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 Summary  

The purpose of this study was to clarify which oral environmental factors affected 

number of microbes in saliva in an edentulous environment.  We enrolled 68 

edentulous subjects in the study.  Numbers of total anaerobic bacteria and Candida 

species in saliva were determined.  Age, sex, un-stimulated salivary flow rate, pH and 

viscosity of saliva, histatin level in saliva, tongue coating status, tongue pressure, 

denture plaque status, material of denture base, duration of edentulism, frequency of self 

oral health care and number of cigarettes per day were also investigated as oral 

environmental factors.  Correlation between number of total anaerobic bacteria or 

Candida species and each oral environmental factor was determined with the Spearman 

rank correlation coefficient.  Stepwise logistic-regression analysis was used to identify 

which factors were significantly associated with level of total anaerobic bacteria and 

Candida species.  Correlation and stepwise logistic regression analyses revealed 

associations between un-stimulated salivary flow rate, tongue coating status, denture 

plaque status or frequency of self oral health care and number of total anaerobic bacteria.  

The correlation analysis showed a significant correlation between age and number of 

total anaerobic bacteria.  Stepwise logistic analysis revealed associations between pH 

of saliva or viscosity of saliva and level of anaerobic bacteria; it also revealed 
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associations between histatin level in saliva or un-stimulated salivary flow rate and level 

of Candida species.  We conclude that salivary flow rate, in particular, affects number 

of salivary microbes in an edentulous environment. 

 

 

Introduction 

Many countries are faced with an aging population.  Concomitant with this rise in the 

proportion of elderly within each population, the number of people with compromised 

immunity and/or physical health problems such as stroke is increasing (1, 2).  Such 

health problems can result in poor oral hygiene, which has been associated not only 

with periodontitis, but also systemic diseases such as aspiration pneumonia, 

cardiovascular disease and diabetes (3-10).  Among these, aspiration pneumonia is a 

major cause of death in the elderly (11, 12), a group prone to impaired swallowing 

reflex due to stroke and/or compromised immunity (13).  Pathogens of aspiration 

pneumonia, including Candida albicans and Staphylococcus aureus, show an increase 

in the elderly in comparison with in young adults (14).  Silently aspirated salivary 

bacteria have the potential to cause pneumonia in the elderly (4, 9, 10, 15).  

Mechanical oral cleaning such as tooth, tongue or denture cleaning reduces the number 
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of oral microbes and risk of oral infection or aspiration pneumonia (16).  Onset of 

aspiration pneumonia showed a correlation with microbial number rather than microbial 

variety (17).  This suggested that clarification of which factors affected number of oral 

microbes would provide useful information in efforts to reduce risk for aspiration 

pneumonia.  A number of earlier studies showed that salivary flow rate or tongue 

coating affected number of microbes (18-20).  Although these studies clarified the 

relationship between salivary flow rate or tongue coating status and number of oral 

bacteria, no adjustment was made for confounding factors.  In the present study, we 

focused on multiple factors which we believed affected number of oral microbes, 

making the necessary adjustments for confounding factors in order to clarify which oral 

environmental factors affected number of microbes in saliva in an edentulous 

environment.  The purpose of this study was to clarify which oral environmental 

factors affected number of microbes in saliva in an edentulous environment. 

 

Materials and Methods 

Subjects 

A total of 68 healthy edentulous subjects (33 men, 35 women; mean age, 74.0 ± 8.1 

years) were enrolled in the study.  All were using maxillary and mandibular complete 



 6

dentures in good condition.  Subjects receiving antibiotic or steroid therapy within 3 

months prior to the start of the study and those with any oral lesion (e.g., leukoplakia, 

oral cancer) were excluded.  

 This study was approved by the Ethics Committee of Tokyo Dental College (#152).  

All experiments were performed in accordance with the Edinburgh Revision of the 

Helsinki Declaration.  Informed consent was obtained from all subjects.  Data on age, 

sex, duration of edentulism, frequency of self oral health (comprising physical cleaning 

of oral surface only, no gargling) and number of cigarettes per a day were collected by 

means of a questionnaire. 

 

Saliva collection 

Salivary flow rate and physiological profile, including its viscosity and pH, were 

investigated and number of microorganisms in saliva determined.  Subjects were 

instructed not to eat, drink and/or perform oral hygiene at least 2 hr prior to saliva 

collection.  Whole un-stimulated saliva was collected between 9:30 and 11:30 by 

discharge into sterile cups over 5 min to determine volume at immediately after removal 

of dentures.  Immediately after collection, the pH of the saliva was measured using pH 

indicator paper (DUOTEST)* and viscosity determined with a viscometer (VM-10A) †.  
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Prior to measurements, the viscometer was calibrated by the comparison method using 

certified standard liquids‡ for calibration of viscometers.  

 

Microbiological analysis 

Saliva was diluted with phosphate-buffered saline (PBS, pH 7.4) in a gradient of 1:10 

steps down to 1:10-8
.  The majority of salivary bacteria are anaerobes, so we evaluated 

total anaerobe count in saliva.  We inoculated 100 μl each dilution onto Trypticase soy 

agar plates§ supplemented with hemin (5 mg ml-1), menadione (0.5 mg ml-1) and 10% 

defibrinated horse blood in duplicate.  Plates were incubated at 37
o
C for one week 

under anaerobic conditions (10% CO2, 10% H2 and 80% N2).   

Number of Candida species was also determined by inoculating 100-μl saliva 

samples onto Candida GE medium¶ and incubating at 30
o
C for 48 hr under aerobic 

conditions.  Numbers of total anaerobic bacteria and Candida species were counted 

and expressed as colony forming units ml-1 (CFUs ml-1).  

 

Evaluation of tongue coating status and measurement of tongue pressure 

Evaluation of tongue coating status was performed using the tongue coating index (20).  

In this method, the surface of the tongue is divided into 9 sections according to certain 
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criteria, and each score recorded in the pertinent section of the tongue coating record.   

Tongue pressure was measured with a balloon-tipped disposable probe and a portable 

pressure recording device constructed at the University of Hiroshima.  Measurements 

were performed according to a previously reported method (21).  Briefly, the subject 

held the probe so that the balloon could be placed between the tongue and the anterior 

portion of the palate.  Each subject was required to compress the balloon onto the 

palate with the tongue for approximately 7 sec using maximum voluntary effort.  

Increase in the inner pressure of the balloon was measured with the portable pressure 

recording device as tongue pressure.  This process was repeated three times.  The 

mean peak values for the three recordings were defined as maximal voluntary tongue 

pressure. 

 

Measurement of histatin level in saliva 

Twenty-μg saliva samples were applied to a nitrocellulose membrane (Trans-Blot 

Transfer Medium) ║.  The membrane was then incubated with PBS containing 3% 

BSA for 2 hr, followed by washing with PBS containing 0.5% Tween 20 (PBS-T) for 10 

min 3 times.  The membrane was incubated with 1/2000 diluted goat anti-histatin 

antibody** for 1 hr.  After washing with PBS-T, the membrane was incubated with 



 9

1/1000 diluted CY3-labeled anti-goat antibody†† for 1 hr, followed by washing with 

PBS-T for 10 min 3 times.  The membrane was then air-dried and fluorescence 

intensity was measured using a fluorescence scanner (Typhoon 9400) ‡‡ at 580 nm of 

fluorescent light with 546 nm of excitation.  Histatin level was calculated based on the 

standard curve using serially diluted histatin 5§§. 

 

Evaluation of denture plaque status and investigation of material of denture base 

Denture plaque status was evaluated by the method of Schubert et al. (22) with minor 

modifications according to the method of Idoji et al. (23).  Briefly, the denture was 

stained with plaque-disclosing solution (Red Coat) ¶¶ and rinsed with water.  Denture 

plaque status was then evaluated and expressed as a denture plaque score. Additionally, 

material of denture base (resin or metal) was also investigated. 

 

Evaluation of effect of tongue cleaning 

To determine the effect of tongue cleaning on number of anaerobic bacteria in saliva, 

subjects were asked to clean their tongue with a tongue scraper (Tongood)*** after 

meals 10 times.  After a week, total number of anaerobic bacteria in saliva was 

determined as described previously.  The Mann-Whitney U-test was used to 
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compare microbial numbers between at before and after cleaning.  A level of 0.05 was 

considered significant. 

 

Statistical analysis 

Correlation between number of total anaerobic bacteria or Candida species and each 

oral environmental factor was determined with the Spearman rank correlation 

coefficient.  Stepwise logistic-regression analysis was used to identify which factors 

were significantly associated with level of total anaerobic bacteria after all subjects were 

categorized into 2 groups by level of total anaerobic bacteria in accordance with the 

criterion of the median, which was 108 CFU ml-1.  To determine the influence of each 

factor on colonization by Candida species, all subjects were categorized into 2 groups 

by level of Candida species in accordance with the method of Sugimoto et al. (24), the 

criterion of which was 100 CFU ml-1.  Stepwise logistic-regression analysis was used 

to identify which factors were significantly associated with level of Candida species.  

Factors were also categorized into two groups based on clinical significance and 

distribution of data.  Un-stimulated salivary flow rate, viscosity of saliva, histatin level 

in saliva, tongue pressure, denture plaque status and duration of edentulism showed a 

bivariate distribution, so were categorized into two groups according to the 25th or 75th 
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percentile.  Distribution in pH of saliva, tongue coating status and frequency of self 

oral health care showed a peak at the median and were categorized into two groups 

according to the 50th percentile.  Statistical analysis was performed using a statistical 

analysis application (SAS ver.9.1 for windows) ║║.  A level of 0.05 was considered 

significant. 

 

* ISIS, Tokyo, Japan 

† CBC, Tokyo, Japan 

‡ Nippon Grease, Osaka, Japan 

§ Becton Dickinson, MD, USA 

¶ Nissui Pharmaceutical, Tokyo, Japan 

║ Bio-Rad, CA, USA 

** Santa Cruz Biotechnology, CA, USA 

†† Rockland, PA, USA 

‡‡ GE Healthcare UK, Amersham Place, England 

§§ Sigma, MO, USA 

¶¶ Sunstar, Osaka, Japan 

║║ Cary, NC, USA 
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***Molten, Hiroshima, Japan 

 

Results 

Number of total anaerobic bacteria and Candida species in saliva 

  The minimum number of total anaerobic bacteria in saliva was 8.3·107 CFU ml-1; the 

maximum, 1.8·109 CFU ml-1; the mean, 1.9·108 CFU ml-1; the median, 1.3·108 CFU 

ml-1and SD 1.5·108 CFU ml-1.  The minimum number of Candida species in saliva was 

0 CFU ml-1; the maximum, 3.4·104 CFU ml-1; the mean, 4.4·103 CFU ml-1; the median, 

90 CFU ml-1 and SD 8.2 ·103 CFU ml-1.  Number of Candida species tended to polarize 

to ≦100 CFUs ml-1 or ≧1000 CFUs ml-1.   

 

Correlation between anaerobic bacteria or Candida species and each factor 

The results of measurement for all factors are shown in Table 1.  Measurements for 

each factor and correlation with number of total anaerobic bacteria or Candida species 

are shown in Table 2.  Increase in tongue coating status, denture plaque status or age 

correlated with increase in number of total anaerobic bacteria in saliva (rs = 0.627, 

p=0.000, rs = 0.452, p = 0.000, rs = 0.486, p = 0.000, respectively).  Decrease in 

un-stimulated salivary flow rate or frequency of self oral health care correlated with 
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increase in number of total anaerobic bacteria in saliva (rs = -0.602, p = 0.000; rs = 

-0.472, p = 0.000, respectively).  No correlation was observed between number of 

Candida species and any factor.  A scatter plot of the number of total anaerobic 

bacteria and salivary flow rate is shown in Fig.1. 

 

Prediction of which factors influenced number of total anaerobic bacteria and Candida 

species 

The results of the stepwise logistic regression analysis for total anaerobic bacteria in 

saliva are shown in Table 3.  Analysis based on the 25th percentile revealed that 

salivary flow rate, viscosity of saliva or tongue coating status were associated with 

number of total anaerobic bacteria.  Analysis based on the 75th percentile revealed that 

pH of saliva, tongue coating status, denture plaque status or frequency of self oral health 

care were associated with number of total anaerobic bacteria.   

  The results of the stepwise logistic regression analysis of Candida species in saliva 

are shown in Table 4.  Analysis based on the 25th percentile revealed that histatin level 

in saliva was associated with number of Candida species.  Analysis based on the 75th 

percentile revealed that salivary flow rate or histatin level in saliva was associated with 

number of total anaerobic bacteria. 
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Evaluation of effect of tongue cleaning 

After tongue cleaning, the minimum number of total anaerobic bacteria in saliva was 

5.8·107 CFU ml-1; the maximum, 7.8·108 CFU ml-1; the mean, 1.5·108 CFU ml-1; and the 

median, 1.2·108 CFU ml-1and SD 1.3·108 CFU ml-1.  A significant difference was found 

in number of total anaerobic bacteria between at before and after tongue cleaning 

(P=0.039). 

 

Discussion 

Factors affecting level of anaerobic bacteria in saliva 

We analyzed factors affecting number of microbes in saliva by multivariate and 

correlation analyses, making adjustments for confounding factors.  The correlation and 

logistic regression analyses revealed associations between un-stimulated salivary flow 

rate, tongue coating status, denture plaque status or frequency of self oral health care 

and number of total anaerobic bacteria in saliva.  The correlation analysis revealed a 

correlation between age and number of total anaerobic bacteria in saliva.  Logistic 

regression analysis revealed associations between pH of saliva or viscosity of saliva and 

number of total anaerobic bacteria in saliva. 
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Salivary bacterial concentration increased with reduction in salivary flow rate or 

increase in age.  Salivary microbes are released from the oral surface.  It is possible 

that reduction in volume of saliva results in an increase in concentration of salivary 

microorganisms.  Number of microbes in saliva increased with reduction in salivary 

flow rate (19, 25-27).  Furthermore, some reports have shown that salivary flow rate 

decreased with aging (28, 29).  Similar to these reports, a negative correlation was 

found between age and total salivary flow rate in this study (rs = -0.470, p = 0.001).  

Taken together, these findings suggest that reduction in salivary flow rate with aging 

induces an increase in concentration of anaerobic bacteria in saliva. 

The relationship between tongue coating status and number of total anaerobic 

bacteria in saliva in this study agreed with that in previous reports (18, 20).  On the 

other hand, no relationship was found between decolonization and tongue coating 

thickness (30).  In this study, a significant difference was observed in number of total 

anaerobic bacteria in saliva between at before and after cleaning.  This indicates that 

cleaning reduced number of salivary bacteria, which suggests that some of the bacteria 

found in saliva are released from the tongue coating. 

  Similar to dental plaque, denture plaque consists of multiple species of bacteria (31).  

It may act as a reservoir of microorganisms in the same way as dental plaque and tongue 
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coating.  Self oral health care reduces coating of the oral mucosa such as tongue 

coating.  Professional oral health care was reported to reduce the number of microbes 

in the healthy elderly (32).  The present results also suggest that mechanical cleaning is 

effective in reducing number of salivary anaerobic bacteria in the elderly.  Viscosity of 

saliva was related to several factors, including salivary flow and activity of the mucous 

and serous glands.  In this experiment, a limited number of factors in saliva was 

analyzed.  Further analysis is required to clarify how each factor affects the viscosity 

of saliva.  Salivary pH was also associated with bacterial number.  This relationship 

suggests that increase in salivary bacteria may reduce pH in saliva.  

 

Factors affecting level of Candida species in saliva 

Histatin level in saliva or un-stimulated salivary flow rate were associated with level of 

Candida species.  Salivary histatin is a Candida species-specific antifungal protein (33).  

Number of Candida species was correlated with level of histatin (24, 34). The present 

results agree with those of these earlier reports.  An association was found between 

un-stimulated salivary flow rate and level of Candida species.  This association was for 

the same reason as that between un-stimulated salivary flow rate and total anaerobes. 

  Un-stimulated salivary flow rate showed associations with both number of 
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anaerobic bacteria in saliva and number of Candida species.  We believe that these 

factors are especially notable within the limitations of this study.  Reduction in salivary 

flow with aging affects the oral microflora and may increase risk of aspiration 

pneumonia.  This indicates the importance of oral health care and suggests that 

salivary flow is a risk indicator for aspiration pneumonia in the elderly. 

 

Acknowledgements 

We are grateful to all the subjects for their kind cooperation in this study.  We also 

thank Associate Professor Mutsumi Takagiwa, Mathematics Laboratory, Tokyo Dental 

College, for his assistance with the statistical analysis.  We would like to thank 

Associate Professor Jeremy Williams, Tokyo Dental College, for his assistance with the 

English of this manuscript.  This work was partially supported by an HRC7 Grant from 

the Oral Health Science Center of Tokyo Dental College, and a “High-Tech Research 

Center” Project for Private Universities: matching fund subsidy from MEXT Japan, 

2006-2010.  



 18

References 

1. Yoneyama T, Yoshida M, Matsui T, Sasaki H. Oral care and pneumonia. Oral Care 

Working Group. Lancet. 1999; 354: 515. 

2. Yoneyama T, Yoshida M, Ohrui T, Mukaiyama H, Okamoto H, Hoshiba K, et al. Oral 

care reduces pneumonia in older patients in nursing homes. J Am Geriatr Soc. 2002; 

50: 430-433. 

3. Beck J, Garcia R, Heiss G, Vokonas PS, Offenbacher S. Periodontal disease and 

cardiovascular disease. J Periodontol. 1996; 67: 1123-1137. 

4. Bentley DW. Bacterial pneumonia in the elderly: clinical features, diagnosis, etiology, 

and treatment. Gerontology. 1984; 30: 297-307. 

5. Herzberg MC, Weyer MW. Dental plaque, platelets, and cardiovascular diseases. Ann 

Periodontol. 1998; 3: 151-160. 

6. Nishimura F, Takahashi K, Kurihara M, Takashiba S, Murayama Y. Periodontal 

disease as a complication of diabetes mellitus. Ann Periodontol. 1998; 3: 20-29. 

7. Okuda K, Ishihara K, Nakagawa T, Hirayama A, Inayama Y. Detection of Treponema 

denticola in atherosclerotic lesions. J Clin Microbiol. 2001; 39: 1114-1117. 

8. Salvi GE, Beck JD, Offenbacher S. PGE2, IL-1 beta, and TNF-alpha responses in 

diabetics as modifiers of periodontal disease expression. Ann Periodontol. 1998; 3: 



 19

40-50. 

9. Scannapieco FA, Mylotte JM. Relationships between periodontal disease and 

bacterial pneumonia. J Periodontol. 1996; 67: 1114-1122. 

10. Scannapieco FA, Papandonatos GD, Dunford RG. Associations between oral 

conditions and respiratory disease in a national sample survey population. Ann 

Periodontol. 1998; 3: 251-256. 

11. Marrie TJ, Blanchard W. A comparison of nursing home-acquired pneumonia 

patients with patients with community-acquired pneumonia and nursing home 

patients without pneumonia. J Am Geriatr Soc. 1997; 45: 50-55. 

12. Mylotte JM, Goodnough S, Naughton BJ. Pneumonia versus aspiration pneumonitis  

in nursing home residents: diagnosis and management. J Am Geriatr Soc. 2003; 51: 

17-23. 

13. Bartlett JG, Gorbach SL, Finegold SM. The bacteriology of aspiration pneumonia. 

Am J Med. 1974; 56: 202-7. 

14. Abe S, Ishihara K, Okuda K. Prevalence of potential respiratory pathogens in the 

mouths of elderly patients and effects of professional oral care. Arch Gerontol Geriatr. 

2001; 32: 45-55. 

15. Scannapieco FA, Stewart EM, Mylotte JM. Colonization of dental plaque by 



 20

respiratory pathogens in medical intensive care patients. Crit Care Med. 1992; 20: 

740-745. 

16. Adachi M, Ishihara K, Abe S, Okuda K, Ishikawa T. Effect of professional oral 

health care on the elderly living in nursing homes. Oral Surg Oral Med Oral Pathol 

Oral Radiol Endod. 2002; 94: 191-195. 

17. Inglis TJ, Sherratt MJ, Sproat LJ, Gibson JS, Hawkey PM. Gastroduodenal 

dysfunction and bacterial colonisation of the ventilated lung. Lancet. 1993; 341: 

911-913. 

18. Abe S, Ishihara K, Adachi M, Okuda K. Tongue-coating as risk indicator for 

aspiration pneumonia in edentate elderly. Arch Gerontol Geriatr. 2008; 47: 267-275. 

19. Almstahl A, Wikstrom M. Oral microflora in subjects with reduced salivary 

secretion. J Dent Res. 1999; 78: 1410-1416. 

20. Shimizu T, Ueda T, Sakurai K. New method for evaluation of tongue-coating status. 

J Oral Rehabil. 2007; 34: 442-447. 

21. Hayashi R, Tsuga K, Hosokawa R, Yoshida M, Sato Y, Akagawa Y. A novel handy 

probe for tongue pressure measurement. Int J Prosthodont. 2002; 15: 385-388. 

22. Schubert R, Schubert U. Der Prothesen hygine index (PHI). Stomatol. 1978; 29: 

29-31. 



 21

23. Idoji S, Mori T, Maeda Y, Okada M, Nokubi T, Okuno Y, et al. Cleaning abd 

Maintenance of Removable Prosthetic Appliances -Part1. Denture Plaque Score-. J 

Jpn Prosthodont Soc. 1991; 35: 290-292. 

24. Sugimoto J, Kanehira T, Mizugai H, Chiba I, Morita M. Relationship between 

salivary histatin 5 levels and Candida CFU counts in healthy elderly. Gerodontology. 

2006; 23: 164-169. 

25. Loesche WJ, Schork A, Terpenning MS, Chen YM, Stoll J. Factors which influence 

levels of selected organisms in saliva of older individuals. J Clin Microbiol. 1995; 33: 

2550-2557 . 

26. Navazesh M, Wood GJ, Brightman VJ. Relationship between salivary flow rates and 

Candida albicans counts. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1995; 

80: 284-288. 

27. Torres SR, Peixoto CB, Caldas DM, Silva EB, Akiti T, Nucci M, et al. Relationship 

between salivary flow rates and Candida counts in subjects with xerostomia. Oral 

Surg Oral Med Oral Pathol Oral Radiol Endod. 2002; 93: 149-154. 

28. Dodds MW, Johnson DA, Yeh CK. Health benefits of saliva: a review. J Dent. 2005; 

33: 223-233  

29. Nagler RM, Hershkovich O. Relationships between age, drugs, oral sensorial 



 22

complaints and salivary profile. Arch Oral Biol. 2005; 50: 7-16. 

30. Mantilla Gomez S, Danser MM, Sipos PM, Rowshani B, van der Velden U, van der 

Weijden GA. Tongue coating and salivary bacterial counts in healthy/gingivitis 

subjects and periodontitis patients. J Clin Periodontol. 2001; 28: 970-978. 

31. Sumi Y, Miura H, Sunakawa M, Michiwaki Y, Sakagami N. Colonization of denture 

plaque by respiratory pathogens in dependent elderly. Gerodontology. 2002; 19: 

25-29. 

32. Abe S, Ishihara K, Adachi M, Sasaki H, Tanaka K, Okuda K. Professional oral care 

reduces influenza infection in elderly. Arch Gerontol Geriatr. 2006; 43: 157-164. 

33. Tsai H, Bobek LA. Human salivary histatins: promising anti-fungal therapeutic 

agents. Crit Rev Oral Biol Med. 1998; 9: 480-497. 

34. Edgerton M, Koshlukova SE, Lo TE, Chrzan BG, Straubinger RM, Raj PA. 

Candidacidal activity of salivary histatins. Identification of a histatin 5-binding 

protein on Candida albicans. J Biol Chem. 1998; 273: 20438-20447. 

 



 23

Legends 

Fig.1.  Plot of number of anaerobic bacteria versus salivary flow rate  
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Factor unit mean ± S.D.

Age year 74.0±8.1

Sex  (Males: n = 33, Females: n = 35) – –

Salivary flow rate ml/5min 1.43±0.93

pH of saliva pH 6.65±0.13

Viscosity of saliva mPa·s 1.50±0.34

Histatin level in saliva mg/100ml 12.72±1.23

Tongue coating status % 56.28±11.19

Tongue pressure kPa 32.01±13.23

Denture plaque status % 44.37±12.27
Material of denture base (Resin: n = 45, Metal: n
= 23) – –

Duration of the patient’s edentulism year 13.49±11.37

Frequency of self oral health care times/day 1.16±1.13

Smoking  (No: n = 46, Yes: n = 22) – –

Table 1. Results of measurement for all factors



Correlation coefficient (rs) p Correlation coefficient (rs) p

Age 0.486 0.000 0.126 0.306

Salivary flow rate –0.602 0.000 –0.240 0.058

pH of saliva 0.035 0.775 –0.071 0.566

Viscosity of saliva 0.262 0.063 0.115 0.349

Histatin level in saliva –0.265 0.119 –0.295 0.059

Tongue coating status 0.627 0.000 –0.038 0.759

Tongue pressure 0.078 0.528 –0.233 0.128

Denture plaque status 0.452 0.000 0.091 0.459

Duration of the patient’s edentulism –0.095 0.442 0.131 0.289

Frequency of self oral health care –0.472 0.000 –0.168 0.170

Smoking 0.153 0.213 0.092 0.456

Table 2. Correlation between number of total anaerobic bacteria or Candida species and each factor

Candida species and each factor
　Factor

Total anaerobic bacteria  and each factor



Odds ratio
(95%CI) Probability Odds ratio

(95%CI) Probability

Age

Sex

Salivary flow rate 17.66
(2.17 – 144.10) 0.0073

pH of saliva 0.179
(0.035 – 0.915) 0.0387

Viscosity of saliva 8.09
(1.50 – 43.77) 0.0152

Histatin level in saliva

Tongue coating status 23.48
(4.93 – 111.88) <0.0001 15.94

(3.33 – 76.27) 0.0005

Tongue pressure

Denture plaque status 6.93
(1.23 – 42.76) 0.0371

Material of denture base

Duration of the patient’s edentulism

Frequency of self oral health care 0.526
(0.297 – 0.933) 0.0281

Smoking

CI: Confidence intervals

Salivary flow rate < 0.8 (1) > = 0.8 (0) < 2.0 (1) > = 2.0 (0)

pH of saliva < 6.7 (1)* > = 6.7 (0)* < 6.7 (1)* > = 6.7 (0)*

Viscosity of saliva < 1.2 (1) > = 1.2 (0) < 1.7 (1) > = 1.7 (0)

Histatin level in saliva < 11.0 (1) > = 11.0 (0) < 14.5 (1) > = 14.5 (0)

Tongue coating status > = 56.0 (1)* < 56.0 (0)* > = 56.0 (1)* < 56.0 (0)*

Tongue pressure < 4.0 (1) > = 4.0 (0) < 21.0 (1) > = 21.0 (0)

Denture plaque status > = 36.0 (1) < 36.0 (0) > = 50.0 (1) < 50.0 (0)

Material of denture base Resin (1), Metal (0) Resin (1), Metal (0)

Duration of the patient’s edentulism > = 4.0 (1) < 4.0 (0) > = 18.0 (1) < 18.0 (0)

Frequency of self oral health care < 1.0 (1)* > = 1.0 (0)* < 1.0 (1)* > = 1.0 (0)*

Smoking Yes (1) No (0) Yes (1) No (0)

*categorized into two groups with 50 percentile

Table 3. Findings from the stepwise logistic regression analysis for total anaerobic bacteria

With 75 percentileWith 25 percentileFactor

Categorized each factors into two groups



Odds ratio
(95%CI) Probability Odds ratio

(95%CI) Probability

Age

Sex

Salivary flow rate 3.603
(1.06 – 12.28) 0.0404

pH of saliva

Viscosity of saliva

Histatin level in saliva 11.20
(2.30 – 54.56) 0.0028 5.654

(1.38 – 23.23) 0.0163

Tongue coating status

Tongue pressure

Denture plaque status

Material of denture base

Duration of the patient’s edentulism

Frequency of self oral health care

Smoking

CI: Confidence intervals

Salivary flow rate < 0.8 (1) > = 0.8 (0) < 2.0 (1) > = 2.0 (0)

pH of saliva < 6.7 (1)* > = 6.7 (0)* < 6.7 (1)* > = 6.7 (0)*

Viscosity of saliva < 1.2 (1) > = 1.2 (0) < 1.7 (1) > = 1.7 (0)

Histatin level in saliva < 11.0 (1) > = 11.0 (0) < 14.5 (1) > = 14.5 (0)

Tongue coating status > = 56.0 (1)* < 56.0 (0)* > = 56.0 (1)* < 56.0 (0)*

Tongue pressure < 4.0 (1) > = 4.0 (0) < 21.0 (1) > = 21.0 (0)

Denture plaque status > = 36.0 (1) < 36.0 (0) > = 50.0 (1) < 50.0 (0)

Material of denture base Resin (1), Metal (0) Resin (1) Metal (0)

Duration of the patient’s edentulism > = 4.0 (1) < 4.0 (0) > = 18.0 (1) < 18.0 (0)

Frequency of self oral health care < 1.0 (1)* > = 1.0 (0)* < 1.0 (1)* > = 1.0 (0)*

Smoking Yes (1) No (0) Yes (1) No (0)

*categorized into two groups with 50 percentile

Table 4. Findings from the stepwise logistic regression analysis for Candida species

With 75 percentileWith 25 percentileFactor

Categorized each factors into two groups
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