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Abstract

The relations between salivary variables, lifestyle and mental health status were investigated for 61

healthy female university students. The salivary secretion rates were significantly higher in the good

lifestyle group compared with the poor lifestyle group. Among the 8 lifestyle items tested, “eating breakfast”

and “mental stress” were significantly related to the salivary secretion rates. The present findings suggest

that the acquisition of a good lifestyle is also very important from the viewpoint of the prevention of oral

disease.

A highly significant correlation (r=0.97; p<0.01) between the salivary cortisol levels and the cortisol

secretion rates when controlled for the salivary secretion rates was also observed. This suggests that there is

a high correlation between the intact salivary cortisol levels and the total cortisol quantity per unit time.

Therefore, both these values can be used as a good index for the salivary cortisol determination.
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Introduction

Saliva functions as a digestive fluid and helps maintain the

oral environment1). The latter includes the oral washing function,

the pH-regulating function, and so on. Therefore, saliva is very

important from the viewpoint of prevention of oral diseases such

as oral caries or periodontitis. By comparing vegetarians with

omnivores, Johansson et al.2,3) found that the salivary secretion

rates were influenced by lifestyle. Namely, vegetarians showed

significantly higher secretion rates. In addition, salivary secretion

rates increased significantly by a long-term (12 months) change

from a mixed to a lacto-vegetarian diet. However, such a differ-

ence in lifestyle is not general. Therefore, in this study, we inves-

tigated the effect of a more general lifestyle on the salivary secre-

tion rates.

Meanwhile, the use of the saliva sample as a component of

the human body is very effective because of convenience and not

requiring any injections1). The determination methods of some

salivary components have been well established4,5). However, it

remains an important problem whether the salivary secretion rates

should be considered in the sample analysis. In the present study,

therefore, we also investigated this problem with regard to cortisol

that is well known as a stress marker.

Materials and Methods

Subjects and protocol

Subjects were 61 healthy female university students (mean

age; 21.1±1.5 years). All individuals were non-smokers and did

not take any drugs. Their basic characteristics are shown in Table

1. To this group, the lifestyle (Health Practice Index; HPI6–8)) and

the mental health status (GHQ-289), Zung-SDS10,11)) were mea-

sured, and the saliva samples were collected between 16:00 and

16:20.

The saliva samples were collected using Salivette®

(Sarstedt Co. Ltd., Nümbrecht) after discharging the saliva

completely for 2 minutes. This device obtains the saliva by

centrifuging (at 3,000 rpm for 15 min) cotton that subjects bit

(for 2 min). The saliva samples were stored at −50°C until the

assay.

The salivary cortisol levels were determined by ELISA as

described previously12). In addition, the cortisol secretion rates
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Table 1  Characteristics of subjects (n=61)

Age (yr.) 21.1±1.5

Height (cm) 158.2±4.9

Body weight (kg) 50.0±5.8

Salivary secretion rates (ml/min) 0.98±0.36

Salivary cortisol levels (μg/dl) 0.21±0.23

Cortisol secretion rates (10-2 μg/min) 0.23±0.30

Health practice index 4.5±1.4

Zung-SDS 42.3±7.1

GHQ-28 6.3±4.2

Values are expressed as means±SD.
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per 1 minute (10-2 μg/min) were obtained using the following

equation:

Salivary cortisol levels (μg/dl)×Salivary secretion rates per 1

minute (ml/min) 

Here, we defined the specific gravity of the saliva as 113).

Statistical analysis

All values were expressed as means±SD. Student’s t-test was

used for the comparison between groups. In addition, Pearson’s

correlation coefficients were used to examine the relations

between the variables. Values were considered to be significantly

different if p<0.05.

Results

The salivary secretion rates were significantly higher in the

good lifestyle group (HPI: 6−8) compared with the poor lifestyle

group (HPI: 0−3) (Table 2). Investigation on the lifestyle items

showed that “eating breakfast” and “mental stress” contributed

significantly to the salivary secretion rates (Table 3). In addition,

with regard to the GHQ-28 and its subscales (somatic symptoms,

anxiety-insomnia, social dysfunction, and severe depression), the

salivary secretion rates were higher in individuals who had less

“somatic symptoms” compared with those who had more

(1.06±0.33 vs. 0.88±0.37; p=0.05). On the other hand, there was

no significant correlation between the salivary secretion rates and

Zung-SDS.

There was a highly significant correlation between the sali-

vary cortisol levels and the cortisol secretion rates (r=0.97;

p<0.01) (Fig. 1). These cortisol values were not significantly

correlated with the lifestyle (HPI) or the mental health status

(GHQ-28, Zung-SDS). On the other hand, there was a highly

significant correlation between the GHQ-28 and Zung-SDS

(r=0.86; p<0.01). In addition, these two stress indices were signif-

icantly correlated with lifestyle (r=−0.35; p<0.01 and r=−0.31;

p<0.05, respectively). The total GHQ-28 and “somatic symptoms”,

one of its subscales, were significantly lower in the good lifestyle

group compared with the poor lifestyle group (4.8±3.4 vs. 7.7±3.9,

0.6±1.0 vs. 1.8±1.7, respectively).

Discussion

The relation between the lifestyle and the salivary secretion

rates should be noted. That is to say, the salivary secretion rates

were significantly higher in the good lifestyle group compared

with the poor lifestyle group. In addition, with regard to the

lifestyle items, they were significantly higher in individuals who

ate breakfast almost every day and/or kept mental stress levels

adequate. The importance of mastication for the salivary secretion

rates was reported in some previous studies14–16). The significant

contribution of “eating breakfast”, the lifestyle item related to

mastication, to the salivary secretion rates in the present study

supports the findings of previous studies. In addition, with regard

to “mental stress”, the salivary secretion rates appeared to be espe-

cially related to “somatic symptoms”. The somatic symptoms can

become the cause of anorexia, therefore, result in a decrease in

mastication. On the other hand, “nutritional balance” was not

significantly related to the salivary secretion rates. Although one

possible explanation is that one or more nutrients may contribute

to the salivary secretion rates2,3), the present findings do not

support this.

In previous studies, the saliva samples were collected by

mainly chewing paraffin wax2,3,14), and in the present study, they

were collected using Salivette®. However, these methods include

the possibility that the salivary secretion rates are affected by the

individual variation of mastication during the collection of the

Table 2  Lifestyle and salivary variables

Lifestyle

Poor (n=17) Moderate (n=28) Good (n=16)

Salivary secretion rates (ml/min) 0.85±0.31 1.01±0.39 1.08±0.32*

Salivary cortisol levels (μg/dl) 0.15±0.17 0.23±0.26 0.23±0.22

Cortisol secretion rates (10-2 μg/min) 0.15±0.21 0.25±0.35 0.26±0.27

Lifestyle is defined as “poor” when the HPI score is 0–3, “moderate” when the HPI score is 4–5 and “good” when the HPI score is 6−8.

Values are expressed as means±SD.

Significantly different from the poor lifestyle group, * p<0.05 (Student’s t test)

Table 3  Lifestyle and salivary secretion rates (ml/min)

Lifestyle† Poor Good

Consuming alcohol 0.86±0.35 n=2 0.99±0.36 n=59

Eating breakfast 0.80±0.32 n=13 1.03±0.35* n=48

Sleeping hours 1.00±0.36 n=39 0.96±0.35 n=22

Working hours 0.95±0.36 n=35 1.03±0.36 n=26

Physical exercise 0.97±0.37 n=42 1.01±0.34 n=19

Nutrient balance 0.98±0.38 n=49 1.00±0.27 n=12

Mental stress 0.90±0.35 n=34 1.10±0.34* n=27

† All individuals are non-smokers.

Values are expressed as means±SD.

Significantly different from the poor lifestyle group, * p<0.05 (Student’s t

test)

Fig. 1  Correlation between salivary cortisol levels and cortisol secre-

tion rates
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saliva. Further examinations are required with regard to the

method of collecting the saliva samples.

In the present study, the saliva samples were collected at

16:00. Ferguson et al.17) investigated the circadian rhythms in the

secretion rates and composition of stimulated whole saliva, and

showed that mid-afternoon could be a useful collecting time since

many components have maximum or minimum concentrations

near that time. The salivary cortisol levels also appear to be stable

in that time, because they show a spiking in the early morning and

then decrease gradually6,12,18,19). In addition, Navazesh et al.20)

found the high test-retest correlation (r=0.95) with regard to the

measurement of the salivary secretion rates using the chewing

method. Meanwhile, the present subjects were all females. There-

fore, effects due to the menstrual cycle could not be avoided.

Since all females had different timing of the cycle, however, this

does not appear to have contributed to the findings in a significant

way.

With regard to the determination of the salivary cortisol

levels, it may be an important problem to consider whether the

salivary secretion rates should be used, because the high and low

salivary secretion rates may result in the dilution and concentration

of the cortisol, respectively. In the determination methods

described previously5,12), however, the salivary secretion rates

were not taken into account. Therefore, in the present study, we

calculated the cortisol secretion rates per minute from the salivary

cortisol levels and the salivary secretion rates and investigated the

correlation between the salivary cortisol levels and the cortisol

secretion rates. As a result, there was a highly significant correla-

tion between these two cortisol values (r=0.97; p<0.01). Namely,

there was a high correlation between the intact salivary cortisol

levels and the total cortisol quantity per unit time. In addition,

some previous studies reported a high correlation between the

salivary and serum cortisol levels5,12,18). Therefore, both these

values can be used as a good index for salivary cortisol determina-

tion.

In the present study, two stress indices (GHQ-28, Zung-SDS)

were significantly correlated with lifestyle (HPI). These findings

agree with those of previous studies21,22). On the other hand, these

stress indices were not significantly correlated with the salivary

cortisol levels or the cortisol secretion rates. According to previous

studies, although daily stress increases the cortisol levels of

individuals23,24), the baseline cortisol levels are not always related

to the stress levels of that point25,26). This may mainly result from

the individual variation of the baseline cortisol levels.

In addition, although the salivary cortisol levels were higher

to some extent in the good lifestyle group compared with the poor

lifestyle group, it may also be due to such individual variation.

Since the difference was not significant, and the total GHQ-28 and

“somatic symptoms”, one of its subscales, were significantly

lower in the good lifestyle group compared with the poor lifestyle

group.

In conclusion, a good lifestyle not only reduces the somatic

symptoms but increases the salivary secretion rates, and therefore

it is also very important from the viewpoint of the prevention of

oral disease. A good oral condition may be fed back to a pleasant

meal and the consequent systemic health. In addition, both the

salivary cortisol levels and the cortisol secretion rates can be a

good index for the salivary cortisol determination.

References

1) Yamaguchi M, Takai N. Saliva as a mirror of the body (in Japa-
nese). Tokyo; Kougyou-chousakai, 1999.

2) Johansson G, Ravald N. Comparison of some salivary variables
between vegetarians and omnivores. Eur. J. Oral. Sci. 1995; 103:
95–98.

3) Johansson G, Birkhed D. Effect of a long-term change from a
mixed to a lacto-vegetarian diet on human saliva. Arch. Oral.
Biol. 1994; 39: 283–288.

4) Tenovuo JO. Human saliva: clinical chemistry and microbiology.
Florida; CRC press, 1989.

5) Kirschbaum C, Hellhammer DH. Salivary cortisol in psycho-
neuroendocrine research: recent developments and applications.
Psychoneuroendocrinology 1994; 19: 313–333.

6) Morimoto K. “Stress-kiki no yobo-igaku”(in Japanese). Tokyo;
NHK books, 1997.

7) Kusaka Y, Kondou H, Morimoto K. Healthy lifestyles are associ-
ated with higher natural killer cell activity. Prev. Med. 1992; 21:
602–615.

8) Hagihara A, Morimoto K. Personal health practices and attitudes
toward nonsmokers’ legal rights in Japan. Soc. Sci. Med. 1991;
33: 717–721.

9) Goldberg DP. Manual of the General Health Questionnaire.
Windsor; NFER Publishing, 1978.

10) Zung WWK. A self-rating depression scale. Arch. Gen. Psychiatry
1965; 12: 63–70.

11) Fukuda K, Kobayashi S. The Japanese version of the SDS (in
Japanese). Kyoto; Sankyobo, 1983.

12) Shimada M, Takahashi K, Ohkawa T, Segawa M, Higurashi M.

Determination of salivary cortisol by ELISA and its application to
the assessment of the circadian rhythm in children. Horm. Res.
1995; 44: 213–217.

13) Nakamura Y, Morimoto T. Basic physiology for dental students
(in Japanese). Tokyo; Ishiyaku Publishers, 1987.

14) Johansson I, Ericson T. Effects of a 900-kcal liquid or solid diet
on saliva flow rate and composition in female subjects. Caries
Res. 1989; 23: 184–189.

15) Jenkins GN, Edgar WM. The effect of daily gum-chewing on
salivary flow rates in man. J. Dent. Res. 1989; 68: 786–790.

16) Dodds MWJ, Hsieh SC, Johnson DA. The effect of increased
mastication by daily gum-chewing on salivary gland output and
dental plaque acidogenicity. J. Dent. Res. 1991; 70: 1474–1478.

17) Ferguson DB, Botchway CA. Circadian variations in the flow rate
and composition of whole saliva stimulated by mastication.
Archs. Oral. Biol. 1980; 24: 877–881.

18) Kirschbaum C, Hellhammer DH. Salivary cortisol in psychobio-
logical research: an overview. Neuropsychobiology 1989; 22:
150–169.

19) Åkerstedt T, Levi L. Circadian rhythms in the secretion of cortisol,
adrenaline and noradrenaline. Eur. J. Clin. Invest. 1978; 8: 57–58.

20) Navazesh M, Christensen CM. A comparison of whole mouth
resting and stimulated salivary measurement procedures. J. Dent.
Res. 1982; 61: 1158–1162.

21) Ezoe S, Morimoto K. Behavioral lifestyle and mental health sta-
tus of Japanese factory workers. Prev. Med. 1994; 23: 98–105.

22) Morimoto K, Takeshita T, Takeuchi T, Maruyama S, Ezoe S, In-
oue C, Nakajima M. What mental stress reactions mean—from



Saliva Secretion Factors

263

gene alterations to job satisfaction—(in Japanese). Job Stress Res.
1995; 3: 12–24.

23) Kreuz LE, Rose RM, Jennings JR. Suppression of plasma
testosterone levels and psychological stress: A longitudinal study
of young men in officer candidate school. Arch. Gen. Psychiatry
1972; 26: 479–482.

24) Payne RL, Rick JT, Smith GH, Cooper RG. Multiple indicators of
stress in an ‘active’ job—cardiothoracic surgery. J. Occup. Med.

1984; 26: 805–808.
25) Perna FM, McDowell SL. Role of psychological stress in cortisol

recovery from exhaustive exercise among elite athletes. Int. J.
Behav. Med. 1995; 2: 13–26.

26) Perna FM, Antoni MH, Kumar M, Cruess DG, Schneiderman N.
Cognitive-behavioral intervention effects on mood and cortisol
during exercise training. Ann. Behav. Med. 1998; 20: 92–98.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


