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Abstract Introduction The associations of low-density lipoprotein cholesterol (LDL-C) and high-
density lipoprotein(HDL-C)withreducedsalivaflowrateshavenotbeenpreviouslyreported.
Objective The present study aimed to assess the association of cholesterolemia with
reduced saliva flow rates in community-dwelling elderly subjects.
Methods The present study analyzed 342participants (170males and 172 females aged
between 78 and 79 years old). Unstimulated salivary flow rate (USFR) was assessed using a
cotton roll method. Low-USFR was defined as 0.10g/30 seconds. Stimulated salivary flow
rate (SSFR) was assessed by having the participants chew tasteless gum for 3minutes. Low-
SSFRwas defined as 1.0mL/minute. Blood samples were collected for themeasurement of
LDL-C, HDL-C, rheumatoid factor, hemoglobin A1c, and creatinine. To assess depression,
the General Health Questionnaire 30 was used. A standardized questionnaire was
completed, covering the current andpreviousmedications of the participants and smoking
status. We stratified the serum LDL-C levels of the participants as normal, moderate or
severe hyper-LDL cholesterolemia and serum HDL-C levels as normal or hypo-HDL
cholesterolemia. Multivariate logistic regression models were established and low-USFR
or low-SSFR were set as dependent variables in the aforementioned models.
Results After controlling for the effects of the other variables, the odds ratios (ORs)
(95% confidence intervals [CIs]) for low-USFR were 2.25 (1.10–4.61) for moderate and
5.69 (1.55–20.8) for severe hyper-LDL cholesterolemia, while that of hypo-HDL
cholesterolemia was 3.40 (1.33–8.69). Severe hyper-LDL cholesterolemia was also
associated with low-SSFR with an OR of 3.89 (1.39–10.88).
Conclusion Elderly patientswith cholesterolemiahavea riskof reduced salivaryflow rate.
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Introduction

Saliva has important roles in preventing dental caries and
gingival disease.1,2 Decreased saliva flow can lead to certain
oral problems such as candidosis, burning mouth, oral
dryness, difficulties with mastication and swallowing, al-
tered taste sensation, and halitosis.1,3–5 In addition, hypo-
salivation was reported to be a possible risk factor of acute
respiratory infection.6 Thus, the prevention and treatment of
hyposalivation are important for maintaining good oral
health and quality of life.

Many researchers have reported on factors and indicators
of hyposalivation; for example, the destruction of salivary
glands after radiation therapy,7,8 Sjögren syndrome,9 and
rheumatoid arthritis10,11 are direct reasons for hyposaliva-
tion. In addition, patients with certain systemic diseases
such as diabetes mellitus12 and chronic kidney disease13

showed reduced stimulated and unstimulated salivary
flow rates. Female gender,14,15 active smoking habit,15 and
the use of certainmedications15,16were similarly reported as
risk factors of hyposalivation, while patients with depres-
sion, anxiety, and stress showed hyposalivation and oral
dryness.5,17–19 Aging was also reported as a risk factor,14

as the acini decrease in number and are replaced with
adipose and fibrotic tissues as the salivary glands age.20

Several studies have noted, however, that the stimulated
saliva flow does not change with aging.14,21 One review
article that targeted studies with sample sizes of>100
participants concluded that the unstimulated saliva flow
decreased and stimulated saliva flow either remained stable
or decreased with aging.22

Saliva isproduced fromblood in thesalivaryglands. Katsura
et al.23 reported that changes in the blood flow velocity of the
facial artery through stimulation with acid as observed on
pulseDoppler sonographywereassociatedwith thesalivaflow
rate and any decrease in this velocity reduces the saliva flow
rate. Meanwhile, the serum level of low-density lipoprotein
cholesterol (LDL-C) positively correlatedwith brain bloodflow
velocity, while that of high-density lipoprotein cholesterol
(HDL-C) showed a negative correlation.24

Thus, the hypothesis of the present study was that
patients with high serum LDL-C levels or low serum HDL-C
levels would show low saliva flow rates. The aim of the
present study was to assess the relationship between cho-
lesterolemia and reduced saliva flow rates among commu-
nity-dwelling elderly in Japan.

Methods

The current investigation is a subset study of the Niigata
study25 conducted from 1998 to 2007. Briefly, the Niigata
study was a prospective community-based study initiated in
1998 to evaluate relationships between systemic health
status and history of dental diseases. In April 1998, all
4,542 Niigata citizens aged 70 years old (2,099 males and
2,443 females) were sent a written request to participate in
the survey. The invitation was mailed again to nonrespond-
ents 3weeks later; 81.4% (3,695/4,542) responded positively,

agreeing to participate in the survey. Considering the avail-
ability of resources, examination appointments were ar-
ranged for 600 individuals. The final study sample was
randomly recruited from several areas of Niigata to include
an approximately equal number ofmale (n¼306) and female
participants (n¼294). The present study included 380 par-
ticipants aged between 78 and 79 years old who joined the
Niigata study in 2007 (►Fig. 1).

The unstimulated salivary flow rate (USFR) was measured
using a cotton roll method.26,27 We placed a preweighed
cotton roll into the sublingual area for 30 seconds, then
weighed the resultant saliva volume on an electronic scale.
We defined a cutoff value for low-USFR as the median of the
current study (corresponding to 0.10 g/30 seconds). The
stimulated salivary flow rate (SSFR) was collected by direct-
ing participants to chew tasteless and odorless gum for
3minutes and then measuring the flow of saliva that was
expectorated into a test tube, calculated as mL/minute. The
cutoff value for low-SSFR was set at 1.0mL/minute.28

Blood samples were drawn for the measurement of
serum LDL-C, HDL-C, rheumatoid factor, creatinine, and
hemoglobin A1c (HbA1c) levels. We defined serum LDL-C
levels of 140 to 159mg/dL and � 160mg/dL as moderate
and severe hyper-LDL cholesterolemia, respectively, and
serum HDL-C levels � 40mg/dL as hypo-HDL cholesterole-
mia according to guidelines of the Japan Atherosclerosis
Society.29 Rheumatoid arthritis was defined as a rheuma-
toid factor � 1530 and diabetes mellitus was defined as an
HbA1c concentration � 6.5%.31 To evaluate kidney function,
we considered the estimated glomerular filtration rate
(eGFR), whose equation is described in our previous
reports.32,33 We defined an eGFR<60mL/minute/1.73 m2

as indicating reduced function.33

We conducted personal interviews with the study partic-
ipants to obtain information regarding their smoking habits
and gleaned data on current medication usage from their
personal medication records. The General Health Question-
naire 30 (GHQ-30), containing 30 questions, was used to
assess depression. The GHQ-30 was scored in the Goldberg
0–0-1–1 format, in which any response indicating deviation
from the normwas scored as 1 point. The total possible score
on the GHQ-30 ranges from zero to 30 points. For the
Japanese version of the GHQ-30, a cutoff score of 7 points
was used, in which those who scored � 7 points were
designated as the depressive symptoms group.34

The dental examination for assessing the number of teeth
(excluding 3rd molars) was conducted under sufficient illu-
mination using artificial light. Body height and weight were
measured to calculate the body mass index (BMI).

The present study was conducted according to the guide-
lines laid down in the Declaration of Helsinki and all proce-
dures involving human individuals were approved by the
Ethics Committee of the Faculty of Dentistry, Niigata Univer-
sity (approval number: 12-R1–4-21). Written informed con-
sent was obtained from all study participants prior to their
inclusion in the study.

Among the 380 participants, 7 participants who refused
blood collection; 29 participants who did not complete the
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questionnaires including the GHQ-30 and smoking status;
and 2 participants who had a history of head and neck
cancer were excluded. Thus, the present study included 342
participants (170 males and 172 females) in the analysis.
The measured variables were categorized as follows: USFR
(normal or low); SSFR (normal or low); LDL-C (normal,
moderate, or severe); HDL-C (normal or low); presence or
absence of rheumatoid arthritis, diabetes mellitus, reduced
function of the kidneys, and depressive symptoms; current
smoker or nonsmoker; and taking antihypertensive, diuret-
ic, antidepressant, or anticholinergic medication (yes or no).
The groups were compared using the chi-squared test for
categorical variables and the Mann-Whitney U test for
continuous variables. Multivariate logistic regression mod-
els were performed and low-USFR or low-SSFR were set as
dependent variables in regression models. All independent
variables with p<0.25 in the univariate analysis and those
with clinical epidemiological relevance, according to data in
the literature, were included in the multivariable model as
potential confounders.35 Data analyses were performed
using the IBM SPSS Statistics for Windows, version 26
(IBM Corp., Armonk, NY, USA). The value for the rejection
of the null hypothesis was set at p<0.05.

Results

►Table 1 shows selected characteristics related to hyposa-
livation in previous reports. Almost half of our participants
were female. Furthermore, there were 175 participants
(51.2%) with low-USFR saliva flow and 118 participants
(34.5%) with low-SSFR. The means (� standard deviations

[SDs]) of USFR and SSFR were 0.139 (�0.130) g/30 seconds
and 1.45 (�0.86) mL/minute, respectively. Forty-one (12.0%)
and 19 (5.6%) of the patients hadmoderate and severe hyper-
LDL cholesterolemia, respectively, while 25 patients (7.3%)
had hypo-HDL cholesterolemia.

►Tables 2 and 3 show associations of measured variables
with USFR and SSFR. Hyper-LDL and hypo-HDL cholestero-
lemia were significantly associated with low-USFR. Hyper-
LDL cholesterolemia was also significantly associated with
low-SSFR. Out of 19 participants with severe hyper-LDL
cholesterolemia, 16 (84.2%) and 13 (68.4%) had low-USFR
and low-SSFR, respectively. Gender was significantly associ-
ated with low-USFR and low-SSFR. The frequency of females
with reduced saliva flow rates was higher than that of males.
Depression symptoms were significantly associated with
low-SSFR only. There was no significant difference in the
proportions of participants with reduced saliva flow rates
between those with and those without current medication
use, regardless of drug efficacy.

►Table 4 shows the results of logistic regression analysis.
After controlling for the impact of the other variables, hyper-
LDL cholesterolemia was found to be associated with low-
USFR. The odds ratios (ORs) (95% confidence intervals [CIs])
for low-USFR were 2.25 (1.10–4.61) and 5.69 (1.55–20.8) for
moderate and severe hyper-LDL cholesterolemia, while the
OR for hypo-HDL cholesterolemiawas 3.41 (1.34–8.71). Low-
SSFR was significantly associated with severe hyper-LDL
cholesterolemia and female gender, with ORs (95%CIs) of
3.89 (1.39–10.8) and 1.89 (1.18–3.05), respectively. The
coefficient of determinationwas 0.13 in the low-USFRmodel
and 0.10 in the low-SSFR model.

Fig. 1 Overview of the recruitment of participants for the present study.
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Discussion

The present cross-sectional study was conducted to analyze
the association of cholesterolemia with reduced saliva flow
rates in community-dwelling same-age elders. In the present
study, we used the cotton roll method to measure unstimu-
lated saliva flow. Some standardizedmethods, such as drain-
ing, spitting, suction, and swab collection,were suggested for
collecting unstimulated saliva.36 Navazesh et al.37 reported
that unstimulated salivary flow values were roughly equiva-
lent for these four methods. However, we selected the cotton
roll method that positively correlated (rS¼0.48) with the
spitting method for collecting unstimulated saliva,26 as it is
easy to use for elderly subjects and reduces the time of
examination and physical load. In addition, the original
literature that described this method suggested a cutoff
value for reduced saliva flow of 0.14mg/30 seconds.26 How-
ever, the authors mentioned that a different cutoff value for

elders should be considered because this finding was
obtained from among relatively young participants, and
new findings for the elderly have not been reported. Thus,
the median of the observed value in the current study
(corresponding to 0.10 g/30 seconds) was adopted for low-
USFR. Meanwhile, the cutoff value for low-SSFR was set
according to the criterion for Sjögren syndrome.28 Our
results from these criteria show that cholesterolemia, hy-
per-LDL-C, and hypo-HDL-C could all be risk indicators for
reduced stimulated saliva flow rates even after controlling
for prescribed confounders, such as gender15 and depressive
symptoms.17–19 This is, at least to our knowledge, the first
evidence that serum cholesterol levels are associated with
saliva flow rate in elders.

The results of the present study should be interpreted
with some caution given the lack of significant relationships
between factors reported in previous studies and reduced
saliva flow rates. The number of medications also was not
associated with both saliva flow volumes, although antihy-
pertensivemedication and diuretic agent intake tended to be
correlated (p<0.25) with low saliva flow in the univariate
analysis. Moreover, therewere also no significant differences
in the amount of unstimulated and stimulated saliva flow
volumes between the use of certain medications (data not
shown). In addition, we did not find significant relationships
between reduced saliva flow rates and certain systemic
diseases such as rheumatoid arthritis, diabetes mellitus,
and chronic kidney disease. These findings might be consid-
ered as simply due to the fact that none of the participants
had severe cases of these diseases in the population of the
present study. In addition, we did not find relationships
between oral status and saliva flow. Furthermore, the num-
ber of remaining teeth was not associated with reduced
saliva flow rate, and differences in the proportion of low-
USFR or low-SSFR between participants with or without
dentures were not noted (data not shown).

Previous research revealed that blood flow velocity upon
stimulation with acid using pulse Doppler sonography was
associated with saliva flow rate and that a decrease in
velocity would reduce the saliva flow rate.23 Seki et al.24

reported relationships between whole-blood passage time
and serum cholesterol concentration; the LDL-C level was
positively correlated (r¼0.221) and the HDL-C level was
negatively correlated (r¼�0.227). We assumed, from these
findings, that hyper–LDL-C and hypo–HDL-C had approxi-
mately equal effects on salivary reduction. However, our
results showed that the LDL-C level was significantly associ-
ated with reduced saliva flow rates. The ORs were also found
to increase along with the grade of severity of hyper-LDL
cholesterolemia. We speculated from these findings that a
high LDL-C concentration leads to low blood velocity, result-
ing in reduced saliva flow rate. The serum HDL-C level was,
however, associated only with USFR in our analysis. Of note,
arteries plaques are caused by increased serum LDL-C levels,
and HDL-C absorbs LDL-C and carries it back to the liver.38

We considered, therefore, that LDL-C would assume the role
to change the blood flow directly and that HDL-C would play
a supportive role, while LDL-C would also play an important

Table 1 Selected characteristics of the study participants
(n¼342)

Variable n (%) or mean� SD

Gender: female 172 (50.3)

Unstimulated flow rate (g/30 seconds) 0.139� 0.130

Low-USFR (� 0.10 g/30 seconds) 175 (51.2)

Stimulated flow Rate (mL/minute) 1.45� 0.86

Low-SSFR (� 1.0mL/minute) 118 (34.5)

Serum LDL level (mg/dL) 115.6� 26.2

Moderate hyper-LDL (140–159mg/dL) 41 (12.0)

Severe hyper-LDL (� 160mg/dL) 19 (5.6)

Serum HDL level (mg/dL) 59.3� 14.5

Hypo-HDL-C (� 40mg/dL) 25 (7.3)

Serum rheumatoid ator (IU/mL) 9.81� 63.6

Rheumatoid arthritis (� 15) 21 (6.1)

HbA1C (%) 5.36� 0.69

Diabetes mellitus (HbA1c � 6.5) 21 (6.1)

eGFR (mL/minute/1.73 m2) 68.4� 16.4

Reduced kidney function (< 60) 102 (29.8)

GHQ score 4.95� 5.28

Depression (GHQ score � 7) 103 (30.1)

Antihypertensive agent intake 157 (45.9)

Diuretic agent intake 17 (5.0)

Antidepressant agent intake 58 (17.0)

Anticholinergic agent intake 18 (5.3)

Number of medications 3.06� 3.01

Number of remaining teeth 15.7� 9.2

Body mass index 21.9� 3.07

Current smoker 30 (8.8)

Abbreviations: eGFR, estimated glomerular filtration rate; GHQ, General
Health Questionnaire; HbA1c, glycated hemoglobin; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; SD, standard deviation; SSFR,
stimulated salivary flow rate; USFR, unstimulated salivary flow rate.
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role in the reduction of salivary volume. In addition, Izumi
et al39 reported that the parotid gland in patients with
hyperlipidemia was associated with extensive lipid infiltra-
tions from magnetic resonance imaging (MRI) features,
elevated plasma triglyceride levels correlated with parotid
gland swelling, and increased total cholesterol levels signifi-
cantly affected salivary flow impairment in patients with
hyperlipidemia. These previous findings might support our
result, which is reduction in not only stimulated salivary
flow but also unstimulated salivary flow that does not
require as great an increase in salivary gland blood flow.

Psychological factors such as depression, stress, and anxi-
ety, as well as female gender, were indicated as risk factors for
low saliva flow. Some studies reported that psychological
factors were associated with unstimulated saliva flow.17,18,40

Elsewhere, Hugo et al.19 reported that caregiving, a proxy of
chronic stress, was associatedwith low stimulated saliva flow,
however, and not associated with low unstimulated saliva
flow. The results of our univariate analysis are in agreement
with the former. Female gender is awell-known risk factor for
reduced saliva flow rates, and our findings from the univariate
analysis were also in accordance with this finding.

Table 2 Associations of measured variables with unstimulated saliva flow rate

Variable Normal Low p-value

n¼ 167 (48.8%) n¼ 175 (51.2%)

LDL-C

Moderate hyper 15 (36.6) 26 (63.4) 0.002 a

Severe hyper 3 (15.8) 16 (84.2)

HDL-C

Hypo 7 (28.0) 18 (72.0) 0.030 a

Gender

Female 74 (43.0) 98 (57.0) 0.031 a

Rheumatoid arthritis

Yes 13 (61.9) 8 (31.8) 0.216 a

Diabetes mellitus

Yes 8 (38.1) 13 (61.9) 0.310 a

Reduced kidney function

Yes 55 (53.9) 47 (46.1) 0.219 a

Depressive symptoms

Yes 41 (39.8) 62 (60.2) 0.018 a

Antihypertensive agent

Yes 70 (44.6) 87 (55.4) 0.148 a

Diuretic agent

Yes 6 (35.3) 11 (64.7) 0.257 a

Antidepressant agent

Yes 28 (48.3) 30 (51.7) 0.834 a

Anticholinergic agent

Yes 11 (61.1) 7 (38.9) 0.284 a

Number of medications

Mean� SD 2.86�3.1 3.26�3.0 0.083 b

Number of remaining teeth

Mean� SD 15.2�9.2 16.9�9.0 0.134 b

Body mass Index

Mean� SD 21.9�3.0 22.1�3.1 0.800 b

Smoking

Current smoker 17 (56.7) 13 (43.3) 0.369 a

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; SD, standard deviation.
n (%) or Mean� SD.
a: Chi-squared test, b: Mann-Whitney U test.
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Our study showed that the adjusted ORs of the impact of
cholesterolemia for reduced saliva flow rates were higher in
females, which might be an important finding when consid-
ering the cause of hyposalivation.

Our results showed a stronger relationship between fac-
tors reported in previous studies, including gender, with
salivary reduction. However, these findings were sourced
from a cross-sectional study, and the relationship between
changes in LDL-C and HDL-C levels and saliva flow rate must
be further investigated in the future.

Conclusions

Our findings showed that elderly patients with cholestero-
lemia could be at risk of reduced salivary flow rate. It was
suggested that educating the elderly to control their LDL-C
and HDL-C levels is a viable means to help prevent arterio-
sclerotic and oral diseases. As hyposalivation might also be a
risk factor of acute respiratory infection,6 it is important,
especially among elders, to maintain an adequate salivary
flow volume.

Table 3 Associations of measured variables with stimulated saliva flow rate

Variables Normal Low p-value

n¼ 224 (65.5%) n¼ 118 (34.5%)

LDL-C

Moderate hyper 27 (65.9) 14 (34.1) 0.006 a

Severe hyper 6 (31.6) 13 (68.4)

HDL-C

Hypo 17 (68.0) 8 (32.0) 0.785 a

Gender

Female 99 (57.6) 73 (42.4) 0.002 a

Rheumatoid arthritis

Yes 13 (61.9) 8 (38.1) 0.721 a

Diabetes mellitus

Yes 12 (57.1) 9 (42.9) 0.406 a

Reduced kidney function

Yes 72 (70.6) 30 (29.4) 0.197 a

Depressive symptoms

Yes 66 (64.1) 37 (35.9) 0.717 a

Antihypertensive agent

Yes 96 (61.1) 61 (38.9) 0.119 a

Diuretic agent

Yes 8 (47.1) 9 (52.9) 0.101 a

Antidepressant agent

Yes 39 (67.2) 19 (32.7) 0.759 a

Anticholinergic agent

Yes 11 (61.1) 7 (38.9) 0.688 a

Number of medications

Mean� SD 2.88�2.92 3.40�3.17 0.131 b

Number of remaining teeth

Mean� SD 16.2�9.4 15.9�8.6 0.431 b

Body mass index

Mean� SD 21.85� 3.03 22.2�3.13 0.312 b

Smoking

Current smoker 22 (73.3) 8 (26.4) 0.345 a

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; SD, standard deviation.
n (%) or mean� SD.
a: Chi-squared test, b: Mann-Whitney U test.
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Hypoã (< 40mg/dL) 3.40 1.33–8.69 �

Gender (ref: male)

Female 1.32 0.83–2.08 1.88 1.17–3.03 ��

Rheumatoid Arthritis (ref: no)

Yes 0.48 0.18–1.28

Reduced kidney function (ref: no)

Yes 0.62 0.38–1.03 0.61 0.35–1.04

Depressive symptoms (ref: no)

Yes 1.64 0.98–2.71

Antihypertensive agent (ref: no)

Yes 1.48 0.88–2.48 1.31 0.77–2.25

Diuretic agent (ref: no)

Yes 2.53 0.88–7.26

Number of medications (continuous) 1.00 0.92–1.10 1.02 0.93–1.12

Number of remainingteeth (continuous) 1.02 1.00–1.05

Constant 0.31 0.17

Abbreviations: CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SSFR, stimulated salivary flow rate; USFR,
unstimulated salivary flow rate.
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