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ABSTRACT 

Objective: As it is important for medical staff to understand the stress state of patients with cancer, this study investi-
gated the stress state in patients with lung cancer undergoing chemotherapy using salivary biomarkers and question-
naires. Materials and Methods: The subjects included 19 men and 9 women, with a mean age of 66.1 ± 7.1 years who 
received chemotherapy for lung cancer. Salivary samples of the participants were collected before and the 7 day after 
chemotherapy. Simultaneously, they completed the POMS (profile of mood states) and QOL (quality of life) question-
naires. The salivary cortisol and secretory IgA as stress markers were measured by enzyme immunoassay. Results: The 
salivary secretory IgA level was significantly higher at the 7th day after chemotherapy than before chemotherapy (p < 
0.05), although the salivary cortisol level did not change. The tension-anxiety score, which is one of POMS subclasses, 
and total mood disturbance score were lower at day 7 of chemotherapy than before chemotherapy (p < 0.05), although 
no correlations were observed between POMS scores and salivary markers. However, a negative correlation was ob-
served between the salivary cortisol level and the QOL full score (r = 0.411, p < 0.05). Conclusions: Measurement of 
salivary stress markers is noninvasive and may be useful for assessing the stress state of the patients. 
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1. Introduction 

Lung cancer is the leading cause of cancer-related deaths 
in Japan since 1998 [1]. The incidence of this disease is 
increasing yearly due to smoking and the increase in eld- 
erly people. Patients who suffer from lung cancer are 
usually treated with surgery, chemotherapy and/or radio- 
therapy. Recently, chemotherapy has been shown to be 
very effective for patients with small cell lung cancer. 
Therefore, medical staff should administer chemotherapy 
safely and correctly to ensure optimum outcomes for 
these patients. Moreover, they should try to reduce the 
level of pain experienced by the patient, maintain the 
physical condition of the patient, minimize the toxic side 
effects of chemotherapy, and reduce physical and emo- 
tional stresses. 

In 1950, Selye described the General Adaptation Syn- 
drome for the response of the body to stress [2,3]. Laza- 
rus described stress as a process involving complex in- 

teractions between the environment and a living body [4]. 
Patients who have cancer undergo numerous physical 
and emotional stresses. The stresses suffered by cancer 
patients who are undergoing chemotherapy are related to 
the diagnosis of cancer, notification of malignancy, fear 
of relapse, symptoms of cancer, changes in life-style, and 
the toxic side effects of chemotherapy. Excessive stress 
may debilitate the immune system, resulting in complica- 
tions of cancer and exacerbating the cancer itself. 

This study investigated stress assessment in patients 
with lung cancer who are receiving chemotherapy by 
examining biomarkers in the saliva and using the Profile 
of Mood States (POMS) and Quality of Life (QOL) 
questionnaires. The correlation between two stress mark-
ers in the saliva and the QOL index were also examined. 
Generally, when the degree of their stress is known, the 
questionnaire is used like POMS. However, completion 
of questionnaires can be a large burden for aged cancer 
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patients undergoing treatment. Thus, an alternative method 
by collecting their saliva to measure stress levels may be 
less of a burden. The stress state of the patients was thus 
investigated by determining the correlation of both as- 
sessment scales. 

2. Materials and Methods 

2.1. Subjects 

This study included lung cancer patients who received 
chemotherapy at Hirosaki University Hospital, Japan. 
This study was approved by the Committee for Medical 
Ethics of Hirosaki University, and the patients gave in- 
formed consent. There were 28 patients (19 men and 9 
women) who participated in this study. The average age 
was 66.1  7.1 years. Saliva samples were collected from 
all patients. Six patients were unable to complete Func- 
tional Assessment of Cancer Therapy (FACT) question- 
naires because they were too tired at that time. The pa- 
tient’s characteristics are shown in Table 1. No patient 
had an operation for lung cancer or any complication, 
such as peptic ulcer or a cerebral accident during the 
study. From the beginning of chemotherapy to day 7 af- 
ter chemotherapy, side effects including malaise and fe- 
ver appeared in 50% of the patients. 

2.2. Examination of Salivary Biomarkers and 
Questionnaires 

The subjects were required to abstain from eating and 
drinking anything except water and from brushing their 
teeth 1 h before obtaining saliva samples. Samples were 
obtained twice from each patient between 14:00 h and 
18:00 h, to minimize any circadian rhythm effects. Emo-
tional status was assessed using the Japanese version of 
POMS, and QOL was assessed using the Functional As-
sessment of Cancer Therapy-Lung (FACT-L). The pa-
tients completed these questionnaires after collecting of 
the salivary samples before and at day 7 of chemotherapy 
(Figure 1). When it was difficult for the patients to reply 
to both questionnaires, they were requested to complete 
the POMS only. 

2.3. Assaying Biomarkers in the Saliva of 
Patients with Lung Cancer 

Salivary samples were obtained from the patients using 
Salivette (Sarstedt AG & Co., Nümbrecht, Germany) 
with a straw directly. Salivette easily collected saliva by 
allowing the subject to chew on a roll-shaped saliva col-
lector after initially swallowing the saliva present in the 
mouth. The samples were centrifuged for 5 min at 3000 rpm, 
and the supernatants were frozen at 80˚C until use. Sali-
vary samples were analyzed for the levels of the biomarkers  

Table 1. The subject characteristics (n = 28). 

Characteristics Number of subjects 

Gender  

Male 19 

Female 9 

Histology  

Adenocarcioma 16 

Squamous cell arcinoma 3 

Small cell carcinoma 9 

Disease stage (Adenocarcioma Squamous 
cell arcinoma) 

 

Stage ⅢA 4 

Stage ⅢB 4 

Stage Ⅳ 11 

Disease stage (small cell carcinoma)  

Limited Stage 3 

Extensve stage 6 

Therapy  

Chemotherapy 17 

Chemotherapy + Radiothrpy 11 

Aftereffect (for the 7 days of 
chenotherapy) 

 

No 14 

Malaise 7 

Anorexia 10 

Nausea 3 

Dyspnea 4 

 

Chemotherapy

②Day7

①Before 1：Collect saliva
2：Questionnaires

POMS,FACT-L

1：Collect saliva
2：Questionnaires

POMS,FACT-L  

Figure 1. The protocol of this research. The participants 
completed the questionnaires of POMS and FACT-L after 
the collection of salivary samples, which were performed 
twice, before and the 7th day of chemotherapy.  
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cortisol and secretory IgA (s-IgA). Salivary cortisol was 
estimated using a salivary cortisol enzyme immunoassay 
kit (Salimetrics, State College, PA, USA) and salivary 
s-IgA was estimated using a salivary s-IgA indirect en-
zyme immunoassay kit (Salimetrics) according to the 
manufacturer’s instructions. These are competitive im-
munoassay kits specifically designed for the quantita- 
tive measurement of salivary cortisol and s-IgA. 

2.4. Subjective Evaluation Index of Stress 

The POMS questionnaire, which was developed and 
validated by McNair et al. in the United States [5], is a 
self-administered instrument that consists of 65 items 
designed to identify and assess transient mood states. It 
measures six mood or affective states: tension-anxiety, 
depression-dejection, anger-hostility, vigor, fatigue and 
confusion. It can also calculate the total mood distur-
bance (TMB) score which expresses negative mood. 
Yokoyama translated the POMS questionnaire into 
Japanese and validated it [6]. The shortened version of 
the POMS questionnaire consists of 30 items and can be 
completed in only 10 minutes. The changes in feelings 
before and after an intervention can be measured. The 
shortened version generates the same results as the 
original POMS questionnaire. A standardization score is 
computed from the measurements and is compared with 
the average according to age. 

2.5. QOL of Patients with Lung Cancer 

QOL is significantly affected by the occurrence of side 
effects, such as nausea/vomiting, loss of appetite, and 
diarrhea [7]. However, the relationship between the de-
gree of stress and QOL has yet to be precisely defined. 

The Functional Assessment of Cancer Therapy-Gen- 
eral (FACT-G) scale was developed and validated by 
Cella et al. [8]. In Japan, Fumimoto et al. demonstrated 
the clinical validity of the cross-cultural validation of the 
Japanese FACT-G scale [9]. FACT-G questionnaires 
consist of four domains: 1) physical well-being; 2) so- 
cial/family well-being; 3) emotional well-being; and 4) 
functional well-being. For patients with lung cancer, the 
FACT-L questionnaire is used in combination with the 
Lung Cancer Subscale. The FACT-L (version 3) ques- 
tionnaire is a 44-item self-reporting instrument that mea- 
sures a multidimensional QOL [10,11]. 

2.6. Statistical Analysis 

All data are expressed as the mean ± standard deviation 
and analyzed using SPSS 11.5 software. Results were 
compared using Wilcoxon signed rank test, Mann-Whit- 
ney and Spearman’s rank correlation coefficient. P < 0.05 
was considered to be statistically significant. 

3. Results 

3.1. Transition of Salivary Biomarkers 

For the 28 patients, the mean cortisol level before and 
after chemotherapy was 0.26 ± 0.41 and 0.37 ± 0.47 
μg/dl, respectively. The mean s-IgA level before and 
after chemotherapy was 190.6 ± 164.3 and 288.6 ± 292.0 
μg/ml, respectively. The salivary s-IgA level was sig-
nificantly higher at day 7 of chemotherapy than before 
chemotherapy (p < 0.05). There was no significant dif-
ference between the salivary cortisol level before and 
after chemotherapy (Figure 2). We did not observe any 
relation with pathological type of lung cancer, disease 
stage and gender in the levels of salivary markers. 

3.2. POMS and QOL Scores for Patients 

The POMS scores for the patients are presented in Table 
2. The POMS subscales of tension-anxiety and TMD 
scores were lower at day 7 of chemotherapy than before 
chemotherapy (p < 0.05). No significant differences were 
found between before chemotherapy and at day 7 of 
chemotherapy in the FACT-L questionnaire scores. We 
did not observe any relation with pathological type of 
lung cancer, disease stage and gender in the POMS and 
QOL scores. 
 

3.3. Relationship between Salivary Biomarkers 
and QOL Scores 

The A negative correlation was observed between the 
salivary cortisol levels and the QOL full score (r = 0.403, 
p < 0.05), which means that the higher the salivary corti-
sol levels, the lower the QOL full score (Figure 3). No  

 

 

Figure 2. Transition of salivary biomarkers (n = 28). The 
salivary s-IgA level was significantly higher at day 7 of 
chemotherapy than before chemotherapy (p < 0.05). There 
was no significant difference between the salivary cortisol 
level before and after chemotherapy. 

Copyright © 2011 SciRes.                                                                                 IJCM 



Salivary Biomarkers May Be Useful to Assess Stress State in Patients 
with Lung Cancer Undergoing Chemotherapy 

Copyright © 2011 SciRes.                                                                                 IJCM 

579

 
Table 2. The progress of Questionnaires’ scores and stress marker level in saliva (n = 28). The POMS subscales of tension-anxiety 
and TMD score were significantly lower at the 7th day of chemotherapy than before chemotherapy (p < 0.05). No significant dif-
ferences were found between before chemotherapy and at day 7 of chemotherapy in the FACT-L questionnaire scores. 

 
Before 

chemotherapy 
The 7th day of 
chemotherapy 

P value 

Tension-Anxiety 49.4 ± 11.3 46.5 ± 9.4 p > 0.05 

Depression-dejection 50.6 ± 12.1 50.0 ± 11.1 n.s. 

Anger-hostility 44.6 ± 6.7 43.3 ± 6.0 n.s. 

Vigor 44.6 ± 10.0 48.7 ± 10.2 n.s. 

Fatigue 43.7 ± 6.1 45.4 ± 9.4 n.s. 

Confusion 50.8 ± 13.1 49.0 ± 11.3 n.s. 

POMS 
Subscale 

TMD 194.5 ± 43.8 179.0 ± 42.5 p < 0.05 

Physical Well-being (PWB) 21.6 ± 3.3 21.6 ± 5.5 n.s. 

Social/family Well-being (SWB) 18.4 ± 4.8 15.8 ± 5.1 n.s. 

Emotional Well-being (EWB) 16.8 ± 6.8 17.2 ± 5.4 n.s. 

Functional Well-being (FWB) 16.2 ± 6.1 14.9 ± 7.8 n.s. 

Lung Cancer Subscale (LCS) 22.9 ± 3.3 20.5 ± 6.0 n.s. 

FACT-L 
Subscale 

FACT-L 96.0 ± 12.8 90.0 ± 19.9 n.s. 

 n.s.:non-significant  Wilcoxon signed rank test 

 
4. Discussion 

 

Patients with cancer who are receiving chemotherapy are 
usually exposed to various kinds of stresses. Excessive 
stress may worsen the physical and mental conditions of 
these patients and exacerbate the cancer itself. In this 
study, we investigated stress assessment in patients with 
lung cancer who were receiving chemotherapy, by as- 
saying biomarkers in the saliva and administering the 
POMS and QOL questionnaires to determine correlations 
between the levels of two stress markers in the saliva and 
the POMS or QOL index. 

Numerous physiologic measures have been evaluated 
for their roles in the stress response, e.g., pulse rate, 
blood pressure, sweating, and the cortisol, epinephrine, 
and norepinephrine levels [12]. One of the most common 
objective measures of stress involves the assaying of 
neuroendocrine markers. The cortisol level in the blood 
is known to increase under mental stress or pain [13], 

Figure 3. Correlation of the salivary cortisol levels and 
FACT-L score (n = 25). A negative correlation was ob-
served between the salivary cortisol levels and the FACT-L 
full score (r = -0.403, P < 0.05).  
 
significant relationship was noted between the salivary 
s-IgA levels and the any QOL scores. 
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while the salivary cortisol level increases with psycho- 
logical stress [13-15] and correlates with the level of se- 
rum cortisol [15]. Saliva can be easily collected by al- 
lowing patients to chew on a roll-shaped saliva collector 
after initially swallowing the saliva present in the mouth. 
Since salivary measurements are non-invasive, salivary 
biomarkers may be useful clinical indicators of mental 
stress. 

S-IgA is immunoglobulin A contained in secretions 
like saliva. About 95% of s-IgA is produced by immune 
cells in salivary glands rather than lead from serum 
[16,17]. S-IgA is also thought to be a remarkable stress 
marker. It is reported that the immediate stress increases 
s-lgA secretion rapidly, and the delayed stress decreases 
s-lgA secretion several days after stress [18]. Graham et 
al. reported that more frequent episodes of anxiety sig-
nificantly lowers s-IgA [19]. S-IgA levels have been 
shown to fall by physical stress such as exercise training 
[20]. 

In this study, the levels of cortisol and s-IgA in the sa- 
liva of cancer patients were measured before and during 
chemotherapy. As a result, the salivary level of s-IgA 
was significantly higher at day 7 of chemotherapy than 
before chemotherapy. Although we found no significant 
changes in salivary cortisol levels before or after chemo- 
therapy, Kajdaniuk et al. reported increased cortisol lev-
els, which might be the result of stress, in blood samples 
of women with breast cancer before the first cycle of 
supplementary chemotherapy [21]. 

We also found that the POMS subscales of tension- 
anxiety and the TMD score were lower at day 7 of che- 
motherapy than before chemotherapy. A high score of 
tension-anxiety implies that the patients have become 
more tense. The TMD score is the score which takes off 
the vigor score from the total scores of five subscales. A 
high TMD indicates that the patients have a high nega- 
tive mood. Since the patients in this study underwent 
chemotherapy for the first time, we expected a worse 
negative mood mainly concerned with tension due to 
medical treatment and this tension might be relieved at 
day 7 of chemotherapy (at the end of the first treatment) 
with the support of medical staff. Therefore, an increase 
in salivary s-IgA may be expected after chemotherapy. 

A negative correlation was observed between the sali- 
vary cortisol levels and QOL full scores, suggesting the 
higher the level of salivary cortisol, the lower the full 
score for QOL. In a review about QOL in patients with 
lung cancer from 1970 to 1995, palliation of symptoms, 
psychosocial interventions, and understanding of pa-
tients’ feelings and concerns were reported to all contrib-
ute to improving QOL of lung cancer patients [22]. The 
salivary level of cortisol may reveal significant associa-

tions with several psychological characteristics and serve 
as a negative profile marker in patients with cancer. 
Stress factors include age, sleeping quality, and gender. 
Although cortisol levels have been associated with sig-
nificantly poorer sleep quality [23], all of the patients in 
this study reported high-quality sleep. Therefore, we 
thought the QOL score did not change after chemother-
apy in this study. 

The mean salivary cortisol levels have been reported 
to correlate negatively with the subscales of appraisal, 
belonging, and tangible social support in the Interper-
sonal Support Evaluation List [24]. Therefore, mental 
health support is essential to maintain good QOL during 
the total chemotherapy period. It is very important for 
medical staff to understand the stress state of patients 
with cancer and to support these patients using nursing 
practices such as aromatherapy, foot care, and music 
therapy. In that case, measurement of salivary biomarkers 
may be a useful method for objectively evaluating the 
effect of nursing practices 

In this study, the POMS score decreased as salivary 
s-IgA increased after chemotherapy in patients with lung 
cancer undergoing chemotherapy. A negative relation 
was observed between the QOL score and the salivary 
cortisol level. Thus, measurement of salivary stress mar- 
kers is noninvasive and may be useful for assessing the 
stress state of patients. 
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