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Whether or not leisure travel might have positive effects on personal health was investigated. 
During a short leisure trip, saliva samples were collected from 40 females. Levels of salivary 
cortisol and chromogranin A (CgA) were evaluated by enzyme-linked immunosorbent assay 
(ELISA). To quantitatively evaluate the health-related lifestyle and the patterns of behavior 
of the subjects, we also administered written questionnaires. For samples taken during the 
trip, there was a significant increase in the levels of CgA. Meanwhile, there was a significant 
increase in the levels of cortisol after the tour. These tendencies were more pronounced in 
individuals who scored well for health-related lifestyle. These findings suggest that the effects 
of travel were more beneficial for persons with positive characteristics related to health-
related lifestyle.
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Travel is a complete change from everyday life, but whether or not it is actually 
beneficial has yet to be established by scientific study. A number of researchers 
have investigated the relationship between travel and health. Their reports, 
however, have mainly been concerned with the negative aspects of travel, for 
example, the effects of jet lag (Desir et al., 1981; Katz, Knobler, Laibel, Strauss, 
& Durst, 2002) and the risks of air travel such as economy class syndrome (Low 
& Chan, 2002; McIntosh, Swanson, Power, Raeside, & Dempster, 1998; Sahiar 
& Mohler, 1994).

In the present study, we examined changes in the salivary endocrinological 
stress markers over the course of a three-day leisure trip. Evaluation of endo-
crinological stress markers in saliva, such as cortisol or chromogranin A (CgA), 
is a very useful method for objectively assessing stress. Furthermore, collection 
of saliva is a convenient sampling method because it is noninvasive and relatively 
nonstressful (Kirschbaum & Hellhammer, 1994).

Produced in the adrenal cortex, cortisol is the main glucocorticoid hormone 
in humans. It is released in response to various psychosocial stimuli via the 
hypothalamus-pituitary-adrenal (HPA) axis. The level of cortisol in the saliva 
accurately reflects the level of active free cortisol in the blood (Kirschbaum & 
Hellhammer, 1989, 1994). Furthermore, previous studies have suggested that 
higher levels of cortisol in the morning, the time of the acrophase, are associated 
with good health (Van Cauter, Leproult, & Kupfer, 1996; Wolf, Fujiwara, 
Luwinski, Kirschbaum, & Markowitsch, 2005).

CgA is an acidic glucoprotein that is released along with catecholamines from 
the adrenal medulla and the sympathetic nerve endings (Smith & Kirshner, 1967; 
Smith & Winkler, 1967; Winkler & Fischer-Colbrie, 1992). A recent study has 
reported that CgA is produced by human submandibular glands and secreted into 
saliva (Saruta et al., 2005). Salivary CgA has recently gained attention as a new 
stress marker (Nakane et al., 1998; Nakane, Asami, Yamada, & Ohira, 2002).

Materials and Method

Subjects

We enrolled forty female volunteers aged 46–77 years old. These women 
participated in a short package tour (2 nights, 3 days) to Kyushu, the southernmost 
of Japan’s main islands. It was a sightseeing tour which involved a short (1 hour) 
flight and local travel by bus to accommodation in a resort spa.

Saliva Sampling

Two days before departure, daily during the trip, and two days after return 
from the tour, at waking (6:00-7:00), saliva samples were collected using the 
Salivette system (Sarstedt Co. Ltd., Nümbrecht, Germany). This device extracts 
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saliva samples by centrifuging (at 3,000 rpm for 15 min) the cotton wads that 
subjects held in their mouths (for 2 min). The samples were stored at -80°C 
until the assay. Using enzyme-linked immunosorbent assay (ELISA), following 
a previously described method, we evaluated the levels of salivary cortisol 
and CgA (Nagasawa et al., 1998; Shimada, Takahashi, Ohkawa, Segawa, & 
Higurashi, 1995). To estimate the overall effect of the trip, resultant values during 
the trip were averaged.

Health-Related Lifestyle and Patterns of Behavior

Before the tour, we also quantitatively evaluated, using a written questionnaire, 
the health-related lifestyle and the patterns of behavior of the subjects.

Health-related lifestyle was evaluated using a Health Practice Index (HPI), 
which scores the responses given to eight lifestyle items: smoking habits, 
drinking habits, daily consumption of breakfast, daily duration of sleep and 
work, regular physical activity, nutritionally balanced diet, and subjectively 
assessed level of stress. Respondents were allocated to one of two HPI score 
groups: good, 6-8 points; and poor, 0-5 points. Based upon the lifestyle study 
by Belloc and Breslow (1972) and taking into consideration cultural differences, 
this questionnaire and scoring were designed for Japanese subjects. In addition, 
this method of classification has been found to be useful in evaluating personal 
lifestyles among Japanese (Ezoe & Morimoto, 1994; Hagihara & Morimoto, 
1991; Kusaka, Kondou, & Morimoto, 1992; Morimoto, 2000).

Patterns of behavior were assessed using the Tokai University Type A 
Pattern Scale, and subjects were categorized as having either Type A or Type 
B behavior patterns (Hosaka & Tagawa, 1987, 1989). According to Hosaka 
and Tagawa (1987), comparing Americans and Japanese, hard-working and 
workaholic tendencies were found to be more stressed than were the hard-
driving and competitive components among the Japanese. This property might 
be a reflection of the Japanese culture which stresses harmonious relationships 
rather than individualism and competitiveness. Thus the Type A behavior pattern 
can be modified according to culture and nationality. The Tokai University Type 
A Pattern Scale, designed for assessing the Type A behavior pattern among 
Japanese, consists of 11 items with 4-point Likert-type rating continua. Persons 
with scores of 43.1 points or more were placed in the Type A group.

Statistical Analyses

Changes in levels of salivary cortisol and CgA among lifestyle and behavior 
pattern groups were compared using ANOVA with repeated measures to detect 
intergroup and time-related differences. Bonferroni’s test was used for multiple 
comparisons. Values were considered significantly different when p < 0.05.
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Results

Figure 1 shows the mean levels of salivary cortisol and CgA among all 
subjects during the sampling period. For samples taken after the tour, there 
was a significant increase in the levels of cortisol (a). Meanwhile, there was a 
significant increase in the levels of CgA during the trip (b).

Figure 2 shows the mean levels of salivary cortisol and CgA for volunteers 
grouped by their HPI scores. During the trip, the good HPI score group showed 
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Figure 1: Mean values (+SD) for (a) salivary cortisol and (b) CgA (chromogranin A) levels during 
the sampling period (n = 40).
*p < 0.05 (repeated measures ANOVA and Bonferroni’s test).
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Figure 2: Mean values (+SD) for (a) salivary cortisol and (b) CgA (chromogranin A) levels in good 
HPI score group (solid line, n = 24) and poor HPI score group (dashed line, n = 16) during the 
sampling period. 
*p < 0.05 (repeated measures ANOVA and Bonferroni’s test).
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significantly increased CgA levels (b). Furthermore, the good HPI score group 
showed significantly higher levels of cortisol after the tour (a). For the poor 
HPI score group, neither the levels of cortisol nor CgA showed any significant 
change.

During the sampling period, in both groups with Type A (n = 29) and Type B 
(n = 11) behavior pattern, there was no significant change in the levels of cortisol 
or CgA.

Discussion

Baseline levels of cortisol at two days before departure were higher in the good 
HPI score group (p < 0.05) (Figure 2a). Previous studies have suggested that 
higher levels of cortisol in the morning, the time of the acrophase, are associated 
with good health (Van Cauter et al., 1996; Wolf et al., 2005). Throughout 
the sampling period, the good HPI score group had higher levels of cortisol 
compared to the poor HPI score group. Furthermore, in the good HPI score 
group, cortisol levels showed a significant increase two days after return from 
the tour. Meanwhile, in the poor HPI score group, cortisol levels remained low. 
These findings suggest that the effects of travel were more beneficial for persons 
with positive characteristics related to health-related lifestyle.

Whereas cortisol reflects both mental and physical stress, levels of salivary 
CgA are taken as an index of only mental stress, which is assumed to vary more 
sensitively in response to positive mental eustress and negative distress (Nakane 
et al., 1998, 2002). In recent studies, we found that moderate stress (eustress) 
such as spa bathing or coffee intake significantly increases salivary CgA levels 
for healthy low stress persons (Toda, Morimoto, Nagasawa, & Kitamura, 2006; 
Tsubouchi et al., 2006). In the good HPI score group, therefore, elevated CgA 
levels during the tour could arise from eustress caused by enjoyment, fulfilling 
experience, or other positive stimulation rather than distress (Figure 2b). 
Meanwhile, in the poor HPI score group, there was no such change.

The present findings suggest that, when health-related lifestyle is favorable, 
travel is likely to be more beneficial to the health of the individual and also bring 
the enjoyment of out-of-the-ordinary positive experiences. To get the most from 
short leisure trips, therefore, it is advisable to acquire healthy lifestyle habits 
before departure. Meanwhile, the effects of travel are probably not affected by 
patterns of behavior. This, however, may result from the Japanese culture and 
nationality (Hosaka & Tagawa, 1987). Other populations are needed for future 
studies.

In this study, we found that leisure travel probably has beneficial health effects. 
This research, however, has several limitations. A previous study suggests that air 
travel is stressful (Bricker, 2005). The tour in question involved a short (1 hour) 
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flight. Furthermore, all participants were elderly women. To elucidate the general 
effects of travel, we are planning further studies with different populations and 
various forms of travel.

References

Belloc, N. B., & Breslow, L. (1972). Relationship of physical health status and health practices. 
Preventive Medicine, 1, 409-421.

Bricker, J. B. (2005). Development and evaluation of the air travel stress scale. Journal of Counseling 
Psychology, 52, 615-628.

Desir, D., Van Cauter, E., Fang, V. S., Martino, E., Jadot, C., Spire, J. P., Noel, P., Refetoff, S., 
Copinschi, G., & Golstein, J. (1981). Effects of “jet lag” on hormonal patterns. I. Procedures, 
variations in total plasma proteins, and disruption of adrenocorticotropin-cortisol periodicity. The 
Journal of Clinical Endocrinology and Metabolism, 52, 628-641.

Ezoe, S., & Morimoto, K. (1994). Behavioral lifestyle and mental health status of Japanese factory 
workers. Preventive Medicine, 23, 98-105.

Hagihara, A., & Morimoto, K. (1991). Personal health practices and attitudes toward nonsmokers’ 
legal rights in Japan. Social Science & Medicine, 33, 717-721.

Hosaka, T., & Tagawa, R. (1987). The Japanese characteristic of Type A behavior pattern. The Tokai 
Journal of Experimental and Clinical Medicine, 12, 287-303.

Hosaka, T., & Tagawa, R. (1989). The coronary-prone behavior pattern among Japanese: Its 
comparison with Type A behavior pattern. Japanese Journal of Psychosomatic Medicine, 29, 
527-536.

Katz, G., Knobler, H. Y., Laibel, Z., Strauss, Z., & Durst, R. (2002). Time zone change and major 
psychiatric morbidity: The results of a 6-year study in Jerusalem. Comprehensive Psychiatry, 
43, 37-40.

Kirschbaum, C., & Hellhammer, D. H. (1989). Salivary cortisol in psychobiological research: An 
overview. Neuropsychobiology, 22, 150-169.

Kirschbaum, C., & Hellhammer, D. H. (1994). Salivary cortisol in psychoneuroendocrine research: 
Recent developments and applications. Psychoneuroendocrinology, 19, 313-333.

Kusaka, Y., Kondou, H., & Morimoto, K. (1992). Healthy lifestyles are associated with higher 
natural killer cell activity. Preventive Medicine, 21, 602-615.

Low, J. A., & Chan, D. K. (2002). Air travel in older people. Age and Ageing, 31, 17-22.
McIntosh, I. B., Swanson, V., Power, K. G., Raeside, F., & Dempster, C. (1998). Anxiety and health 

problems related to air travel. Journal of Travel Medicine, 5, 198-204.
Morimoto, K. (2000). Lifestyle and health. Japanese Journal of Hygiene, 54, 572-591.
Nagasawa, S., Nishikawa, Y., Jun, L., Futai, Y., Kanno, T., Iguchi, K., Mochizuki, T., Hoshino, M., 

Yanaihara, C., & Yanaihara, N. (1998). Simple enzyme immunoassay for the measurement of 
immunoreactive chromogranin A in human plasma, urine and saliva. Biomedical Research, 19, 
407-410.

Nakane, H., Asami, O., Yamada, Y., Harada, T., Matsui, N., Kanno, T., & Yanaihara, N. (1998). 
Salivary chromogranin A as an index of psychosomatic stress response. Biomedical Research, 
19, 401-406.

Nakane, H., Asami, O., Yamada, Y., & Ohira, H. (2002). Effect of negative air ions on computer 
operation, anxiety, and salivary chromogranin A-like immunoreactivity. International Journal of 
Psychophysiology, 46, 85-89.

Sahiar, F., & Mohler, S. R. (1994). Economy class syndrome. Aviation, Space, and Environmental 
Medicine, 65, 957-960.



HEALTH EFFECTS OF LEISURE TRAVEL 293

Saruta, J., Tsukinoki, K., Sasaguri, K., Ishii, H., Yasuda, M., Osamura, Y. R., Watanabe, Y., & 
Sato, S. (2005). Expression and localization of chromogranin A gene and protein in the human 
submandibular gland. Cells, Tissues, Organs, 180, 237-244.

Shimada, M., Takahashi, K., Ohkawa, T., Segawa, M., & Higurashi, M. (1995). Determination 
of salivary cortisol by ELISA and its application to the assessment of the circadian rhythm in 
children. Hormone Research, 44, 213–217.

Smith, A. D., & Winkler, H. (1967). Purification and properties of an acidic protein from chromaffin 
granules of bovine adrenal medulla. Biochemical Journal, 103, 483-492.

Smith, W. J., & Kirshner, N. (1967). A specific soluble protein from the catecholamine storage 
vesicles of bovine adrenal medulla. Molecular Pharmacology, 3, 52-62.

Toda, M., Morimoto, K., Nagasawa, S., & Kitamura, K. (2006). Change in salivary physiological 
stress markers by spa bathing. Biomedical Research, 27, 11-14.

Tsubouchi, H., Shimoya, K., Hayashi, S., Toda, M., Morimoto, K., & Murata, Y. (2006). Effect 
of coffee intake on blood flow and maternal stress during the third trimester of pregnancy. 
International Journal of Gynecology & Obstetrics, 92, 19-22.

Van Cauter, E., Leproult, R., & Kupfer, D. J. (1996). Effects of gender and age on the levels and 
circadian rhythmicity of plasma cortisol. The Journal of Clinical Endocrinology and Metabolism, 
81, 2468-2473.

Winkler, H., & Fischer-Colbrie, R. (1992). The chromogranins A and B: The first 25 years and future 
perspectives. Neuroscience, 49, 497-528.

Wolf, O. T., Fujiwara, E., Luwinski, G., Kirschbaum, C., & Markowitsch, H. J. (2005). No morning 
cortisol response in patients with severe global amnesia. Psychoneuroendocrinology, 30, 101-
105.



HEALTH EFFECTS OF LEISURE TRAVEL294


