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Association between mental health and bone mass among community-dwelling
adults: Nagasaki Islands Study on bone health
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Osteoporosis and its related fractures are important public health issues. This study examined the association between the
Kessler Psychological Distress Scale (K6) and low bone mass in middle-aged community-dwelling men and women. A cross-
sectional study was nested in a prospective observational study of 1,101 participants (median age: 57 [49-62] years in men and
58 [50-62] years in women) residing in a rural city in western Japan. Participants were recruited during medical check-ups in 2016
and 2017 from the community-dwelling population. The bone mass of the calcaneus was evaluated using quantitative ultrasound.

Of the participants, 56 men (14.9%) and 144 women (19.9%) had a bone mass of less than 70% of the mean of young adults.
Univariate analysis revealed that there was a trend toward lower body mass index (BMI) and higher prevalence of low bone
mass with an increase in K6 scores in men but not in women. Logistic regression analysis, adjusting for possible confounders
(age, BMI, smoking, drinking habits, exercise habits, diabetes, hyperlipidemia, and hypertension), showed significant associations
between the K6 scores and low bone mass (odds ratio (OR) = 2.66 for the men with 5 to 12 points of K6, OR = 7.51 for men
with = 13 of K6, not for women).

We showed an association between psychological distress and low bone mass independent of cofounders among
community-dwelling middle-aged men but not women. This suggests that healthy mental health in middle-aged men may be
a possible target for the prevention of consequent osteoporosis or fragile bone fractures.
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Introduction

Osteoporosis and its related fractures are important public
health issues. Osteoporosis is characterized by low bone mineral
density (BMD) and altered bone microstructure, which cause
bone fragility!l. As the global population ages, the number
of patients with osteoporosis and fragile fractures is increasing.
In Japan, the annual incidence of hip fractures was estimated
to be 190,000 in 2012 and is expected to reach 300,000 by
2040, Quantitative ultrasound (QUS) is a convenient tool
for predicting osteoporotic fractures™* without radiation
exposure.

Mental health is an important aspect of well-being™, and
psychological distress, which is evaluated using the Kessler
Psychological Distress Scale, is a reliable and validated indicator
of mental health!, In addition, chronic psychological distress
has been reported to affect various systems (cardiovascular
disease!”, cancer®, hypertension™, and diabetes!'?). It has been
reported that the hypothalamic-pituitary-adrenocortical axis
has been implicated in the process of depressive symptoms
and onset after experiencing stress in adolescents!!",

Potential mechanisms linking psychological distress and
bone health have been derived from case-control studies.
However, few studies have examined the association between
psychological distress and bone health among community-
dwelling individuals. We examined this association in a cross-
sectional observational study of community-dwelling adults.

Materials and methods

Study design

A cross-sectional study of 1,101 participants (median age:
57 [49-62] years in men and 58 [50-62] years in women) was
nested in a prospective observational study in a rural city in
western Japan (Nagasaki Islands Study)!'?. The participants
volunteered to participate in this cross-sectional study. Written
consent forms were available in Japanese to ensure comprehensive
understanding, and informed consent was obtained from all
participants. This study was approved by the Ethics Committee
for Human Use of Nagasaki University (project registration
number 14051404-13). The survey targeted a population
residing in rural communities in Goto City in western Japan
who underwent a general medical check-up in 2016 and 2017,
as recommended by the Japanese government. All procedures
were performed in accordance with the ethical standards of
the institutional and/or national research committees and the
ethical standards of the 1964 Declaration of Helsinki and
subsequent amendments or equivalents.
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Physical examination and laboratory measures

The following demographic variables were evaluated. Height
(cm) and weight (kg) were measured without wearing light
clothing or shoes. Body mass index (BMI) was calculated as
the weight/height squared (kg/m?). In addition, current smoking
habits (smoked/not smoked), drinking habits (average of
more than 40 g/day in pure alcohol weight for men and 20 g/
day for women)!'> 14l exercise habits (exercise for more than
30 min at a time, at least two days a week for more than one
year), and the presence of diabetes (HbA1¢>6.5%, or on any
medication against diabetes), dyslipidemia (triglycerides >
150 mg/dl or more or on medication against dyslipidemia),
and hypertension (systolic blood pressure >130 mmHg or
diastolic blood pressure >85 mmHg or on any medication
against hypertension) were investigated.

QUS measurement of bone

Bone mass in the calcaneus was measured using the QUS
method for ultrasound measurement. The QUS parameter
(stiffness index) of the heel was measured using a Lunar
Achilles device (Achilles InSight GE Lunar Corp., Madison,
WI, USA). Previous studies have reported its usefulness as a
tool for predicting fracture risk!'”. This study defined low
bone mass as a low bone mass below 70% of the young adult
average.

Psychological distress

Among the items for mental health, K6 is a reliable and
validated scale developed by Kessler et al. to measure
psychological distress!®l. It was developed to screen for
psychiatric disorders and consists of six items. The K6 has
been translated into Japanese and examined for reliability
and validity"®. The questions were as follows: In the past 30
days, how often did you experience the following? (i) Did
you feel irritable? (ii) “Did you feel hopeless?”; (iii) “Did
you feel fidgety or restless?” (iv) “Did you feel depressed, as
if nothing would happen to make you feel better?” (v) “Did
you feel that everything you did was a struggle?”; and (vi)
“Did you feel that you are worthless?” A 5-point Likert scale
from 0 to 4 was used: “always” (4 points), “usually” (3
points), “sometimes” (2 points), “a little” (1 point), and “not
at all” (0 points). The score range was 0-24 points. The
higher the K6 score, the more likely the patient is to have a
mood/anxiety disorder. Total K6 scores of > 5 and > 13 were
defined as moderate and severe psychological distress,
respectively!!!], and the patients were divided into four
groups for analysis: 0, 1-4, 5-12, and > 13 points.
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Statistical analysis

Participants were divided by gender, and the chi-square test
was performed to compare categorical variables (smoking,
drinking habits, exercise habits, diabetes, hyperlipidemia,
and hypertension). The Mann-Whitney U-test was performed
to compare continuous variables (K6; 0, 1-4, 5-12, and > 13
points) between the two groups of men and women. The
Jonckheere-Terpstra test was performed to investigate the
trends. For multivariate analysis, logistic regression analysis
was performed with K6 divided into four groups (0, 1-4,
5-12, and > 13 points). Model 1 was adjusted for age and
BMI, whereas Model 2 was adjusted for age, BMI, smoking,
drinking habits, exercise habits, diabetes, dyslipidemia, and
hypertension. Statistical significance was set at P <0.05. All
statistical analyses were performed using SPSS (version
27.0; SPSS Inc., Chicago, IL, USA).

Table 1. Characteristics of the participants
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Results

Table 1 presents the characteristics of the participants. Of
the participants, 56 men (14.9%) and 144 women (19.9%)
had a bone mass of less than 70% of the mean of young
adults. There were significant differences between men and
women regarding the K6, BMI, smoking, drinking, and
exercise habits, and the presence of diabetes, dyslipidemia,
and hypertension. Since the characteristics were different
among the sexes, the following analyses were conducted
separately for men and women.

Table 2 shows the results of the univariate analysis for
age, BMI, and prevalence of low bone mass among the four
groups with different degrees of psychological distress. In
men, there was a trend toward lower BMI and higher
prevalence of bone mass as K6 increased. In women, age

Men (n=377) Women (n=724) D

Psychological distress: K6

0 246 (65.3) 399 (58.6)

1-4 86 (22.8) 215 (29.7)

5-12 39 (10.3) 95 (13.1)

>13 6( 1.6) 15( 2.1) 0.01
Age (years) 57 (49-62) 58 (50-62) 0.49
BMI (kg/m®) 23.7 (21.8-25.8) 21.8 (19.7-24.0) <0.01
Smoking, n (%) 115 (30.5) 42 ( 5.8) <0.01
Drinking 37 ( 9.8) 32( 4.4) <0.01
Exercise 158 (41.9) 264 (36.5) 0.08
Hyperlipidemia 135 (35.8) 175 (24.2) <0.01
DM 38 (10.1) 28 ( 3.9) <0.01
HT 272 (72.1) 380 (52.5) <0.01
Low bone mass 56 (14.9) 144 (19.9) 0.04

K6: Kessler psychological distress scale, BMI: Body mass index, DM: diabetes mellitus, HT: hypertension,
Low bone mass was defined as bone mass less than 70% of young adults mean

Table 2. Association between psychological distress and bone mass (univariate analysis)

K6 0 1-4 5-12 >13 P

Men (n) 246 86 39 6

Age 57.5 (49.0-62.0) 57.0 (50.0-62.3) 53.0 (48.0-59.0) 53.0 (43.0-60.0) 0.13

BMI 23.9 (22.2-26.0) 23.6 (21.7-25.6) 22.7 (20.4-25.6) 20.8 (18.8-24.8) 0.05

Low bone mass 28 (11.4) 15(17.4) 10 (25.6) 3 (50.0) 0.007
Women (n) 399 215 95 15

Age 58.0 (52.0-62.0) 58.0 (49.0-62.0) 56.0 (46.0-61.0) 51.0 (44.0-58.0) 0.02

BMI 21.9 (19.8-23.8) 21.5(19.5-24.2) 21.6 (20.1-24.3) 23.1(21.2-27.9) 0.41

Low bone mass 84 (21.1) 42 (19.5) 17 (17.9) 1(6.7) 0.52

median (Q1-Q3), n (%), Jonckheere-Terpstra test, Chi-square test, K6: Kessler psychological distress scale, BMI: Body mass index, Low bone

mass was defined as bone mass less than 70% of young adults mean
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tended to decrease with increasing K6 level.

Table 3 shows the results of a multivariate analysis of K6
and low bone mass in men. The variables adjusted were age
and BMI in Model 1, as well as smoking, drinking habits,
exercise habits, diabetes, hyperlipidemia, and hypertension
in Model 2. In Model 1, the group with a K6 score of 5 to 12
points and the group with a K6 score of 13 or more points
were significantly associated with low bone mass than that
of the group with a K6 score of zero points (odds ratios of
2.51 and 6.26, respectively). In Model 2, after adjusting for
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other factors, groups with K6 scores between 5 and 12 and
those with K6 scores of 13 or higher were significantly
associated with low bone mass (odds ratios of 2.66 and 7.51,
respectively). Similar to Model 1, the higher the BMI, the
lower the bone mass, with an odds ratio of 0.83.

Table 4 shows the results of a multivariate analysis of K6
and low bone mass in women.

Both Model 1 and Model 2 of the logistic regression analysis
showed significant associations with age (odds ratios of 1.10
and 1.10, respectively) but not psychological distress.

Table 3. Association between psychological distress and low bone mass among men

Men Unit OR (95% CI) OR (95% CI) OR (95% CI)
Crude MODELI MODEL2

Psychological distress

Ké : 0 reference 1 1 1

K6 14 / K6:0 1.64 (0.83 —3.25) 1.55(0.77 - 3.10) 1.57 (0.78 = 3.18)

K6 5-12 / K6:0 2.68 (1.18 — 6.09) 2.51 (1.06 — 5.93) 2.66 (1.10 — 6.44)

Ko6 © 213 / K6:0 7.79 (1.50 -40.46)  6.26 (1.15-33.97)  7.51 (1.34—-42.15)
Age +1 year 1.03 (0.99 — 1.06) 1.03 (0.99 - 1.07)
BMI +1 kg/m’ 0.84 (0.76 — 0.93) 0.83 (0.74 -0.92)
Smoking /No 1.48 (0.79 - 2.78)
Drinking /No 0.42 (0.12 - 1.41)
Exercise /No 0.85 (0.46 — 1.58)
Hyperlipidemia /No 1.26 (0.65 —2.43)
DM /No 0.64 (0.21 - 1.90)
HT /No 1.46 (0.71 - 3.01)

OR: odds ratio, K6: Kessler psychological distress scale, BMI: Body mass index, DM: diabetes mellitus, HT: hypertension,
Logistic regression analysis, Dependent variable: Low bone mass was defined as bone mass less than 70% of young adults mean

Table 4. Association between psychological distress and low bone mass among women

Women Unit OR (95% CI) OR (95% CI) OR (95% CI)
Crude MODEL1 MODEL2

Psychological distress

K6 : 0 reference 1 1

K6 14 / K6:0 0.91 (0.60 — 1.38) 0.97 (0.63 — 1.49) 1.00 (0.65 — 1.54)

K6 D512 / K6:0 0.82 (0.46 — 1.46) 0.98 (0.54 — 1.78) 0.90 (0.49 — 1.66)

K6 213 / K6:0 0.27 (0.03 - 2.07) 0.39 (0.05 -3.15) 0.38 (0.05 -3.12)
Age +1 years 1.10 (1.07 - 1.14) 1.10 (1.07 - 1.14)
BMI +1 kg/m’ 0.95 (0.89 — 1.00) 0.93 (0.87-0.99)
Smoking /No 1.55 (0.66 — 3.64)
Drinking /No 0.43 (0.12 - 1.52)
Exercise / No 0.67 (0.45-1.01)
Hyperlipidemia /No 1.57 (1.01 —2.45)
DM /No 0.37 (0.11 - 1.28)
HT /No 1.16 (0.77 - 1.76)

OR: odds ratio, K6: Kessler psychological distress scale, BMI: Body mass index, DM: diabetes mellitus, HT: hypertension,
Logistic regression analysis, Dependent variable: Low bone mass was defined as bone mass less than 70% of young adults mean
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Discussion

We conducted a cross-sectional study among community-
dwelling adults, and our results showed that mental and bone
health were associated, independent of possible confounders.
Men with a psychological distress (K6) score of 5-12 points were
associated with low bone mass, compared with the reference
group. Furthermore, men with a K6 score of > 13 were also
associated with low bone mass with a higher odds ratio than
men of 5-12 points. However, no significant association was
found among women.

Our result showed that a higher BMI was associated with
healthier bones. There have been several reportsi*- relating
BMI to bone mass. The result that BMI was independently
associated with low bone mass after adjustment for psychological
distress, age, smoking, drinking, exercise and comorbidities
(OR = 0.83 for men, 0.93 for women), was consistent with
the association between BMI and bone mass.

There was no report which showed any association between
the Kessler Psychological Distress Scale and low bone mass
among community-dwelling participants. Two previous case-
control studies that examined the association between the Kessler
Psychological Distress Scale and osteoporosis were consistent
with our results. First, a study of 26,376 Australian men and
women reported a significant association with osteoporosis
in men aged 50-64 years, with high scores on the Kessler
Psychological Distress Scale but not in women!®!. Second, a
study 0f43,487 Japanese men and women showed an association
between the Kessler Psychological Distress Scale and osteoporosis
in men but not in women®¥. Without an evaluation of the
Kessler Psychological Distress Scale, the results from a
previous study examining the association between the Center
for Epidemiologic Studies Depression Scale (CES-D) and
lower BMDE7 were also consistent with our results.

Studies examining depression and BMD have shown mixed
results. These include reports of an association with lower
BMD in men and women with depressive or anxiety disorders®
and an association with lower BMD only in men with
depression and not in women®),

Literature suggests possible mechanisms by which depression
is associated with physical illness. Depression may be associated
with physical disease through unhealthy behaviors (smoking,
physical inactivity®!) and increased hormone secretion
(cortisol® and corticotropin-secreting hormonel*)). This
mechanism might be consistent for glucocorticoid-induced
osteoporosis.

In the present study, the K6 scores were higher in women
than in men. Case-control studies have generally reported
that women have nearly twice the prevalence of depression
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than men+3], However, in the present study, psychological
distress was associated with lower bone mass in men but not
women. Reports were suggested that men secrete twice as
much adrenocorticotropic hormone and cortisol in response
to stress than women[*¥! and that men secrete more cortisol in
response to stress than women®#%, Therefore, although men
had lower K6 score than women, psychological distress may
be associated with low bone mass via higher cortisol secretion
in men than that in women.

In the present study, no significant association was found
in the analysis with K6 divided into three groups, but a
significant association was found in the analysis with K6
divided into four groups. In other words, men with five or
more points were significantly different from men with zero
points but not significantly related to men with 0-4 points
combined. This difference could be because the 0 and 1-4
scores were related to different health characteristics. In
support of the above, the following groups were associated
with low bone mass: 1-4 points, 5 or more points, and 13 or
more points, in a graded order of odds ratios compared to
zero points. There is a lack of studies on such a four-group
analysis. It might be worthwhile to conduct a four-group
analysis of other diseases.

This study has several limitations. First, because this was
a cross-sectional study, it was not possible to determine the
causal relationship between mental health and bone mass.
Second, because the subjects underwent periodic physical
examinations, selection bias might have occurred. Third,
bone densitometry using dual-energy X-ray absorptiometry,
which is used to diagnose osteoporosis, was not obtained, and
the association between QUS parameters and the diagnosis
of osteoporosis or osteopenia cannot be assessed, so it might
be difficult to generalize the results of this study. Fourth, this
study did not measure cortisol levels in the blood or saliva.
Future studies should include laboratory measurements of
the cortisol levels.

Conclusion

The results showed that mental health was associated
with low bone mass independent of age, BMI, smoking,
drinking habits, exercise habits, diabetes, hyperlipidemia,
and hypertension among community-dwelling middle-aged
men but, that it was not significantly associated with low
bone mass among women. This suggests that healthy mental
health in middle-aged men may be a possible target for the
prevention of consequent osteoporosis or fragile bone fractures.



86

Acknowledgments

We would like to thank Editage (www.editage.com) for

the English language editing.

References

15.

16.

17.

. Orimo H, Hayashi Y, Fukunaga M et al. Diagnostic criteria for primary

osteoporosis: year 2000 revision. J Bone Miner Metab 19, 331-337, 2001

. Hagino H. Fragility fracture prevention: review from a Japanese perspective.

Yonago Acta Med 55: 21-25,2012

. Gonnelli S, Cepollaro C, Gennari L et al. Quantitative ultrasound and

dual-energy X-ray absorptiometry in the prediction of fragility fracture
in men. Osteoporos Int 16: 963-968, 2005

. Khaw KT, Reeve J, Luben R et al. Prediction of total and hip fracture

risk in men and women by quantitative ultrasound of the calcaneus:
EPIC-Norfolk prospective population study. Lancet 363: 197-202, 2004

. McGinty EE, Presskreischer R, Han H, Barry CL. Psychological Distress

and Loneliness Reported by US Adults in 2018 and April 2020. JAMA
324: 93-94, 2020

. Kessler RC, Andrews G, Colpe LJ et al. Short screening scales to monitor

population prevalences and trends in non-specific psychological distress.
Psychol Med 32: 959-976, 2002

. Welsh J, Banks E, Joshy G, Butterworth P, Strazdins L, Korda RJ. Does

psychological distress directly increase risk of incident cardiovascular
disease? Evidence from a prospective cohort study using a longer-term
measure of distress. BMJ Open 11: €039628, 2021

. Adeyemi OJ, Gill TL, Paul R, Huber LB. Evaluating the association of

self-reported psychological distress and self-rated health on survival times
among women with breast cancer in the U.S. PLoS One 16:¢0260481,
2021

. Ojike N, Sowers JR, Seixas A et al. Psychological Distress and Hypertension:

Results from the National Health Interview Survey for 2004-2013.
Cardiorenal Med 6: 198-208, 2016

. Huang W, Aune D, Ferrari G et al. Psychological Distress and All-Cause,

Cardiovascular Disease, Cancer Mortality Among Adults with and without
Diabetes. Clin Epidemiol 13: 555-565, 2021

. Oldehinkel AJ, Bouma EM. Sensitivity to the depressogenic effect of

stress and HPA-axis reactivity in adolescence: a review of gender
differences. Neurosci Biobehav Rev 35: 1757-70, 2011

. Tomita Y, Arima K, Mizukami S et al. Association between self-reported

walking speed and calcaneal stiffness index in postmenopausal Japanese
women. BMC Geriatr 20: 466, 2020

. Cho Y, Choi S, Kim K, Lee G, Park SM. Association between alcohol

consumption and bone mineral density in elderly Korean men and women.
Arch Osteoporos 13: 46, 2018

. Honda Y, Arima K, Nishimura T, Tomita Y, Mizukami S, Abe Y, Tanaka

N, Kojima M, Jeng TP, Goto H, Hasegawa M, Sou Y, Tsujimoto R,
Kanagae M, Osaki M, Aoyagi K. Association between vitamin D and bone
mineral density in Japanese adults: the Unzen study. Arch Osteoporos
16: 127,2021

Hans D, Dargent-Molina P, Schott AM et al. Ultrasonographic heel
measurements to predict hip fracture in elderly women: the EPIDOS
prospective study. Lancet 348: 511-4, 1996

Furukawa TA, Kawakami N, Saitoh M et al. The performance of the
Japanese version of the K6 and K10 in the World Mental Health Survey
Japan. Int J Methods Psychiatr Res 17: 152-158, 2008

Prochaska JJ, Sung HY, Max W, Shi Y, Ong M. Validity study of the K6
scale as a measure of moderate mental distress based on mental health
treatment need and utilization. Int J Methods Psychiatr Res 21: 88-97,
2012

. Nishi D, Susukida R, Usuda K, Mojtabai R, Yamanouchi Y. Trends in

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38

39.

40.

Tetsuji Okawachi et al.: Mental health and bone health

the prevalence of psychological distress and the use of mental health
services from 2007 to 2016 in Japan. J Affect Disord 239: 208-213, 2018

. Tanji F, Tomata Y, Zhang S, Otsuka T, Tsuji I. Psychological distress

and completed suicide in Japan: A comparison of the impact of moderate
and severe psychological distress. Prev Med 116: 99-103, 2018
Oldroyd A, Dubey S. The association between bone mineral density and
higher body mass index in men. /nt J Clin Pract 69: 145-147,2015
Boyanov M, Bakalov D, Boneva Z. Bone mineral density in men with
and without the metabolic syndrome. Aging Male 12: 62-65, 2009
Cherukuri L, Kinninger A, Birudaraju D et al. Effect of body mass
index on bone mineral density is age-specific. Nutr Metab Cardiovasc
Dis 31: 1767-1773, 2021

Chin KY, Chan CY, Subramaniam S et al. Positive association between
metabolic syndrome and bone mineral density among Malaysians. /nt J
Med Sci 17: 2585-2593, 2020

LiY. Association between obesity and bone mineral density in middle-
aged adults. J Orthop Surg Res 17: 268, 2022

Chittleborough CR, Winefield H, Gill TK, Koster C, Taylor AW. Age
differences in associations between psychological distress and chronic
conditions. Int J Public Health 56: 71-80, 2011

Nakaya N, Kogure M, Saito-Nakaya K et al. The association between
self-reported history of physical diseases and psychological distress in
a community-dwelling Japanese population: the Ohsaki Cohort 2006
Study. Eur J Public Health 24: 45-49, 2014

Poole L, Steptoe A. Depressive symptoms predict incident chronic disease
burden 10 years later: Findings from the English Longitudinal Study of
Ageing (ELSA). J Psychosom Res 113: 30-36, 2018

Williams LJ, Bjerkeset O, Langhammer A et al. The association between
depressive and anxiety symptoms and bone mineral density in the
general population: the HUNT Study. J Affect Disord 131: 164-171,
2011

Hahn C, Oh JH, Joo SH et al. Association between mental health status
and bone mineral density: Analysis of the 2008-2010 Korea national
health and nutrition examination survey. PLoS One 12: 0187425, 2017
Fergusson DM, Goodwin RD, Horwood LJ. Major depression and
cigarette smoking: results of a 21-year longitudinal study. Psychol Med
33: 1357-1367, 2003

Strawbridge WJ, Deleger S, Roberts RE, Kaplan GA. Physical activity
reduces the risk of subsequent depression for older adults. Am J Epidemiol
156: 328-334, 2002

Cowen PJ. Not fade away: the HPA axis and depression. Psychol Med
40: 1-4, 2010

Reul JM, Holsboer F. Corticotropin-releasing factor receptors 1 and 2 in
anxiety and depression. Curr Opin Pharmacol 2: 23-33, 2002
Silverstein B. Gender difference in the prevalence of clinical depression:
the role played by depression associated with somatic symptoms. Am J
Psychiatry 156: 480-482, 1999

Baxter AJ, Scott KM, Ferrari AJ, Norman RE, Vos T, Whiteford HA.
Challenging the myth of an “epidemic” of common mental disorders:
trends in the global prevalence of anxiety and depression between 1990
and 2010. Depress Anxiety 31: 506-516, 2014

Kirschbaum C, Wiist S, Hellhammer D. Consistent sex differences in
cortisol responses to psychological stress. Psychosom Med 54: 648-657,
1992

Stroud LR, Salovey P, Epel ES. Sex differences in stress responses:
social rejection versus achievement stress. Biol Psychiatry 52: 318-327,
2002

. Nicolson N, Storms C, Ponds R, Sulon J. Salivary cortisol levels and

stress reactivity in human aging. J Gerontol A Biol Sci Med Sci 52:
Mo68-75, 1997

Earle TL, Linden W, Weinberg J. Differential effects of harassment on
cardiovascular and salivary cortisol stress reactivity and recovery in
women and men. J Psychosom Res 46: 125-141, 1999

Forsman L, Lundberg U. Consistency in catecholamine and cortisol
excretion in males and females. Pharmacol Biochem Behav 17: 555-
562, 1982



