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Abstract 
Although cortisol is believed to increase the osteoclast activity and accentuate 
bone resorption, few studies are available on cortisol and bone density. This 
study uses salivary cortisol to investigate the relationship thereof with bone 
density. Furthermore, we investigated whether the salivary Ca concentration 
could be an effective biomarker in bone evaluations using salivary cortisol. 
This study targeted 188 healthy female college students (18 - 25 years old). 
Calcaneus bone density (Speed of Sound: SOS) was measured using an ultrasonic 
bone density measurement device. Food intake was calculated via a food intake 
frequency survey. The saliva of subjects was collected in order to measure the 
cortisol concentration using an enzyme immunoassay, while the salivary Ca 
concentration was measured using an atomic absorption spectrophotometer. 
The relationship between salivary cortisol and SOS was not significant, with a 
correlation coefficient of −0.13, indicating a negative correlation and leading 
to the observation that those with lower salivary cortisol levels tended to have 
higher SOS. The relationship between salivary cortisol and salivary Ca con-
centration was not significant, with a correlation coefficient of +0.15, indi-
cating a positive correlation and leading to the observation that those with 
higher salivary cortisol concentrations tended to have higher salivary Ca 
concentrations. No significant correlation was observed in the relationship 
between salivary Ca concentration and SOS. Because the cortisol in saliva re-
sponds more sensitively to acute stress than to chronic stress, this may not 
have had obvious significance. Furthermore, the salivary Ca concentration 
indicated large fluctuations, depending on the daily external conditions, par-
ticularly in terms of food; therefore, it is believed that the presence or absence 
of dietary intake before the survey affected the results. The above results sug-
gest that bone density may decrease, while salivary Ca concentration may in-
crease when salivary cortisol concentration increases due to stress.  
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1. Introduction 

In recent years, it has been reported that stress-related factors impair health [1]. 
A recent study reported that those with high daily stress had a higher incidence 
of cerebrovascular disease and ischemic heart disease [2]. Given these trends, 
non-invasive salivary cortisol is garnering attention as a physiological evaluation 
method for stress [1]. Salivary cortisol is a type of steroid hormone released from 
the adrenal cortex. When stress is placed on the human body, the hormones re-
leased from the hypothalamus act on the pituitary gland, causing adrenocortico-
tropic hormone to be secreted from the pituitary gland and leading to the secre-
tion of cortisol by acting on the adrenal cortex. This cortisol is a type of gluco-
corticoid that promotes bone resorption and suppresses bone formation. Osteo-
porosis may be caused by Cushing’s syndrome, due to excessive secretion of cor-
tisol or long-term administration of steroids [3]. 

Further, it is believed that complications of secondary hyperparathyroidism 
may occur if steroid hormones, including glucocorticoids and cortisol, cause a 
decrease in calcium (hereinafter, abbreviated as Ca) absorption in the intestinal 
tract, leading to the occurrence of a negative Ca balance in the kidney [4] [5]. In 
doing so, it is assumed that parathyroid hormone, which increases blood Ca 
concentration, is over-secreted and bone resorption through osteoclasts increas-
es, while blood Ca concentration rises. 

There are few studies on cortisol and bone density. This study uses salivary 
cortisol to investigate whether stress affects bone density loss. We also investi-
gate whether salivary Ca concentration is an effective biomarker in bone evalua-
tions using salivary cortisol. 

2. Materials and Methods 

The subjects were 188 healthy female college students, aged 18 to 25, who had 
been attending university for 0.5 to 2.5 years. All data in the present study were 
collected in July 2019 at the college in the middle area of Tohoku. Each of the 
subjects lived in the area surrounding the college. Females with a history of 
treatment or therapy that might have influenced bone mass were excluded. The 
study was approved by the Ethics Committee of Epidemiological Studies at 
Yamagata Prefectural Yonezawa University of Nutrition Sciences. 

Their bone density was measured using an ultrasonic bone density measuring 
device (Canon Lifecare Solutions Co., Ltd., CM-200) in order to measure the ul-
trasonic propagation speed (speed of sound; hereinafter abbreviated as SOS) of 
the right calcaneus, which was set as an index of density. 
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After distributing a food intake frequency questionnaire (Kenpakusha, Excel 
Nutrition 2015, food intake frequency survey FFQg Ver.5.0) to all subjects, they 
were asked to fill out the form so that the daily intake for each nutrient and food 
group could be calculated using computer software. 

Saliva was collected from the subjects and the salivary cortisol concentration 
was measured by an enzyme immunoassay using a kit (Salimetrics, Salivary EIA 
Kit) for quantifying cortisol contained in the saliva samples. The calcium concentra-
tion was measured using an atomic absorption spectrophotometer (SHIMADZU, 
AA-7000). 

The physical characteristics of the subjects were expressed as a mean and 
standard deviation. Correlation coefficients with SOS were obtained with respect 
to age, height, weight, BMI, salivary cortisol concentration, and salivary calcium 
concentration. The correlation coefficient between the average daily intake of 
nutrients and SOS was determined based on the dietary intake status survey. The 
correlation coefficient was determined between salivary cortisol and SOS, be-
tween salivary cortisol and salivary calcium, and between salivary calcium and 
SOS, respectively. All correlation coefficients were tested with a level of signifi-
cance of 5%. 

3. Results 

The results of the physical characteristics of the subjects are shown in Table 1 as 
a mean and standard deviation. The height, weight and BMI of the subjects 
evaluated in this study were within the normal range based on the national av-
erage of Japanese adult females. The average salivary cortisol concentration and 
calcium concentration were 0.3 ± 0.4 μg/dL and 15.8 ± 5.8 mg/dL, respectively. 
With respect to the values, although the salivary calcium concentration was 
slightly high, the results were standard [6]. 

The correlation coefficients between age, height, weight, BMI, and SOS, re-
spectively, were determined and shown in Table 1. Although the correlation co-
efficients between age, height, weight, BMI, and SOS, respectively, did not indi-
cate a significant trend, there was a negative correlation with age and height as 
well as a positive correlation with weight and BMI. 
 
Table 1. Physical characteristics of the subjects. 

 
Mean ± standard 

deviation 
Correlation coefficient 

with SOS 

Age (years old) 19.2 ± 1.0 −0.048 

Height (cm) 156.0 ± 20.6 −0.027 

Weight (kg) 51.7 ± 9.5 0.099 

BMI (kg/cm2) 20.5 ± 3.5 0.115 

SOS (m/sec) 1517.7 ± 29.9 - 

Salivary cortisol concentration (μg/dL) 0.3 ± 0.4 −0.128 

Salivary calcium concentration (mg/dL) 15.8 ± 5.8 −0.007 
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With respect to the nutrients that affect SOS, the average daily intake by the 
subjects and the daily intake standard values for women aged 18 to 29, based on 
the “Japanese dietary intake standards” (2015 version) [7]), are shown in Table 
2. 

Regarding energy, the physical activity level was set to II (normal) and the es-
timated energy requirement was shown. With respect to proteins, lipids, and 
carbohydrates, target amounts were expressed as energy ratios of total energy 
intake. Recommended amounts were indicated for calcium, magnesium, and 
iron, while adequate amounts were indicated for phosphorus, vitamin D, and 
vitamin K, with target amounts indicated for equivalent salt amounts. Further-
more, the correlation coefficient between the average daily nutrient intake by the 
subjects and SOS was determined and shown in Table 2. Although the correla-
tion coefficient was not significant, vitamin K was negatively correlated and 
other nutrients were positively correlated.  

Although the calculated correlation coefficient between salivary cortisol con-
centration and SOS was −0.13, which was not significant, a negative correlation 
was observed. 

Although the calculated coefficient between the salivary cortisol concentration 
and salivary calcium concentration was +0.15, which was not significant, a posi-
tive correlation was observed. 

The calculated correlation coefficient between salivary calcium concentration 
and SOS was −0.007, which was not a significant correlation. 
 
Table 2. Nutrients and SOS. 

 
Standard value 

Average intake 
by subjects 

Correlation 
coefficient with SOS 

Energy (kcal/day) 1950 1584.10 0.033 

Protein (%) 13 - 20 13.7 (54.18 g) 0.043 

Lipid (%) 20 - 30 31 (54.67 g) 0.028 

Carbohydrate (%) 50 - 65 53.6 (212.09 g) 0.024 

Calcium (mg/day) 650 440.42 0.009 

Magnesium (mg/day) 270 193.90 0.027 

Phosphorus (mg/day) 800 807.69 0.046 

Iron (mg/day) 10.5 5.69 0.016 

Vitamin D (μ/day) 5.5 3.36 0.099 

Vitamin K (μ/day) 150 176.36 −0.014 

Salt equivalent (g/less than a day) 7.0 7.68 0.076 
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4. Discussion 

Based on the results, there was no correlation between each nutrient and SOS. 
There are reports suggesting that there is no relationship between nutrients and 
SOS [8] [9]. In a longitudinal study using the DXA method (dual-energy X-ray 
absorptiometry) for 15 years from the age of 13 to 28, body weight change, ra-
ther than calcium intake, during the observation period, indicated a stronger re-
lation to bone mass change [8]. There is also a report indicating that a study us-
ing quantitative ultrasound measurement methods to compare changes in indi-
ces, including when skipping meals, excess consumption of instant foods, 
smoking and drinking behavior, etc., which seem to reflect lifestyle disturbances, 
found no association and only finding a statistically significant difference in the 
item “exercise habits.” [9]. Furthermore, it has been suggested that the intake 
frequency of dairy products, such as milk and cheese, is strongly related to 
changes in bone mass [10]. However, some reports have concluded that dairy 
products increase bone mass only in boys, with no significant effect in girls [11].  

Therefore, it is difficult to say whether or not the frequency of intake of each 
nutrient directly affects SOS. There is potentially a gender difference in terms of 
the effects of dairy product intake on bone mass increase or bone loss suppres-
sion in young adulthood, so the relationship between dairy products and bone 
density is an issue that needs to be investigated going forward.  

Although those with lower salivary cortisol concentrations tended to have 
higher SOS, no significant correlation was observed. As a reason for this, it was 
the first to point out that cortisol responds more sensitively to acute stress than 
to chronic stress. It was speculated that the stress caused by the unusual situation 
of collecting saliva might have caused changes in the cortisol level of subjects. 
However, cortisol is known to temporarily increase in short-term stress situa-
tions, such as mental arithmetic calculations and oral presentations [12] [13], in 
addition to also being known to increase in daily and chronic stress situations, 
such as unemployment or divorce [14] [15] [16]. Therefore, the robustness of 
salivary cortisol as a stress evaluation index and a unified understanding of the 
characteristics thereof have not been established as of yet, making it necessary to 
carefully examine whether it is appropriate as an evaluation index. 

Secondly, cortisol has a secretory rhythm that is high in the morning and low 
at night. Cortisol increases from 50% to 60% from 30 to 45 minutes after waking 
up [17]. Because the value is affected by whether 8:00 in the morning is right af-
ter getting up or 2 hours after getting up, etc., it was necessary to check the 
wake-up time as well when the study is designed to collect saliva at a fixed time 
such as in this study. Because the saliva collection time of subjects was divided 
into two groups, at approximately 10:00 a.m. and 1 p.m., it is possible that the 
saliva collection time affected the results. 

Thirdly, the estrous cycle may affect salivary substance concentrations when 
targeting women [18]. Some studies have conducted investigations during the 
period from the late luteal phase to the early follicular phase, when female hor-
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mone secretion is low [19], making it necessary to take measures such as con-
trolling the timing of the estrous cycle during saliva collection. 

Although it was observed those with higher salivary cortisol concentrations 
had higher salivary Ca concentrations, there was no significant correlation. As a 
reason for such a result, the first issue to be pointed out is the abovementioned 
external influences on salivary cortisol, wherein it is assumed saliva Ca also be-
ing an index, which is similarly susceptible to external influences, is somehow 
related. Therefore, it was necessary to take measures such as calling on the sub-
jects to abstain from eating food before collecting saliva. 

The second point is that the mixed salivary Ca concentration fluctuates dras-
tically. The saliva collected in this study was mixed saliva, secreted from all pa-
rotid, submandibular, and sublingual glands. However, the mixed salivary Ca 
concentration is particularly susceptible to food, as described above, particularly 
in the oral cavity. Therefore, going forward, it is necessary to consider a method 
for collecting saliva that takes into account the variability of mixed saliva and 
conduct further detailed research. 

The probable reason for there being no significant relationship between sali-
vary Ca concentration and SOS was, as described above, that the saliva Ca con-
centration could not be measured accurately due to the saliva Ca concentration 
being easily affected by external factors such as meals. Similarly, more precise 
results may be obtained by setting conditions such as not allowing the subjects to 
eat before saliva collection. 

5. Conclusions 

In this study, 188 female college students were targeted, among which we ob-
served and examined, in a cross-sectional manner, the nutrient intake, etc. that 
affects SOS changes, salivary cortisol concentration as a stress index, and salivary 
Ca concentration that is assumed to affect the salivary cortisol concentration.  

No significant relationship was found between salivary cortisol levels, which 
are assumed to be stress evaluation indicators and SOS. Although the relation-
ship between salivary cortisol concentration and salivary Ca concentration was 
examined, because steroid hormones are factors that increase blood Ca concen-
tration (that is, promote bone resorption), no significant relationship was ob-
served. 

These results did not reveal that cortisol, believed to be secreted due to stress, 
reduces bone density. Furthermore, salivary Ca concentration might not be an 
index to evaluate bone density. 

However, no studies have yet conducted an observational longitudinal inves-
tigation prospectively on Japanese female college students in order to explore 
factors affecting bone density. In this study, as a pioneer to discover factors af-
fecting bone density, learning from failures such as the inappropriate method of 
collecting saliva, we would like to establish an evaluation method that can obtain 
more precise results and contribute to the prevention of illness in healthy indi-
viduals in the working environment of an advanced information society. 
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