of Nursing, 2005, (05): 329-331.

Qiao Anhua, Xi Shuhua. A review on critical care nurse specialist certification and training
[J]. Journal of Nursing Science, 2011, (02): 90-93.

Shang Linping, Xue Ping. Theoretical probe into carrying out specialist nurse certification
system in China [J]. Nursing Research, 2008, (36): 3291-3292.

The first round of expert consultation questionnaire was formed based on li-

terature review and expert interviews. The questionnaire contains three parts:

the basic information of the expert, the text of the questionnaire comprising of

the importance of indicators and the recommended modification by the expert

as well as the familiarity of the expert with the question and the main basis for

the expert to judge. The importance of indicators is based on the Likert scoring

method, which is from very important to unimportant (1 - 5 points, respective-

ly) [6]. Experts’ familiarity with various indicators is divided into 5 levels: unfa-

miliar, not very familiar, general, relatively familiar, very familiar. Three rounds

of questionnaires were distributed and received by email.
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2.3. Statistical Methods

The results were processed and analyzed by Microsoft Excel 2003 and SPSS17.0
to establish a database. The questionnaire response rate (%) is used to reflect the
enthusiasm of experts. The degree of coordination of expert opinions is ex-
pressed by the coefficient of variation (Vj) of the evaluation results of various
indicators and the Kendall’s W coefficient of expert opinions and its significance
test, where Vj represents the degree of fluctuation of the relative importance of
the indicators, and the smaller the Vj, the higher degree of coordination of ex-
pert opinions; The coordination coefficient (W) ranging between 0 - 1 is used to
test whether the opinions of experts on the indicators are consistent, the larger
the value, the higher the coordination of the opinions of the experts. Significance
test was performed on W, if P < 0.05, it means that the experts have consistent
scores on the indicators, indicating the results are desirable. The selection of re-
search indicators is based on the criteria of satisfying both the mean value of
importance value > 3.50 and the coefficient of variation < 0.25. At the same time,
combined with expert opinions, the indicators are screened by the collective re-

view of the research team.

3. Results

3.1. Basic Situation of Consulting Experts

A total of 30 consulting experts participated, 17 of them aged 40 - 49 years old,
accounting for 56.7%. 90% of the experts had more than 20-year working expe-
rience and had professional titles as deputy senior or higher. All of them had
bachelor’s degree or above including 11 professors (36.7%). There were 15 ex-
perts major in clinical nursing (50%) and 8 experts major in nursing manage-
ment (26.7%). Except for one from nursing colleges, the remaining 29 were from
the Class A First Class Hospitals.

3.2. The Questionnaire Recall Situation

30 questionnaires were distributed each round, and the first round had the effec-
tive response rate 100%; the second round, 86.7%; the third round, 100%.

3.3. The Degree of Authority of Experts

The degree of expert authority is reflected by the basis of experts’ judgment on
indicators and the familiarity of experts with indicators [7] [8] [9]. The average
authoritative degree of experts in three rounds of consultation were 0.77 - 0.94,
0.87, 0.87, respectively. It is generally considered that the degree of expert au-
thority > 0.7 is acceptable [7]. Thus, the degree of expert authority in this study
is relatively high.

3.4. The Degree of Concentration of Expert Opinions

The degree of concentration of expert opinions is expressed by the mean and

standard deviation of importance assignment. The larger the mean, the more
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important the indicator is. The average values of the indicators in the three
rounds of investigation were: 3.38 - 4.93, 2.67 - 5.00, 2.90 - 5.00; and corres-
ponding standard deviations were: 0.13 - 0.91, 0.10 - 1.06, 0.00 - 1.01, respec-
tively.

3.5. Degree of Coordination of Expert Opinions

After three rounds of consultation, the coefficient of variation of the third round
of index assignment was 0.00 - 0.38. The Kendall harmony coefficients W of ex-
perts in the three rounds of consultation were 0.366, 0.374, and 0.382, respec-
tively, and the significance test P < 0.01 indicated that the experts’ opinions were

well coordinated, and the results were desirable.

3.6. Expert Consultation Results

According to the selection criteria of the indicators and discussion by the re-
search group, the indicators that failed both directions were deleted, and the in-
dicators that failed one way were included in the next round of continued dis-
cussion. Due to space limitations, only the first two rounds of results were at-
tached (Table 2).

4. Discussion
4.1. Representativeness of Experts and Reliability of Prediction

The selection of experts plays a key role in the Delphi method. In the study, we
fully considered the professional representativeness, academic authority and
geographical representation of experts. The selected experts include East China,
West China, South China, North China, and Central China; their research areas
include clinical nursing, nursing management, nursing education, community
nursing and clinical medicine. The experts have a high level of knowledge and
years of working experience in their professional fields. Many experts serve as
Master or PhD supervisor. Moreover, the average authoritative coefficient, coor-
dination coefficient and consistency of experts are relatively high; therefore, the

representativeness and predictability of experts in this study are satisfied.

4.2. Analysis of the Evaluation Index System for the First
Certification of Diabetes Specialist Nurses

Diabetes specialist nurses are nursing experts, and thus it requires that they
should have certain professional abilities. Educational background and profes-
sional title are important factors that reflect the theoretical knowledge level and
clinical professional skills of clinical nurses [8]. The years of working experience
as a diabetes specialist can indirectly reflect the accumulated experience of the
diabetes specialist nurses. The computer skill is a necessary part of the know-
ledge structure of expert talents. Nursing scientific research is an important
means to promote the development of nursing science and to improve the qual-

ity of clinical nursing [9] [10] [11]. Specialized nurses conduct evidence-based
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Table 2. Mean value and coefficient of variation of the first and second round evaluation indicators.

First round Second round
Indicators Importance score  Coefficient of variation Importance score  Coefficient of variation
XS Vi X+s Vi
J1 Nurse practice certificate 4.93 £0.26 0.05 5.00 + 0.00 0.00
J2 Age *3.38 £ 0.98 *0.29 - -
J3 Education and degree 3.97£0.73 0.18 3.76 £ 0.62 0.17
J4 Job title 3.76 £0.79 0.21 3.67 £ 0.80 0.22
J5 Diabetes specialist working years 4.72£0.53 0.11 4.43+£0.75 0.17
J6 Further study experience 4.07 £0.96 0.24 4.00 £ 0.89 0.22
J7 Annual paper published in recent 3.66 097 *0.27 3.58 098 *0.26
5 years (above statistic sources)
J8 Scientific achievement 3.62 +0.94 *0.26 *2.90 + 1.09 *0.38
J9 Funded research 3.65 + 0.95 *0.26 3.54 + 0.85 *0.27
J10 English proficiency 3.62 £ 1.05 *0.27 3.59 £ 0.90 *0.26
J11 Computer skill 3.79 £0.90 0.24 3.62 £ 0.92 0.25
J12 Continuing education credits 3.69 £ 1.17 *0.32 *3.41 £ 0.26 *0.30
J13 Expert recommendation 3.59 £ 1.09 *0.30 3.71 £0.26 *0.26
I Professional attitude 4.93 £0.26 0.05 4.95+0.22 0.03
II Service awareness 493 +0.26 0.05 4.86 £ 0.36 0.07
II Professionalism 4.83 £0.38 0.08 4.90 £0.30 0.06
II Team spirit 4.76 £ 0.44 0.09 4.90 + 0.30 0.06
II Enterprising spirit 4.55+0.51 0.11 4.71 £ 0.46 0.10
I Professional knowledge 4.90 £0.31 0.06 4.88 £0.41 0.03
1I Basic knowledge 4.72 £0.45 0.10 4.95+0.22 0.04
II Specialist knowledge 4.90 £0.31 0.06 4.95 £ 0.22 0.04
IT Humanities and social sciences
and other related knowledge 4.10 £ 0.86 0.21 4.48 £0.75 0.17
I Specialist technology 4.86 £ 0.44 0.09 4.76 £ 0.51 0.04
II Nursing assessment technology 4.76 £ 0.44 0.09 4.76 £ 0.44 0.09
II Nursing implementation technology 4.79 £ 0.41 0.09 4.86 £ 0.36 0.07
II Specialist technical cooperation 4.55 + 0.69 0.14 4.71 £ 0.56 0.12
II Instrumentation technology 4.55 £ 0.63 0.15 4.52 £ 0.60 0.13
I Core capabilities 4.69 £ 0.54 0.12 4.72 £ 0.45 0.09
II Direct patient caring 4.69 +0.54 0.12 4.86 +0.36 0.07
II Scientific research 4.00 £ 0.89 0.22 4.86 £ 0.48 0.10
II Nursing management 3.90+£0.86 0.22 4.10 £ 0.07 0.17
II Nursing education 4.69 +0.54 0.54 3.86 £ 0.79 0.21
II Consultation 4.52 +0.63 0.14 4.57 £ 0.68 0.15
II Ethical decision-making 4.10 £ 0.90 0.22 4.24 £1.04 0.25
I Personal qualities 4.31%0.76 0.18 4.43 £0.54 0.12
II Physical fitness 4.34 £ 0.67 0.15 4.57 £0.51 0.11
II Psychological health 4.41 £ 0.68 0.15 4.62 £ 0.50 0.11

Note: * indicates that it does not meet the criteria for index screening.
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nursing research on new evidence found to continuously improve nursing prac-
tice [12]. However, according to the actual situation in China, the overall English
level and scientific research level are limited. Even graduated from the nursing
department, they have difficulties in communication in English resulting in that
they can only obtain the latest foreign knowledge and information indirectly
[13]. Thus, treating “Funded research” and “English proficiency” as fundamental
indicators is not desirable, but in view of their importance, we decided to include
the “annual average paper publication status”, which is relatively easier, and the
“English proficiency” is listed as one of the first-level indicators.

The construction of this research indicator framework is guided by the “Atti-
tude Skill Knowledge” (ASK) theory. The ASK theory [14] [15] was proposed by
professor Mayo from Harvard University in the 1860s and he pointed out that
there is a progressive relationship among knowledge, attitudes and skills, in
which knowledge is the foundation of skills; attitude is the motivation to acquire
skills, and acquisition of skills is the goal. The first-level indicators of this study
not only cover professional attitudes, professional knowledge, professional skills,
and core competencies, but also consider personal characteristics; in the second-level
indicators, there are specific requirements for each item, which can be used to
systematically and comprehensively evaluate diabetes specialist nurses. In terms
of professional attitude, nursing is the most humanized profession. Only people
with love and service consciousness can be qualified for this noble profession. In
terms of professional knowledge, diabetes specialist nurses are nursing experts in
the field of diabetes, and they are required not only to master precise and specia-
lized nursing theory, basic knowledge, and specialist knowledge, but also to be
familiar with the frontier knowledge in the field of diabetes, health policies, or-
ganizational management, health economics and social sciences. IN terms of
professional technology, a diabetes specialist nurse should not only master the
nursing skills of this specialty, but also master the use of diabetes related instru-
ments and the skills of cooperation with other medical personnel to provide sys-
tematic, comprehensive and holistic care for patients.

In terms of core competence, in order to enable diabetes specialist nurses to be
competent for different tasks, including disease prevention, health promotion,
and nursing of acute and chronic diseases, it is necessary to cultivate the profes-
sional attitude, professional knowledge and technology of diabetes specialist
nurses. As for personal characteristics, nursing tasks are heavy, and only a nurse
with a healthy body can be competent. When dealing with pressure from work
and life, they should reasonably control their emotions, adjust themselves, fully

understand themselves and make appropriate evaluations of themselves.

4.3. Suggestions on the Implementation of the First Certification
Evaluation Index System for Diabetes Specialist Nurses

1) It is necessary to establish relevant systems and legal regulations for the
certification of diabetes specialist nurses. At present, the current status of the

practice of diabetes specialist nurses in our country is neither compliant nor
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rule-based [16]. Only by guaranteeing the legal certification of diabetic specialist
nurses and having the law to be able to guarantee the healthy operation of the
diabetic nurse certification mechanism, should the government be given full play
to standardize the management of diabetic nurses and ensure the quality and
control of diabetic nurses.

2) It is also necessary to encourage the establishment of statutory social in-
termediary institutions, which are entrusted or authorized by the government to
certify diabetes specialist nurses and other specialist nurses. It is an independent
non-profit organization between the government, society and medical units. The
organization can be scientific groups or professional associations. The legal so-
cial intermediary organization can guarantee the objectivity and fairness of the
certification and evaluation of diabetes nurses.

3) It is recommended to formulate the first certification procedure for diabetic
specialist nurses according to the following procedures: a) An individual submits
a certification application to the relevant certification organization with corres-
ponding application materials; b) The certification organization conducts the
qualification review of the applicant according to the certification standards; c)
Applicants are required to conduct theoretical assessment; d) Interview; e) Com-
prehensive evaluation of clinical ability; f) Issue of diabetes specialist nurse cer-
tificate. Standardized first-time certification procedure of diabetes specialty
nurses can make the certification of nurses more convenient and standardized.

The government should strengthen the selection of certified experts, closely
connect academic experts. In additional to management authorities and indus-
try, other parties should participate and cooperate with one another in order to
give full play to their respective advantages. To strengthen the combination of
certification and the practice registration system, we must not only allow prac-
tice registration to promote the development of professional certification, but
also reflect that certification is the basis for the effective implementation of the

practice registration system.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] International Diabetes Federation (2007) Diabetes Atlas. 3rd Edition, International
Diabetes Federation, Brussels.

[2] Yang, W, Lu, J., Weng, J., et al (2010) Prevalence of Diabetes among Men and
women in China. The New England Journal of Medicine, 362, 1090-1101.
https://doi.org/10.1056/NEJM0a0908292

[3] Wu, L.P,, Li, H.P. and Zhao, M. (2011) Research of Qualifications of Diabetes Spe-
cialized Nurses. Journal of Nursing, No. 16, 8-10.

[4] Wu, L.P, Li, H.P., Zhao, M. and Fang, X.P. (2011) Status Quo of Diabetes Specialist
Nurses Cultivation. Journal ofNursing Science, No. 11, 87-90.

DOI: 10.4236/ijcm.2020.115025

250 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2020.115025
https://doi.org/10.1056/NEJMoa0908292

H.H. Zou et al.

(10]

(11]

[14]

Jin, R.H., Zheng, J. and Wang, Y. (2010) Development Status of Diabetes Nurse
Specialists in China. Chinese Nursing Research, No. 27, 2449-2450.

Chen, X.R. (1993) Introducing a Good Book—Statistical Analysis in Investigation
and Research. Application of Statistics and Management, No. 1, 42-43.

Zhou, H.X. and Zhu, J.C. (2007) Evaluation System for Clinical Competence of
Nursing Undergraduates. Nurs J Chin PLA, No. 12, 4-7.

Li, B.H. and Liu, J.Z. (2009) Analysis on Nurses’ Job Stress, Satisfaction and Related
Factors. Soft Science of Health, No. 1, 36-38.

Zhong, Y.J. and Duan, M.]. (2008) A Survey of the Status Quo of Cognition of Col-
lege Nursing Students on Evidence-Based Nursing. Chinese Nursing Research, No.
35,3211-3213.

Cao, H.M. and Chen, X.Y. (2009) Probe into Nursing Scientific Research Practice
and Management Thinking. Chinese Nursing Research, No. 6, 533-535.

Beiwen, W. (2005) Analysis and Actuality in Nursing Research Papers’ Writing and
Publishing. Chinese Journal of Nursing, No. 5, 329-331.

Hamric A B SJA, Hanson CM. (2009) Advanced Practice Nursing: An Integrative
Approach. Saunders, USA.

Zhang, B. and Sun, B.L. (2003) Challenges, Opportunities and Development Strate-
gies Faced by Nursing Profession in Our Country after Joining in the WTO. Chi-
nese Nursing Research, No. 7, 373-374.

Heins Jr., H.C. (2006) A KAP (Knowledge-Attitude-Practice) Approach to the Re-
gionalization of Perinatal Health. The Journal of the Arkansas Medical Society, 73,
229-234.

Huang, J.H. (2002) Health Education. Fudan University Press, Shanghai, 3428-3492.

Shang, L.P., Xu, J. and Xue, P. (2008) Theoretical Probe into Carrying out Specialist
Nurse Certification System in China. Chinese Nursing Research, No. 36, 3291-3292.

DOI: 10.4236/ijcm.2020.115025

251 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2020.115025

International Journal of Clinical Medicine, 2020, 11, 252-256
https://www.scirp.org/journal/ijcm

ISSN Online: 2158-2882

ISSN Print: 2158-284X

Positional Changes of the Hyoid Bone after
Correction of the Glosso-Larynx—Hyoid Bone
Complex (HBC)

Susumu Mukai

Otorhinolaryngology, Mukai Clinic, Kanagawa, Japan

How to cite this paper: Mukai, S. (2020)
Positional Changes of the Hyoid Bone after
Correction of the Glosso-Larynx—Hyoid
Bone Complex (HBC). International Jour-
nal of Clinical Medicine, 11, 252-256.
https://doi.org/10.4236/ijcm.2020.115026

Received: March 31, 2020
Accepted: May 11, 2020
Published: May 14, 2020

Copyright © 2020 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Human hyoid bone floats in the neck. Downwards of an amount of about half
vertebra and 0.3 cm forward following the correction of the glosso-larynx
(CGL) was observed by simple XP. Disappearance of symptoms of the anky-
loglossia with deviation of the epiglottis and larynx (ADEL) and increased of
body temperature were observed after CGL. The results suggest that hyoid
bone makes a complex that controls not only respiration and swallowing but
also controls metabolism. It might be called hyoid bone complex (HBC).

Keywords

Respiration, Swallowing, Metabolism, Homo Neanderthalensis

1. Introduction

Symptoms and signs of ankyloglossia with deviation of the epiglottis and larynx
(ADEL) are caused by respiratory insufficiencies. Correction of the glosso-larynx
(CGL) is a surgery for ADEL, consisting in cutting the frontal bundles of ge-
nioglossus muscles. Following CGL, the deviated epiglottis and larynx move
downwards aligned with the choanae, and improved respiratory rate and pul-
monary function and increased body temperature are observed. The possible
mechanisms leading to improved respiratory rate and increased body tempera-
ture cannot be explained by the cut of the bundles of genioglossus muscle alone
and additional factors are likely to play a role, for example positional changes of
the hyoid bone occurring after CGL [1] [2] [3] [4] [5].

The aim of this study was to assess the positional changes of the hyoid bone
following GCL by using simple X-ray photographs (XPs) in order to assess the
possible mechanisms at the level of the hyoid bone that may be related to the
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beneficial effects observed following CGL.

2. Method

A total of 232 patients (138 females, 94 males; 17 to 78 years old (yr), average
40.1 yr) that underwent CGL from 2013 to 2016 were studied by taking XPs be-
fore and after CGL (Figure 1).

To assess possible positional changes in the hyoid bone, two measures were
extracted from XPs and compared before and after CGL. Specifically, we meas-
ured the height of point V and the length of segment VH, defined in the follow-
ings. A horizontal line was drawn to connect the outermost part of the hyoid
bone (point H) to the vertebrae (point V) and the distance between the two
points was computed (length of segment VH), as shown in Figure 1.

To define the height of point V along the vertebrae, four possible positions
were considered on each vertebra: the upper part (e.g., IITup), the central part
(e.g., III) the lower part (e.g., IIIdn) and the joint between two vertebrae (e.g.,
III/IV).

The following two measures were assessed and compared before and after
CGL:

1) The height of point V.

2) The length of segment VH.

For the sake of comparing the length of segment VH before and after CGL,
calibrations on the XPs were performed to each film according to the scale on
film.

Possible differences in mean height of point V in the study sample before and
after CGL were assessed by using a contingency table test (StatView 4.5) and
possible differences in mean length of segment VH before and after CGL were
addressed by using Student t-tests (Microsoft Exel Mc2011).

3. Results
3.1. Distribution of Height of Point V

The height of point V before CGL ranged from the third vertebra (III) to the

Figure 1. XPs in one of the participants before and after CGL.
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upper part of the fifth vertebra (Vup). After CGL the heights of point V shifted,
on average, towards lower vertebrae and ranged from the third (III) to the fifth
vertebra (V). The median value of the height of point V before and after CGL
was IV up and IV, respectively, suggesting a trend towards a downward shift
(Figure 2).

Statistical analysis showed that there was a significant difference between two
distributions (p < 0.0001), suggesting a tendency to a downward shift in the
height of point V following CGL.

3.2. Length of Segment VH

The average length of segment VH before and after CGL was 4.4 cm (s.d. 0.63)
and 4.7 cm (s.d. 0.64), respectively (Female: 4.1 cm and 4.4 cm; Male: 4.9 cm and
5.2 cm) (Figure 3). There was significant difference between the distribution of
length VH before and after CGL (p < 0.0001), suggesting a trend towards an in-
crease in distance between the hyoid bone and the vertebrae following the pro-

cedure.

Figure 2. Distribution of the height of point V before and after CGL in the study
sample (N = 232) (p < 0.0001).

Figure 3. Mean length of segment VH before and after
CGL in the study sample (N = 232) (p < 0.0001).
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4. Discussion

Phylogenetically, the tongue appeared later. In fishes, the hyoid bones are in the
inner margin of the mouth bones [6]. Fishes are able to eat and breathe with the
composite of visceral skeleton. They don’t need the tongue as mammals.

The tongue muscles are attached at the top of the hyoid bone in humans by
the hyoglossal membrane. The tongue muscles are attached to the mandibular
bone ventrally. The bottom edge of the hyoid bone the larynx is attached to the
thyrohyoid ligament. In turn, the larynx is connected with the trachea, bronchi
and lungs. These structures constitute a complex that is called the hyoid bone
complex (HBC). The hyoid bone floats in the neck but and the mandibular bone
is stable. As the hyoid bone is able to move upwards and downwards via the
muscles that are attached to its top and bottom edge, the HBC is able to move
upwards and downwards too [7]. As a result, the HBC in humans is pulled up
and forward by the tongue. The CGL is a procedure that cuts the frontal bundles
of genioglossus muscles and therefore the HBC can rotate downward and for-
ward following CGL.

This study showed that the hyoid bone tended to move downwards of about
half vertebra and about 0.3 cm ventrally following CGL. These outcomes may be
interpreted in light of the observed improvements following CGL in individuals
with ADEL. In fact, disappearance of symptoms and signs of ADEL following
CGL (for example, improvement in respiratory function and increase in body
temperature) may be related to downward and ventral movements of the hyoid
bone that might accelerate respiration [8] [9] [10].

The improvement of symptoms of ADEL and the increase in respiratory func-
tion and body temperature observed after CGL may be related to downward and
forward movements of the HBC that, in turn, may accelerate physiological func-
tions and may, as such, have further implications in terms of not only respira-
tion and swallowing but also circulation, metabolism, and immune function.
The observed improvements are likely to be related to the function of the HBC, a
complex structure that regulates respiration and various human functions such
as drinking, laughing, singing, swallowing, vomiting, crying, and breathing.

It was reported that the hyoid bone of Homo Neanderthalensis is higher than
that of Homo Sapiens [11] [12]. The stylohyoid bone of Homo Neanderthalensis
was shorter than that of Homo Sapiens. Therefore the HBC of Homo Neander-
thalensis might be shorter and it might have had more limited movements. Re-
lated to this, the metabolisms of Homo Neanderthalensis might have been lower
than that of Homo Sapiens, possibly contributing to a higher mortality rate, thus
suggesting that positional changes of the HBC, such as the ones induced by CGL

and demonstrated by this study, may play a role in an evolutionary perspective.

5. Conclusions

The tongue pulled HBC upwards. The improvements in symptoms and signs of
ADEL observed following CGL as downward and forward movement of the
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hyoid bone could improve respiration and, in turn, contribute to improved phy-
siological function.

There might exist a system that control respiration and swallowing as well as
metabolism by the hyoid bone that is hyoid bone complex (HBC).

Consent

All included patients provided their written informed consent, and the study’s
protocol was approved by the research ethics committee of Yamato City Medical
Association.
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Abstract

Background: Breast diseases cover several conditions. The majority of breast
diseases are noncancerous. Some of these lesions are clinically unremarkable,
which needed minimal intervention. However, some symptoms may be of clin-
ical value and attract the attention of both the patient and the attending physi-
cian, especially when they become persistent. The study aimed to assess the
prevalence, pattern, types, and clinical profile of breast diseases among females
in the South-western region, during the period from 2018-2020. Methods: A
retrospective record-based descriptive approach was used through reviewing
medical records of all cases with breast disease attended King Khalid Hospital
during the period from January 2018 to January 2020. Data extracted throng
pre-structured questionnaire. Results: The study included 211 cases whose
ages ranged from 18 to 58 years old with a mean age of 28.9 + 12.8 years.
Breast mass was the most recorded complaint (95.1%) followed with breast
pain (32%), skin changes. Benign findings based on the final pathology report
were recorded for more than two thirds of the cases, with the most common
finding were fibroadenoma. Excisional biopsy and modified radical mas-
tectomy were the most reported surgical interventions. Conclusions: In con-
clusion, the study revealed that the majority of the cases had benign breast
disease (BBD), where fibroadenoma was the most frequent.
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1. Background

Breast diseases make up several conditions. The majority of breast diseases are
noncancerous [1] [2]. Breast lesions are mainly recorded among females. The
most recorded cause of breast problems in females is a benign breast disease,
which is 10 times more common than breast cancer in most countries [3]. Some
of these lesions are clinically unremarkable, which needed minimal intervention.
However, some symptoms may be of clinical value and attract the attention of
both the patient and the attending physician, especially when they become per-
sistent. The main item behind that concern is the possibility of the occurrence of
breast cancer, which is usually asymptomatic in the early stages during which it
is curable [4]. Benign breast diseases are mainly prevalent during the reproduc-
tive age as the incidence is common mainly in the second decade with realiza-
tion on its peak at fourth and fifth life year’s decade [5]. Benign breast diseases
include many and variable histological patterns categorized into non-proliferative
breast lesions, proliferative breast lesions without atypia, and proliferative breast
lesions with atypia [6] besides fibroadenoma, fibrocystic change, and breast ab-
scess are the most recorded benign lesions in the literature [7]. Certain types of
benign breast lesions were recorded as a significant risk factor for developing
breast cancer [8]. Women with benign proliferative or atypical breast lesions
consume a two-fold risk of developing breast cancer in western populations [9].

The literatures covered the histopathological pattern of breast diseases with
less attention for the clinical perspectives [10] [11] [12]. Surgical evaluation of
the symptomatic patients by triple assessment, namely, clinical examination of
the breast, mammography, and breast biopsy for definitive histological diagnosis
is required in many patients [13].

The current study aimed to assess the prevalence, pattern, types, and clinical
profile of breast diseases among females in the South-western region, during the
period from 2018-2020.

2. Methodology

Retrospective record-based descriptive approach was used through reviewing
medical records of all cases that were admitted and have breast disease (benign
or malignant breast masses) in King Khalid Hospital during the period from
January 2018 to January 2020. Records with missing data were included. Data
extracted through pre-structured questionnaire including patient's bio-clinical
data, initial clinical presentation of the breast disease, radiological assessment

findings. Also, the final pathological findings were extracted besides the nature
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of the assigned pathology. Data also included the type of surgery and post opera-

tive outcome.

3. Statistical Analysis

After data were extracted, it was revised, coded, and fed to statistical software
IBM SPSS version 22 (SPSS, Inc. Chicago, IL). All statistical analysis was done
using the two-tailed test. A P-value of less than 0.05 is considered being statisti-
cally significant. Descriptive analysis based on frequency and percent distribu-
tion was done for all variables, including demographic data, breast disease na-

ture, and types, clinical presentation, and surgery outcome.

4. Results

The study included 211 cases whose ages ranged from 18 to 58 years old with a
mean age of 28.9 + 12.8 years. Exact of 59 (72%) of the females were married,
and all of the sampled females started menstruation at the age of 18 years with
regular menstrual cycle. Ten (67%) of the females are still menstruating. Only
one (10%) of the study females had the first pregnancy before the age of 20 years
and 10% above the age of 30 years. As for gravidity, 3 (10.3%) of the females had
no pregnancy, while 31% had four pregnancies or more. Considering co-morbidity,
diabetes mellitus was recorded among 5 (9.6%) of the females and 8 females
(15.4%) had hypothyroidism (Table 1).

Table 2 demonstrates the determinants of having breast disease. Oral contra-
ceptive pills were received by 8 (40%) of the study females, and 30.8% of them
had hormonal therapy. A family history of breast disease, including breast can-
cer, was recorded for 4 females (23.5%). Only 8 (44.4%) of the females know
about breast screening for early detection of breast lesions, while 23 females
(85.2%) do breast examination regularly. Only one case recorded that she per-
forms regular breast screening after the age of 40 years.

Concerning clinical data of recorded breast diseases (Table 3), breast mass
was the most recorded complaint as recorded for 196 females (95.1%) followed
with breast pain which was among 66 females (32%), skin changes (11; 5.3%),
and nipple discharge (8; 3.9%). The symptoms = appeared for less than one
month among 23.5% of the cases while lasted for more than 6 months among 52
females (39.4%). As for the affected side, the right side was dominant among 84
females (41.2%) of the cases while it was bilateral among 19 (9.3%). The breast
mass measured less than 2 cm among 60 (37.5%) of the cases while it was more
than 5 cm among 21 females (13.1%) of them. Margins of the breast mass were
irregular among 46.2% of the cases, and the mass was soft among 59 of the pa-
tients (54.1%). Skin changes were recorded for 28 (22.2%) of the cases, and 53
cases (34.9%) had positive Axillary lymph nodes on physical examination.

Considering radiological and biopsy findings among the cases, Table 4 illustrates
that the most recorded US finding was Fibrocystic disease (64; 49.6%) followed

with cancer related features (29; 22.5%), breast abscess (8.5%), and fibroadenoma
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Table 1. Personal and obstetric data for female patients with breast diseases in Najran,
Southern Saudi Arabia.

Personal & obstetric data No %
<20 years 17 8.1%
20 - 30 42 19.9%
Age in years 30 - 40 65 30.8%
40 - 50 75 35.5%
50+ 12 5.7%
Single 19 23.2%
Marital status (n = 82) Married 59 72.0%
Divorced/widow 4 4.9%
Age of menarche <18 years 20 100.0%
Regular menstrual cycle Yes 22 100.0%
Not at menopause 10 66.7%
Age of menopause (n = 15)
40 - 49 years 5 33.3%
<20 years 1 10.0%
Age of pregnancy (n = 10) 20 - 30 8 80.0%
30+ 1 10.0%
Nulligravida 3 10.3%
No. of pregnancies (n = 29) 1-3 17 58.6%
4+ 9 31.0%
None 10 19.2%
DM 5 9.6%
HTN 7 13.5%
Co-morbidity Hypothyroidism 8 15.4%
Asthma 3 5.8%
Others 8 15.4%
Diabetic and HTN 11 21.2%

Table 2. Factors related to have breast disease among female patients in Najran, Southern

Saudi Arabia.
Factors related to breast diseases No %
No 12 60.0%
Oral contraceptive pills
Yes 8 40.0%
No 9 69.2%
Hormonal therapy
Yes 4 30.8%
No 43 76.8%
Family history of breast disease

Yes 13 23.2%

No 13 76.5%

Family history of other cancers

Yes 4 23.5%

No 10 55.6%

Know about breast screening

Yes 8 44.4%

No 4 14.8%

Regular Breast Examination

Yes 23 85.2%

By herself 12 52.2%

Who did the examination

By physician 11 47.8%

No 3 75.0%

Regular breast screening after age 40

Yes 1 25.0%
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Table 3. Clinical data of breast diseases among female patients in Najran, Southern Saudi

Arabia.
Clinical data No %
Mass 196 95.1%
Pain 66 32.0%
Skin changes 11 5.3%
Nipple changes 8 3.9%
Clinical signs & symptoms
Swelling 4 1.9%
Discharge 2 1.0%
Others 2 1.0%
Axillary mass 1 0.5%
<1 month 31 23.5%
1-2ms 29 22.0%
Duration of symptoms

3-6ms 20 15.2%
>6 months 52 39.4%
Right 84 41.2%
Side of lesion Left 101 49.5%
Bilateral 19 9.3%
<2cm 60 37.5%
Mass size 2-5cm 79 49.4%
>5cm 21 13.1%
Irregular 49 46.2%

Margins of mass
Regular 57 53.8%
Soft 59 54.1%

Mass consistency
Hard 50 45.9%
No 98 77.8%

Skin changes

Yes 28 22.2%
No 114 90.5%

Nipple discharge
Yes 12 9.5%
No 89 84.8%

Nipple retraction
Yes 16 15.2%
No 90 98.9%

Nipple destruction
Yes 1 1.1%
No 99 65.1%
Posi