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Abstract

Background: Glucose can be found in normal indivduals
saliva; however, its secretion mechanism is still not clear.
Increased glucose content in salivary secretion was reported
in diabetic patients by many authors as the salivary glands
filter the blood glucose.

Aimof Sudy: The aim of this study was todetermine
whether salivary glucose protein levels could be used as a
noninvasive tool for diagnosis and glycemic control of type
-1 diabetesin children.

Material and Methods: 200 patients with type 1 DM,
their ages range from 5 to 18 years old randomly assigned
into 2 groups: Control and study groups. Group 1: 100 child
with type 1DM according to American Diabetes Association
2015. Group 2: (Control group) 100 child apparently healthy
with the same age and sex matched children. Fasting blood
glucose, Glycosylated Hb (HbA 1 ), Salivary glucose and
Salivary total proteins were measured.

Results: There was a significant difference between the
two groupsin glucose level measured by glucose level con-
centration in salivawhich is higher in diabetic patients.

Conclusion: The present study confirmed that salivary
glucose protein levels could be used as a honinvasive and
non expensive tool for diagnosis and glycemic control of type
-1 diabetesin children.
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Introduction

DIABETES Méllitus can be defined as a group of
metabolic disorders which characterized by hyper-
glycemiawith metabolic disturbance of carbohy-
drate, fat and protein because of either defectsin
insulin secretion, insulin action, or both. Many
complications can be associated with long-term
damage the chronic hyperglycemia of diabetes
mellitus such as dysfunction, and failure of differ-
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ent organ, especially the eyes, kidneys, nerves,
heart, and blood vessels [1].

Type one diabetesis amulti factorial disease
caused by the autoimmune dysfunction of insulin
producing pancreatic () -cells, resulting in severe
hyperglycemia leading to the dependence on ex-
ternal insulin replacement on alifelong basis [2].

Diabetes is reported to have effect on the func-
tions of the salivary gland leading to altering the
saliva composition [3].

People with diabetes san be monitored through
repeated calculation of plasma glucose by finger
pricks and also intravenous blood sampling. How-
ever, glucose measurement through a noninvasive
procedure is considered the most precious under
the circumstances. So, Salivaisreported as unique
and complex body fluids asplasma or serum. Saliva
is easily to be collected through noninvasive meth-
ods and its preservation is not expensive. The
diagnostic value of saliva depends onthe gland
components, flow and structure [4].

Material and M ethods

200 patients with type 1 DM, their ages range
from 5 to 18 years old randomly assigned into 2
groups: Control and study groups. Group 1: 100
child with type 1 DM according to American Dia-
betes Association 2015 following criteria (FBG
>_126mg/dl or 2-hour PG >_200mg/dl or A1C > 6.5%
or random plasma glucose *>_200mg/dl with classic
symptoms of hyperglycemia or hyperglycemic
crises). They were selected from children attending
the outpatient Pediatric Diabetic Clinic of the
National Diabetic Institute during regular follow-
up during the period from January 2015 to Decem-
ber 2015. Informed written consents were obtained
from parients of each childfor their agreement for
participation in the study.
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Subgroup 1: Controlled patients. Consisted of
48 controlled diabetics whose random nonfasting
plasma glucose levels were in the range of 120-
200mg/dl.

Subgroup 2: Uncontrolled patients: Consisted
of 52 uncontrolled diabetics whose random non
fasting plasma glucose levels greater than 200
mg/dl.

Children with chronic diseases or chronic in-
fections (chronic autoimmune hepatitis, chronic
hematol ogic disorders, prolonged malnutrition,
cancer), presence of oral cavity diseases such as.
Oropharyngeal candidiasis, oral bacterial infections:
As periodontitis, dental carries, or oral viral infec-
tions, age younger than 5 years, children with type
Il DM were excluded from participation in the

study.

Group 2: (Control group) 100 child apparently
healthy with the same age and sex matched chil-
dren.

A full medical history with demographic data
of name, age, sex and socioeconomic class, age at
onset of diabetes (disease duration), insulin therapy
regarding type, dose and frequency, degree of
response to treatment and glycosylated hemoglobin,
history of acute diabetic complications were re-
corded.

Clinical examination was done including an-
thropometric measures; Weight in Kg and height
in cm were plotted against percentiles for age and
sex according to Egyptian growth charts and body
mass index was cal culated by applying the follow-
ing formula:

Weight in Kg
BMI=_
Height in m?

Laboratory investigations:;
1- Fasting blood glucose measurement.

Fasting blood glucose levels were measured
through the method of Glucose Oxidase-Peroxidase
(GOD-POD) end point.

2- Glycosylated Hb (HbA 1 ): To measure the av-
erage blood glucose concentration over an ex-
tended period of time.

Using quantitative calorimetric estimation of
glycated hemoglobin in the whole blood, according
to micro-chromatographic assay method which
was described by [5] . Patients were considered to
be of optimal normal glycemic control if HbA 1
was <7.5% and patients were considered of high
risk with HbA1c >7.5% [g].

3- Sdlivary glucose was estimated through glucose
oxidase end point method.

4- Salivary total proteins measurement through
Bradford method [7].

All patients should be fasting till both blood
and salivary samples were collected.

1- Saliva samples:

The unstimul ated whole saliva was collected
at one sitting for estimation of glucose and total
protein levels by spitting method. The patients and
controls were asked to sit erect with the head tilted
forward and instructed not to speak or do any
movements of the head such as wallowing either
swallowing any saliva or if present in the mouth
during the procedure. Then they were instructed
to rinse the mouth thoroughly with water twice.
Two millimeters of the generated salivain mouth
was spit in a sterile plastic graduated container
every minute for 10 minutes and stored over the
ice. Then salivawere centrifuged at 3000 rpm for
four minutes. The centrifuged saliva was splited
into two equal parts. One part was used for glucose
level estimation while, the second part was stored
at the temperature of 20c till used for protein
level.

2- Blood samples:

All blood samples were carefully collected
immediately in the same sitting directly after sal-
ivary samplesto avoid any alteration of the glucose
level.

Centrifuge of three ml of venous blood that
were taken without anticoagulant was done to
separate cells and serain order to be used to ex-
amine glucose and HbA ;.

Glucose Oxidase-Peroxidase (GOD-POD)
method, end point was used for the measurement
of both serum and salivary glucose levels. The
collected salivary samples were centrifuged for 3
minutes at 3000rpm. 5 gl were mixed with 500g]|
of GOD-POD reagent and incubated for 5 minutes
at the temperature of 37c. The glucose levels were
recorded through placing the incubated samples
in auto analyzer.

Total levelsof salivary protein were measured
through the use of Bradford protein assay [7].

Satistical analysis:

A statistical package program was used to eval-
uate the data obtained from the study (statistical
program for social science, version 11.0). Descrip-
tive statistical methods (frequency, proportion,
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mean, and standard deviation) were used in the
evaluation of research data. The Pearson chi-square
test was used in comparing qualitative data. Cor-
relation coefficince test was used to examine cor-
relation between between salivary and serum glu-
cose levelsin the diabetic group and also correlation
between total salivary proteinsin both diabetic
and control groups.

In comparing quantitative data, the unpaired
samples t-test was used in inter group comparison
of parameters. The paired samples t-test was used
for intra group comparisons. The results were
calculated at the 95% confidence interval, p<0.05
significance level and p<0.01 advanced significance
level.

Results

No study participant left the research project
for any reason. No side effects or complications
were observed during the study period. Baseline
characteristics of the patients are shown in (Table
1). No statistically significant difference was found
between the 2 groups in terms of age, sex and
family history (p>0.05). Most of diabetic patients
were from urban regions (70%) while (30%) were
from rural areas which was of highly significant
difference (p<0.001).

Thereisahighly significant difference between
both groups regarding both serum and salivary
glucose levels (p<0.001), as shown in (Table 2).

Total salivary proteinslevels are highly statis-
tically significant in patients group than in normal
group (p<0.001), asshown in (Table 3).

Table (4) and Figs. (1-5) show that there were
highly significant positive correlation observed
between salivary and serum glucose levelsin the
diabetic group (r=0.880 and p<0.001), between
serum glucose and ppaic in diabetic group (r=
0.536 and p<0.001), between serum glucose and
salivary total protein levels (r=0.795 and p<0.001),
between salivary glucose and HbA 3¢ (r=0.596 and
p<0.001), and between salivary glucose and salivary
total protein levels (r=0.800 and p<0.001), as
shown in (Table 5) and Figs. (1-5).

Both serum and salivary glucose levels are
higher in patient group (controlled, uncontrolled)
than normal group with ahighly statistically sig-
nificant difference (p<0.001), as shownin (Table
5).

The salivary total proteinslevels are higher in
patients subgroup (controlled, uncontrolled) than
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in normal group with highly statistically significant
difference (p<0.001), as shown in (Table 6).

Table (1): Demographic data of diabetic patients and controls.

Normal group Patient group

No.=100 No.=100 p-value
Age:
Mean + SD 9.84+2.93 10.31%£3.36 0.298 NS
range 5-16 range 5-18
- (range5-16)  (range5-18)
Female % 46 (46.0%) 49 (49.0%) 0.671 NS
Male % 54 (54.0%) 51 (51.0%)
Residence:
Rural % 0 (0.0%) 30 (30.0%) 0.000**
Urban % 100 (100.0%) 70 (70.0%)
Family history:
Negative % 90 (90.0%) 83 (83.0%) 0.147 NS
Positive % 10 (10.0%) 17 (17.0%)

p-vaue >0.05: Non significant (NS).
**p-value <0.01: Highly significant.

Table (2): Comparison between glucose levels (mg/dl) in
serum and salivain both patients and control

groups.
Normal group Patient group
No.=100 No.=100 p-value
Serum glu mg/dl:
Median (IQR) 85 221.5 0.000**
(71-96.5) (134.5-0.307)
Range 61-118 72-569
Salivary glu mg/dl:
Median (IQR) 0.095 0.468 0.000**
(0.083-0.109) (0.218-0.66)
Range 0.064-0.142 0.07-1.597

**p-value <0.01: Highly significant.

Table (3): Tota salivary proteinsin both patients and normal

groups.
. Normal group Patient group
Sdivary T.S.P No.=100 No.=100 p-value
Median (IQR) 6.95 (3.7-14.4) 39 (27.9-63.75) .000**
Range 1.5-47 13-150

** = p-value<0.01: Highly significant.
T.S.P.: Total Salivary Proteins.

Table (4): Correlation coefficent between serum and, saivary
glucose levels, age, Hoa . and sdlivary total sali-
vary protein in diabetic group.

Serum glu Salivary glu
r p-vaue r p-vaue
Serum glu 0.880 0.000**
Salivary glu 0.880 0.000**
Age 0.174 0.084 NS 0.178 0.076 NS
HbA1C 0.536 0.000** 0.596 0.000**
Sdivary T.SR 0.795 0.000** 0.800 0.000**

p-vaue >0.05: Non Significant (NS).
**: p-value <0.01: Highly significant.
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Table (5): Serum and salivary glucose levels (mg/dl) in
controlled, uncontrolled diabetic patients and
normal controls.

Normal Controlled Uncontrolled
group group group
No=100  No.=48 No=s2 Vaue
Serumglu
mg/dl):
Median (IQR) 85 129.5 304.5 .000**
(71-96.5) (107-160)  (259-356.5)
Range 61-118 72-199 202-569
Salivary glu
(mg/dl):
Median (IQR) 0.095 0.21 0.654 .000**
(0.083-0.109) (0.132-0.281) (0.525-0.713)
Range 0.064-0.142  0.07-0.661 0.273-1.597

p-vaue >0.05: Non significant (NS). p-value <0.05: Significant (S).
p-value <0.01: Highly significant (HS).

Table (6): Hba , and salivary total proteinsin controlled,
uncontrolled patients and normal controls.

Normal  Controlled  Uncontrolled .
group group group
No=100  No.=48 No=s2  Vaue
HbAI1C:
Mean + SD 8.76+£2.59 11.50+2.48  .000**
Range 45-15.1 6.8-16
Salivary T.SP:
Median (IQR) 6.95 27.9 58 .000**
(37-144) (21.8-33)  (45.75-72.2)
Range 1.5-47 15-66.9 13-150
**p-value <0.01: Highly Significant (HS).
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Fig. (1): Correlation between serum and salivary glucose in
diabetic patients. r=0.880, p<0.001.
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Fig. (2): Correlation between serum glucose and Hba . in
diabetic patients. r=0.536, p<0.001.
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Fig. (3): Correlation between serum glucose and salivary total
protein in diabetic patients. r=0.795, p<0.001.
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Fig. (4): Correlation between salivary glucose and HbA | _ in
diabetic patients. r=0.596, p<0.001.
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Fig. (5): Correlation between salivary glucose and salivary
total protein in diabetic pateints. r=0.800, p<0.001.

Discussion

Diabetes Méllitus (DM) is acommon endocrine
disorder which is characterized by an alteration in
insulin production leading consequent changes of
the process of blood glucose concentration metab-
olism and balance [9].
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Diagnosis of diabetes can be done only through
measuring blood glucose levels either random,
fasting and postprandial which all are considered
physically and psychologically invasive traumatic
methods to the patients. Therefore, thereis a great
need for noninvasive, simple, and painless proce-
dure [10].

Salivais considered amirror of the blood be-
cause of many similarities of these bio-fluids and
their molecular components share. Salivaisasa
diagnostic bio-fluid using recent sdvanced technol -
ogy used over the past decades and helped many
researchers to devel op saliva based technology for
detecting the relation between health and many
diseases [11].

The present study aim to prove that saliva as
anoninvasive diagnostic tool can be used by meas-
uring both serum and salivary glucose levelsin
diabetic patients and find a correlation between
them, also measuring Hpa ;. and total salivary
proteins and find correlation between them and
serum glucose levelsin diabetic patients.

This current study was carried out on 200 chil-
dren, classified into 2 groups: Group 1: Included
100 diabetic children with an already established
diagnosis of TADM and group 2: Control group
included 100 apparently healthy children. Both
salivary and serum samples were obtained at the
same time to avoid any change in the glucose
levels.

It was reported that serum and salivary glucose
levels were highly significant than normal controls
in diabetic patients (p<0.001). Lopez, 2003 repored
the presense of glucose in saliva of normal indi-
viduals, and also found that the saliva glucose
concentration increase in patients with diabetes
which has been explained by many authors that
the salivary glands are considered filters of blood
glucose which are atered by both hormonal and
neural regulation [12].

The persistent hyperglycemia resulting in blood
vessels microvascular changes and also salivary
glands basement membrane alteration leading to
increased leakage of glucose from the ductal cells
of the salivary glands, so, increasing the content
of glucosein saliva [13].

These result of the current study were consistent
with the studies done by (Shahbaz et al., 2014;
Nagalaxmi et al., 2011 and Igbal et al., 2011) who
reported that the salivary glucose levelsin TIDM
group were highly significant compared to control
group [14-16] .
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However, the results of the present study disa-
gree with Forbat et al., 1981 who shown that
salivary glucose levels did not reflect blood glucose
levels [17].

It was reported that 76.4% of patients with
diabetes have normal range of salivary glucose
levels. Glucose is asmall particle which can be
diffused through the semi permeable membrane
and can be easily detected in the saliva especially
with higher elevation of the blood glucose levels.
Also, basement membrane ateration of the salivary
glands that results in the leakage of glucosein
saliva, any change in the basement membrane of
blood vessels may lead to increased transfere of
glucose into saliva [3,15].

Saliva offers a better noninvasive cost effective
diagnostic approach over serum for the screening
of alarge population [11].

The results of the present study revealed that
levels of salivary total protein were higher in T 1 DM
group as compared to control group (p<0.001)
which come in accordance with the previous studies
achieved by various authors who documented that
total salivary protein were higher in T 1 DM group
than the control group [9.18].

The elevated levels of salivaproteinsin patients
with diabetes could be explained by the presence
of abnormal binding of serum proteins to the base-
ment membranes of salivary gland which reflects
the increased basement membrane that is often
resulted from diabetes leading to increased passages
of proteins from exocrine glands to their secretions
[19] . However, few studies reported no significant
difference between the diabetic patients and con-
trols [20] . This contradiction of studies results may
be due to differences in methodology and the
patientsstatus of metabolic control.

This study found that there was a positive
correlation between salivary and serum glucose
levelsin the diabetic group (r=0.880 and p<0.001).
This correlation was found to be statistically sig-
nificant. Hence, salivary glucose levels appears to
be reflection of serum glucose concentration in
diabetic patients. Similar to the results of the
present study is the studies done by [14,21,22] . The
last study included 30 diabetic patients diagnosed
by T1DM, and a control group consisted of 30
healthy individuals, the authors reported a positive
significant correlations between serum and salivary
glucose levels found in both diabetic and control
groups. In contrast to the results of the current
study [3,9,23], reported no correlation found between
salivary and serum glucose levels which may be
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due to the use of different types of methodology
and examination techniques of salivaincluded the
studies.

In addition, na , isreported to be correlated
positively with the salivary glucose level in diabetic
patients at the present study ( r=0.596, p<0.001),
which can be explained that blood glucose con-
centration is more elevated over an extended time
period in diabetic group but the blood glucose
concentration is normal in the control group over
an extended time period suggesting that the control
group are non-diabetic [24] . Theseresultsarein
accordance with the studies done by [13,25] who
reported positive and significant correlation be-
tween Ha . and their salivary glucose level pa-
tients with diabeties.

The results of the current study disagree with
Lopez et a., 2003 who reported that salivary glu-
cose level was not correlated with pa 4 percentage
[12].

Conclusion:

This study demonstrated that there was asig-
nificant difference between the two groupsin
glucose level measured by glucose level concen-
tration in salivawhich is higher in diabetic patients.
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