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ABSTRACT
Background: Old adults are regarded as an important target group with special oral health needs. Salivary gland
structure and saliva composition particularly the antioxidants are subjected to significant changes with advancing
age. The aims of this study were to assess salivary antioxidants and lipid peroxidation biomarker (malondialdehyde)
levels in addition to salivary physicochemical characteristics and their effect on dental caries among a group of old
adults in comparison with middle-aged.
Materials and methods: The study group consisted of all old adults (35 subjects) aged 55-65 years in comparison with
all middle-aged (35 subjects) aged 30-40 years at the Textile factory in Mosul city who fitted the criteria of the study.
Dental caries was recorded through the application of D1-4 MFS index. Plaque and calculus indices were used for
recording oral cleanliness. Unstimulated salivary samples were collected and salivary flow rate and pH were
determined. Salivary samples then were chemically analyzed for the detection of salivary antioxidants (total protein,
albumin, vitamin E, vitamin C and uric acid) and lipid peroxidation biomarker (malondialdehyde) in addition to
salivary constituents as urea, calcium, phosphorous and magnesium.
Results: Salivary antioxidants level (total protein, albumin, vitamin E, and vitamin C) was lower among old adults
compared to middle-aged ones with significant difference for vitamin C only. Malondialdehyde was slightly higher
among old adults with no significant difference. Statistically no significant difference could be found regarding
salivary flow rate and pH between the two age groups. Also salivary constituents (urea, calcium, phosphorous and
magnesium) showed no significant difference between the two age groups. Caries experience (DMFS) was highly
significantly higher among old adults (28.71±9.15) compared with middle-aged (20.68±8.53). Multiple linear regression
analysis revealed inverse highly significant β coefficient for vitamin E and salivary flow rate on DS among old adults.
Conclusion: Dental caries revealed higher severity among old adults. Salivary antioxidants and physicochemical
characteristics were found to affect dental caries experience among old adults.
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INTRODUCTION
Aging is a normal part of human development
that is associated with significant changes in the
function of most organs and tissues (1). A number
of age-related changes affect the oral structure
including dental hard and soft tissues and are of
clinical relevance. Descriptive morphological
studies showed age-related changes in salivary
parenchymal tissues with reduction in acinar cell
mass and an increase in fibrous and fatty tissues
(2)
. Dental caries is one of the most prevalent oral
health problems (3). The disease is a multifactorial
in etiology which depends on the interaction of
three main group factors including host, microbial
and substrate factors (4). The correlation between
salivary physicochemical characteristics and
dental caries was studied extensively but the
results were controversial (5-8). Reactive oxygen
species were found to play a role in dental caries
process (9). Salivary antioxidant system reduces
the susceptibility to dental caries because of its
free radical scavenging action and other
mechanisms (10).
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As far as it is known, there are no previous
Iraqi studies concerned with the relation between
reactive oxygen species, salivary antioxidants and
dental caries among old adults; therefore, it was
decided to conduct this study.

MATERIALS AND METHODS
The studied sample is consisted of all old
adults (35 subjects) aged 55-65 years and all
middle-aged (35 subjects) aged 30-40 years who
work at Textile factory in Mosul city. They should
be non-smoker, with no medical history
(depending on the medical report supplied by the
medical unit at the factory) that compromises
salivary secretory mechanism, shouldn't take any
medications with xerogenic effect or any
nutritional supplementation, and shouldn't wear
any fixed or removable dental prostheses. The
collection of unstimulated salivary samples was
performed according to the instructions cited by
Tenovuo and Lagerlöf (11). Salivary pH
immediately was measured using an electronic pH
meter and flow rate of saliva was expressed as
milliliter per minute (ml/min). Then salivary
samples were taken to the laboratory for
biochemical analysis at the College of Veterinary
and College of Dentistry, University of Mosul.
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Plaque index (PlI) by Silness and Löe (12) was
used to assess the plaque accumulation. While
dental calculus was assessed according to the
Calculus Index system (CalI) by Ramfjord (13).
Gingival inflammation was evaluated by using the
gingival index (GI) (14). Caries experience was
recorded according to Decayed, Missing and
Filled (D1-4 MFS) Index described by Mühlemman
(15)
. Salivary antioxidants were determined by
photometric methods. Some were measured by
manual methods as in case of total protein using
Biuret method (16), vitamin E depending on
Emmerie-Engel reaction (17), vitamin C by using
2, 4-dinitrophenyl hydrazine (DNPH) method (18)
and salivary MDA using the method of Beng and
Aust (19). Others were measured by using ready
kits as in case of albumin and uric acid
(BioMérieux sa, France). Concerning salivary
urea, calcium, phosphorous and magnesium, they
were determined colorimetrically using ready kits
supplied by (BioMérieux sa, France) except for
magnesium that supplied by (Human, Germany).
Data analysis was conducted through the
application of the SPSS (version 12). The
Student's t-test and Multiple Linear Regression
test were applied. The confidence limit was
accepted at 95% (P <0.05).

RESULTS
The only significant difference was found for
vitamin C that was significantly lower among old
adults than middle-aged (t=2.37, P<0.05, df=68).
Other antioxidants (total protein, albumin, and
vitamin E) showed lower mean values among old
adults though with no significant difference.
Malondialdehyde was slightly higher among old
adults with no significant difference (P>0.05)
(Table 1). Table 2 reveals statistically no
significant difference regarding salivary flow rate
and pH between the two age groups (P>0.05).
Also salivary constituents (urea, calcium,
phosphorous and magnesium) showed no
significant difference between the two age groups
(P>0.05).
Caries experience (mean and standard
deviation) is shown in Table 3. Results revealed
that caries experience represented by DMFS was
highly significantly higher among old adults
compared to middle-aged (t=-3.80, P<0.01,
df=68). Decayed surface value was highly
significantly higher among old adults (t=-3.32,
P<0.01, df=68). Missing surface value was higher
among old adults than middle-aged with no
significant difference. D2 and D4 values were
highly significantly and significantly higher
among old adults than middle-aged respectively
(t=-3.21, P<0.01, df=68; t=-2.63, P<0.05, df=68,
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respectively).Table 4 demonstrates that mean PlI
was highly significantly higher among old adults
(t=-3.25, P<0.01, d.f=68). Result of multiple
linear regression of decayed fraction (DS) of
dental caries (dependent variable) explained by
salivary and oral health variables (independent
variables) are shown in Table 5. Among old
adults, complete correlation coefficient (r)
between them was 0.96 with R2 value of 91%.
Statistically highly significant beta coefficients
were recorded for vitamin E, uric acid, MDA,
flow rate, pH, calcium, phosphorous, and PlI in
addition significant beta coefficient was recorded
for magnesium, but negative trends were recorded
only in case of vitamin E, MDA, salivary flow
rate and phosphorous. Among middle-aged adults
a complete correlation coefficient between them
was 0.74 with R2 value of 54%. For all entered
factors βeta coefficient slops were not statistically
significant.

DISCUSSION
Unstimulated whole saliva was collected in
the current study to provide a more accurate
account of oral environment and saliva
antioxidant composition for analysis (20). A
reduction in the protective antioxidant mechanism
was reported among old adults in the present
study as vitamin C level decreased significantly
with age also other antioxidants (total protein,
albumin, and vitamin E) decreased among old
adults though with no significant difference. This
could be attributed to lower intake of antioxidant
nutrients especially fresh fruits, vegetables and
meat among old adults probably because of higher
number of missing teeth among them and so
reduced masticatory performance (21). Also this is
partially confirmed in the current study by higher
missing surface value among old adults compared
with middle-aged but with no significant
difference. Another explanation is the elevated
free radical generation with aging so salivary
antioxidants would be exhausted in reaction with
the elevated free radicals (22).
In the current study the difference between
the two age groups in unstimulated salivary flow
rate didn’t reach any statistical significance
probably due to the fact that all subjects in the
present investigation were healthy unmedicated
subjects since salivary flow rate is relatively
unaffected by age-related changes in the structure
of salivary glands in the absence of additional
challenges like systemic diseases and medications
probably due to the significant functional reserves
within salivary glands (23).
With increasing age dental caries becomes a
substantial oral health problem (3); this indicates
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the cumulative nature of dental caries with
advancing age (24). Similarly in the present study
old adults showed highly significantly higher
dental caries intensity than middle-aged adults.
Higher caries experience among old adults
probably related to:
1. Poor oral hygiene among old adults as they
reported highly significantly higher plaque
accumulations than middle-aged. This is
confirmed by the positive highly significant ß
coefficient for PlI on DS among old adults.
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2. Lower antioxidant protection as indicated by
lower salivary antioxidants (i.e. total protein,
albumin, vitamin E, and vitamin C) among old
adults. This is further supported by the inverse
highly significant β coefficient for vitamin E on
DS. This is probably because these antioxidants
inhibit oxidative carbohydrate metabolism
involved in dental caries production at the local
level (10). In addition vitamin E might affect
dental
caries
occurrence
through
its
immunenhancing effect (25).

Table 1: Salivary antioxidants and lipid peroxidation biomarker (malondialdehyde)
(Mean±S.D.) among old adults and middle-aged.
Old adults
Middle-aged
Statistical difference
(55-65 years)
(30-40 years)
No. Mean ±SD No. Mean ±SD t-test df P-value
0.07
Total protein 35 380.89 291.10 35 541.54 419.12 1.86 68
35 16.53 1.94 35 17.16 1.68 1.46 68
0.15
Albumin
35 0.18 0.13 35 0.22 0.17 1.01 68
0.31
Vitamin E
Vitamin C 35 0.02 0.12 35 0.64 1.55 2.37 68 0.02*
35 6.47 1.35 35 5.73 1.12 -2.49 68
0.2
Uric acid
0.80
MDA (μmol/L) 35 0.16 0.15 35 0.15 0.18 -0.25 68
Variable
(mg/dl)

*Significant (P<0.05)

Table 2: Salivary physicochemical characteristics (Mean±S.D.) among old adults and middleaged.
Old adults
Middle-aged
Statistical difference
(55-65 years) (30-40 years)
No. Mean ±SD No. Mean ±SD t-test df P-value
0.17
Flow rate (ml/min) 35 0.38 0.24 35 0.46 0.21 1.39 68
35 7.28 0.43 35 7.17 0.50 -1.00 68
0.32
PH
35 54.43 15.83 35 50.69 15.81 -0.99 68
0.33
Urea
35 9.32 2.13 35 9.33 1.57 0.007 68
0.99
Calcium
35 12.07 4.48 35 10.95 3.11 -1.21 68
0.23
Phosphorous
35 0.53 0.43 35 0.45 0.33 -0.84 68
0.40
Magnesium
Variable
(mg/dl)

Table 3: Caries experience (Mean±S.D.) among old adults and middle-aged
Old adults
Middle-aged
Statistical difference
Variable (55-65 years) (30-40 years)
No. Mean ±SD No. Mean ±SD t-test df P-value
35 0.91 0.98 35 0.80 1.02 -0.48 68
0.63
D1
35 7.00 3.41 35 4.46 3.21 -3.21 68 0.00**
D2
35 1.68 1.74 35 2.31 2.04 1.38 68
0.17
D3
35 2.43 3.32 35 0.77 1.70 -2.63 68 0.01*
D4
35 12.02 4.89 35 8.34 4.38 -3.32 68 0.00**
DS
35 13.91 10.46 35 9.60 8.76 -1.87 68
0.07
MS
35 2.74 4.98 35 2.74 5.84 0.00 68
1.00
FS
DMFS 35 28.67 9.15 35 20.68 8.53 -3.80 68 0.00**
*Significant (P<0.05)

** Highly significant (P<0.01)

Table 4: Plaque and calculus indices (Mean±S.D.) among old adults and middle-aged.
Old adults
Middle-aged
Statistical difference
Variable (55-65 years) (30-40 years)
No. Mean ±SD No. Mean ±SD t-test df P-value
35 0.87 0.35 35 0.61 0.33 -3.25 68 0.00**
PlI
35 0.66 0.42 35 0.56 0.42 -0.95 68
0.35
CalI
** Highly Significant (P<0.01)
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Table 5: Multiple linear regression of the DS explained by salivary and oral health variables
among old adults and middle-aged.
Parameter

Old adults
55-65 years

Middle-aged
(30-40 years)

ß
S.E. t P-value
(slope)
Total protein 0.003 0.002 1.33 0.20
-0.17 0.24 -0.70 0.49
Albumin
Vitamin E -32.21 5.20 -6.20 0.00**
Vitamin C 6.07 3.25 1.87 0.08
2.59 0.62 4.16 0.00**
Uric acid
-21.97 4.96 -4.43 0.00**
MDA
Flow rate -37.27 6.74 -5.53 0.00**
13.63 2.43 5.61 0.00**
pH
-0.27 0.13 -2.01 0.06
Urea
2.85 0.56 5.06 0.00**
Calcium
Phosphorous - 1.63 0.44 -3.69 0.00**
Magnesium 6.57 2.38 2.76 0.01*
21.48 4.08 5.26 0.00**
PlI
-4.44 2.64 -1.68 0.11
CalI
3.36 10.33 0.33 0.77
GI
*Significant (P<0.05)

3. Higher salivary lipid peroxidation as reflected
by slightly elevated MDA level though with no
significant difference among old adults may
further explain higher dental caries intensity
among them. The possible explanation is that
reactive oxygen species might induce lipid
peroxidation and damage of the immune cells
(25)
that might affect dental caries process.
4. Lower salivary flow rate among old adults
though statistical difference was not significant.
This is confirmed by inverse highly significant
ß coefficient for salivary flow rate on DS.
Since the washing action of saliva plays an
important role in the clearance of food debris
and bacteria also its protective constituents
increase with increasing flow rate (26).
5. Changes in lifestyle among elderly that lead to
more opportunity for snacking (1).
Special oral health preventive and educational
programs are needed for old adults. In addition
data gained here might provide clue for the use of
salivary antioxidants as a mean for monitoring
oral health and success of treatment.
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