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Abstract: Objectives: This systematic literature review aims to summarize the existing scientific evidence
about the association between a reduced salivary function and food consumption in elderly people. Methods: A
validated search strategy in two databases (PubMed and ISI Web of Knowledge) was carried out and retrieved
papers together with their reference lists were screened by two independent reviewers. The quality of the
included studies was critically appraised via the Quality Assessment Criteria for Evaluating Primary Research
Papers. Results: From the originally identified studies (n=391), only 15 articles (all cross-sectional studies) met
the pre-fixed inclusion/exclusion criteria. The methodological quality of the included studies was in general
good, although only 3 from 15 obtained the maximum score. The control of confounding factors was the quality
variable more poorly rated in the selected studies. Salivary hypofunction was associated with a decrease of the
objective chewing and swallowing abilities and taste perception. Moreover, most of the selected studies showed
a relationship between salivary hypofunction and food consumption (in terms of appetite loss, unbalanced
dietary intake and malnutrition), although no causality could be established. Conclusions: This study highlights
the fact that salivary hypofunction definition and measurements are different across the studies. Therefore,
future research efforts should focus on establishing a gold standard to define and identify salivary hypofunction
throughout life and on performing longitudinal studies controlling for confounding factors to establish causality. .
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Introduction

Saliva is a complex biological fluid composed by water,
inorganic and organic molecules (1). Secreted by several
salivary glands, saliva plays an important role in the
preservation and maintenance of oral health and functions (2).
First, saliva is known to be essential in fulfilling daily activities
such as speaking. Second, it exerts a key role maintaining
oral health under normal conditions: tooth and oral mucosa
integrity, protection against dental caries, periodontal diseases,
etc. (3; 4; 5). Third, as the first digestive fluid in contact with
food, saliva is a key factor assisting the oral processing of food,
whereby food is transformed into a bolus to be swallowed.
During the mastication process, the lubrication function of
saliva allows moistening of food and supports the creation
of a bolus which in turn facilitates the ability to chew (6).
Furthermore, some food components are released from the food
matrix and dissolved in saliva, where they can be influenced by
the presence of salivary components such as salivary enzymes
that begin the process of food digestion (i.e. alpha-amylase) or
metabolize flavor compounds (i.e. esterases, glycosidases) (7;
8).

In consequence, an alteration in the composition or
amount of saliva released to the human mouth, produced as a
consequence of a diminished salivary gland function, could
have serious consequences. A reduced salivary output could
induce a defect in lubrication, compromising the comfort while
chewing and swallowing (3). These dysfunctions could be

accompanied by an unbalanced flavor perception that could
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provoke an unpleasant sensory experience. Besides these
effects, if the situation of dry mouth is maintained in the
long term, the decline (or absence) of salivation per se may
change the oral environment, which could cause infections,
destruction of taste receptors (9) and formation of dental caries,
which can derive in tooth losses (4), thus compromising even
more the food oral processing. The sum of these events could
therefore provoke a decline in food interest and a loss of
appetite, resulting in a modification of people’s dietary habits.
The quantity, quality and variety of food consumed could be
altered, thus contributing to a diminished nutritional status.
This cascade of reactions possibly induced by a reduced
salivary output is of especial relevance for elderly people, the
population group most affected by salivary disorders. Older
people are more likely to take medications compared to other
generations, which is a well-known factor of hyposalivation
as a side effect (10). A recent meta-analysis has shown that
the aging process is associated with reduced salivary flow per
se in a salivary-gland-manner (11), and this reduction can not
be fully explained on the basis of medications (11) or dental
status (12). In the same time, this age group is frequently
associated with poor appetite, weight loss and malnutrition (13;
14). However, the relationship between food consumption and
salivary hypofunction in elderly population remains unclear.
This could be due to the fact that very often the studies on this
topic have measured the subjective sensation of dry mouth
(xerostomia) instead of performing real measurements of saliva
deficiencies (3, 15-19). Indeed, xerostomia and hyposalivation
are two separate entities, which are not always correlated (20;
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21). Whereas xerostomia relates to a subjective evaluation
of dry mouth, hyposalivation represents a decrease in the
amount of saliva secreted to the oral cavity. Therefore the aim
of this work was to systematically review the original articles
studying the associations between salivary hypofunction
measured objectively and alterations in food consumption in
elderly population. In this review, food consumption has been
addressed by the study of i) food oral processing, ii) food
behavior (appetite and dietary intake) and iii) nutritional status.
Out of scope of this article are external factors affecting food
consumption such as food availability, cultural factors, etc.

Method

Search strategy

A review of the literature was conducted in September
2016 for all published articles containing information about
the association between salivary hypofunction and i) food oral
processing, ii) food behavior (appetite and dietary intake), and
iii) nutritional status in the elderlies. The electronic databases
PubMed and ISI Web of Knowledge were used to search for
relevant articles (without date restriction). The search strategy
consisted of a set of Medical Subject Headings (MeSH) terms
and free text words subsequently combined. Following groups
of key words were introduced:

1) food oral processing, mastication, chewing, swallowing,
flavo(u)r, taste, aroma, texture, flavo(u)r perception, taste
perception, aroma perception, texture perception, chemosensory
perception, orosensory perception, food sensory perception,
texture modification, aroma release, taste release, trigeminal
sensation(s), food texture;

2) food consumption, food behavio(u)r, nutrition, appetite,
food intake, malnutrition, undernutrition, malnourishment,
eating, nutrient intake, eating capability, food liking, dietary
pattern, meal frequency, eating frequencys;

3) elderly, senior, ag(e)ing, old age, older adult(s), old(er)
people, old(er) person(s);

4) saliva, hyposalivation, salivary flow, salivary
composition, salivary protein(s), salivary secretion(s), salivary
hypofunction, xerostomia, dry mouth, oral mucosa, mucosal
wetness, mucosa dryness, oral dryness.

Selection criteria and study selection

Articles were included if they explored the association
between an objective measure of salivary deficiencies and 1)
food oral processing (mastication, swallowing, orosensory
perception), ii) food behavior (appetite and food intake)
or iii) nutritional status. Only articles that defined salivary
hypofunction were included in this systematic literature review
(SLR). Therefore articles that did not explore populations with
salivary disorders or that did not specify cut-off values of saliva
deficiencies were not included in this SLR. Study design and
settings were not defined as exclusion criteria because of the
exploratory character of the review. Only articles written in

English were included, no date limitation was performed.

Two reviewers (CMG and MVD) independently screened the
titles and abstracts based on the selection criteria. If the abstract
did not provide enough information to decide upon inclusion/
exclusion, the full paper was retrieved for further screening.
Disagreements about inclusion or exclusion were discussed
between the reviewers until consensus was reached.

Data abstraction and synthesis

Two reviewers (CMG and MVD) independently extracted
data from the included articles. The extracted data included
study characteristics (author and year of publication, study
design, sample size, settings (living condition), determinant,
outcome, methods, main results and conclusions), and
participant characteristics (age, gender, country/ethnicity,
functional status). A synthesis of the data is reported in Table 1.

Quality assessment

The quality assessment of the review is based on “The
quality assessment criteria for evaluating primary research
papers from a variety of fields” (22). The used checklist
contains the following items:

1. Is the objective of the study sufficiently described?

2. Isthe study design evident and appropriate?

3. Is the method of subject selection described and
appropriate?

4.  Are subject characteristics sufficiently described
(functional status, health, etc.)?

5.  Are outcome measures well defined and robust to
measurement?

6.  Isthe sample size appropriate?

7.  Are analytic methods described, justified and

appropriate?
8.  Is some estimate of variance reported for main results?
9 Are they controlled for confounding?

10.  Are the results reported in sufficient detail?

11.  Are the conclusions supported by results?

Each question can be answered with ‘yes’, ‘partial’, ‘no’ and
‘not applicable’. The summary score is the total sum ((number
of ‘yes’ x 2) + (number of ‘partial’ x 1)) / total possible sum
(28 — (number of ‘not applicable’ x 2). The associated scoring
manual (22) was used to guide the scoring process. When the
quality of a paper was debatable, a discussion between two
independent reviewers was held until consensus was reached.

Results

Selected articles

Figure 1 shows the overview of the search strategy. A total
of 391 articles were identified: PubMed (n=219), and ISI
Web of Knowledge (n=172). Duplicate articles (n=102) were
excluded. Additionally, 248 articles were excluded because
the inclusion criteria (based on title and/or abstract) were
not met. The full texts of 41 articles were reviewed in detail.
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Twenty eight articles were excluded due to different reasons:
not an objective measurement of the saliva flow but a subjective
sensation of dry mouth (n=11), the relationship between the
variables was not explored (n=3), cut-off value to determine
salivary hypofunction not specified (n=7), the outcome
measurements were not focused specifically on our research
topic (n=3), redundant information due to a publication on
the same data (n=2), or not original papers but reviews (n=2).
The reference lists of all included articles were checked for
additional articles. In consequence, four new papers were found
to be of interest for this review but two of them (23, 24) were
not written in English, so not included in the final list. The final
group consisted of 15 articles. All of them were subjected to a
methodological quality assessment.

Figure 1
Overview of the research strategy

172 articles identified in
ISI WEB OF KNOWLEDGE

219 articles identified in
PUBMED

Identification

— Articles excluded because of duplicate: 102

| Total articles identified: 289 |

Screening

[——>Articles excluded after screening titles/abstracts: 248

| Articles retrieved for more information: 41 |

Articles excluded based on full text: 28
No objective measurement of saliva output: 11

,, Relationship between the variables not explore: 3
No outcome: 3
No salivary hypofunction: 7

Eligibility

>

1 articles from refe lists: 4 —|

Duplicate data: 2
Reviews: 2

Additional articles excluded: 2
No english: 2

Articles included in SLR: 15

Inclusion

Methodological quality

The methodological quality of the included studies was
in general good: of the 15 selected articles the quality scores
varied between 0.77 and 1 in a O-to-1 rating scale (Table 2).
Three articles (25-27) obtained the maximum score according
to the above-mentioned manual scoring (22). On the contrary,
the lowest score was attributed to the one (28) with the smallest
sample size (n=51) (item n° 6). Moreover, in this work the
study design (item n° 2), the analytical methods employed
(item n° 7) and the results (item n° 10) were not sufficiently
described. Furthermore, confounding factors (item n° 9) were
partially taken into account.

In fact, the control of confounding factors (item n° 9) was
the quality variable more poorly rated in the selected studies.
This was due to the fact that most of the studies did not take
into account all the factors established as confounding in this
study: age, gender, drug intake, diseases, mental status, socio-
economic status, dental status and place to live. Therefore this
item was often rated as “partial”.

Study characteristics

Table 1 gives an overview of the 15 selected articles.
Publication year of the studies ranged from 1998 to 2016,
showing that the interest on this topic is held and even increased
over time (from 1998 to 2004: 4 studies; from 2005 to 2011:
4 studies; from 2012 to 2016: 7 studies). All the studies had a
cross-sectional design. The studies were based on populations
from all over the world (Brazil: 1, Finland: 2, Japan: 5,
Norway: 1, Switzerland: 2, Thailand: 2; France:1; India:1),
with exception of the African and Oceanic continent and north
America. The sample size varied from 51 (28) to 640 (29)
subjects. The gender distribution of subjects varied between
46% (30) and 78% (28) of females. Eighty per cent of the
studies presented however, a higher percentage of women
compared to men. The mean age was highly dispersed in the
selected studies, ranging from 66 to 84 years old. The recruited
populations were located either in institutions (5 studies) or
in their own homes (10 studies). The subjects recruited in the
selected studies were in good general health except for three
studies: one study with hospitalized very sick volunteers (31),
one study which included subjects receiving home care nurses
visits (28) and one study (27) where the elderlies were living
in their own homes prior to hospitalization for acute medical
problems.

Analytical methods

Salivary hypofunction was determined differently across the
selected studies (Table 3). Fourteen of the 15 studies measured
the salivary flow rate either at rest, under stimulation by
chewing a piece of paraffin-wax during saliva collection or both
at rest and under stimulation. Most of these studies used the
spitting method for the salivary collection but some preferred
to measure the salivary flow using the draining method or
the sterile compress method. The draining method consists in
allowing saliva to drain out between parted lips into a test tube
held near the mouth. The sterile compress method consists in
placing a sterile compress under the tongue, then weighting the
compress after a certain time to evaluate the amount of saliva
incorporated. These studies have defined salivary hypofunction
when the salivary flow was below a certain cut-off value. This
reference value was 0.1 ml/min of saliva determined at rest in
all the selected studies. However, the cut-off values employed
to define salivary hypofunction under stimulation were not
consensual and varied from 0.5 ml/min to 1.0 ml/min in the
different studies. Very few studies have determined salivary
hypofunction using alternative methods. Four over fifteen
articles employed (besides the determination of salivary flow)
additional measures to determine salivary hypofunction, such
as the mirror test (that consists of measuring the stickiness of
buccal mucosa when passing through it the back of a dental
mirror) or the registration of dry tongue (presence of moisture
or not). Only one study (32) did not use salivary flow to
define hyposalivation. Authors measured the moisture of the
buccal mucosa by using a device that evaluates the weight



J Nutr Health Aging

ASSOCIATION BETWEEN SALIVARY HYPOFUNCTION AND FOOD CONSUMPTION IN THE ELDERLIES

600¢
160 SOX SO [enred SOX [enreq SOX SO SOX SOX SOX SO ‘Te 19 eMBUIYS
160 SO SOx [enieq SOX [ented SO SOx SOX SOX SOX SO T00T “'Te 12 2]
¥10¢
80 SOX SOX ON SOX SOX [enied SOX SOX SOX [enreq SOX [® 19 NNSBATULIS
cloc
001 SOX SO SOX SOX SOX SOX SO SOX SOX SOX SO “[® 19 [epWA[0S
LLO SIA [enred [enred SA [enred [enred SIA SOA SA [enred SOA  €00T B 19 tui0g
¥10¢
160 SOX [ened [enied SOX SOX SOX SOX SOX SOX SOX SOX “I® 19 UOSSI0q
001 SOX SO SOX SOX SOX SOX SO SOX SOX SOX SOX  010T ‘T8 19 SesoN
L00T
780 SO eneq Tenieq SOX [ented SO SOx [enieq SOX SOxX SOX B 19 BYRUIYSOX
16°0 S9A SIA [enred S9A S9A S9A SIA [enred S9A SOA SOA 900T 1819 9qay]
910T
001 SOX SO SOX SOX SOX SOX SO SOX SOX SOX SO I8 19 Iyesem]
S6'0 SO SOx SR SOX [ented SO SOx SOX SOX SOxX SOk $10C ‘Suoruwes
€10C
980 [enieq [enaeq [enaed SOX SOX SOX SOX SOX SOX SOX SOX “1e 10 BelIAg
cloc
S6'0 SOX SO [enred SOX SOX SOX SO SOX SOX SOX SO 1810 Suaruures
6661
780 renied SOx [enieq SOX rented SO SOx SOX SOX renied SOX ‘[ 310 [eAuduLIO
8661
160 SOX [enaeq [enaed SOX SOX SOX SOX SOX SOX SOX SOX ‘[ 19 [eAUSULIO]
(C2V|
0} dded
pue snjejs
[ejudp pajaodaa
‘snmye)s dru JUIWISSISSE
-0U023-0120S8 JO sued\l
‘smyeys Jseiq uoned
[ZLUEL -JIsSeasIu
‘SaSBASIp £SIMsax orerad /HUdWAINS soyerd
‘ayejur Snap urew 10y  -oadde pue -Baul 0) JPAqLSIP  -oaxdde pue JP3q
Jlrerpp ‘1pudsd pajaodax paynsnl jsnqoa pue  Apudandyyns PAqLIdSIP Jerad  -L19SIp £
2SInsax Aq jwapyns  ‘98e) ;3ulp  SIdUBLIBA /PIQLIISIP Jernrd  pauyap [Pm AIB SONSLI  STuonddpPs  -oxdde pue  -judndyyns
100§ payioddns  ur pajrodax -unojuod 10y  JO LIS spoyjow -oxdde  (s)saanseawr -djoeaeyd 103[qns Jo  JudpIAd UBIS  dAndA[qo
wng  suoIsNPuo) SINSaY  pafjonuo) Juwog onheuy  azis djdureg awodnQ 193[qng POYRIN -3p Apm§  juonsan() RUAY

SQIPNJS P9IOAAs GT AY) JO Juawssasse AenQ)
¢IIqEL



J Nutr Health Aging

THE JOURNAL OF NUTRITION, HEALTH & AGINGO©

(€€)

(IL*¥9°0T"¢)

(oL

(69 89)

(L9)

(9929 °9€ *0¢€)

#9)

(€9°0¢)

(89)

(29 *0n)

(19)

(19)

anfea INDIN 93 JO %E'8T

€

998 7 Suumnp ‘es
-0onw [29oNq JYSLI Y] I PAINSLIN

uoneAlesodAy ouruIa}op 0} POYIAW JOYI0 PIsn Jey) SAINIY

Urw/[W G'() > )BT MO} ATeAT[ES pAje[nung

UIW/[WG" () > 9)BI MO} AIBAI[ES pAje[nuwns

QImsiow Jo proadp K[9[dwos anguog,
SOONW A} 0} PAYONS JOLIIW [RIUSC]
urw/S 9'( > eI Moy AIeAI[eS paje[nwung

BLIDJLID JSTIUAP [BOIUI]D)
uru/[w g°() > el MO AIRAI[ES Paje[nuins
Ut/ () > 9YeI MO AIBAT[eS PJe[nuIIIsu )

I

!

I

I

wd (0:¢ pue we
00:01 U99M19q PA)II[0D) :00ed UMO
JI0Y) 18 SINUIW 7 Surinp paInseajy

Sururow
AU} ur A[Ied pajod[[0d aded umo
I10y) 18 SoInuIW ¢ SuLnp paInseajy

doed umo
119Y) Je sInuIW ¢ SULIND PaINSLaJA

Yr1 pue

U6 U29M12q PAJOJ[0I ¢ (Ul [ yoed
o Sumids :91e1 mop ATeAles paje|
-nWng ¢ 9qn) aY) OJul MOY BAI[RS
Ay 19] :9v1 MOP ATeAT[eS paje[nw
-1su[)) Ul ¢ SULINp paInseajA

SS2ULIP D10 JO S2UNSDIUL 42Y10 YIIM 2ID.A MOY KIDAIIDS JO 24MSDIUL 2Y] PIUIQUIOD DY) SI|ONLY

urw/3 [°Q > moy Areares

urwy/[u/ " () > 9)el MOp KIBAI[es paje[nung
SUTW/[W () > 9Jel MO KIBAI[ES Paje[nung

uruy/[w () > Al MOp AIRAI[es paje[nuung

uruw/[w g () > el MO AIeAl[es paje[nung

Uru/[W G'() > eI MO} ATeAT[es paje[nung
UIwy/[W () > el MOp ATeAl[es paje[nunsun)

urwy/[w | > el MO} AIeAI[eS pje[nwns
‘urw/[u () > el MOp AIBAI[ES paje[nwnsun

uTuy/[W () > el MOp AIeAI[es paje[nuung
UTwy/[W () > el MOp ATRAI[es paje[nuunsun

UTwy/[Wg () > 91el MO AIBAT[es Pje[nung
“UTW/WI" () > )T MOJ ATeAT[eS paje[nunsu)

UTwy/[Wg () > 918l MO AIBAI[es paje[nung
“UTW/JW " () > 9JBI MOJ ATBAT[eS paje[nunsu)

C

urw ¢ 10y anguo) ay) Jopun ssaxd
-wod LIS & Juroe[d £q paInsedjy

papiaoxd uonewIojur oN

soed umo
119U} Je sInuIW 7 SULINp paInseaj

wd p:¢ pue we
00:01 U29m1aq Pad[[0d a9ed umo
1194) Je SINUIW 7 SULIND PAINSLIJA

UGT 01 g Udomiaq pjod[
-[0D ‘sANUIW ¢ SULINP PAINSLIA

soynuIw ¢ Surnp paInseay

(poyjow Suru
-1eIp) soInuIW ¢ SuLInp paInseay

soInuUIW ¢ SULINp PAINSEIA

YI1 pue ye
U39M13q PIJOI[[0)) ‘UIlW 7 Yora Ino
Sumids ‘urw 9 FuLnp paInseaj

YIT pue yo
U9M]Oq PIJIJ[[OD SUTW  [IBD JNO
Sumids ‘urwr g JuLnp paInseaj

uoypADSodLy 2unu123ap 03 Moy Liparvs Jo aumsvaw Yy pautiofiad 1yl $2]011.1y

BSOONUI 210 JO QINISTO]N

BAI[ES JO
Hd ‘9e1 moy Arearfes pajenung

Ayoedes Surioyng
‘Hd ‘wnroped ‘yusjuod urdjoad [ejo],
“oJel mop AIRAI[ES poje[nung

anguo) AIp “159) JoLITW
9Je1 Mop ATeAT[ES pje[nWNS

ynow K1p 2a1192(qQ
‘9Je1 mop ATeAT[eS paje[nwins
9)e1 MO ATRAT[RS pIjR[NWISU()

anSuo) oy Jopun mop

Q)er MOp ATeAl[eS paje[nuing

el MOp ATeAl[es paje[nung

Q1B MOY AIBAI[ES pAjR[nung

QeI mop ATeAr[es paje[nung
QeI MOf AIeAI[ES paje[nwnsun

el MOJ AIeAI[es paje[nuins
o1l mop AIeAl[es paje[nuinsun)

el MOY ATeAl[eS paje[nuuns
‘o)el Mo ATeAlfes paje[nuunsun)

QeI MOJ ATRAT[ERS PajR[NWNS
‘o)el Mo ATeAITes paje[nuumnsu)

QeI Moy ATeAl[es paje[nuns
o)e1 Mo ATeAlfes pojernuunsun)

600C “T¢ 19 eABUTYS

T00T 18 32 9qy]

10T [ 32 n[nseAluLIS

T10T "8 1R [epwR[os

€00T “[® 12 1u10S

$10T *'[2 19 uossiod

010 ¥ 30 Sesa

L00T T8 19 BYRUIYSOX

900 I8 12 9q9]

910T “[¥ 10 D{esem]
$10¢ ‘Suoruwes

€10C e 10 BlelIAS

10T “'Te 10 Sudtuures

6661 T8 19 [eAUSULIO(]

8661 Tt 19 [BAUULIO(]

A3ojopoyjau 3y) JO SDUAIY

uoneAljesodAy JUIULIINAP 0) IN[eA JJo-IN)

SIINSBIUI JO JIQUINN

AS0[0pOYIdIN

Ppaanseaul sajpweIeq

pPnIy

SAIPNYS PAIIJ[AS G Y} Ul SaneA JJO-Ind Furpuodsariod pue uondunjodLy AIBAI[ES SUIWLIIOP 0} SUSWAINSBAW SAAII[qO



J Nutr Health Aging

ASSOCIATION BETWEEN SALIVARY HYPOFUNCTION AND FOOD CONSUMPTION IN THE ELDERLIES

percentage of water found in the mucosa, and determined
salivary hypofunction when the moisture of oral mucosa was
below 28.3% according to a previous study that validated the
method (33).

Association between salivary hypofunction and food oral
processing (8 studies)

The relationship between a diminished salivary function
and food oral processing (mastication/chewing, swallowing,
orosensory perception) has been examined in 8 articles (25, 27,
29-32, 34, 35). Only 3 studies measured objectively chewing,
swallowing and taste abilities (27, 31, 34), while the others
(n=5) employed questionnaires. The objective measurements
consisted of the determination of masticatory performance,
signs of dysphagia and taste ability. The evaluation of
masticatory performance was achieved by measuring the
amount of dissolved glucose after the mastication of test
gummy jellies. The signs of dysphagia were reported using
the water test during which the volunteers were asked to
swallow four times an increasing volume of water to report
any abnormal signs (coughing or voice modification). Finally,
the taste ability test consisted in impregnating some strips
with sweet, salty and bitter taste, then asking the volunteers to
identify the tastes by putting the strips in the anterior region of
the tongue.

Six of the eight studies investigated the association between
salivary hypofunction and the chewing and/or swallowing
abilities (25, 30-32, 34, 35). Ikebe and coworkers (2006)
(34) found a significant association between lower values of
masticatory performance and hyposalivation in independently
living older adults. In another study with hospitalized very sick
older patients, Poisson and collaborators (2014) (31) found
a strong relationship at univariate level between individuals
presenting a low salivary flow (<0.1 g/min) and dysphagia.
However this effect was not observed at multivariate level,
when considering other independent variables in the model.
The rest of the studies evaluated chewing and/or swallowing
abilities through questionnaires. Two works (25, 35) found a
significant association between reduced saliva flow rate and
perceived chewing and swallowing difficulties. Ikebe and
collaborators (2002) (30) also found a relationship between
hyposalivation and poor self-assessed chewing ability though it
was not of statistical level. Finally, Shinkawa et al., (2009) (32)
found a significant association between oral dryness (measured
via the level of moisture of oral mucosa) and poor self-assessed
chewing ability but no with swallowing.

The association between salivary gland hypofunction and
orosensory perception was evaluated in four studies (27, 29,
30, 35). However, it is important to notice that all of them
were only focused on one modality of flavor perception: taste.
In these studies, taste ability was evaluated either objectively
(taste detection through the filter-paper disc method) or by
questionnaires considering taste as a marker for oral function
(dissatisfaction with tasting). Only Solemdal et al., (2012)

(27) studied the association of salivary hypofunction on the
objective taste ability. These authors reported a significant and
markedly reduced total taste score, particularly for sweet and
salty taste, in patients with objective dry mouth (measured by
the friction with mirror and dry tongue tests). Low sum score
for salty taste was also related to low stimulated salivary flow
rate. The rest of the studies evaluated taste ability through
global questionnaires including self-assessed items on oral
function, with contradictory results. Two studies (30, 35) found
that hyposalivation was negatively and significantly correlated
to self-assessed taste satisfaction, whilst Yoshinaka and
coworkers (2007) (29) failed to find this correlation. In addition
to the measure of salivary flow rate, Ikebe et al., (2002) (30)
measured the pH of the stimulated saliva but no correlation
between the pH and taste satisfaction could be established.

In summary, most of the studies on this topic have shown a
relationship between a reduced salivary function and alterations
in food oral processing (mastication, swallowing, orosensory
perception). It should be noted that this relationship seems
clearer when the outcomes were measured objectively rather
than by questionnaires.

Association between salivary hypofunction and food
behavior (4 studies)

Two studies (36, 37) examined the possible relationship
between hyposalivation and appetite, and two others between
hyposalivation and dietary intake (25, 31). For both categories,
the outcomes were evaluated throughout the use of four
different questionnaires: a questionnaire related to dietary
intakes/nutrition and masticatory function (36), a single
question-item on appetite (37); a 3-day record on food intake
(31); a brief-type self-administered diet history questionnaire
(25). The use of questionnaires could be justified by the fact
that appetite is the subjective desire of eating foods. In 1999,
Dormenval and coworkers (36) found that lack of appetite was
associated with hyposalivation (stimulated salivary flow rate
< 0.5 ml/min) in hospitalized Swiss patients. More recently,
Samnieng (2014) (37) also found a positive correlation between
lack of appetite and low resting salivary flow in independently
living older Norwegians.

Regarding dietary intake, the two selected studies found no
association between total energy intake and hyposalivation.
However, when studying specific nutrient and food intake,
Iwasaki and collaborators (2016) (25) found that the
hyposalivation group had significantly lower intake of n-3
poly-unsaturated fatty acids, potassium, vit E, D, B6 and
folate, which was in line with the observed reduction in the
consumption of vegetables, fish and shellfish. Moreover, mean
dietary intake of protein and vitamin B12 in the hyposalivation
group tended to be lower than in the control group (0.05 < P <
0.10).

In summary, the scarce literature available on this topic
showed an association between hyposalivation and appetite loss
and unbalanced dietary intake in elderly people.
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Association between salivary hypofunction and nutritional
status (7 studies)

The association between salivary gland hypofunction and
nutritional status has been evaluated in 7 studies. Five of them
(26, 28, 35, 38, 39) evaluated the nutritional status using the
Mini Nutritional Assessment (MNA). Meanwhile, Dormenval
and coworkers, (1998) (40) assessed the nutritional status by
quantifying biological malnutrition markers (BMI, level of
serum albumin) and anthropometric measurements. Finally,
Poisson et al., (2014) (31) employed both the MNA and the
values of serum albumin concentration.

The results showed that hyposalivation was significantly
associated with malnutrition in 4 studies (26, 35, 39, 40).
Additionally, Syrjild and co-workers (2013) (38) showed
that subjects with low salivary flow (at rest or under
stimulation) were slightly more at risk of malnutrition than
subjects with normal salivary flow though their results were
not statistically significant. Besides, Soini et al., (2003) (28)
stated that no relation was found between hyposalivation and
malnutrition. However, they found a significant association
between the clinical dentist evaluation of dry mouth and the
risk of malnutrition (p=0.049). On the contrary, Poisson and
coauthors (2014) (31) did not find any relationship between
hyposalivation (determined as salivary flow under the tongue
<0.1 g/min) and MNA and/or biological malnutrition either at
univariate or multivariate level. In addition to the measure of
salivary flow rate, Srinivasulu et al., (2014) (39) measured the
pH, the buffer capacity, the total protein and the total calcium
of saliva samples. However, the authors did not highlight any
significant correlation between the saliva composition and
nutritional status.

In summary, five studies found a correlation between
hyposalivation and malnutrition. Another study observed a
relationship between the objective evaluation of dry mouth
and the risk of malnutrition. Only one article did not find any
association between the two variables. Therefore, and although
most of the studies have shown some associations between
salivary hypofunction and nutritional status, up to date this
relationship is still controversial.

Discussion

Salivary hypofunction refers to alterations in the quality
(composition) or quantity (salivary flow, residual saliva in
the mouth) of saliva secreted into the human mouth (41).
This situation could alter the orosensory perception while
eating, which is one of the most recognized determinants
for consumer’s preferences and food consumption (7). As a
result, the appetite, dietary intake and nutritional status of an
individual could be compromised. This is of special relevance
for elderly people, a population group frequently affected by
both salivary and nutritional deficiencies. The aim of this work
was to systematically review all the existing papers on this
topic, in order to explore the relationships between a reduced

salivary output and food consumption in the elderlies. In this
paper only objective measurements of salivary hypofunction
were considered, since the subjective complaint of dry mouth
(xerostomia) is not always associated with an objective
evidence of reduced salivary secretions (20; 42).

In total, 15 articles met the criteria for inclusion in this work
(see Table 1). Eight of them studied the relationship of salivary
hypofunction with food oral processing, 2 with appetite, 2
with dietary intake and 7 with nutritional status. In general,
the selected studies clearly showed some associations between
salivary hypofunction and the studied parameters. However,
some controversial results have also been observed. It should
also be noticed that the study characteristics are very different
from one study to another, and the presence of not controlled
confounding factors or methodological issues should be taken
into account to interpret the results.

Discussion on the methods used to measure salivary
hypofunction.

This review focuses on studies that objectively measured
symptoms of salivary hypofunction. The prevalence of the
population suffering these symptoms ranged from 14% (35) to
around 50% (26; 28) in the selected articles. These differences
were most likely dependent to the different characteristics of the
studied populations (such as age, race, living place (community,
institutions, and hospitals), functional status (healthy vs ill),
drugs consumption, etc.) but also on the methods and cut-off
values employed to determine salivary hypofunction.

For most of the selected studies (14 out of 15), the
determination of the salivary flow below a cut-off value was
the tool used to determine salivary hypofunction (see Table
3). However, a lack of consensus was observed regarding
the type of saliva collected (at rest or under stimulation), the
protocol employed to measure the salivary flow rate (spitting,
draining method, cotton roll), and the cut-off value to determine
hyposalivation. Of the 14 studies that measured saliva flow, five
of them performed both resting and stimulated measurements
(28; 35; 36; 38; 40), seven studies based their results on the
measure of stimulated salivary flow (25; 26; 27; 29; 30; 34;
39), one study only measured the resting salivary flow rate (37)
whilst one study performed the measure of salivary flow under
the tongue (31). The use of resting or stimulated salivary flow
rates provides different information since saliva is not delivered
to the human mouth by the same salivary glands and in the
same proportions under the two conditions. Therefore, whole
saliva at rest, where the submandibular gland predominates,
differs from that secreted during stimulation (more related to
parotid gland function). Consequently, and in spite of the scarce
literature on this topic, it is not surprising that the two measures
are not always correlated (43).

Moreover, two studies used additional methods (dentist
evaluation, mirror test and tongue moisture) to measure salivary
hypofunction besides the determination of the salivary flow
(27; 28). These methods could show a more advance phase of
salivary hypofunction where the oral integrity (mucosa, tongue)
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has already been affected due to a prolonged hyposalivation
situation held over time. In addition, only two studies (30; 39)
reported, additionally to the measure of stimulated salivary
flow, changes in saliva composition. This could be due to the
fact that these analyses are time consuming and expensive, and
therefore difficult to be performed to study big populations, as
those employed in the selected articles.

Otherwise, one study (32) did not use the measure of salivary
flow to determine salivary hypofunction but evaluated it by
measuring the moisture of the buccal mucosa. The device
used for this evaluation determined the weight percentage of
water found in the mucosa. Originally developed to measure
the moisture of the skin, the device was modified specifically
for this study. As it is not a common method used to measure
hyposalivation, it is not possible to compare the results of this
study to the results of the other selected studies.

In addition to the different parameters employed to
determine hyposalivation (salivary flow at rest or under
stimulation, moisture of mucosa, etc), within the same
parameter, the protocol was not always performed in the same
way. Table 3 highlights the differences observed in collection
times (from 1 to 6 minutes), hours of collection (respecting or
not the circadian rhythms), collection protocols (free spitting vs
controlled), etc., employed to measure salivary hypofunction.
Moreover, only three articles (32, 36, 40) measured the selected
parameters two or three times, whilst the other studies only
performed the measures once. Therefore, no information about
the accuracy of the methods could be obtained, that in the worst
scenario could be traduced in a misclassification of people
across the groups.

The cut-off value to determine salivary hypofunction was
consensual across the studies for the saliva at rest. A value
lower than 0.1 ml/min was considered hyposalivation. However
for the salivary flow under stimulation a high dispersion on
the cut-off values was encountered among studies. Indeed,
there is no universally accepted reference value to determine
hyposalivation using stimulated salivary flow rate. Most
of the authors employed a cut-off value of 0.5 ml/min to
define hyposalivation (25, 26, 29, 34, 35, 36, 40), whilst
others employed values ranged from 0.5 to 1 ml/min (27,
38). The differences in the cut-off points could derive in an
erroneous assignation of the participants to the groups and in a
misinterpretation of the results, making difficult the comparison
of the studies. This was displayed in the study of Mesas et al.,
(2010) (26). Authors employed two cut-off levels (stimulated
salivary flow rate < 0.5 and stimulated salivary flow rate <
0.7 ml/min) to define hyposalivation, and they only found a
significant association with nutritional status when using the
value of 0.7 ml/min. For the other methods employed to define
salivary hypofunction, like the “mirror test’” and dry tongue
methods, the comparison across studies is difficult because they
are less frequently employed and dependent on the dentist’s
criteria. The moisture of oral mucosa cannot be either compared
since the method was only employed in one article.
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All these remarks highlight the idea that the diagnosis of
salivary hypofunction is not consensual across the studies.
Therefore, guidelines to measure salivary flow hypofunction
with one or several complementary methods to evaluate
the degree of dysfunction would be appropriate to allow an
international standardization and a better comparison across
the studies. Moreover longitudinal studies observing secretory
function over time are required to establish causality. This
would acknowledge setting up normal ranges or cut-off points
to distinguish normal from abnormal salivary function. That
amount is probably different across cultures (depending on
gland sizes) (44).

Discussion on the relationship between salivary
hypofunction with food oral processing, food behavior and
nutritional status

Figure 2 represents schematically the associations between
salivary hypofunction and food consumption found in the
15 selected articles. As a consequence of the cross-sectional
design employed in the studies, no causal-effect relation can
be established. Therefore, it cannot be concluded if salivary
hypofunction is a cause or a consequence of the studied
consumption parameters.

Figure 2
Schema resuming the main correlations found in this SLR
between salivary hypofunction and the selected outcomes. The
ratio (x/n) indicates the number of articles that highlighted a
positive association between salivary hypofunction and the
specific outcome (x) from the total number of articles that
treated the topic (n)
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As can be seen in Figure 2, salivary hypofunction was
related to food oral processing, and in particular to mastication.
It has been shown that elderly with hyposalivation had a
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reduced ability to break down foods into discrete portions
by chewing to permit swallowing (34). This effect was more
important in denture wearers with a lack of posterior occlusal
contacts. Moreover, a relationship between hyposalivation
and poor self-assessed chewing ability has been shown in four
articles. Authors suggested that although presenting an altered
masticatory performance is a multifactorial problem, salivary
flow is a critical factor for masticatory function. However,
the associations with dysphagia or swallowing have been less
studied and results were controversial (31, 32).

In spite of chemosensory perception is a key factor for
food enjoyment and one of the factors that motivate food
consumption, its association with salivary gland hypofunction
in the elderlies have received little attention. This could be
due to the fact that food science has historically focused on
the food and only in the later years some research groups
have started to consider the interaction between food and
human physiology to explain food perception. Moreover, to
date most of the studies regarding the relation between the role
of saliva on flavor release and perception have been conducted
on healthy and young individuals (<65 y/o), while elderly
population remains underexplored. Therefore only 4 articles
met the inclusion criteria and they were all based on taste.
While it has been found that salivary hypofunction is related to
the objectively measured taste perception (27, 45), for the self-
assessed taste ability results are controversial. However, most
epidemiological studies do not include objective measurements
of taste perception, probably because the evaluation through
tests is more time-consuming than performing questionnaires.

To the author’s knowledge the association between
hyposalivation and texture or other modalities of orosensory
perception (e.g aroma) in the elderlies has not been addressed
by the scientific community yet. Some studies reported age-
related loss of texture sensation (46, 47) and ultimately texture
preference changes (48), but these studies have not investigated
the role of a diminished saliva secretion in the observed results.

Assuming that a reduced salivary output produces
an impaired food experience, the desire for food or drink
known as appetite could be altered. This is in agreement with
the findings of the two selected articles on this topic which
shown a relationship between hyposalivation and loss of
appetite (37, 40), even when the settings employed were very
different in both of them. Consequently, this appetite loss
could provoke a diminished food intake. However, the two
studies on this topic found that the total energy intake was
not impaired in elderly with hyposalivation. Nevertheless,
when specific nutrients and/or group of foods were studied,
the hyposalivator group presented a reduced consumption of
vegetables, fish and seafood which was related to the lower
intake of n-3 polyunsaturated fatty acids, potassium, vit C,
E, B6 and folate after adjusting for confounders (number of
teeth, denture use, sex, income, education, body mass index,
smoking status, alcohol use, diabetes, medication, activities of
daily living, depression and total calorie intake) (25). A reduced
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consumption of such specific nutriments/or groups of food,
which are recognized for their health benefits (49-51), could
have a negative impact on the health of this population.

Finally, an alteration of the dietary intake (quantitative or
qualitative) could provoke an impairment of the nutritional
status of the elderly population. Numerous studies have been
conducted during the last decade to study the relationship
between nutritional status and oral conditions in elderly, but
to the authors’ knowledge, only 7 studies have assessed the
relationship between salivary hypofunction and nutritional
status. However, some contradictory results have been found.
While four articles found a significant correlation between
MNA and hyposalivation, one did not. Although the method
used to measure salivary flow was similar in the five studies,
the cut-off values differed among them, which could explain
the differences found in their results. On the other hand, the
other two selected articles (28, 38) encountered only weak
associations between nutritional status and hyposalivation or
the dentist’s estimation of dry mouth. Although other reasons
(different cut-off levels, circadian rhythms not controlled,
differences across populations) could explain these differences,
it is interesting to observe that in these last two studies none of
the subjects were malnourished but at risk of malnutrition. This
is of importance since probably nutritional disturbances held
over time can cause atrophy of salivary glands (39), producing
a reduction of their function. If this is truth, alterations on
saliva would be a consequence of an altered nutritional status.
Unfortunately, as all the selected studies presented a cross
sectional design no causality could be established and more
studies are needed to validate this hypothesis.

Finally, the measure of the food consumption parameters
was mostly performed by using subjective than objective
methods. This could be due to the fact that the use of self-
report questionnaires is less time consuming than performing
objective determinations. However, as many studies have
shown no correlation between the subjective feeling of dry
mouth (xerostomia) and hyposalivation, there are no evidences
of links between objective and subjective evaluations of the
outcomes (29).

Limitations and strengths of the present SLR

The main strength of this work is that it is a solid literature
search, with a complete overview of the relationship between
an objective measurement of salivary hypofunction and
the determinants of food consumption among the elderly
population. Moreover, the selected studies represent the wide
heterogeneity found in this population group (from healthy
elderly individuals to chronically ill hospitalized old-people).
The analysis of the quality of the selected articles let us to
identify the most frequent risks across the studies and suggest
new ideas for future works. For example, future studies on this
topic should control better for confounding factors like gender,
age, drug intake, diseases, mental status, socioeconomic status,
dental status and place to live, because they are well-known
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factors that can alter salivary function (52-55) but also food
consumption (56-59).

However, this study presents some limitations.
Unfortunately, we were not able to perform a meta-analysis
due to the obvious heterogeneity among the studies in relation
to definitions and measurements as explained above. Also, we
could not establish causality due to the cross-sectional nature
of the selected studies. Therefore it cannot be concluded if
hyposalivation is a cause or a consequence of the selected food
consumption parameters.

Implication of this study

This study has revealed the urgent need to introduce and
implement universal guidelines to assess salivary hypofunction.
Moreover, cohort studies (with comparable groups following
the same population for a longer period of time) and statistical
control of the confounding factors are required to establish
causality. Even if this review has pointed out some evidences
about the relationship between salivary hypofunction and food
consumption in the elderlies, the literature available on this
topic is scarce. This is particularly obvious in some cases such
as in the study of the relationship between hyposalivation and
flavor perception. Therefore, there is a big opportunity for
researchers, clinicians and food industry to better understand
this association and if so, give nutritional recommendations
and/or conceive products with sensory and nutritional properties
adapted for people with salivary dysfunction.

Conclusions

The main findings of this review can be summarized in the
following points: 1) to date, salivary hypofunction is mainly
based on measures of salivary flow 2) definition and measures
of hyposalivation are different across the studies; 3) salivary
hypofunction has been related to a decrease of objective
chewing and swallowing abilities and taste perception; very
little is known about other modalities of chemosensory
perception (e.g. aroma) 4) hyposalivation has been associated
with appetite loss; 5) hyposalivation has been related to an
unbalanced dietary intake but not with total intake; 6) it has
been seen a relationship between saliva deficiencies and
malnutrition, though some controversial results have also been
shown. Although it is not possible to completely eliminate
the potential effects of underlying methodological issues and
in spite of the scarce number of publications on this topic it
is suggested a relationship between salivary hypofunction
and food consumption in the elderlies. Unfortunately, due to
the cross-sectional nature of the articles, no causality could
be established. Therefore longitudinal studies on this topic
controlling for confounding factors are needed.
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