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Purpose: The whole salivary flow rates and microbial conditions were examined in a 10-year follow-up
and cross-sectional study in a random sample of elderly inhabitants of Gothenburg. 

Material and Methods: Of the 208 individuals examined at baseline, forty-nine per cent participated in
the follow-up, 56, 37 and nine persons, respectively, in the age groups of 65, 75 and 85 years. In addi-
tion, a new random sample of 98 individuals aged 55 year was examined. 

Results: The mean secretion rate decreased significantly with increasing age in terms of unstimulated
and stimulated whole saliva. Of the 200 participants, 50% were taking medication, which could have
hyposalivatory side-effects. Persons with a daily intake of ≥4 drugs had significantly lower unstimulated
and stimulated secretion rates. Forty-five persons reported subjective dryness in the mouth. The mean
saliva secretion rates among these persons were significantly lower and the number of drugs consumed
significantly higher than in people with no such complaints. The overall salivary counts of lactobacilli and
mutants streptococci increased with age. Higher counts of these bacteria were found in persons wearing
removable dentures than in persons without dentures. 

Conclusion: The salivary and microbial conditions ought to be continuously monitored in old people, in
order to identify those who need oral health promotive measures.
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aliva performs a vital function in maintaining
good oral health. An appropriate secretion rate

is therefore a decisive factor in this respect. The eld-
erly are, however, more frequently subject to func-
tional disorders and diseases that involve an in-
crease in the consumption of medicines with hy-

S posalivatory side-effects. Several recent studies
have reported a reduction in the salivary flow rate
of either unstimulated or stimulated saliva in elderly
people (Percival et al, 1994; Sivarajasingam et al,
1995; Billings et al, 1996; Närhi et al, 1999;
Bergdahl, 2000). Among the many negative factors
associated with a reduced saliva secretion rate, the
condition is often associated with a shift towards a
more caries-related acidogenic oral flora.

A five-year follow-up study of randomly-selected
60-, 70-, and 80-year-old inhabitants of Göteborg
revealed decreased secretion rates of unstimulat-
ed and stimulated saliva with increasing age (Fure,
1998). It was also found that the salivary counts of
lactobacilli and mutans streptococci, particularly
the species Streptococcus sobrinus, had increased
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with age. Persons wearing removable dentures had
higher counts of these organisms than those with-
out dentures. These findings are in accordance
with other studies of salivary counts of acidogenic
micro-organisms in the elderly and wearers of den-
tures (Emilson and Thorselius, 1988; Beighton et
al, 1990; Köhler and Persson, 1991; Marsh et al,
1992; Lundgren et al, 1996; Närhi et al, 1999).

The purpose of this 10-year cross-sectional and
follow-up study was to investigate the consistency
of an age-related reduction in the saliva secretion
rate and an increase in the salivary counts of some
acidogenic micro-organisms.

MATERIALS AND METHODS

Study Population

In each of the age groups 55, 65 and 75 years
some 150 individuals, respectively, were randomly
selected for the baseline study from the official reg-
ister of inhabitants in the municipality of Gothen-
burg. They constituted approximately 3% of the in-
habitants in the corresponding age groups. Edentu-
lous people were not included in the examination
and 88, 72 and 48 participated in the respective
age groups (Table 1). Of the 208 individuals exam-
ined at baseline 102 (53 men and 49 women) par-
ticipated in the 10-year follow-up examination; 56,
37 and nine persons, respectively, in the age
groups of 65, 75 and 85 years. For the purpose of
time-trend comparisons, a new random sample of

150 individuals in the 55-year-old age group was
selected and 98 (51 men and 47 women) individu-
als having natural teeth agreed to participate in the
study. Informed consent was obtained prior to the
start of the study, which had been approved by the
Ethics Committee at Gothenburg University, Dnr:
H027-97.

Clinical Examination

The clinical examination was carried out at the De-
partment of Cariology, Gothenburg University, by
one dentist (SF), using the same technique as at
baseline (Fure and Zickert, 1990). The numbers of
remaining teeth and the wearing of dentures were
recorded. The participants were interviewed about
their drug consumption including the use of antimi-
crobial treatment, i.e. chlorhexidine, penicillin and
their equivalents, during the previous two months.
The subjects were also asked about whether they
experienced dryness in the mouth, either constant-
ly or only at rest when they had been asleep.

Saliva Sampling Procedure

Most collections were made in the mid-morning and
at least one hour after a meal. Dentures were in
situ during the saliva collection. The subjects were
allowed to relax for a while and drink a glass of wa-
ter prior to sampling. During the collection of un-
stimulated saliva, the participants were asked to

Table 1 Number of men and women who partcipated at baseline in 1987 and at the 10-year follow-up ex-
amination in 1997. Number of remaining teeth, number of persons on medication and on ≥4 drugs in the dif-
ferent age groups

Age 
group

Participants in 1987 Age 
group

Participants in 1997 Remaining 
teeth in 1997

On medication
≥4 drugsMen Women Total Men Women Total

55 51 47 98 23.7 ± 5.2 38 39% 10 10%

55 47 41 88 65 32 24 56 22.5 ± 6.1 28 50% 5 9%

65 40 32 72 75 17 20 37 17.3 ± 7.2 26 70% 14 38%

75 20 28 48 85 4 5 9 14.2 ± 6.4 8 89% 3 33%

Total 107 101 208 104 96 200 21.8 ± 6.5 100 50% 22 16%
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sit with their head bent forward, to allow the saliva
to pool in their mouth, and not to swallow. They
were instructed to expectorate into a graduated
test tube when they felt the need to spit and the
procedure continued for 10 min. Stimulated whole
saliva, using the spitting method, was then collect-
ed in a chilled graduated test tube. A piece of par-
affin wax was chewed for a while and the saliva was
swallowed. Saliva was then collected continuously,
while chewing on the bolus of paraffin wax for a
minimum of 2 min or until a volume of 2 ml was col-
lected. The cylinder of stimulated saliva was sealed
with Parafilm and kept chilled until it was processed
at the laboratory within 2 h. 

Saliva Secretion Rate and Buffer Capacity 

The secretion rate for unstimulated and stimulated
whole saliva was estimated in ml/min. The buffer
capacity of stimulated saliva, expressed as the fi-
nal pH, was determined according to the method
described by Ericsson (1959).

The cut-off points for hyposalivation were set to
<0.1 ml/min for unstimulated saliva and <0.7
ml/min for stimulated saliva (Ericsson and Hard-
wick, 1978).

Microbiological Procedures

One ml of the stimulated saliva sample was dis-
persed on a Whirlimixer and diluted in 10-fold stag-
es in 0.05 M potassium phosphate buffer contain-
ing 0.4% KCl. Aliquots of 25 µl of the appropriate
dilutions were placed in duplicate on mitis-salivari-
us-bacitracin (MSB) agar (Gold et al, 1973) to grow
mutans streptococci and on Rogosa SL agar to
grow lactobacilli. The MSB agar plates were incu-
bated for 2 d at 37°C in an atmosphere of 95% N2
and 5% CO2. The Rogosa SL agar plates were incu-
bated aerobically at 37°C for 3 d. Counts were
made of colonies with the typical morphology char-
acteristics of Streptococcus mutans and Strepto-
coccus sobrinus on MSB agar (Emilson, 1983) and
of lactobacilli in Rogosa SL agar and the number of
colony forming units (CFU) in these micro-organ-
isms per ml of stimulated saliva was determined. A
number of representative and atypical colonies on
MSB agar were isolated and identified using both
specific fluorescent antisera and immunofluores-
cent procedures (Bratthall, 1972).

Statistical Methods

In the analyses, bacterial counts were transformed
to log10 values in order to normalize their distribu-
tion. Differences between mean values of the stud-
ied variables were analyzed using a one- or two-fac-
tor analysis of variance (ANOVA). Paired t-tests and
correlation coefficients (r) were calculated to com-
pare individual values of different variables. A step-
wise multiple linear regression analysis of the vari-
able remaining teeth in relation to salivary rates
and microbial counts was performed. The level of
significance was set at P<0.05. 

RESULTS

Drop-outs

Of the 208 persons examined at baseline 102
(49%) participated in the 10-year follow-up examina-
tion (Table 1). Of the 106 non-participants in the fol-
low-up examination, 33 had died during the 10-year
period (1%, 18% and 40%, in the respective age
groups of 65, 75 and 85 years). Telephone inter-
views revealed that two persons had lost all their
teeth and 36 persons were too ill for a dental exam-
ination. Further 16 persons had a shortage of time
and 19 had moved from the district. No statistically
significant differences between the mean values for
the baseline data of the studied variables were
found in one-factor ANOVA in terms of participants
and non-participants in the follow-up examination.

In the new randomly selected sample of 150 in-
dividuals aged 55 years, 98 (65%) participated (Ta-
ble 1). Five per cent, four men and four women re-
ported that they were edentulous and 5% were too
ill for a dental examination. Other reasons for not
participating were: moved from the district (3%), a
shortage of time (14%), or lack of interest (7%).

Teeth

The mean numbers of remaining teeth were 24, 23,
17 and 14, respectively, in the age groups of 55,
65, 75 and 85 years (Table 1). Removable den-
tures in one or both arches were found in seven,
four, nine and four subjects in the respective age
groups. The remaining 176 had only natural teeth
or natural teeth in combination with fixed prosthe-
ses or implants.
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Drugs

One hundred individuals (50%), 43 men and 57
women, were taking medication that could have
xerostomic side-effects (Sreebny and Schwartz,
1997). Antihypertensives (48 persons), long-term
analgesics (29 persons), antipsychotics (25 per-
sons), antiasthmatics (22 persons) and diuretics
(20 persons) were most frequently used. Other
drugs included antidepressants, vasodilators, anti-
cholinergics, antacids, antidiabetics, thyroid hor-
mones, glucocorticoids, drugs for Parkinson’s dis-
ease and systemic antihistamines. Of the 200 par-
ticipants, 16% had a daily intake of ≥4 prescribed
medications, this figure was 37% in people aged
75 and over (Table 1).

Saliva

Cross-sectional comparisons: The percentages of in-
dividuals with an unstimulated saliva secretion rate
of 0.1 ml/min or less increased with age (Fig 1).
They were found to be 9%, 13%, 38% and 44%, re-
spectively, in the age groups of 55, 65, 75 and 85
years in 1997. Among the people who participated

in the follow-up examination, the percentages of
those with an unstimulated secretion rate of 0.1
ml/min or less were 14%, 38% and 44%, respec-
tively, for the 55-, 65- and 75-year-olds in 1987. Ac-
cordingly, when comparing the same age groups,
the percentages of people with hyposalivation were
higher at baseline than at the follow-up. A stimulat-
ed secretion rate of 0.7 ml/min or less was found
in 7%, 13%, 19% and 33%, respectively, of the 55-,
65-, 75- and 85-year-olds in 1997.

In two-factor ANOVA (age group and medication),
no statistically significant differences in mean val-
ues were found between subjects using prescribed
medications, which may cause hyposalivation and
those who were not, in the case of either unstimu-
lated or stimulated saliva. However, persons with a
daily intake of four or more drugs had a lower un-
stimulated (P<0.001) and stimulated (P<0.01) se-
cretion rate than those taking fewer than four drugs
among people aged 65 and over. 

Men had significantly higher secretion rates
than women (Table 2). The mean secretion rates
decreased with age and were found to be 0.4,
0.4, 0.3 and 0.2 ml/min, respectively, in the 55-,
65-, 75- and 85-year-olds in terms of unstimulated
saliva in 1997. The corresponding values for stim-

Fig 1 Frequency distribution by age group of low levels of saliva secretion rates of unstimulated 
saliva in men and woman.
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ulated saliva were 2.3, 2.0, 1.5 and 1.3 ml/min.
When the effect of gender was accounted for in
two-factor ANOVA the differences between the
mean values were found to be significant in terms
of age groups for unstimulated and stimulated sa-
liva.

Longitudinal comparisons: In the 102 individuals
who participated in the baseline and follow-up ex-
aminations, the secretion rates had not decreased
significantly, however, during the 10-year period
(paired t-test).

When comparing the same age groups, the
mean secretion rate values were actually some-
what higher in 1997 than in 1987 (Table 2), but not
found statistically significant in one-factor ANOVA.
There was a high correlation coefficient between
the unstimulated and stimulated salivary rates of
r=0.6.

Dryness of the Mouth

Subjective dryness of the mouth was reported by
45 persons, 19 of whom experienced dryness con-
stantly, while 26 only experienced it when they had
been asleep. The mean secretion rates for unstim-
ulated and stimulated saliva differed significantly
between the three groups of persons who either ex-

perienced constant dryness or only experienced
dryness after sleep or did not complain of oral dry-
ness. The corresponding mean secretion rates
were 0.1, 0.2 and 0.4 ml/min for unstimulated sa-
liva (P<0.05), respectively, for the three groups and
0.7, 1.7 and 2.2 ml/min for stimulated saliva
(P<0.05). A statistically significant difference was
also found between the mean values for the num-
ber of drugs consumed in terms of subjective dry-
ness (P<0.0001). The mean numbers of drugs
were 3.6, 1.8 and 1.0, respectively, for the three
groups.

Final pH of Buffer Capacity

Cross-sectional comparisons: No significant differ-
ences between mean values of buffer capacity in
terms of age group were found in two-factor ANOVA
(age group and gender), either 1987 or 1997
(Table 3).

Longitudinal comparisons: The salivary buffer
capacity had, however, increased on average in
the 10-year period among the 102 participants in
the follow-up examination (P<0.001, paired t-test)
(Table 3). This was especially notable in the
75-year age group, where the mean value for the
final pH was found to be 5.6±1.5 in 1997 com-

Table 2 Mean ± SD of secretion rate (ml/min) for unstimulated and stimulated whole saliva at baseline in 
1987 and at follow-up in 1997 by age group and gender

Secretion rates in 1987 Secretion rates in 1997

Age group unstimulated stimulated age group unstimulated stimulated

(n m/w) men women men women (n m/w) men women men women

55(51/47) 0.4±0.3 0.3±0.2 2.4±1.3 2.2±1.1

55(32/24) 0.4±0.2 0.3±0.2 2.1±0.9 1.9±0.8 65(32/24) 0.4±0.2 0.3±0.2 2.1±1.2 1.9±1.0

65(17/20) 0.3±0.3 0.2±0.2 2.0±0.6 1.5±0.8 75(17/20) 0.3±0.3 0.2±0.1 1.9±1.4 1.1±0.8

75(4/5) 0.2±0.2 0.2±0.1 1.5±0.9 1.4±0.5 85(4/5) 0.2±0.2 0.1±0.1 1.5±0.8 1.0±0.3

(53/49) 0.4±0.2 0.3±0.2 2.0±0.8 1.7±0.8 (104/96) 0.4±0.3 0.3±0.2 2.2±1.2 1.8±1.1

Cross-sectional: In two-factor ANOVA (age group and gender), the differences between the mean secretion rate values were found to be statistically significant 
in terms of age group for unstimulated saliva in 1987 and in 1997 (P<0.01, for both) and for stimulated saliva in 1997 (P<0.01); in terms of gender for 
unstimulated saliva in 1997 (P<0.01) and for stimulated saliva in 1987 and 1997 (P<0.05, for both).
Longitudinal: In paired t-test no significant differences in secretion rates were found between 1987 and 1997 within the same cohort.



Fure

190 Oral Health & Preventive Dentistry

pared with 4.4±1.5 in 1987. When comparing the
same age groups the mean values were higher in
1997 than in 1987 (P<0.0001, one-factor ANO-
VA).

There were high correlations between the buffer
capacity and the unstimulated and stimulated sali-
vary rates of r=0.3 and r=0.5, respectively.

Microbiological Findings

In the microbiological investigations, five subjects
in 1987 and six subjects in 1997 were excluded
owing to antimicrobial treatment within the two
months preceding the examinations. Mutans strep-
tococci were not detected in 2% of the saliva sam-
ples of the 55- and 65-year-olds in 1987 and 1997,
while the bacteria were detected in all the saliva
samples from the 75- and 85-year-olds.

Cross-sectional comparisons: The percentage of
people with a high number of mutans streptococci,
i.e. ≥106 or more CFU/ml saliva increased with
age. This high number was found in 14%, 21%, 43%
and 50%, respectively, in the 55-, 65-, 75- and
85-year age groups in 1997 (Fig 1). Corresponding
percentages were found for the equivalent age
groups in 1987.

S. sobrinus was only detected in subjects with
detectable S. mutans. Among these subjects, the
percentage of S. sobrinus accounted for 9%, 15%,
16% and 46%, respectively, of the total amount of
mutans streptococci in the 55-, 65-, 75- and
85-year-olds in 1997. The corresponding figures
were 5%, 19% and 20% for the 55-, 65- and
75-year age groups in 1987. The salivary counts of
S. mutans and lactobacilli were significantly higher
in the 74 subjects who carried S. sobrinus than in
those who did not.

Table 3 Mean values ± SD for final pH of buffer 
capacity of stimulated whole saliva at baseline in 
1987 and at follow-up in 1997 by age group

Age group(n) in 1987 Age group(n) in 1997

55(98) 5.8±1.5

55(56) 5.1±1.7 65(56) 5.3±1.5

65(37) 4.4±1.5 75(37) 5.6±1.5

75(9) 4.6±1.4 85(9) 4.8±1.0

(102) 4.8±1.6 (200) 5.5±1.5

Cross-sectional: In two-factor ANOVA on age groups and gender, no signif-
icant differences between the mean values for final pH were found in 
1987 and 1997.
Longitudinal: In paired t-test the values for final pH were found significant-
ly higher in 1997 than in 1987 (P<0.001).

Fig 2 Frequency distribution by age group of high levels of S. mutans, S. sobrinus and lactobacilli 
in stimulated saliva.
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Men harbored more lactobacilli than women and
the percentage of people with a high number of
≥105 CFU/ml saliva of lactobacilli in 1997 was
32% for men compared with 16% for women. The
percentage of people with high levels increased
with age from 19% in the 55-year-olds to 63% in the
85-year-olds (Fig 1).

In Table 4, it can be seen that the mean numbers
of mutans streptococci per ml saliva were higher in
the oldest age group than in the youngest. The
mean values for S. sobrinus in 1997 increased from
0.4 x 105 CFU/ml saliva in the 55-year-olds to 14.5
x 105 in the 85-year-olds. The mean values for lac-
tobacilli increased also with age from 2.2 x 105

CFU/ml saliva in the 55-year-olds to 21.1 x 105 in
the 85-year-olds.

Longitudinal comparisons: Within the same indi-
vidual, the S. mutans and S. sobrinus counts had in-
creased in overall terms during the 10-year period,
but this was not significant in the paired t-test (Ta-
ble 4). The lactobacilli counts within the same indi-
vidual had, however, increased significantly during
the 10-year period (P<0.001, paired t-test).

Higher counts of lactobacilli and S. sobrinus in
saliva were found in persons wearing removable
dentures than in those without dentures (P<0.05,
one-factor ANOVA). There was a high correlation be-
tween the number of lactobacilli and the number of
mutans streptococci of r=0.4. A negative correla-
tion was found between the stimulated salivary rate
and the number of mutans streptococci and lacto-
bacilli of r=0.3 and r=0.2, respectively.

Table 4 Mean ±SD x105 CFU of S. mutans, S. sobrinus and lactobacilli per milliliter of saliva at baseline in 
1987 and at follow-up in 1997 by age group and gender for the lactobacilli

Microbial counts in 1987 Microbial counts in 1997

Age group Streptococcus Lactobacilli Age group Streptococcus Lactobacilli

(n m/w) mutans sobrinus Men Women (n m/w) mutans sobrinus Men Women

55(50/46) 4.5±9.7 0.4±1.7 3.9±14.4 0.4±1.2

55(31/23) 4.7±7.4 0.2±0.9 0.4±0.6 0.4±0.9 65(31/24) 5.2±8.1 0.9±2.6 1.9±4.6 1.8±6.1

65(17/17) 7.6±9.9 1.8±3.6 2.9±4.3 1.7±2.8 75(17/18) 24.3±1.5 4.7±16.5 11.8±29.5 4.5±11.8

75(4/5) 6.7±9.4 1.6±2.8 5.7±6.6 0.1±0.1 85(3/5) 17.1±18.3 14.5±34.8 42.6±59.8 3.9±4.9

(52/44) 6.0±8.7 0.9±2.6 1.6±3.3 0.9±2.0 (101/93) 8.7±24.5 1.9±10.1 6.0±20.3 1.8±6.4

Cross-sectional: In two-factor ANOVA (age group and gender) the differences between the mean log10 values of microbial counts were found statistically sig-
nificant in terms of age groups for lactobacilli (P<0.05) and S. sobrinus (P<0.0001) in 1987, for lactobacilli (p<0.0001), S. sobrinus and S. mutans (P<0.05 
for both) in 1997, in terms of gender for lactobacilli (P<0.01) in 1997.
Longitudinal: In paired t-test the lactobacilli counts were significantly higher in 1997 than in 1987 (p<0.001).

Table 5 Stepwise regression analysis of the dependent variable of 
remaining teeth in 1997, in terms of baseline data of salivary rates 
and microbial counts, R2 = 0.15

Independent variables Coefficient F value P value Partial corr.

Intercept 25.5

1. Lactobacilli -0.8 7.3 0.008 -0.26

2. Unstimulated secretion 6.4 5.6 0.004 0.25

3. Mutans streptococci -1.1 4.8 0.004 -0.24

4. Buffer capacity 0.6 3.9 0.006 0.20

5. Stimulated secretion -0.9 3.3 0.009 0.12
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In the stepwise regression analysis, the varia-
tion of the dependent variable remaining teeth was
only explained at 15% by the baseline data of sali-
vary rates and microbial counts (Table 5). Lactoba-
cilli and mutans streptococci counts and salivary
rates of unstimulated saliva emerged as the best
explanation of the variation in number of teeth.

DISCUSSION

The 10-year cross-sectional and follow-up study re-
vealed that the mean secretion rates of unstimulat-
ed and stimulated saliva decreased with increasing
age and that the secretion rates were lower for
women than for men. The salivary counts of lacto-
bacilli and mutans streptococci increased with age
and higher counts of lactobacilli and S. sobrinus
were found in persons wearing removable den-
tures. These findings are in accordance with the re-
sults of the baseline and the five-year follow-up
studies (Fure and Zickert, 1990; Fure, 1998). Sev-
eral other studies of elderly people have produced
corresponding results, while some findings are con-
tradictory. There could be many possible explana-
tions for the conflicting results.

Drop-outs are inevitable in a 10-year longitudinal
study, particularly when very old people are in-
volved. When comparing data recorded in 1987 be-
tween the persons who participated and those who
were unable to participate in the follow-up examina-
tion, no significant differences were found in terms
of salivary rates and microbial counts. However,
when studying the group of individuals who had
died, were too ill for an examination or had lost all
their teeth individually, significantly lower salivary
secretion rates and higher microbial counts were
found. Corresponding results were found in the
five-year follow-up study (Fure, 1998). It is therefore
reasonable to assume that unfavorable salivary
and microbial conditions are associated with a de-
terioration in general health. As the percentage of
disabled persons will naturally increase with age,
this could be one explanation for the findings of
lower secretion rates and higher counts of aci-
dogenic bacteria in the oldest subjects. The small
sample sizes of the oldest age groups have certain-
ly also influenced the results.

Both the unstimulated and the stimulated sali-
vary flow were significantly higher in men than in
women, which is in line with the results of most oth-
er recent studies of corresponding age groups

(Thorselius et al, 1988; Österberg et al, 1992;
Meurman and Rantonen, 1994; Percival et al,
1994; Lundgren et al, 1996; Pajukoski et al, 1997;
Bergdahl, 2000). When it comes to age-related se-
cretion rates, there is, however, less consistency in
the findings. Some studies have revealed a reduc-
tion with age in the secretion rate of unstimulated
saliva (Meurman and Rantonen, 1994; Percival et
al, 1994; Sivarajasingam et al, 1995), particularly
among females (Billings et al, 1996; Bergdahl,
2000). In the case of stimulated flow rate, some re-
cent studies have also revealed a decrease with
age, particularly among women (Meurman and Ran-
tonen, 1994; Billings et al, 1996; Närhi et al,
1999), while other authors have not found any
age-related reduction (Österberg et al, 1992; Paju-
koski et al, 1997; Bergdahl, 2000). There could be
several reasons for this variation in the results. In
this study, generally within the same individual, the
secretion rates had not decreased significantly dur-
ing the 10-year period. The significant age-related
differences in secretion rate were found in the
same examination, between age groups of at least
20 years. This suggests that a prerequisite for re-
vealing an age-related reduction in secretion rates
is a study sample, which includes very elderly indi-
viduals with an age-range of at least 20 years.

The use of medication with hyposalivatory
side-effect is naturally an important factor when it
comes to the disparity in the results from different
studies. One reason is that the effect of the drugs
influences individuals very differently, another is
the difficulty involved in obtaining accurate informa-
tion about drug consumption. In this study, no sig-
nificant differences in secretion rates were found
between persons using prescribed drugs and those
who did not, when the variation in age was taken
into consideration. However, those with a daily in-
take of four or more drugs had lower secretion
rates and the number of drugs taken was associat-
ed with xerostomia. Other studies have also found
a negative correlation between the salivary secre-
tion rate and the number of xerostomic drugs (Kre-
her et al, 1987; Thorselius et al, 1988; Meurman
and Rantonen, 1994; Bardow et al, 2001). A strong
relationship between subjects who report dry
mouth symptoms and the number of drugs has
also been confirmed by other authors (Österberg et
al, 1992; Gilbert et al, 1993; Nederfors et al,
1997; Bardow et al, 2001). Most studies suggest
that the number of daily drugs is a decisive factor
in the relation to the salivary flow.
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When comparing the same age groups between
the baseline and the 10-year follow-up examina-
tions, some interesting results were obtained from
this study. The secretion rates were higher in 1997
compared with 1987 and the percentages of those
subjects with very low secretion rates were lower in
1997. This may indicate that, on average, elderly
people had better oral health in 1997 compared
with 1987. Another explanation is that those who
are well in health will be selected out in a longitudi-
nal study. A plausible contributory cause is a great-
er consciousness nowadays of the xerogenic
side-effect of some drugs, which may have resulted
in the development of and the prescription of less
hyposalivatory medicines.

No significant age-related differences were
found in terms of the mean buffer capacity values.
In overall terms, within the same individual, the ca-
pacity had increased during the 10-year period. A
tendency towards an increase in the final pH of
buffer capacity with age has also been shown in
other studies (Thorselius et al, 1988; Lundgren et
al, 1996; Närhi et al, 1999).

Regarding the caries-related acidogenic micro-or-
ganisms, this study revealed that the salivary
counts of lactobacilli and mutans streptococci, es-
pecially S. sobrinus, increased with age. It was also
found that denture-wearing had a significant effect
on these microorganisms. These findings are in
line with those of other studies of elderly people,
where higher counts of lactobacilli, mutans strepto-
cocci and/or yeasts have been found in persons
wearing removable dentures than in those with only
natural teeth (Emilson and Thorselius, 1988;
Beighton et al, 1990; Köhler and Persson, 1991;
Marsh et al, 1992; Lundgren et al, 1996; Fure,
1998; Närhi et al, 1999). One reason for the
change towards a more acidogenic oral flora in the
elderly may therefore be associated with the in-
creased use of dentures. In this study, however, in
agreement with another study, there was also an
age-related increase in the number of acidogenic
micro-organisms among individuals without den-
tures (Marsh et al, 1992). Another reason for the
change towards a more caries-related acidogenic
microflora with age is the reduction in salivary flow.
In accordance with other recent studies, an associ-
ation was found between a low saliva secretion rate
and high counts of mutans streptococci, lactobacil-
li and/or yeasts (Fure and Zickert, 1990; Köhler
and Persson, 1991; Meurman and Rantonen,
1994; Dens et al, 1996).

The regression analysis revealed an association
between few remaining teeth and low salivary flow
rate and high counts of mutans streptococci and
lactobacilli. This indicates that these factors are
important regarding the maintaining of oral health.

In conclusion, this study indicates an overall re-
duction in salivary flow and an increase in salivary
counts of acidogenic micro-organisms by age. This
suggests that it is important to monitor these con-
ditions in elderly people, in order to identify at an
early stage individuals, who need measures for pre-
serving good oral health.
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