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Sdlivary components may suffer variations that can be detected by chemical determinations. The aim of this work was to determine
physical and biochemical characteristics of the saliva of agroup of diabetic children compared to those of a control group. Relation to
ora health indices was aso determined. Twenty diabetic children (3-15-years-old) and 21 control children (5-12-years-old) were
included in this study. Total proteins, sugars and calcium were determined by colorimetric methods, and glucose, urea, a-amylaseand
acid phosphatase by enzymatic methods. Our results demonstrated that acidic pH, diminished salivary flow rate and excess foam are
usualy present in saliva of diabetic children. Total sugars, glucose, urea and total proteins were greater in diabetic patients than
contrals, while calcium values were decreased. These differences were confirmed by the discrimination test. Diabetic children have
higher DMFT-dmft-deft and DMFS-dmfs-defs values compared to those of the control children despite their lower sugar intake. Some
salivary components in addition to the diminished flow rate could be involved in the characterization of the oral health state of diabetic

children.
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INTRODUCTION

Diabetic adults usually present atered salivary
secretion that can cause disorders of hard and soft
tissues of the mouth leading to cariostatic and gingival
lesions (1,2). However, in children there is no agree-
ment in results that relate alterations of salivachemical
composition and oral health.

Karjalainen et a. (3) reported that in poorly
controlled children and adol escents the DFS (decayed,
filled surfaces) indices were significantly high and
diabetes was associated with caries. However, the dif-
ference was not statistically significant if adjustments
were made for age, age at the onset of diabetes and
duration of disease. Diabetes also increases the risk of
periodontitis, which appeared at earlier ages, and peri-
odontal disease progression in adults (4).

Itiswell known that oral diseases can be caused

by anumber of factors of the oral cavity, with microor-
ganisms being one of the main factors. However, diabe-
tes may cause alterations of the salivary glands, which
may contribute to an increased pathogenic bacteria
number. A dow flow rate also affectsthe oral floraand
alters saliva composition (5).

So far not many salivary parameters have been
used to characterize illness states, probably because of
the great variability they present in whole saliva (6). In
the specific case of diabetes mellitus, thereisno agree-
ment on salivary parametersin children or adults. Many
authors found higher glucose salivary levelsin diabetic
patients than in non-diabetics (1,7) while Sharon et al.
(8) did not report any difference. Other determinations
such asimmunoglobulins A and G, calcium and potas-
sium are highly increased in diabetic saliva (7,8).

The aim of this study was to describe physical,
biochemical and dental characteristics of total salivaof
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a group of children with diabetes mdlitus, and to
determine the most indicative salivary parameters of
thisillness.

MATERIAL AND METHODS
Population

Twenty diabetic children (11 femaleand 9 male)
admitted to the Endocrinology Service of the Nifio
JestisHospital, San Miguel de Tucumén, were selected.
Their chronologic ages ranged from 3to 15 years (mean
+SD: 9.4+ 3.9; femae: 10.5+ 3.6; male: 8.0+ 4.0). On
the day of the saliva collection none of them were in
metabolic acidosisnor inacomabut several had beenin
these states before. All diabetic children were treated
with human insulin. Although the study was started
with more than 20 patients not all of them collaborated
with sdliva collection or the complete odontological
examination. This incomplete data was similar to that
considered, but wasnot included in the statistical analy-
sis.

The control group consisted of 21 clinically
hedlthy children (12 female and 9 male), between 5 and
12 yearsof age(mean+ SD: 8.3+ 1.8; female: 8.4+ 1.6;
male: 8.1 + 2.2). For inclusion within this study, the
control children met the following requirements. ab-
sence of active disease, no history of drug treatment or
therapy within the previous months, and no history of
diabetes.

Both groups (diabetic and control) presented a
Tanner pubera state between | and 111, as reported by
the same endocrinologist. Their diets were similar with
respect to protein content, but control children were not
limited in uptake of fat and carbohydrates. Socio-eco-
nomical status was similar for both groups.

Saliva Collection, Physical Characterization and Con-
servation

Tota saliva collection from the diabetic and the
control groups was performed in the morning, 8 h after
eating, except for 3 patients with 2 h of fasting. Their
results were not statisticaly different from the rest.
Stress situations of the children prior to and during
saliva collection were avoided.

Saliva (5 min production) was collected with a
sterile syringe, avoiding contact with the epithelia. No
stimulation or spitting was practiced. Salivawas placed
into ice-chilled graded tubes and brought immediately
to the laboratory.

Flow rate was defined as the volume of saliva
secreted per min. Viscosity, turbidity and foam deter-
minations were determined immediately in order to
avoid variations and subjectivity of a standardized ob-
server, using a scale from + to +++. Foam formed was
observed as soon as saliva was placed in the tube.
Salivary turbidity was checked in the liquid collected,
beforeice-chilled, and viscosity was determined by the
rupture of the mucus while taking the syringe off the
tube. pH was aso determined immediately using a
Corning PS-30 pHmeter. Once saliva was collected, it
was centrifuged at 5000 rpm for 10 min, fractionated
and cooled down for protein determination. The re-
maining saliva was frozen for further analyses.

Saliva Chemical Determinations

Total proteins and a-amylase were determined
after collectioninorder to avoid daily variations caused
by endogenous proteolytic activity.

Glucose determinations were performed using
100 pl of saliva by the glucose-oxidase method. Total

Table 1. Mean and standard deviation of physical characteristics of saliva from diabetic and control children.

Diabetics (n=20) Non-Diabetics (n=21)
Mae (n=9) Femde (n=11) Total Mae (n=9) Femde (n=12) Total
Flow rate (ml/min) 0.15 + 0.09 0.16 £ 0.13 015+ 011 023+0.13 027 £0.14 025+ 0.13
pH 6.81 + 051 6.93 + 0.64 6.89 + 0.58 6.98 + 0.33 7.16 + 0.27 7.08 + 0.30
Viscosity ++ ++ ++ + +++ +++
Turbidity ++ ++ ++ ++ ++ ++
Foam ++/+++ ++/+++ ++/+++ ++ +++ +++
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sugars were determined by the Phenol Sulfuric method.
Total proteins were measured by the Biuret method
with aminimum of 200 pl of saliva. a-amylasedetermi-
nations needed 10 pl of a 1/400-fold saliva dilution.
Acid phosphatase was determined by the colorimetric
method, urea by the enzymatic method, and calcium
was determined by the colorimetric complex. All reac-
tions were performed using products from Sigma and
Wiener Lab (Rosario, Argentina). No commercia kits
for salivary determinations were available for the au-
thors. Salivary determinations were performed in du-
plicate (except for a-amylase that were done in tripli-
cate). The technician was blinded to the dental history
and the saliva source.

Odontological Determinations

The following indices were determined: DMFT
(decayed, missing and filled permanent teeth), DMFS
(decayed, missing and filled permanent surfaces), deft
(decayed, extracted and filled deciduous teeth), defs
(decayed, extracted and filled deciduous surfaces), Gl
(Gingiva Index) (9) and Pl (Plaque Index) (10). Di-
etary history (daily sweet uptake), DG (deep grooves)
and WS (white spots) were also recorded by the same
dentist.

Statistical Analysis

Statistical analysis considered interindividual
variations. The BMDP computer program was used.
The multivariate statistical Hottelling test was applied
using the 3D program. The ANOVA test for each of the
variables was applied, and the F statistics were calcu-

lated in order to perform univariate descriptive statis-
tics. The 7D and 7M programs were used for the
individual and combined analyses. The discrimination
analysis was performed by the 7M program, and the
discrimination errors were analyzed in the Jackknifed
classification matrix, constructed by the “leave-one-
out” method (11). Linear regressions were carried out
assuming a normal distribution of each parameter, and
the correlation coefficients were determined.

RESULTS
Physical and Chemical Determinations of Saliva

Table 1 shows the mean = SD of flow rate, pH,
viscosity, turbidity, and foam for saliva of male and
female diabetic and non-diabetic children. Flow rate
diminished significantly in diabetic children asreported
by other authors (1). Small sex differences were ob-
served in both groups for pH. It cannot be excluded that
some of the differences observed between genders are
due to differences in ages. Diabetic saliva was more
viscous and had more foam than control saliva.

Biochemical determinations showed important
differences between both groups of children (Table 2).
Glucose, total sugars, total proteins and a-amylase
were greater in diabetic saliva, athough the latter pa-
rameter showed awide range of SD, as reported previ-
oudly (6). These parameters were inversely related to
flow rate. Salivary glucose also had little correlation
with glycemiaand with glycosylated hemoglobin, HbA1
(12).

Our results showed lower calcium values in
diabetic saliva. Acid phosphatase had no statistical

Table 2. Mean and standard deviation of biochemical parameters of saliva from diabetic and control children.

Diabetics (n=20) Non-Diabetics (n=21)
Mae (n=9) Femde (n=11) x+SD Mae (n=9) Femde (n=12) x+SD

Glucose (mg/dl) 195+ 148 215+£191 205+ 163 155+157 0.75+ 0.49 103+1.03
Sugars (mg/dl) 35.55 + 6.58 3532+ 1347  3542+1027 2115+ 1044 2130+ 1026 2124 + 10.06
Urea (mg/dl) 4900 + 4370 4525+ 2943 4712+ 3603 2409+ 701 2702+ 1367 2570 +11.01
Calcium(mg/dl) 3.06 + 0.99 2.81+0.80 293+0.88 344+084 344+094 344 +0.89
Proteins (mg/dl) 104.31 + 3583 11557 + 41.38  111.55 + 3847 76.98 + 27.07 8415+ 3596  81.13 +31.88
Amylase (AU/dl) 46,648 + 17,693 66,937 + 45480 58,822 + 37,412 35045 + 18,219 35,808 + 16,781 35494 + 16,823
Acid Phosph. (1U/I)  6.09 + 3.60 485+ 292 538+ 3.16 570+ 2.27 6.34+ 4.12 6.09 + 3.45
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differences in both groups of children. Similar results
were found for urea, except for three diabetic children
whose individual values for urea were high. This fact
caused the raising of the mean and the SD values. When
salivary glucose and total proteins were related to flow
rate no linear correlation was shown.

The multivariate method showed the statistical
value T2=31.983 (p=0.01) indicating that there were
differences between the two groups. In order to deter-
minetheresponsible parametersfor these differences, a
univariate descriptive test was applied. Flow rate, pH
and the biochemical parameters were considered. Con-
sidering the individual parameters, the significance

Table 3. Mean and standard deviation of oral health observations
of diabetic and control children.

Indices Diabetics Non-Diabetics
(n=20) (n=21)
D 407+ 425 110+ 1.94
M 057+ 140 0
F 121+ 291 085+ 156
DMFT 586+ 4.59 195+ 237
D 6.28+ 7.94 130+ 249
M 286+ 6.99 0
F 157+ 422 105+ 1.99
DMFS 10.71 + 10.50 235+ 3.03
d 217+ 221 100+ 1.12
e 150+ 4.89 033+ 084
f 042+ 0.79 083+ 125
deft 325+ 253 217+ 2.09
d 325+ 360 167+ 2.09
3.33+£10.07 167+ 4.20
f 042+ 0.79 122+ 213
defs 700+ 985 455+ 538
DMFT-deft 911+ 7.12 412+ 446
DMFS-defs 17.71 £ 20.35 6.90+ 841
Plaque Index 055+ 021 0.28+ 0.28
Gingivd Index 048+ 0.25 023+ 023
Dietary History 0.30+ 047 6.76 + 1.34
Deep Grooves 081+ 112 030+ 0.57
White Spots 043+ 0.98 020+ 0.52

DMFT: decayed, missing, filled permanent teeth

DMFS: decayed, missing, filled permanent teeth surfaces
deft: decayed, extracted, filled deciduous teeth

defs: decayed, extracted filled deciduous teeth surfaces

order was total sugars, proteins, urea, calcium and
glucose. In the combined analysis the order was cal-
cium, urea, total sugars, proteins and a-amylase. From
these results, five parameters were selected and ana-
lyzed together. The order of these parameterswas tota
sugars, calcium, urea, glucose and total proteins.
Furthermore, a discrimination analysis was per-
formed in order to determine the probability (0.5%, the
program default) that each child would be well classi-
fied as diabetic or non-diabetic. The five parameters
mentioned above were considered. The percentage of
correct classification for the diabetic group was 90.9%,
and 88.2% for the control group, i.e. one child consid-
ered as diabetic should have been classified as control,
and two controls could be diabetic. The total percent-
age of correct diagnosis was 89.3, i.e. there was a
probability of nearly 90% that a diabetic child was
diagnosed correctly through these salivary parameters.

Odontological Determinations

Table 3 showsthe odontological indicesfor both
groups. Even though diabetic and non-diabetic children
were of similar age, in the first group 40% (n=8) of the
children had permanent dentition, 30% (n=6) decidu-
ous, and 30% (n=6) mixed dentition. In the control
group, the majority had mixed dentition (81%, n=17),
only 14.3% (n=3) permanent and 4.7% (n=1) decidu-
ousdentition. Averageva ueswerecal culated for present
teeth.

Theora health state of diabetic children was not
as good as control children in terms of DMFT, DMFS,
deft and defs indices. Statistically significant differ-
enceswere aso observed for Pl, WS, Gl and DG, which
indicates the need of applying added preventive mea
sures with diabetic patients (Table 3).

DISCUSSION

In this study, biochemical aspects of the saliva
and the oral health observed were compared between
pre-pubertal and mid-pubertal children with diabetes
mellitus and a control group with similar characteris-
tics. As recommended previously (12), HbAland
microal buminuria was measured the day of saliva col-
lection.

Whole saliva was unstimulated on collection.
Flow rate, which wassignificantly diminished (p<0.001)
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in diabetics, was associated to salivary viscosity and
foam. Viscosity (also called “ spinbarkeit” by Jenkins
(6)) and foam are reflected by the higher level of
proteins in diabetic patients, and salivary turbidity is
related to mucus, epithelia cells and especially to ora
bacteria presence (4). There is much research relating
diminished flow rate to diabetes in adults and children,
as if the overall dehydration could cause irreversible
changes of the glands (13).

Our findings that control males had lower secre-
tion rates than females are not in agreement with the
results reported for adults by Percival et a. (14) who
reported higher levels of unstimulated whole salivain
males. They explained these results on the basis of
female sdlivary glands being smaller than those of
males, and probably also due to a loss of estrogen of
post-menopausal women.

The acid pH in diabetic children may be associ-
ated either to microbial activity or to a decrease of
bicarbonate with flow rate.

Salivary chemica contents also showed some
differences between groups. Glucose was not corre-
lated with glycemia or HbA1 (12), although diabetic
salivavalueswere higher thanin controls. Theseresults
are in agreement with those of Karjalainen et al. (13),
who reported that salivary glucose level decreased after
beginning insulin treatment in both children and ado-
lescents.

Salivary glands act as filters of blood glucose
that would be atered by hormonal or neura regulation
(15). These diabetic children also showed negative
urinary protein levels (12). Consequently, further stud-
ies are necessary to determine if high glycemiavalues
could alter salivary filtration capacity asrenal filtration
capacity does.

Salivary glucose has no linear correlation with
Pl and GlI, athough these two are correlated (12). Total
sugar values were also higher in saliva from diabetics
than in controls. However, they were not correlated to
cariesrelated indices in the current study (data not
shown).

Other chemical salivary determinations in dia-
betic children are quite different from those of the non-
diabetic group. Tota proteins and a-amylase were
dightly lower than those for diabetic adults reported by
Y avuzyilmaz et a. (16). However, both salivary values
were higher in the diabetic group than in controls.
These differences may be caused by stress (15), even
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though stress situations were avoided in this study. a-
amylase showed agreat variation in terms of the SD, as
reported previously by Jenkins (6).

Calcium, total proteins and a-amylase deter-
mined for non-diabetics were similar to those reported
for adult norma saliva using different methods than
those used in this study (17). Compared to the results of
Jenkins (6), our results from control children for cal-
cium, urea and glucose were similar, but those for
proteins and a-amylase were lower. Dodds and Dodds
(18) associated elevated amylase activity with taste
alterations in poorly controlled non-insulin-dependent
diabetes mellitus adults.

In normal saliva, calcium-phosphate precipita-
tion isinhibited by specific salivary proteins that bind
calcium (19). In our results obtained from diabetic
children, protein salivary values were increased prob-
ably due to greater microorganism activity, or they
could perhaps be proteins of periodontal tissue origin.

Urea may physiologically maintain salivary pH
closeto normality. Acid phosphatase asacomponent of
parotid saliva was similar in diabetic and control chil-
dren.

Using total sugars, calcium, urea, glucose and
total proteins for discrimination analysis, amost 90%
of the children in this study were well characterized as
diabetic or non-diabetic. It should be taken into consid-
eration that they are children under insulin treatment.

Therewas no relation of salivary determinations
with caries; however, ora health of diabetic patients
was deficient compared to controls. Coallin et a. (20)
found no association between diabetes and prevaence
of cariesin diabetic adults. However, cooperation be-
tween the diabetologist and the dentist is needed.

Tota sdliva is a fluid of easy collection that
could help diagnosis or monitoring systemic illness,
such as diabetes. In this paper it is shown that some
salivary biochemical parametersare statistically differ-
ent and could be considered when classifying achild as
diabetic. It isalso demonstrated that salivacomposition
may correspond to the systemic state of the patient
rather than the oral hedlth state.
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RESUMO

Oscomponentessalivares podem sofrer variagdes que podem sex
detectadas por andlise quimica. O objetivo desse trabalho foi
determinar as caracteristicas fisicas e bioquimicas da saliva de
um grupo de criangas diabéti cas comparadasaum grupo controle.
A relacdo com a salde ora também foi determinada. Vinte
criangas diabéticas (3-15 anos) e 21 criangas do grupo controle
(5-12 anos) foram incluidas nesse estudo. Quantidade total de
proteinas, aclcares e calcio foram determinadas por métodos
colorimétricos e glicose, uréia, a-amilase e &cido fosforico por
métodos enziméticos. Nossosresultados demonstraram que o pH
acido diminuiu o fluxo sdivar e 0 excesso de espuma sdo
normalmente encontrados na saliva de criangas diabéticas. O
total de agUcares, glucose, uréia e proteinas foram maiores em
pacientes diabéticos do que no controle enquanto o cédcio
diminuiu. Essas diferencas foram confirmadas pelo teste de
discriminacdo. As criangas diabéticas tém maiores valores de
DMFT-dmft-deft and DMFS-dmfs-defs quando comparadas
aquelas do grupo controle apesar do menor consumo de agucar.
Alguns componentes sdivares e a diminuicdo do fluxo salivar
podem estar envolvidos na caracterizacdo da salide oral das
criancas diabéticas.
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