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DENTAL AND ORAL HEALTH

Meta-Analysis of Salivary Flow Rates in Young and Older
Adults

Rebecca H. Affoo, MClSc,* Norine Foley, MSc,† Rushlee Garrick, BSc,‡ Walter L. Siqueira, DDS, PhD,§

and Ruth E. Martin, PhD*¶**††

OBJECTIVES: To determine whether salivary flow
decreases as a function of aging.

DESIGN: Meta-analysis.

SETTING: Literature review.

PARTICIPANTS: Individuals aged 18 and older reported
to be free of major systemic disease.

MEASUREMENTS: Relevant studies were identified
through a literature search of several databases, from their
inception to June 2013. Studies were included if saliva had
been collected on at least one occasion in subjects aged 18
and older and if the data were presented in a manner that
enabled comparisons of younger and older participants.
Differences in salivary flow rates between age groups were
calculated for each salivary source and condition and
reported as standardized mean differences (SMDs), stan-
dard errors (SEs) and 95% confidence intervals (CIs). The
results were pooled using a random effects model. A sepa-
rate analysis examining medication use was also con-
ducted.

RESULTS: Forty-seven studies were included. Whole
(SMD = 0.551, SE = 0.056, 95% CI = 0.423–0.678,
P < .001) and submandibular and sublingual (SMSL)
(SMD = 0.582, SE = 0.123, 95% CI = 0.341–0.823,
P < .001) salivary flow rates were reduced significantly in
older participants and in unstimulated and stimulated con-
ditions. In contrast, parotid and minor gland salivary flow
rates were not significantly reduced with increasing age.
Additionally, unstimulated and stimulated SMSL, and
unstimulated whole salivary flow rates were significantly
lower in older adults, regardless of medication usage.

CONCLUSION: The aging process is associated with
reduced salivary flow in a salivary-gland–specific manner;
this reduction in salivary flow cannot be explained on the

basis of medications. These findings have important clini-
cal implications for maintaining optimal oral health in
older adults. J Am Geriatr Soc 63:2142–2151, 2015.

Key words: healthy aging; saliva; salivary flow; hypo-
salivation; older adults; xerostomia

Saliva plays a vital role in maintaining oral homeosta-
sis.1 Saliva is a clear, slightly acidic oral fluid composed

of more than 99% water. The remaining 1% consists of a
variety of electrolytes, including sodium and potassium;
proteins; and nitrogenous products such as urea and
ammonia.2 The electrolytes and proteins in saliva modu-
late pH levels in the oral cavity. Proteins contribute to
cleaning the oral cavity and metabolizing dental plaque
(oral biofilm). Calcium, phosphate, and proteins combine
to interfere with demineralization and promote remineral-
ization of the teeth. Immunoglobulins and proteins com-
bine to provide antibacterial protection.2 Low salivary
flow, or hyposalivation, leads to drying of the oral
mucosa, inefficient food bolus formation and transport,
demineralization of dentition, mucosal ulceration, altered
oral flora, dysphonia, impaired taste and smell while eat-
ing, and discomfort.3

Saliva is secreted from three pairs of major salivary
glands—the parotid, submandibular, and sublingual glands
—and numerous minor salivary glands. Another con-
stituent of saliva is an exudate called gingival crevicular
fluid.4 The combination of all these fluids plus oral bacte-
ria and their products is referred to as whole saliva. Glan-
dular saliva is secreted in response to neurotransmitter
stimulation from innervating sympathetic and parasympa-
thetic nerves. The minor salivary glands function continu-
ously day and night,5 during wake and sleep. The major
salivary glands, in contrast, secrete in response to low-
grade mechanical stimulation associated with movements
of the tongue and lips and in response to mucosal dryness
to lubricate and protect the oral cavity.6,7 Although this
major salivary gland basal or resting secretion is produced
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in response to nervous activity, it is known as unstimu-
lated salivary flow rate.7,8 Approximately 75% of unstimu-
lated whole saliva is derived from the submandibular and
sublingual (SMSL) glands, 15% to 20% from the parotid
glands, and 5% to 8% from the minor salivary
glands.2,9,10 At mealtimes, in response to taste, smell, and
visual and mechanical stimuli, salivary flow rates increase
by 5–50 times, and the percentage contribution from the
parotid glands increases to more than 50% of total sali-
vary secretions. This increased flow rate is referred to as
“stimulated salivary flow rate.”

Age-related degenerative changes in the cellular struc-
ture of the submandibular and the parotid salivary glands
have been previously identified.11,12 A 20% to 40%
decrease in the volume of cells responsible for saliva secre-
tion and a corresponding increase in fatty and fibrous tis-
sue in the glandular area have been reported.3,9,11,12

Comparable changes have been described for the labial
minor glands.13,14 This evidence of age-related salivary
gland degeneration suggests that functional reductions in
salivary flow may also occur. Many studies have examined
salivary flow rates in the context of aging, but the results
are conflicting. Some authors have reported significantly

lower salivary flow with age,15–42 and others have not.43–
64 Variations in study designs, saliva collection methods,
and selection of outcome measures may account for the
lack of consistent findings among studies. This variation
has been acknowledged in several narrative reviews, which
themselves have drawn conflicting conclusions.5,7,9,65–67

The results from some reviews suggest that the flow of
unstimulated whole saliva and unstimulated and stimu-
lated SMSL saliva9,65 decreases with increasing age. Other
reviews have suggested that no age-related decreases in
unstimulated or stimulated parotid saliva occur.67 Still
other reviews have reported no age-related effects on any
type of salivary flow.7,66 The question remains unresolved,
in part, because no pooled analyses have been undertaken.
Therefore, the objective of this study was to determine
whether there is an effect of age on salivary flow rates,
using a metaanalytical approach. It was hypothesized that
salivary flow declines with advancing age.

METHOD

Potentially relevant studies that examined salivary flow
rate in adults of different ages were identified through lit-

Table 1. Summary of Results

Source and

Condition

Trials,

n

Subjects in

Analysis, n Collection Method

Effect Size, Standardized

Mean Difference (95%

Confidence Interval)

Whole salivary flow
All 56 5,870 0.551 (0.423–0.678)a

Unstimulated whole 33 2,687 Draining 17, 21, 28, 56, 64 0.611 (0.464–0.758)a

Spitting 15, 16, 20, 22, 23, 25, 27, 29, 31, 34, 35, 39, 41, 52, 57, 61

Cotton rolls or Saxon Test 18, 44, 45, 54, 58, 59

Suction method of Bertram 38

Stimulated whole 23 3,183 Mastication 19, 21–24, 28, 40, 42, 44, 47, 52, 53, 59 0.367 (0.110–0.625)a

Gustatory stimulus 18, 38, 39, 61

Whole salivary flow, medication-free participants
Unstimulated whole 17 899 0.641 (0.338–0.944)a

Stimulated whole 13 850 0.268 (–0.239–0.775)
SMSL salivary flow
All 13 1,314 0.582 (0.341–0.823)a

Unstimulated SMSL 6 637 SMSL saliva was collected using a micropipette and light
suction 26, 32, 34, 35, 37, 60 or with an originally designed collection
device fitted with a micropipette and dropper bulb 36

0.569 (0.257–0.881)a

Stimulated SMSL 7 677 Gustatory stimulus 26, 32, 34–37, 60 0.600 (0.222–0.978)a

SMSL salivary flow, medication-free participants
Unstimulated SMSL 5 238 0.668 (0.297–1.039)a

Stimulated SMSL 6 278 0.646 (0.158–1.133)a

Parotid salivary flow
All 27 1,856 0.023 (�0.099–0.146)
Unstimulated parotid 8 433 Parotid saliva was collected using a modified Carlson Crittenden,

Curby, or Lashley cup 34, 37, 50, 55, 59, 61
0.045 (�0.161–0.250)

Stimulated parotid 19 1,423 Gustatory stimulus 26, 32, 34, 35, 37, 41, 43, 49, 50, 52, 55, 56, 59, 61–63 0.011 (�0.142–0.165)
Parotid salivary flow, medication-free participants
Unstimulated parotid 5 197 0.101 (�0.266–0.468)
Stimulated parotid 10 535 0.103 (�0.075–0.280)

Minor gland salivary flow
Unstimulated palatal 4 77 Minor gland saliva was collected using the Periotron method or

with chromatography paper
0.250 (�0.566–1.065)

Unstimulated labial 4 105 0.069 (�0.348–0.485)
Unstimulated buccal 4 105 �0.143 (�0.912–0.626)

SMSL = submandibular and sublingual.
aP < .05.
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erature searches of the PubMed, EBSCOhost, Web of
Science, Cochrane, EMBASE, Dissertations and Theses,
and Scopus databases, published from the inception of the
databases through June 2013. Although search terms var-
ied slightly across databases, the terms “saliva” and “sali-
vation” or “secretion” and “aged” or “aging” and
“normal” or “disease-free” were used as Medical Subject
Heading terms, key words, or subject headings (Online
Appendix 1). The bibliographies of the included studies
were hand searched to identify potentially relevant articles
not recovered using the search terms.

Inclusion and Exclusion Criteria

The inclusion criteria were intentionally broad to capture
as many studies as possible. Studies were included if saliva
had been collected on at least one occasion in participants
aged 18 and older who had been classified in some manner
to form younger and older groups. Additional inclusions
were a sample size of at least six participants, studies pub-
lished in the English language, and sufficient reporting
detail to enable extraction (or calculation) of data needed
for pooled analysis. Studies that examined salivary flow
rates from any and all sources (whole, parotid, SMSL,
minor glands) in either physiological condition (stimulated,
unstimulated) using any established collection method
(draining; expectoration; cotton rolls; suction; cups (Carl-
son–Crittenden, Curby, or Lashley); mastication stimu-
lated; gustatory stimulated) were included. Studies that
examined a therapy or medication were used if baseline
measures of salivary flow rates were conducted before the
introduction of the intervention and reported. Normal
aging was not defined a priori; instead studies were
included if the authors described the participants as
healthy or if the participants were free of major systemic
diseases. Reviews, commentaries, opinion pieces, case
reports, case series, studies examining salivary flow in indi-
viduals with disease, and animal studies were excluded.

Two authors (RA, RG) independently reviewed titles
and abstracts to determine initial eligibility. If either
reviewer questioned an abstract, the full article was
retrieved and reviewed. After this initial screen, the same
authors reviewed the full text of the remaining articles to
determine final eligibility. A third author (NF) resolved
discrepancies. The degree of agreement between the two
independent reviewers was calculated using a kappa value.

One author (RA) extracted data on trial design, sample
sizes, participant characteristics, salivary flow rate (volume
and collection time) for each of the salivary sources of inter-
est under unstimulated and stimulated conditions for the
young and the older groups, as well as method of saliva col-
lection, health status, and medication use from each study,
and a second reviewer verified them for accuracy.

To enable comparisons of young and older subjects, the
age groups operationally defined in individual studies were
used. The two comparison groups selected were those con-
sisting of subjects closest in age to 18–40 (younger) and
those closest to 60 and older (older). Studies in which there
was little separation between age data (e.g., younger sub-
jects were aged 18–64 and older subjects were aged ≥65)
were excluded. Differences in salivary flow rates between
age groups were calculated for each salivary source and con-

dition and the results pooled using Comprehensive Meta-
Analysis version 2 (Biostat Inc., Englewood, NJ). This soft-
ware enables the calculation of a pooled estimate of a treat-
ment effect using differing forms of summary-level data.
Standardized mean differences (SMDs), standard errors
(SEs), and 95% confidence intervals (CIs) were calculated
using the reported means and standard deviations of the two
groups, or using the formula [StdDiff = 2*Corr/Sqr (1-
Corr^2)] for conversion when a Pearson correlation coeffi-
cient for salivary flow rates across the age continuum was
reported. Separate analyses were conducted for each salivary
source and condition, with subgroup analyses completed for
collection method, sex, and health status, provided that at
least four studies were available for analysis. A separate
analysis including subjects from studies from which authors
excluded those taking prescription or nonprescription medi-
cation was also conducted. Data from younger subjects were
used as the basis of comparison, so that differences between
the younger and older groups greater than zero indicated
that younger subjects had greater salivary flow rates than
older subjects. Cohen has suggested the following guide to
interpretation of effect sizes: 0.80 = large, 0.50 = moder-
ate, 0.20 = small.68 A Cohen d of 0 indicates no effect.
Where possible, the effect size was also converted to more
clinically interpretable measurement (mL/min) using a stan-
dard technique.69 A random-effects model was used to
address two sources of potential variance: within-study
error in estimating the effect in each study and variation in
true effects between studies.70

RESULTS

The initial search returned 7,030 results, of which 187
were selected for full review (Figure 1). After elimination
of an additional 138 articles, 51 studies remained, four of
which reported duplicate data. Forty-seven studies met the
inclusion criteria and were included.15–64,71 Agreement
between raters as to which studies should be retained was
good to excellent (kappa = 0.836, SE = 0.420).

The details of all studies included in the analyses are
presented in Appendix S2. The 47 studies included sample
sizes ranging from 15 to 1,427 divided into two to seven age
groupings. Young subjects ranged in age from 15 to 59 and
elderly subjects from 60 to 97. Twenty-four studies exam-
ined the salivary flow rates of men and women separately.

Thirty-five studies described the included participants
as healthy or generally healthy, included a healthy control
group, or reported excluding participants with health
problems that could affect salivary flow, such as systemic
disease or history of treatment for cancer. Other studies
reported that participants with common illnesses such as
hypertension and compensated diabetes mellitus were not
excluded, and other studies reported using data from
cohorts of community-dwelling volunteers or recruiting
participants from dental clinic registries from which older
individuals appeared to be free of major systemic disease
but may have had some common age-related conditions.

Twenty-six studies excluded subjects taking certain
medications. Some studies reported excluding subjects tak-
ing any medications, and others excluded subjects taking
prescription medications and antihistamines or any saliva-
affecting medications but not hormone replacement
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therapy or birth control. Participants in these studies, who
were taking no medications or minimal medications, are
referred to as being medication free. Twenty-one studies
reported that individuals taking routine medications were
included in the study or did not report the medication sta-
tus of the participants.

The 47 studies included 33 examining unstimulated
whole salivary flow rate; 23 examining stimulated whole
salivary flow rate; eight examining unstimulated parotid
salivary flow rate; 19 examining stimulated parotid salivary
flow rate; six examining unstimulated SMSL salivary flow
rate; seven examining stimulated SMSL salivary flow rate;
and four each examining unstimulated minor buccal sali-
vary flow rate, unstimulated minor palatal salivary flow
rate, and unstimulated minor labial salivary flow rate.

Of all studies included in the meta-analysis, 21
reported no significant differences in mean salivary flow
between younger and older subjects, 15 reported age-re-
lated declines in salivary flow, one reported age-related
decreases and increases in salivary flow, and 10 reported
equivocal results. (In studies in which more than one result
was reported, significant and nonsignificant results were
reported in the same study.)

Separate analyses for each of the salivary sources are
presented below and in Table 1.

Whole Salivary Flow Rate

Whole salivary flow rate (Figure 2) was significantly lower in
the elderly group (SMD = 0.551, SE = 0.056, 95%
CI = 0.423–0.678, P < .001). In subgroup analysis including
the results from 33 studies, whole salivary flow rate in the
unstimulated condition was significantly lower in the elderly
group (SMD = 0.611, SE = 0.075, 95% CI = 0.464–0.758,
P < .001). Similarly, subgroup analyses examining stimulated
whole salivary flow rate (n = 23) revealed significantly lower
flow rate in the elderly group (SMD = 0.367, SE = 0.131,
95% CI = 0.110–0.625, P = .005). Small and moderate
effect sizes were identified, respectively.

SMSL Salivary Flow Rate

SMSL salivary flow rate (Figure 3) was significantly lower in
the elderly group (SMD = 0.582, SE = 0.123, 95%
CI = 0.341–0.823, P < .001). Subgroup analyses indicated
that unstimulated (n = 6) and stimulated (n = 7) SMSL sali-
vary flow rates were significantly lower in the elderly group
(unstimulated: SMD = 0.569, SE = 0.159, 95% CI = 0.257–
0.881, P < .001; stimulated: SMD = 0.600, SE = 0.193, 95%
CI = 0.222–0.978, P = .002). Moderate effect sizes were
identified.

Parotid Gland Salivary Flow Rate

Parotid gland salivary rate was not significantly lower in
the elderly group (SMD = 0.023, SE = 0.063, 95%
CI = �0.099–0.146, P = .71).

Minor Gland Salivary Flow Rate

Only unstimulated, minor gland salivary flow rate was
analyzed because an insufficient number of studies examin-
ing stimulated minor gland flow rates were identified.

Unstimulated buccal (n = 4, SMD = �0.143,
SE = 0.392, 95% CI = �0.912–0.626, P = .71), labial
(n = 4, SMD = 0.069, SE = 0.213, 95% CI = �0.348–
0.485, P = .75), and palatal (n = 4, SMD = 0.250,
SE = 0.416, 95% CI = �0.566–1.065, P = .55) minor
gland salivary flow rates were not significantly lower in
the elderly group.

Analysis of Medication-Free Subjects

When the analysis was limited to studies that excluded sub-
jects taking medications (n = 26), a moderate effect size was
observed for unstimulated whole salivary flow rate (n = 17,
SMD = 0.641, SE = 0.155, 95% CI = 0.388–0.944,
P < .001) (Figure 4). Similarly, moderate effect sizes were
observed for unstimulated (n = 5, SMD = 0.668,
SE = 0.189, 95% CI = 0.297–1.039, P < .001) and stimu-
lated (n = 6, SMD = 0.646, SE = 0.249, 95% CI = 0.158–
1.133, P = .01) SMSL salivary flow rates (data not shown).

Stimulated whole salivary flow rate (Figure 4) and
unstimulated and stimulated parotid salivary flow rates
were not significantly different between groups (data not

Titles and Abstracts 
Screened, n=7,030

Articles included 
following full article 

review, n=45

Articles included after
title and abstract 
screening, n=187

Articles included 
following hand 
searching, n=2

Articles excluded 
following full article 

review, n=142
Did not include the 
appropriate age range,
n=49
Did not report salivary 
flow rate with respect to 
age, n=37
Review, commentary, 
letter, nondata publication,
n=21
Did not include 
extractable data, n=31
Contained duplicate data,
n=4

Articles included in 
meta-analysis, n=47

Figure 1. Literature search results.
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shown). The analysis could not be completed for unstimu-
lated minor gland salivary flow rate because of small sam-
ple sizes (n < 4).

Translating Effect Size to the Original Metric

When converted to a traditional metric, the mean differ-
ences in salivary flow rates between young and old sub-
jects were: 0.168 mL/min for unstimulated whole salivary
flow rate, 0.293 mL/min for stimulated whole salivary
flow rate, 0.015 mL/min for unstimulated SMSL salivary

flow rate, and 0.040 mL/min for stimulated SMSL salivary
flow rate. These rates represent a 40% reduction in flow
rate for older participants for unstimulated whole saliva, a
15% reduction for stimulated whole saliva, an 11% reduc-
tion for unstimulated SMSL saliva, and a 9% reduction
for stimulated SMSL saliva.

DISCUSSION

The results from the present meta-analysis suggest that
salivary flow decreases with aging. Although this effect

Study name Subgroup within study Std diff in means and 95% CI

Shern et al., 1993 m Stim
Bourdiol et al., 2003 Stim
Navazesh et al., 1992 Stim
Shern et al., 1993 f Stim
Parvinen & Larmas, 1982 m Stim
Parvinen & Larmas, 1982 f Stim
Flink et al., 2008 m Stim
Meurman & Rantonen, 1994 Stim
Flink et al., 2008 f Stim
Ben-Aryeh et al., 1984 m Stim
Takada et al., 2006 Stim
Gandara et al., 1985 Stim
Ben-Aryeh et al., 1986 Stim
Toida et al., 2010 Stim
Ben-Aryeh et al., 1984 f Stim
Billings et al., 1996 m Stim
Chang et al., 2011 Stim
Streckfus et al., 2001 Stim
Moritsuka et al., 2006 Stim
Billings et al., 1996 f Stim
Smith et al., 2013 f Stim
Smith et al., 2013 m Stim
Tanida et al., 2001 Stim

Shern et al., 1993 m Unstim
Shern et al., 1993 f Unstim
Gandara et al., 1985 Unstim
Yoshikawa et al., 2011 Unstim
Malhotra et al., 2009 Unstim
Yeh et al., 1998 m Unstim
Salvolini et al., 2000 Unstim
Gutman & Ben-Aryeh, 1974 Unstim
Ben-Aryeh et al., 1986 Unstim
Billings et al., 1996 m Unstim
Yeh et al., 1998 f Unstim
Yeh et al., 2000 Unstim
Flink et al., 2008 m Unstim
Fenoll-Palomares et al 2004 Unstim
Sonnenberg et al., 1982 Unstim
Wang et al., 2012 Unstim
Meurman & Rantonen, 1994 Unstim
Flink et al., 2008 f Unstim
Ogura et al., 1983 Unstim
Bakke et al., 2004 Unstim
Billings et al., 1996 f Unstim
Bourdiol et al., 2003 Unstim
Sawair et al., 2009 Unstim
Percival et al., 1994 Unstim
Ben-Aryeh et al., 1984 f Unstim
Ben-Aryeh et al., 1984 m Unstim
Navazesh et al., 1992 Unstim
Nagler & Hershkovich, 2005 Unstim
Yaegaki et al., 1985 Unstim
Chang et al., 2011 Unstim
Hershkovich et al., 2007 Unstim
Marotta et al., 2012 Unstim
Tanida et al., 2001 Unstim

-4.00 -2.00 0.00 2.00 4.00

Favors Older Adults     Favors Younger Adults

Figure 2. Forest plot of the difference in whole salivary flow rate between older and younger subjects. The first (left) column lists
studies according to primary author and publication date. An “f” or “m” after the primary author and date of publication indi-
cates data that were reported separately for men and women in the same study. The second column indicates the subgrouping
according to condition (stimulated vs unstimulated). The forest plot is illustrated in the right column. The solid squares illustrate
the standardized mean differences (SMDs), and the lines represent the 95% confidence intervals (CIs). Data from the younger
group were used as the basis of comparison, so differences between the younger and older groups observed to be greater than
zero are represented on the right side of the line of no difference and indicate that younger subjects had greater salivary flow
rates than older subjects. The solid diamonds represent the pooled SMDs and 95% CIs.
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was evident for whole saliva, not all subcomponents of
saliva showed decreased flow. Specifically, SMSL salivary
flow rates in the unstimulated and stimulated conditions
were lower in older adults, whereas parotid gland and
minor gland salivary flow rates were not different in young
and older adults. These findings are consistent with the
view that aging is associated with decreased salivary flow
in a gland-specific manner. Moreover, the age-related
decrease in salivary flow was not fully explained on the
basis of medication or disease.

Mechanisms

Unstimulated and stimulated mean whole salivary flow
rates were significantly lower in older adults than younger
adults. The difference in unstimulated whole salivary flow
rate was approximately 66% greater than the difference in
stimulated whole salivary flow rate. This finding of greater
reduction of unstimulated whole salivary flow rate associ-
ated with age is consistent with the present finding of
decreased SMSL salivary flow. The SMSL salivary glands
contribute 70% of the overall volume of unstimulated
whole saliva but less than 50% of stimulated whole saliva.
The present finding of a lack of an age effect on parotid
salivary flow rate would be consistent with this supposi-
tion.

A decline in the functional output of the SMSL glands
in elderly adults could be due to degenerative changes in
the cellular structure, as has been reported previously,3,11

although these anatomical changes do not explain why
age-related decreases in parotid gland salivary flow rates

were not found in the present study. The differential
effects of age on SMSL and parotid flow rates may be due
to inherent neuroanatomical and physiological differences
between the glands. It has been speculated that specific
age-related neuroanatomical changes may result in differ-
ential gland dysfunction.6 The secretory reserve hypothesis,
which proposes that younger persons may possess an
excess of salivary secreting cells beyond what is required
for normal function, may explain the relative age-related
stability of parotid gland salivary flow (12) in that age-re-
lated degeneration of these “reserve” cells may result in a
decrease in saliva production, without functional changes
in salivary flow rate.

Although the difference in unstimulated whole salivary
flow rate was greater than the difference in stimulated
whole salivary flow rate, stimulated flow was found to
decrease with age. Age-related changes in oral motor func-
tion may result in weaker bite strength,72 potentially
resulting in less stimulation and lower salivary flow rate
during masticatory-stimulated salivary collection.73 This
mechanism may have influenced any significant decreases
in salivary flow rates for older adults observed after masti-
cation stimulation.

Contributions of Effect Modifiers

Potential sources of heterogeneity among studies, which
may have affected effect size estimates, included the col-
lection method, sex, medication use, and health status.
Where feasible, the SMD between younger and older par-
ticipants were calculated according to collection method,

Study name Subgroup within study Std diff in means and 95% CI

Tylenda et al., 1988 f Stim
Ghezzi et al., 2000 Stim
Yeh et al., 2000 Stim
Tylenda et al., 1988 m Stim
Yeh et al., 1998 Stim
Cowman et al., 1994 Stim
Pedersen et al., 1985 Stim

Tylenda et al., 1988 m Unstim
Tylenda et al., 1988 f Unstim
Yeh et al., 2000 Unstim
Yeh et al., 1998 Unstim
Cowman et al., 1994 Unstim
Pedersen et al., 1985 Unstim

-4.00 -2.00 0.00 2.00 4.00
Favors Older Adults     Favors Younger Adults

Figure 3. Forest plot of the difference in submandibular and sublingual salivary flow rate between older and younger subjects.
The first (left) column lists studies according to primary author and publication date. An “f” or “m” after the primary author
and date of publication indicates data that were reported separately for men and women in the same study. The second column
indicates the subgrouping according to condition (stimulated vs unstimulated). The forest plot is illustrated in the right column.
The solid squares illustrate the standardized mean differences (SMDs), and the lines represent the 95% confidence intervals (CIs).
Data from the younger group were used as the basis of comparison, so differences between the younger and older groups
observed to be greater than zero are represented on the right side of the line of no difference and indicate that younger subjects
had greater salivary flow rates than older subjects. The solid diamonds represent the pooled SMDs and 95% CIs.
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sex, and health status (healthy vs normal aging). Little
variability could be attributed to any of these potential
sources of variability, given the overlapping CIs among
the subgroups (data not shown). Certain salivary collec-
tion methods are associated with less reliability and
greater variability in flow rate.74 There is also evidence
to suggest that women have lower mean salivary flow
rates than men,41,75 which may be related to smaller
gland sizes in women.75 However, the present analysis
examined salivary flow rates between age groups, so it
can only be stated that the age-related decline was pro-
portional between the sexes. Medication use did not
appear to explain the difference in SMSL and unstimu-
lated whole salivary flow rates between younger and
older adults. This was an unexpected finding, given that
many medications, such as antidepressants, diuretics,
analgesics, antihistamines, antihypertensives, antianxiety
drugs, and appetite suppressants are known to reduce
salivary flow. Polypharmacy is also more common with
increasing age.

Other potential sources of variability that could not
be explored in the present study because of lack of
reporting details included timing of salivary collection and
interval between gustatory stimulation and collection. Sali-
vary flow rates are known to vary with circadian
rhythm.76 Given that the majority of studies included in
this meta-analysis reported that saliva was collected within
a specific temporal window (e.g., 8:00–11:00 a.m.), timing
of collection was not considered to be a major source of
variability. Variation in the time of year when salivary col-
lection occurred may have contributed to variability in
effect sizes between studies, but this information was not
generally reported and could not be explored. There is evi-
dence to suggest that the timing of the interval between
stimulus presentation and collection may affect salivary
flow rates in older adults. It was reported that older adults
had lower SMSL salivary flow rates with longer periods of
time between stimulation and collection.77 If researchers
did not use a standard protocol of saliva collection after
stimulation, differences specific to the elderly group could

Study name Subgroup within study Std diff in means and 95% CI

Shern et al., 1993 m Stim
Navazesh et al., 1992 Stim
Shern et al., 1993 f Stim
Parvinen & Larmas, 1982 m Stim
Parvinen & Larmas, 1982 f Stim
Ben-Aryeh et al., 1984 m Stim
Gandara et al., 1985 Stim
Ben-Aryeh et al., 1986 Stim
Ben-Aryeh et al., 1984 f Stim
Chang et al., 2011 Stim
Streckfus et al., 2001 Stim
Smith et al., 2013 f Stim
Smith et al., 2013 m Stim

Shern et al., 1993 m Unstim
Shern et al., 1993 f Unstim
Gandara et al., 1985 Unstim
Yeh et al., 1998 m Unstim
Salvolini et al., 2000 Unstim
Ben-Aryeh et al., 1986 Unstim
Yeh et al., 1998 f Unstim
Wang et al., 2012 Unstim
Ogura et al., 1983 Unstim
Sawair et al., 2009 Unstim
Percival et al., 1994 Unstim
Ben-Aryeh et al., 1984 f Unstim
Ben-Aryeh et al., 1984 m Unstim
Navazesh et al., 1992 Unstim
Chang et al., 2011 Unstim
Hershkovich et al., 2007 Unstim
Marotta et al., 2012 Unstim

-4.00 -2.00 0.00 2.00 4.00
Favors Older Adults    Favors Younger Adults

Figure 4. Forest plot of the difference in whole salivary flow rate between medication-free older and younger subjects. The first
(left) column lists studies according to primary author and publication date. An “f” or “m” after the primary author and date of
publication indicates data that were reported separately for men and women in the same study. The second column indicates the
subgrouping according to condition (stimulated vs unstimulated). The forest plot is illustrated in the right column. The solid
squares illustrate the standardized mean differences (SMDs), and the lines represent the 95% confidence intervals (CIs). Data
from the younger group were used as the basis of comparison, so differences between the younger and older groups observed to
be greater than zero are represented on the right side of the line of no difference and indicate that younger subjects had greater
salivary flow rates than older subjects. The solid diamonds represent the pooled SMDs and 95% CIs.
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have contaminated the results, but the majority of studies
included in this meta-analysis reported that saliva was col-
lected immediately after stimulation, or during stimulation,
for all participants.

Limitations and Strengths

A variety of age ranges and age groupings were used in
the included studies, which prevented an a priori definition
of younger and older participants and distinct age groups.
Although it was often possible to form young and older
groups based on ages 18–40, and 60 and older, respec-
tively, this group assembly was not always possible.26,34,
49,52,61

A strength of this work is the number of studies
included in each pooled analysis. Identification and inclu-
sion of many relevant studies allowed the data for a large
number of participants to be pooled, allowing a precise
estimate of the effect size to be made.

A post hoc sensitivity analysis was conducted after it
was noted that the results from a single study examining
unstimulated and stimulated whole saliva were almost 4
standard deviations above the pooled mean. 18 Removal of
the outlier resulted in a 11% reduction of the effect size
for unstimulated whole salivary flow and a 3% reduction
of the effect size for stimulated whole salivary flow,
although the overall effect sizes remained significant in
both cases. An explanation for the inflated effect size was
not obvious after reviewing the study’s inclusion criteria
and methods.

A study with insufficient separation between age
groups (e.g., young subjects were aged 18 to 64, and
elderly subjects were aged 65 and older) was excluded to
reduce the risk of underestimation of effect sizes.

Future Directions

The results of the present study suggest that older adults
have lower salivary flow rates than younger adults. This
evidence provides a strong rationale for future longitudinal
studies to confirm that the aging process causes a decline
in whole and glandular salivary flow rates. Further investi-
gation into the mechanisms underlying the declines in
SMSL salivary flow rates and the relative stability of paro-
tid gland salivary flow with age would be beneficial in
understanding the neurophysiological correlates of salivary
gland aging and in exploring potential treatment options.
Saliva plays many important roles in maintaining oral
homeostasis. The optimal volume of saliva to maintain
function may not be equivalent across these roles. Future
research should focus on identifying the minimal volumes
necessary to maintain the vital functions that saliva per-
forms.

Clinical Significance

A difference between the whole and SMSL salivary flow
rates of older and younger adults was identified and quan-
tified. A moderate decrease of 0.168 mL/min was identi-
fied for unstimulated whole salivary flow rate, a small
decrease of 0.293 mL/min for stimulated whole salivary
flow rate, a moderate decrease of 0.015 mL/min for

unstimulated SMSL salivary flow rate, and a moderate
decrease of 0.040 mL/min for stimulated SMSL salivary
flow rate. Researchers can use these values to determine
sample size calculations for future studies.

The clinical relevance of the current finding that whole
and SMSL salivary flow rates decrease with age remains
unknown. SMSL salivary flow protects the oral tissues, pri-
marily during nonalimentary functions at rest through sali-
vary mucins and other constituents,78,79 but it is not
known at what point reductions in the level of production
affect function. Age-related decreases in whole and SMSL
salivary flow rates could contribute to oral infection,
inflammation, and mechanical oral wear.80 In contrast, no
age-related decreases in parotid or minor gland salivary
flow, which are integral for rinsing the oral cavity, neutral-
izing acids, forming the biofilm found on enamel, and
digestion,79,81,82 were found. This finding suggests that
older adults may tend to experience preserved digestive
salivary functions.

CONCLUSION

Despite conflicting findings previously reported in the lit-
erature, unstimulated and stimulated whole and SMSL
salivary flow rates are lower in older adults than in
younger adults. In contrast, parotid gland and minor
gland salivary flow rates do not appear to be significantly
lower in older adults. Medication effects do not fully
explain the age-related reduction in SMSL and unstimu-
lated whole salivary flow rates. These findings have
important clinical implications for maintaining optimal
oral health in older adults.
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