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Abstract

Background Oral health problems have increased among older adults. Oral hypofunction is characterized by seven
signs and symptoms: oral uncleanness, oral dryness, decline in occlusal force, decline in the movement function

of the tongue and lips, decline in tongue pressure, decline in masticatory function, and decline in swallowing func-
tion, the latter being a significant risk factors for oral frailty. Recent research has suggested that salivary biomarkers
can be used to assess not only oral diseases, including dental caries and periodontitis, but also systemic diseases, such
as cancer and diabetes mellitus. This cross-sectional study investigated the relationship between oral hypofunction
and the levels of salivary biomarkers.

Methods In total, 116 patients, aged 65 years or older, were included in this cross-sectional study. If three or more
signs or symptoms in seven kinds of tests met the criteria of each test, oral hypofunction was diagnosed. The levels
of biomarkers in the saliva collected from the patients were analyzed using an enzyme-linked immunosorbent assay.

Results In total, 63.8% of patients were diagnosed with oral hypofunction. Multivariable linear regression analysis
showed that calprotectin levels in the saliva were significantly related to oral moisture and masticatory function.
Furthermore, 8-OHAG levels in saliva were associated with the movement function of the tongue and lips and oral
hygiene level, and salivary AGE correlated only with the movement function of the tongue and lips. Multiple logistic
regression analysis revealed that calprotectin levels in the saliva were significantly correlated with the prevalence

of oral hypofunction, even after adjusting for age, sex, and periodontal status. However, none of the biomarker levels
in the saliva had a significant relationship with the number of examinations outside the reference range.

Conclusions Calprotectin, 8-OHdG, and AGE levels are associated with oral hypofunction in older adults.
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vulnerability [6]. Various cross-sectional studies have
reported an association between the number of teeth and
frailty in older adults [7-9].

Oral frailty is a new concept employed as a preventive
strategy to maintain or improve the eating/chewing abil-
ity of older adults in Japan, affecting food intake diversity,
appetite, and nutritional intake associated with physical
frailty [10]. Some papers have reported on the association
between poor oral health conditions and frailty, using
oral frailty index-8 or the Geriatric Oral Health Assess-
ment Index as indicators of oral frailty [11, 12]. The rela-
tionship between oral frailty, including oral health status
deterioration; deterioration of oral motor skills, saliva
disorders; and oral pain, and frailty has been reported not
only in Japan but also worldwide [13]. Accordingly, the
recovery from oral frailty is important not only for main-
taining oral hygiene to prevent periodontitis and dental
caries but also for restoring function by providing appro-
priate prostheses for tooth loss.

In 2016, the Japanese Society of Gerodontology defined
“oral hypofunction” as the state in which more than three
of seven oral functional measures (poor oral hygiene,
oral dryness, reduced occlusal force, decreased move-
ment function of the tongue and lips, decreased tongue
pressure, decreased masticatory function, and deterio-
ration of swallowing function) met the diagnostic cri-
teria [14]. By 2025, it is estimated that the population
aged > 65-years old in Japan will reach 36,770,000 people.
Even as the population aged 65 years and older declines
after 2042, the aging rate will continue to rise, reach-
ing 38.4% by 2065, when one out of every 2.6 persons in
Japan will be aged 65 or older [15]. Medical, dental, and
nursing care support are essential for the major phenom-
enon of a super-aged society. Since 2018, the Japanese
government has adopted the concept of oral frailty as an
important criterion for oral hypofunction in the glossary
of disease diagnoses in the national dental insurance pro-
gram. However, evaluation methods for oral hypofunc-
tion are of different types, require medical instruments
and equipment, and are very complex.

Numerous systemic diseases are diagnosed using vari-
ous biological molecules in body fluids. Saliva has mul-
tiple functions, including mouth cleaning, protection,
antibacterial effects, and digestion. Saliva, as a non-inva-
sive, safe, and simple source, could be useful for diagnos-
ing oral diseases (i.e., dental caries, periodontitis, and
oral cancer), as well as systemic conditions (i.e., diabetes
mellitus, cardiovascular disease, and cancer, or Sjogren’s
syndrome) [16-18].

Calprotectin is a calcium-binding protein typically
produced by granulocytes, monocytes, macrophages,
and epithelial cells [19]. Calprotectin levels in the
plasma, synovial fluid, and feces are increased in some
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inflammatory diseases, such as cystic fibrosis [20], rheu-
matoid arthritis [21], ulcerative colitis [22], and Alzhei-
mer’s dementia [23]. It has been reported that salivary
calprotectin levels are increased in patients with peri-
odontitis, oral candidiasis, or Sjogren’s syndrome but
decreased in human immunodeficiency virus infection
[24, 25].

8-Hydroxyguanosine (8-OHdG) is an oxidative stress
biomarker and an oxidized nucleoside that is excreted in
body fluids as a reparative consequence of DNA. A sta-
ble product is formed as a result of enzymatic dissolution
after reactive oxygen species induce the 8-hydroxylation
of guanine based on mitochondrial and nuclear DNA
[26, 27]. Salivary 8-OHdG levels are recognized as oxida-
tive biomarkers of diabetes mellitus [28] and periodonti-
tis [29]. Furthermore, a systematic review reported that
frailty and pre-frailty appear to be associated with higher
oxidative stress and higher levels of 8-OHdG [30].

Elevated oxidative stress also promotes the formation
of the advanced glycation end product (AGE) [31]. AGE
levels are correlated with aging and the onset and exac-
erbation of a variety of diseases, including diabetes mel-
litus, atherosclerosis, and Alzheimer’s disease [32—35].

It has been reported that inflammatory markers, ele-
vated interleukin-1p (IL-1pB), or detectable C-reactive
protein (CRP) in GCF are correlated with low levels of
leisure-time physical activity [36]. However, there are
no reports describing the association between salivary
biomarkers, other than inflammatory markers, and oral
hypofunction or oral frailty.

In this study, we investigated the relationship between
oral hypofunction and salivary biomarkers such as cal-
protectin, 8-OHdG, and AGE in older adults, aim-
ing to identify salivary biomarkers associated with oral
hypofunction.

Methods

Clinical Study design and participants

This cross-sectional study was conducted in accord-
ance with the Declaration of Helsinki and the STROBE
Statement, was approved by the Ethics Committee of
the Tokushima University Hospital (approval number:
3729). Informed consent was obtained from a total of 116
patients, either for first time or undergoing treatment,
18 of whom came to the Department of Periodontology
at the Tokushima University Hospital and 98 of whom
came to Masutomi Dental Clinic between April 2020
and December 2022. The inclusion criteria were patients
aged > 65 years with>10 teeth, and the exclusion crite-
ria were patients with severe systemic diseases (such as
history of cerebrovascular accident with residual paraly-
sis, rheumatoid arthritis, or patients undergoing cancer
treatment). Patients were interviewed regarding other
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systemic medical histories (diabetes mellitus, hyperten-
sion, and heart disease). The % level of hemoglobin Alc
(HbAlc) or years of history with diabetes mellitus were
checked by the results of blood tests at medical checkups
or diabetic data book for self-management. 38 patients
had no test results, and test values could not be verified.

Evaluation of periodontal status

All periodontal variables were assessed at six sites
(mesiobuccal, midbuccal, distobuccal, mesiolingual,
midlingual, and distolingual) per tooth for all residual
teeth. The clinical parameters recorded were plaque con-
trol record, probing pocket depth (PD), and percentage
of bleeding at the probing sites (BOP%). The percentage
of site with PD 4 mm or more in all measured sites was
denoted as PD >4 mm (%), and PD>6 mm (%) is also
denoted in same way. Periodontitis status was classified
according to the guidelines of the world workshop con-
ducted jointly by the American Academy of Periodontol-
ogy and the European Federation of Periodontology in
2017 [37].

Examinations of oral hypofunction and systemic frailty
Examination of oral hypofunction with respect to oral
hygiene, oral moisture, occlusal force, movement func-
tion of the tongue and lips, tongue pressure, mastica-
tory function, and swallowing function was performed
according to previously described methods [14]. Oral
hypofunction was diagnosed when the scores in more
than three of these seven tests exceeded the reference
value.

Oral hygiene was examined by measuring the number
of bacteria collected from the tongue dorsum with a cot-
ton swab using a bacterial quantitative analysis device
(bacterial counter, Panasonic, Osaka, Japan) and assessed
from levels 1 to 7. Oral hygiene was considered poor
when the level was >4. The total number of microorgan-
isms 3.162x 10° CFU/ mL or higher is considered Level 4
or higher.

The oral moisture test was performed by measuring
oral mucosal wetness at the center of the tongue dor-
sum using an oral moisture meter (Mucus, Life Co. Ltd.,
Saitama, Japan). Oral dryness was diagnosed when the
average score from the three tests was <27.

Occlusal force was measured using a pressure-sensi-
tive sheet (Dental Prescale II, GC, Tokyo, Japan) during
clenching for 3 s in the occlusal position, and a decline
in occlusal force was diagnosed when the score was <500
N. If participants wore dentures, the test was performed
with the dentures in place.

The movement function of the tongue and lips was
assessed by counting the instances participants pro-
nounced three monosyllables (“Pa,” “Ta,” and “Ka,) for
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5 s using an automatic measuring device (Kenkou-kun
Handy, Takei Kikai Kogyo, Niigata, Japan) and the decline
of movement function of the tongue and lips was diag-
nosed when this score was <6 times per second.

Tongue pressure was measured using a tongue pres-
sure-measuring device (JMS Tongue Depressor; GC,
Tokyo, Japan). A probe with a balloon-shaped tip was
placed between the tongue and palate, and the pressure
of crushing with the tongue was measured. A decline
in tongue pressure was diagnosed when the value
was < 30 kPa.

A glucose analyzer (Glucosensor GS-II, GC, Tokyo,
Japan) was used for the masticatory function test. The
glucose concentration in the saliva was determined by
chewing gum containing 2 g of glucose for 20 s. A decline
in masticatory function was diagnosed when the glucose
concentration in the saliva was <100 mg/dL.

The swallowing function test was performed using
a subjective swallowing screening questionnaire (10-
item Eating Assessment Tool [EAT-10]) [38]. A decline
in swallowing function was diagnosed when more than
three test items were checked.

The systemic frailty test was performed using a check-
list developed by the Ministry of Health, Labor, and Wel-
fare. Systemic frailty was diagnosed when > 10 items were
assessed [39].

Saliva sampling

Participants were instructed to refrain from brushing
their teeth, drinking, and eating within 1 h before saliva
sampling according to the conditions described in the
saliva test kit instructions (Saliva Check Lab, GC, Tokyo,
Japan). Stimulated whole saliva was collected. Partici-
pants chewed tasteless and odorless gum in the kit for
5 min, and whole saliva was deposited into the collec-
tion cup. Part of the collected saliva was transferred into
a container at the Saliva Check Lab and sent to the GC
Oral Check Center, where the proportion of Porphy-
romonas gingivalis to total number of bacteria in the
saliva was determined by real-time polymerase chain
reaction. Remained saliva was centrifuged at 10,000 x g
for 10 min at 4 °C to remove debris and stored at _80 °C
for enzyme-linked immunosorbent assay (ELISA).

Measurement of biomarkers

The concentrations of calprotectin, 8-OHdG, and AGE
in the saliva were determined using ELISA kits (Human
Calprotectin ELISA Kit, Hycult Biotechnology, Uden,
Netherlands; Human 8-OHdG ELISA Kit, Japan Institute
for the Control of Aging, NIKKEN SEIL Co, Ltd. Shi-
zuoka, Japan; and Oxiselect™ Advanced Glycation End
Product Competitive ELISA Kit, Cell Biolabs, Inc., San



Masutomi et al. BMC Oral Health (2024) 24:766

Diego, CA) according to the manufacturer’s instructions,
and expressed as nanograms per milliliter of saliva.

Statistical analysis

Sex, oral hypofunction, periodontal status, hypertension,
heart disease, and diabetes mellitus, treated as categori-
cal variables, were presented as number of patients or
percentage, and all other variables treated as continu-
ous variables were indicated as median (Interquartile
range:25th-75th). The Mann—Whitney U test was used
to compare continuous variables, and the Chi-square test
was used to compare categorical variables. A simple cor-
relation analysis was performed using Spearman’s rank
correlation coefficient. Multiple logistic regression analy-
sis was conducted to explore the relationship between
oral hypofunction and each oral biomarker (calprotectin,
8-OHdG, and AGE). The diagnosis of oral hypofunction
(0, normal oral function; 1, oral function) was used as
objective variable, and each oral biomarker concentration
was used as explanatory variables. Additionally, multivar-
iable linear regression analysis was performed to exam-
ine the relationship between the number of examinations
outside the reference range and each salivary biomarker
(calprotectin, 8-OHdG, and AGE). In this analysis, the
number of examinations outside the reference range was
used as objective variables, and a natural logarithmic
transformation of each salivary biomarker concentration
to approximate a normal distribution was used as explan-
atory variables. For the evaluation of the correlation
between the biomarkers in saliva and oral hypofunction
test values, the multivariable linear regression analysis
was performed with a natural logarithmic transformation
of each saliva biomarker as objective variables and each
oral hypofunction test value as explanatory variables.
Multiple logistic regression analysis and multivariable
linear regression analysis were performed with covariate-
adjusted for age and sex (Model 1) or age, sex and perio-
dontal stage (Model 2) as predictors and confounders. All
analyses were performed with the maximum number of
missing values excluded. There analyses were conducted
using EZR (Saitama Medical Center, Jichi Medical Uni-
versity, Saitama, Japan), a graphical user interface for a
modified version of R commander (The R Foundation for
Statistical Computing, Vienna, Austria), which includes
statistical functions frequently used in biostatistics. Sta-
tistical significance was set at a P value <0.05.

Results

Characteristics of participants

In total, 116 participants (median age 73.0) were
enrolled in this study. Table 1 lists the basic informa-
tion of the participants, prevalence of oral hypofunc-
tion, number of participants with periodontitis status
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Table 1 Clinical characteristics of participants enrolled in this

study
Median (25"—75")
Number (%)
Participants 116
Age (years)? 73.0 (70.0—77.0)
Sex (male)® 40 (34.5)
Remaining teeth? 23.5(19.3—26.0)
Diabetes mellitus® 41(35.3)
Hypertension® 60 (51.7)
Heart disease” 15(129)
Oral hypofunction® 74 (63.8)
The number of examinations outside the refer- 3.0 (2.0—4.0)
ence range®
Oral hygiene level® 5.0 (4.0—5.0)

Oral moisture® 27.8 (26.0—29.3)
734.7 (506.7—947 .3)

Movement function of the tongue and lip (times/second)

Occlusal force (N)*€

/Pa/? 6.0 (5.6—6.4)
/Ta/? 6.0 (53—6.4)
/Ka/® 56 (51—6.0)

30.1 (25.5—34.6)
233.5(196.3—276.0)

Tongue pressure (kPa)?
Masticatory function (mg/dL)?
(

Swallowing function (score)? 0(0.0—1.0)
Systemic frailty (score)® 3.0 (20—5.0)
Periodontitis stage Ill + IV° 70 (60.3)

PD>4 mm (%)* 18.1(93—294)
PD =6 mm (%)* 1.5 (0—5.6)
PD>6 mm (site)*® 20(0-7.0)

BOP (%)>¢ 185(10.1-315)

Proportion of P. gingivalis (%) 0.007 (0—0.034)

@ Data are expressed as median (25th—75th)
b Data are expressed as number (percentage)
€7 missing values exist in data

91 missing value exists in data

IIT+1V, and values for all oral examinations. There were
fewer male 40 (34.5%) than females 76 (65.5%). The
number and prevalence of patients with oral hypofunc-
tion and periodontitis status III+IV were 74 (63.8%)
and 70 (60.3%), respectively, accounting for approxi-
mately half of participants. Table 2 contains a com-
parison of the characteristics of patients with normal
oral function and those with oral hypofunction. Par-
ticipants diagnosed with oral hypofunction had signifi-
cantly poor oral hygiene, oral dryness, reduced occlusal
force, reduced movement function of the tongue and
lips, and decreased tongue pressure than those in the
normal oral function group (P<0.01). However, there
was no significant difference between the normal oral
function group and oral hypofunction group in terms
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Table 2 Comparison of characteristics between paticipants with normal oral function and those of oral hypofunction

Median (25%"—75t)

Number (%)

Normal oral function Oral hypofunction P-value

(n=42) (n=74)
Age (years)?® 72.0 (70.0—75.5) 74.0 (70.0—78.0) 043
Sex (male)® 19 (45.2) 21 (284) 0.072
Remaining teeth? 240 (21.0—27.0) 23.0(18.0—26.0) 0.069
Periodontitis stage Ill + I\vo 23 (54.8) 47 (63.5) 043
Diabetes mellitus® 41(353) 28(37.8) 055
Hypertensiomb 60 (51.7) 41 (55.4) 034
Heart disease® 15(12.9) 11(14.9) 057
The number of examinations outside the reference range® 20(01.0—20) 3.0(3.0—4.0) <0.001*
Oral hygiene level (> 4)b 28 (66.7) 68(91.9) 0.002*
Oral moisture (< 27)° 9(21.4) 39(527) 0.002*
Occlusal force (<500 N)°< 3(7.5) 23(33.3) 0.002*
Movement function of the tongue and lip (any counts of Pa, Ta, Ka<6 22 (52.4) 64 (86.5) <0.001*
times/second)?
Tongue pressure (< 30 kPa)® 3(7. 54(73.2) <0.001*
Masticatory function (< 100 mg/dL)ID 0(0) 3(4.2) 0.55
Swallowing function (>3 score)? 2 (4.8) 12(16.2) 0.081
Systemic frailty (=10 score)® 3.0(1.0—43) 4.0 (20—5.0) 0.14

Statistical analysis was performed using Mann-Whitney U test or Chi-square test
2 Data are expressed as median (25th—75th)
b Data are expressed as number (percentage)

€7 missing values exist in data; 2 in Normal oral function group and 5 in Oral hypofunction group

"P<0.05

of decreased masticatory function (P=0.55) or swal-
lowing function (P=0.081). The morbidity of any sys-
temic disease and rate of periodontitis stage classified
as III+1V did not differ between the two groups.

Correlation between biomarkers in saliva and clinical
variables

Table 3 presents the results of the simple correlation
analysis between each biomarker in saliva and clinical
variables derived from diabetes mellitus parameters, oral
hypofunction tests, and periodontal index. The concen-
tration of calprotectin in saliva exhibited weak correla-
tions with movement function of the tongue and lips (/
Ta/r=0.19, P=0.047), oral moisture (r=-0.23, P=0.014),
and masticatory function (r=0.27, P=0.036). Weak
negative correlations were identified between the con-
centration of 8-OHdG in saliva and the movement of the
tongue and lips (/Pa/ r=-0.20, P=0.034, /Ta/ r=-0.27,
P=0.004, /Ka/ r=-0.22, P=0.018), as well as masticatory
function (r=-0.19, P=0.041). Additionally, weak positive
correlations were observed with HbAlc (most recent%
r=0.39, P<0.001, max% r=0.43, P<0.001), and the dura-
tion of diabetes mellitus (r=0.40, P<0.001). However, for
HbA1lc, the simple correlation analysis was performed on

the data of 78 participants whose test values were avail-
able. Regarding the concentration of AGE, a negative
correlation was observed between the movement func-
tion of the tongue and lips (/Pa/ r=-0.22, P=0.017; /
Ta/ r=-0.23, P=0.013; /Ka/ r=-0.20, P=0.03), whereas
positive correlations were observed with the number
of examinations outside the reference range (r=0.19,
P=0.043) and BOP% (r=0.26, P=0.005).

Table 4 lists the results of the multivariable linear
regression analysis for the association of each biomarker
in saliva and each oral hypofunction test value with
covariate-adjusted for age and sex (Model 1) or age, sex
and periodontal stage (Model 2) as confounders. Cal-
protectin level in saliva was significantly related to oral
moisture (Model 1; P=0.01, Model 2; P=0.013) and mas-
ticatory function (Model 1; P=0.006, Model 2; P=0.007).
Furthermore, 8-OHdG level in saliva was associated with
oral hygiene (Model 1; P=0.05, Model 2; P=0.05) and
the movement function of the tongue and lip (Model 1;
/Ta/ P=0.031, Model 2; /Ta/ P=0.03, /Ka/ P=0.048).
The association with masticatory function, which was
correlated with 8-OHdG in Table 3, also showed a trend,
although not significantly (Model 1; P=0.077, Model 2;
P=0.085). AGE level in saliva was significantly related to
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Table 3 Simple correlation analysis between biomarkers in saliva and clinical variables
calprotectin 8-OHdG AGE
(ng/ml) (ng/ml) (ng/ml)
r P-value r P-value r P-value
Age (years) 0.18 0.063 0.0725 044 0.122 0.20
Remaining teeth -0.018 0.85 -0.0536 057 0.00787 0.93
Diabetes mellitus parameters
*HbA1c (most recent %)© 0.063 0.59 039 <0.001* 0.21 0.073
*HbATc (max %)° -0.085 047 043 <0.001* 0.22 0.055
-Duration (years)? -0.048 0.62 040 <0.001* 0.084 0.38
The number of examinations 0.056 0.56 0.14 0.13 0.19 0.043*
outside the reference range
Oral hygiene level -0.025 0.79 -0.13 0.17 -0.13 0.17
Oral moisture -0.23 0.014* 0.052 0.58 -0.070 0.46
Occlusal force (N)? 0.044 0.66 -0.044 0.65 -0.051 0.60
Movement function of the tongue and lip (times/second)
/Pa/ -0.023 0.81 -0.20 0.034% -0.22 0.017*
/Ta/ 0.19 0.047* -0.27 0.004* -0.23 0.013*
/Ka/ 0.18 0.059 -0.22 0.018* -0.20 0.03*
Tongue pressure (kPa) -0.002 0.99 -0.025 0.80 0.006 0.95
Masticatory function (mg/dL) 0.27 0.036* -0.19 0.041* -0.088 035
Swallowing function (score) 0.010 0.30 -0.007 094 -0.082 0.38
Periodontal index
-PD 24 mm (%)° 0.0029 0.98 0.055 0.57 0.18 0.053
*PD 26 mm (%)° -0.019 0.84 0.072 045 0.069 0.46
*PD 26 mm (sites)” -0.017 0.86 0.065 0.49 0.085 0.37
*BOP (%)° -0.0075 0.94 0.132 0.16 0.26 0.005*
Proportion of P, gingivalis (%) 0.044 0.65 -0.029 0.76 0.071 045
Systemic frailty (score) 0.010 030 0.14 0.14 0.10 0.28

Statistical analysis was performed using Spearman’s rank correlation coefficient
@7 missing values exist in data

b 1 missing value exists in data

€38 missing values exists in data

42 missing values exists in data

" P<0.05, r: correlation coefficient

only the movement function of the tongue and lip (Model
1; /Ta/ P=0.04, Model 2; /Ta/ P=0.037).

Association between susceptibility to oral hypofunction
and biomarkers in saliva

Figure 1 illustrates a comparison of the levels of each
biomarker in the saliva of participants with normal oral
function and in those with oral hypofunction. No sig-
nificant differences were found in any of the oral bio-
marker levels between the normal oral function and oral
hypofunction groups. However, the median concentra-
tion in the oral hypofunction group was slightly higher
than that in the normal oral function group.

To determine the relationship between the diagnosis
of oral hypofunction and each biomarker in the saliva,
multiple logistic regression analysis was performed
after adjusting for covariates (Model 1: age and sex; and
Model 2: age, sex, and periodontal stage). As shown
in Table 5, the concentration of calprotectin in saliva
was significantly associated with the diagnosis of oral
hypofunction in Models 1 (P=0.048) and 2 (P=0.047).
These significant associations between the concentra-
tion of calprotectin and the diagnosis of oral hypofunc-
tion were similar, even after adjusting for the prevalence
of diabetes mellitus or hypertension (Additional file 1,
Models 3 and 4). However, 8-OHdG, and AGE levels
were not associated with oral hypofunction.
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Table 4 Multivariable linear regression analysis with biomarkers in saliva
a calprotectin (n=107)
Model 1 Model 2
Expalanatory Variables Estimate 95% ClI P-value Estimate 95% Cl P-value
Oral hygiene level 0.006 -0.169 0.181 0.946 0.007 -0.169 0.183 0933
Oral moisture -0.096 -0.168 -0.023 0.01* -0.094 -0.167 -0.02 0.013*
Occlusal force (N) -8.7E-05 0 0 0.664 -9.6E-05 0 0 0.633
Movement function of the tongue and lip (times/second)
/Pa/ 0.032 -0.179 0.243 0.764 0.038 -0.174 0.249 0.726
/Ta/ 0.173 -0.041 0.387 0.112 0.173 -0.041 0.388 0.112
/Ka/ 0.087 -0.011 0.284 0.386 0.093 -0.105 0.292 0352
Tongue pressure (kPa) -0.005 -0.033 0.023 0.715 -0.006 -0.034 0.022 0.678
Masticatory function (mg/dL) 0.003 0.001 0.006 0.006* 0.003 0.001 0.006 0.007*
Swallowing function (score) -0.001 -0.069 0.068 0.984 0.003 -0.066 0.073 0.928
b 8-OHdG (n=108)
Model 1 Model 2
Expalanatory Variables Estimate 95% ClI P-value Estimate 95% Cl P-value
Oral hygiene level -0.125 -0.249 0 0.05* -0.125 -0.25 0 0.05*
Oral moisture 0.017 -0.037 0.071 0528 0.015 -0.04 0.069 0.596
Occlusal force (N) -5.3E-05 0 0 0.724 -4E-05 0 0 0.79
Movement function of the tongue and lip (times/second)
/Pa/ -0.131 -0.282 0.02 0.089 -0.136 -0.288 0.016 0.079
/Ta/ -0171 -0.326 -0.016 0.031 -0.172 -0.327 -0.017 0.03*
/Ka/ -0.14 -0.283 0.003 0.055 -0.145 -0.288 -0.002 0.048*
Tongue pressure (kPa) 0.005 -0.015 0.024 0.64 0.005 -0.014 0.025 0.597
Masticatory function (mg/dL) -0.002 -0.003 0 0.077 -0.002 -0.003 0 0.085
Swallowing function (score) -0.008 -0.06 0.044 0.765 -0.011 -0.063 0.042 0.688
c AGE (n=109)
Model 1 Model 2
Expalanatory Variables Estimate 95% ClI P-value Estimate 95% Cl P-value
Oral hygiene level -0.217 -0.612 0.178 0.279 -0.222 -0.61 0.166 0.259
Oral moisture -0.027 -0.197 0.142 0.752 -0.053 -0.221 0.115 0529
Occlusal force (N) 0 -0.001 0.001 0.741 -3.6E-05 -0.001 0.001 0938
Movement function of the tongue and lip (times/second)
/Pa/ -0.342 -0.818 0.134 0.158 -0.384 -0.852 0.084 0.107
/Ta/ -0.507 -0.99 -0.024 0.04* -0.505 -0.979 -0.031 0.037*
/Ka/ -0.244 -0.694 0.205 0.283 -0.288 -0.73 0.154 02
Tongue pressure (kPa) 0.003 -0.059 0.064 0.932 0.008 -0.053 0.069 0.79
Masticatory function (mg/dL) -0.003 -0.008 0.003 0.342 -0.002 -0.008 0.003 0418

Model 1 adjusted for age and sex (0=female, 1=male)

Model 2 adjusted for the variables in model 1 and periodontal stage (0=stage |+, 1=stage Il +1V)

P-value were derived using Multiple liner regression analysis
*P<0.05, Cl confidence interval

Objective variable was a natural logarithmic transfomation of each salivary biomarker concentration, calprotectin (a), 8-OHdG (b) and AGE (c)

All explanatory variables other than sex and periodontal stage were continuous variables

Correlation between the number of examinations
outside the reference range and biomarkers in saliva

Table 6 shows the results of the simple correlation anal-
ysis between the number of examinations outside the
reference range and clinical variables (diabetes mellitus

parameters, oral hypofunction test values, periodontal
disease status, and salivary biomarkers). All test val-
ues of oral hypofunction were significantly correlated
with the number of examinations outside the reference
range; occlusal force (r=-0.41, P<0.001), movement
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Fig. 1 Biomarker levels in saliva of participants with normal oral function and oral hypofunction. Concentrations of (a) calprotectin, b 8-OHdG,
and ¢ AGE in the saliva of participants with normal and oral hypofunction. The median is presented in each box beard. Statistical analysis

was performed using Mann-Whitney U test

Table 5 Multiple logistic regression analysis with the diagnosis of oral hypofunction as the objective variable

Model 1 Model 2
Explanatory Variables OR 95%(Cl P-value OR 95%(Cl P-value
calprotectin 1.004 1.000-1.009 0.048* 1.004 1.000-1.009 0.047*
8-OHdG 1.294 0490-3414 0.603 1.300 0.500-3.382 0.590
AGE 1.005 0.994-1.016 0.340 1.005 0.995-1.016 0.331

Model 1 adjusted for age and sex (0=female, 1=male)

Model 2 adjusted for the variables in model 1 and periodontal stage (0=stage | +1I, 1=stage Il +1V)

P-value was derived using Multiple Logistic regression analysis. *P <0.05, OR odds ratio, C/ confidence interval

Objective variable was the diagnosis of oral hypofunction (Normal oral function =0, Oral hypofunction=1)

All explanatory other than sex and periodontal stage were continuous variables

function of the tongue and lips (/Pa/ r=-0.27, P=0.003;
/Ta/ r=-0.34, P<0.001; /Ka/ r=-0.27, P=0.003), and
tongue pressure (r=-0.53, P<0.001) were moderately
correlated. The number of remaining teeth (r=-0.24,
P=0.009) and the concentration of AGE in the saliva
(r=0.19, P=0.043) were weakly correlated with the
number of examinations outside the reference range.
There was no correlation between the diabetes mellitus
parameters or periodontal disease status and the num-
ber of examinations outside the reference range.

Table 7 lists the results of the multivariable linear
regression analysis for the association of the number
of examinations outside the reference range with each
biomarker in the saliva. We found no significant associ-
ations between the number of examinations outside the
reference range and the concentrations of biomarkers
(calprotectin, 8-OHdG, and AGE) in Model 1 (adjusted
for age and sex) and Model 2 (adjusted for age, sex, and
periodontal stage), even after adjusting for the preva-
lence of systemic diseases (Additional file 2, Models 3
and 4).

Discussion

In this study, most participants had systemic disease, with
hypertension being prevalent in 51.7%, diabetes mellitus
in 35.3%, and heart disease in 12.9%. This study found
that 63.8% of the participants experienced oral hypofunc-
tion. This prevalence is similar to the 63% reported in a
previous study [40], which included 134 participants (81
females and 53 males) aged 32-93 years (mean age 75.2)
with similar characteristics to our study. Examining the
median values of oral function tests in our study, occlusal
force and glucose concentration as masticatory function
indicators were 734.7 N and 233.5 mg/dL, respectively.
In contrast, another study reported values of 563.4 N and
132.6 mg/dL for these parameters. The high masticatory
function observed in our study may be explained by the
larger number of remaining teeth (23.5) compared to the
15.3 teeth reported in the previous study [40].

We found no significant difference in age between the
normal oral function group and the oral hypofunction
group (Table 2). This result differs from those of previ-
ous studies in which there was a significant difference in
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Table 6 Simple correlation analysis between the number of
examinations outside the reference range and clinical variables

The number of
examinations outside the
reference range

r P-value

Age (years) 0.046 0.63
Remaining teeth -0.24 0.009%
Diabetes mellitus parameter

HbA1c (most recent %)° 0.13 0.28

HbA1c (max %) 0.10 036

Duration (years) -0.031 0.75

Oral hygiene (level) 0.19 0.042%

Oral moisture -0.34 <0.001*

Occlusal force (N)® -0.41 <0.001*
Movement function of the tongue and lip (times/second)

/Pa/ -0.27 0.003*

/Ta/ -0.34 <0.001*

/Ka/ -0.27 0.003*
Tongue pressure (kPa) -0.53 <0.001*
Masticatory function (mg/dL) -0.24 0.011*
Swallowing function (score) 0.19 0.039*
Periodontal index

PD 24 mm (%)° 0.067 048

PD 26 mm (%)° 0.063 051

PD 26 mm (sites)® 0.049 0.60

BOP (%)° 0.12 022

P.gingivalis (%) 0.15 0.10

Systemic frailty (score) 0.18 0.059
Biomarkers in saliva

calprotectin (ng/ml) 0.056 0.56

8-OHdG (ng/ml) 0.14 0.13

AGE (ng/ml) 0.19 0.043*

7 missing values exist in data

b 1 missing value exists in data

€38 missing values exists in data

42 missing values exists in data

P-value was derived using Spearman’s rank correlation coefficient

" P<0.05, r: correlation coefficient
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age between the two groups [40, 41]. The reason for this
difference may be that the participants in these previ-
ous studies were between 32 and 92 years of age [40] or
20 years of age or older [41], whereas the participants in
our study were 65 years of age or older. We did not find
any difference in the rate of patients diagnosed with peri-
odontitis III+1V between the two groups. Ramsay et al.
[9] reported that the percentage of sites with PD > 3.5 mm
(more than 20%) was not significantly correlated with the
diagnosis of physical frailty. However, there is limited
research on the association between periodontal disease
status and oral hypofunction. Depending on the diagno-
sis of periodontal disease (extensive or localized) or the
stage of the treatment for periodontal disease, the results
may vary.

In this study, there was no significant difference in
the number of remaining teeth between the normal
oral function group and the oral hypofunction group
(Table 2); however, the number of remaining teeth was
weakly correlated with the number of examinations
outside the reference range (Table 6). A previous study
reported that people with 20 or more natural teeth
were less susceptible to frailty than those with edentu-
lism [42]. Furthermore, the number of remaining teeth,
regardless of denture use, is significantly associated with
the number of physical frailty phenotypes [12]. Our
study included participants with 10 or more remaining
teeth. This is because it has been reported that the risk
of frailty is 1.7 times higher for participants with 1-10
teeth compared to those with 20 or more teeth [8], and
also because of the impact of 20 or more teeth on the
evaluation of occlusal force. Removing this limitation
of remaining teeth might have revealed a more evident
association between the number of remaining teeth and
the diagnosis of oral hypofunction.

As observed in Table 2, masticatory and swallowing
function were not associated with the diagnosis of oral
hypofunction in our study. Hatanaka’s study [40] also
showed oral hygiene and swallowing function were not
associated with the diagnosis of oral hypofunction. These

Table 7 Multivariable linear regression analysis with the number of examinations outside the reference range

Model 1 Model 2
Explanatory Estimate 95%Cl P-value Estimate 95%Cl P-value
Variables
calprotectin (1=111)  0.13005 -0.11150,0.3716 0.29 0.13945 -0.10230,0.38119 0.26
8-OHdG (n=114) 0.08556 -0.23661, 0.40773 0.60 0.07259 -0.25024, 0.39543 0.66
AGE (n=115) 0.07499 -0.02675,0.17673 0.15 0.06475 -0.03930, 0.16881 022

Model 1 adjusted for age and sex (0=female, 1 =male)

Model 2 adjusted for the variables in model 1 and periodontal stage (0=stage | +1I, 1 =stage Il +1V)

P-value were derived using Multiple liner regression analysis. Cl: confidence interval

Objective variable was the number of examinations outside the reference range

All explanatory variables other than sex and periodontal stage were continuous variables
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results suggest that criteria for the diagnosis of oral hypo-
function and their reference value should be reconsid-
ered by further studies on oral hypofunction.

For the first time, we investigated the utility of salivary
biomarkers for the diagnosis of oral hypofunction. Fig-
ure 1 shows a comparison of salivary biomarker concen-
trations between participants with normal oral function
and those with oral hypofunction. The median concen-
tration of calprotectin in the normal oral function group
was 82.9 ng/ml and 91.8 ng/ml in the oral hypofunction
group. Mean calprotectin levels were approximately ten-
fold lower than those reported by Sweet et al. [25]. The
median concentrations of 8-OHdG were 0.35 ng/ml
and 0.47 ng/ml in the normal oral function group and
the oral hypofunction group, respectively. These mean
8-OHdG levels are similar to those reported in a previ-
ous study [29] but were approximately tenfold lower than
the results from another study [43]. The median con-
centrations of AGE were 5.79 ng/ml and 8.57 ng/ml in
the normal oral function and oral hypofunction groups,
respectively; however, few studies have examined AGE
concentrations in saliva. The variations in the concentra-
tions of these biomarkers across studies may be due to
differences in saliva collection, processing methods, race,
or age of the participants. Regarding all events in this
study, the median concentrations in the oral hypofunc-
tion group were slightly higher than those in the normal
oral function group.

There are no reports showing the association between
those oral biomarkers and oral hypofunction or oral
frailty. Simple correlation analysis found that calprotec-
tin levels in saliva were weakly correlated with movement
function of the tongue and lip, oral moisture, and masti-
catory function (Table 3). However, calprotectin level in
saliva was significantly related to two oral hypofunctional
tests of oral moisture and masticatory function in adjust-
ing for covariate (age, sex and periodontal stage). Previ-
ous studies on the association between these biomarkers
and oral or systemic diseases have reported that salivary
calprotectin levels are elevated in patients with geograph-
ical tongue [44] or Shogren’s syndrome [25], suggesting
a weakly correlation between salivary calprotectin and
oral moisture via decreased salivation. Furthermore, the
association between fecal calprotectin levels and Alzhei-
mer’s disease [23] and reports of calprotectin secretion
from skeletal muscle tissue during exercise [45] suggest
that calprotectin may be involved in movement function
of the tongue and lip through its involvement in these
muscles and neurotransmission. It is possible that decline
of oral moisture and tongue and lip movement may also
contribute to decreased masticatory function.
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Salivary 8-OHdG levels were correlated with the
movement function of the tongue and lip and mastica-
tory function (Table 3). In multivariable linear regres-
sion analysis, 8-OHdG level in saliva was significantly
related to oral hygiene and the movement function of
the tongue and lip, and also showed a trend of asso-
ciation with masticatory function. The reported asso-
ciation between serum 8-OHdG concentration and
sarcopenia [46], suggests that 8-OHdG may be related
to movement function of the tongue and lip and masti-
catory function.

Salivary AGE was only correlated with the move-
ment function of the tongue and lip. The accumula-
tion of AGEs in skeletal muscle tissue with aging [47]
and numerous reports on sarcopenia [48] suggest that
AGEs may be related to movement function of the
tongue and lip.

Multiple logistic regression analysis also showed that
calprotectin levels in saliva were significantly associ-
ated with the prevalence of oral hypofunction, even
after adjusting for age, sex, periodontal status, and sys-
temic diseases (Table 5 and Additional file 1). There-
fore, in this study, we demonstrated, for the first time,
an association between salivary biomarkers and oral
hypofunction. It may be difficult that the findings from
this study lead to directly demonstrate the mechanism
of association between biomarkers and oral hypo-
function. However, accumulative results from future
research to examine the relationship between each item
of oral hypofunction and other biomarkers as well as
further in vitro and in vivo studies may lead to eluci-
date the scientific mechanism of oral hypofunction.
Moreover, these may be able to reduce the number of
diagnostic items for oral hypofunction or to develop
the simple diagnosis methods using immunochroma-
tographic measurement devices etc. [49]. This suggests
the possibility of non-invasive or simple examination
for oral frailty or the development of frail prediction
and prevention using saliva.

The present study has some limitations. First, causal
relationships could not be clarified because this was a
cross-sectional study. Therefore, a longitudinal study on
patients diagnosed with oral hypofunction is required.
Second, the sample size was small, limiting the extent
and quality of the analysis. Third, the participants of
this study were adults aged 65 years or older with at
least 10 teeth; thus, the impact of age and remaining
teeth on the diagnosis of oral hypofunction could not
be examined. Finally, the participants were at different
stages of periodontal therapy; therefore, it was not pos-
sible to critically determine the association between the
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periodontal index and the diagnosis of oral hypofunc-
tion or salivary biomarker levels.

Conclusions

This is the first study to demonstrate that salivary bio-
markers, especially calprotectin, are associated with the
diagnosis of oral hypofunction in older adults.

Abbreviations

GCF Gingival crevicular fluid

8-OHdG  8-Hydroxyguanosine

AGE Advanced glycation end product

I-1B Interleukin-13

CRP C-reactive protein

HbAlc Hemoglobin Alc

PD Probing pocket depth

BOP% Percentage of bleeding at the probing sites

ELISA Enzyme-linked immunosorbent assay
Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-024-04556-4.

Additional file 1. Multiple logistic regression analysis with the diagnosis

of oral hypofunction as the objective variable. P-value was derived using
Multiple Logistic regression analysis. *P < 0.05, OR: odds ratio, Cl: confi-
dence interval. Objective variable was the diagnosis of oral hypofunction
(Normal oral function = 0, Oral hypofunction = 1). All explanatory other
than sex, periodontal stage, diabetes mellitus and hypertension were con-
tinuous variables. Model 1 adjusted for age and sex (0 = female, 1 = male).
Model 2 adjusted for the variables in model 1 and periodontal stage (0 =
stage |+II, 1 = stage Ill+1V). Model 3 adjusted for the variables in model 1
and diabetes mellitus (1 = positive). Model 4 adjusted for the variables in
model 1 and hypertension (1 = positive).

Additional file 2. Multivariable linear regression analysis with the number
of examinations outside the refence range. P-value was derived using
Multiple liner regression analysis. Cl: confidence interval. Objective vari-
able was the number of examinations outside the reference range. All
explanatory variables other than sex, periodontal stage and hypertension
were continuous variables. Model 1 adjusted for age and sex (0 = female,
1 = male). Model 2 adjusted for the variables in model 1 and periodontal
stage (0 = stage I+II, 1 = stage lll+IV). Model 3 adjusted for the variables
in model 1 and diabetes mellitus (1 = positive). Model 4 adjusted for the
variables in model 1 and hypertension (1 = positive).

Acknowledgements
We would like to thank Editage (www.editage.jp) for English language editing.

Authors’ contributions

MK: conceptualization; methodology; resources; investigation; data curation;
visualization; writing—original draft preparation. BM: conceptualization;
funding acquisition; methodology; resources; investigation; writing—review
and editing; project administration. IY: resources; investigation. KR and UY and
HY; resources. KJ: supervision; writing—review and editing. FM and Hinode D;
data curation; formal analysis. YH: conceptualization; project administration;
supervision, writing—review and editing. All authors have read and agreed to
the published version of the manuscript.

Funding
This work was supported by JSPS KAKENHI Grant Number JP20K09957.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Page 11 of 12

Declarations

Ethics approval and consent to participate

This cross-sectional study was approved by the Ethics Committee of the
Tokushima University Hospital (approval number: 3729) and written informed
consents were provided from all participants following the ethic committee’s
guideline.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 9 February 2024 Accepted: 2 July 2024
Published online: 06 July 2024

References

1. Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the
concepts of disability, frailty, and comorbidity: implications for improved
targeting and care. J Gerontol A Biol Sci Med Sci. 2004;59:255-63.

2. BortzWM 2nd.The physics of frailty. J Am Geriatr Soc. 1993;41:1004-8.

3. BortzWM 2nd. A conceptual framework of frailty: a review. J Gerontol A
Biol Sci Med Sci. 2002;57:M283-8.

4. Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly peo-
ple. Lancet. 2013;381:752-62.

5. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci
Med Sci. 2001;56:M146-56.

6. NgTP Feng L, Nyunt MS, Larbi A, Yap KB. Frailty in older persons: multi-
system risk factors and the Frailty Risk Index (FRI). J Am Med Dir Assoc.
2014;15:635-42.

7. Watanabe'Y, Hirano H, Arai H, Morishita S, Ohara Y, Edahiro A, et al. Rela-
tionship between frailty and oral function in community-dwelling elderly
adults. J Am Geriatr Soc. 2017,65:66-76.

8. GuY,WuW, BaiJ, Chen X, Chen X, Yu L, et al. Association between the
number of teeth and frailty among Chinese older adults: a nationwide
cross-sectional study. BMJ Open. 2019;9:2029929.

9. Ramsay SE, Papachristou E, Watt RG, Tsakos G, Lennon LT, Papacosta AO,
et al. Influence of poor Oral Health on physical frailty: a population-based
cohort study of older British men. J Am Geriatr Soc. 2018;66:473-9.

10. TanakaT, Takahashi K, Hirano H, Kikutani T, Watanabe Y, Ohara Y, et al.

Oral frailty as a risk factor for physical frailty and mortality in community-
dwelling elderly. J Gerontol A Biol Sci Med Sci. 2018;73:1661-7.

11. Ishii M, Yamaguchi Y, Hamaya H, Iwata Y, Takada K, Ogawa S, et al. Influ-
ence of oral health on frailty in patients with type 2 diabetes aged 75
years or older. BMC Geriatr. 2022;22:145.

12. MotoishiY, Yamanashi H, Kitamura M, Hayashida H, Kawasaki K, Nobusue
K, et al. Oral health-related quality of life is associated with physical frailty:
a cross-sectional study of Japanese community-dwelling older adults. J
Gen Fam Med. 2021,22:271-7.

13. DibelloV, Zupo R, Sardone R, Lozupone M, Castellana F, Dibello A, et al.
Oral frailty and its determinants in older age: a systematic review. Lancet
Healthy Longev. 2021,2:e507-20.

14. Minakuchi S, Tsuga K, lkebe K, Ueda T, Tamura F, Nagao K, et al. Oral hypo-
function in the older population: position paper of the Japanese Society
of Gerodontology in 2016. Gerodontology. 2018;35:317-24.

15. Cabinet Office, Government of Japan. Annual Report on the Ageing Soci-
ety [Summary] FY2020 (cac.go,jp). 2020 White Paper on Aging.https://
wwwa.cao.go.jp/kourei/english/annualreport/2020/pdf/2020.pdf.

16. Zhang CZ, Cheng XQ, Li JY, Zhang P, Yi P, Xu X, et al. Saliva in the diagnosis
of diseases. Int J Oral Sci. 2016;8:133-7.

17. Nonaka T, Wong DTW. Saliva diagnostics. Annu Rev Anal Chem (Palo Alto
Calif). 2022;15:107-21.

18. Zhou, Liu Z. Saliva biomarkers in oral disease. Clin Chim Acta.
2023;548:117503.


https://doi.org/10.1186/s12903-024-04556-4
https://doi.org/10.1186/s12903-024-04556-4
https://www8.cao.go.jp/kourei/english/annualreport/2020/pdf/2020.pdf
https://www8.cao.go.jp/kourei/english/annualreport/2020/pdf/2020.pdf

Masutomi et al. BMC Oral Health

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

(2024) 24:766

Brandtzaeg P, Gabrielsen TO, Dale |, Miller F, Steinbakk M, Fagerhol MK.
The leucocyte protein L, (calprotectin): a. putative nonspecific defence
factor at epithelial surfaces. Adv Exp Med Biol. 1995;371A:201-6.

Golden BE, Clohessy PA, Russell G, Fagerhol MK. Calprotectin as a marker
of inflammation in cystic fibrosis. Arch Dis Child. 1996,74:136-9.

Berntzen HB, Munthe E, Fagerhol MK. A longitudinal study of the
leukocyte protein L, as an indicator of disease activity in patients with
rheumatoid arthritis. J Rheumatol. 1989;16:1416-20.

Lugering N, Stoll R, Schmid KW, Kucharzik T, Stein H, Burmeister G, et al.
The myeloic related protein MRP8/14 (27E10 antigen) - usefulness as

a potential marker for disease activity in ulcerative colitis and putative
biological function. Eur J Clin Invest. 1995;25:659-64.

Leblhunber F, Geisler S, Steiner K, Fuchs D, Schiitz B. Elevated fecal calpro-
tectin in patients with Alzheimer’s dementia indicates leaky gut. J Neural
Transm. 2015;122:1319-22.

Haririan H, Andrukhov O, Pablik E, Neuhofer M, Moritz A, Rausch-Fan X.
Comparative analysis of calcium-binding myeloid-related protein-8/14 in
saliva and serum of patients with periodontitis and healthy individuals. J
Periodontol. 2016;87:184-92.

Sweet SP, Denbury AN, Challacombe SJ. Salivary calprotectin levels

are raised in patients with oral candidiasis or Sjogren’s syndrome but
decreased by HIV infection. Oral Microbiol Immunol. 2001;16:119-23.
Shigenaga MK, Gimeno CJ, Ames BN. Urinary 8-hydroxy-2'-deoxyguano-
sine as a biological marker of in vivo oxidative DNA damage. Proc Natl
Acad Sci U S A. 1989,86:9697-701.

Cheng KC, Cahill DS, Kasai H, Nishimura S, Loeb LA. 8-Hydroxyguanine,
an abundant form of oxidative DNA damage, causes G--T and A--C
substitutions. J Biol Chem. 1992,267:166—-72.

Cheprasova AA, Popov SS, Pashkov AN, Verevkin AN, Shul'gin KK. Parame-
ters of oxidative stress and activity of antioxidant enzymes in the saliva of
patients with type 1 diabetes mellitus. Bull Exp Biol Med. 2022;172:552-7.
Alting®z SM, Kurgan S, Onder C, Serdar MA, Unlittrk U, Uyanik M, et al.
Salivary and serum oxidative stress biomarkers and advanced glycation
end products in periodontitis patients with or without diabetes: a cross-
sectional study. J Periodontol. 2021;92:1274-85.

Soysal P, Isik AT, Carvalho AF, Fernandes BS, Solmi M, Schofield P, et al.
Oxidative stress and frailty: A systematic review and synthesis of the best
evidence. Maturitas. 2017,99:66-72.

Mohamed AK, Bierhaus A, Schiekofer S, Tritschler H, Ziegler R, Nawroth
PP.The role of oxidative stress and NF-kappaB activation in late diabetic
complications. BioFactors. 1999;10:157-67.

Reddy VP, Aryal P, Darkwah EK. Advanced glycation end products in
health and disease. Microorganisms. 2022;10:1848.

Moldogazieva NT, Mokhosoev IM, Mel' nikova Tl, Porozov YB, Terentive AA.
Oxidative stress and advanced lipoxidation and glycation end products
(ALEs and AGEs) in aging and age-related diseases. Oxid Med Cell Lon-
gev.2019,2019:1-14.

Giacco F, Brownlee M. Oxidative stress and diabetic complications. Circ
Res. 2010;107:1058-70.

Dei R, Takeda A, Niwa H, Li M, Nakagomi Y, Watanabe M, et al. Lipid per-
oxidation and advanced glycation end products in the brain in normal
aging and in Alzheimer’s diseases. Acta Neuropathol. 2002;104:113-22.
Sanders AE, Slade GD, Fitzsimmons TR, Bartold PM. Physical activity,
inflammatory biomarkers in gingival crevicular fluid and periodontitis. J
Clin Periodontol. 2009;36:388-95.

Tonetti MS, Greenwell H, Kornman KS. Staging and grading of periodon-
titis: framework and proposal of a new classification and case definition. J
Periodontol. 2018;89(Suppl 1):5159-72.

Belafsky PC, Mouadeb DA, Rees CJ, Pryor JC, Postma GN, Allen J, et al.
Validity and reliability of the Eating Assessment Tool (EAT-10). Ann Otol
Rhinol Laryngol. 2008;117:919-24.

Satake S, Senda K, Hong YJ, Miura H, Endo H, Sakurai T, et al. Validity

of the Kihon Checklist for assessing frailty status. Geriatr Gerontol Int.
2016;16:709-15.

Hatanaka Y, Furuya J, Sato Y, Uchida Y, Shichita T, Kitagawa N, et al. Asso-
ciations between oral hypofunction tests, age, and sex. Int J Environ Res
Public Health. 2021;18:10256.

. Takahara M, Shiraiwa T, Maeno Y, Yamamoto K, Shiraiwa Y, Yoshida Y, et al.

Association of obesity, diabetes, and physical frailty with dental and
tongue-lip motor dysfunctions in patients with metabolic disease. Obes
Res Clin Pract. 2021;15:243-8.

42.

43.

44,

45.

46.

47.

48.

49.

Page 12 of 12

de Andrade FB, Lebrdo ML, Santos JL, Duarte YA. Relationship between
oral health and frailty in community-dwelling elderly individuals in Brazil.
J Am Geriatr Soc. 2013;61:809-14.

Nandakumar A, Nataraj P, James A, Krishnan R, M KM. Estimation of
salivary 8-hydroxydeoxyguanosine (8-OHdG) as a potential biomarker in
assessing progression towards malignancy: A case-control study. Asian
Pac J Cancer Prev. 2020;212325:29.

Garsjo V, Dafar A, Jontell M, Cevik-Aras H, Bratel J. Increased levels of
calprotectin in the saliva of patients with geographic tongue. Oral Dis.
2020;26:558-65.

Mortensen OH, Andressen K, Fischer C, Nielsen R, Nielsen S, Akerstrém T,
et al. Calprotectin is released from human skeletal muscle tissue during
exercise. J Physiol. 2008;586:3551-62.

Hou L, Lin'Y, Li X, Huo C, Jia X, Yang J, et al. Changes and risk factors

of skeletal muscle mass and strength in patients with type 2 diabetes
over 60 years old: A cross-sectional study from China. J Diabetes Res.
2020;2020:981548485.

Olson LC, Redden JT, Schwartz Z, Cohen DJ, McClure MJ. Advanced glyca-
tion end-products in skeletal muscle aging. Bioengineering. 2021,8:168.
Granic A, Hurst C, Dismore L, Dodds RM, Witham MD, Robinson SM, et al.
Advanced glycation end products in skeletal muscle health and sarco-
penia: A systematic review of observational studies. Mech Ageing Dev.
2023;209:111744.

Kido R, Kido J, Nishikawa Y, Sakamoto E, Tomotake Y, Yumoto H. Diagnosis
of inflammatory peri-implant diseases using an immunochromato-
graphic assay for calprotectin in peri-implant crevicular fluid. J Implant
Dent. 2021;7:106.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Relationship between oral hypofunction and salivary biomarkers in older adults: a cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Clinical Study design and participants
	Evaluation of periodontal status
	Examinations of oral hypofunction and systemic frailty
	Saliva sampling
	Measurement of biomarkers
	Statistical analysis

	Results
	Characteristics of participants
	Correlation between biomarkers in saliva and clinical variables
	Association between susceptibility to oral hypofunction and biomarkers in saliva
	Correlation between the number of examinations outside the reference range and biomarkers in saliva

	Discussion
	Conclusions
	Acknowledgements
	References


