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Background: Dehydroepiandrosterone (DHEA) and DHEA sulfate (DHEAS) concentra-
tions were reported to decrease in patients with advanced cancer. However, the clinical 
significance of DHEA and DHEAS concentrations in patients with NSCLC receiving 
chemotherapy (CT) has not been sufficiently documented.
Objective: To evaluate the correlation between mental health and hormone concentrations 
on patients with advanced non-small-cell lung cancer (NSCLC).
Materials and Methods: The present study was a cross-sectional analysis based on a self- 
reported psychological investigation. Salivary samples were collected from 22 patients with 
advanced NSCLC after CT and 17 healthy controls. The concentrations of DHEA, DHEAS, 
and cortisol were analyzed to investigate their associations with the results of self-reported 
questionnaires on psychological health.
Results: Patients with advanced NSCLC exhibited significantly higher Patient Health 
Questionnaire (PHQ-9) and Startle, Physiological arousal, Anger, and Numbness-Chinese 
version (SPAN-C) scores, poorer health conditions, lower sleep quality, and more severe 
fatigue after CT than did healthy controls, and salivary concentrations of DHEA and DHEAS 
were significantly lower among patients after CT than among controls. DHEAS concentra-
tions were negatively associated with depression scores (PHQ-9, r = −0.496, P = 0.019) and 
fatigue scores (Brief Fatigue Inventory-Taiwan, r = −0.562, P = 0.006).
Conclusion: Patients with advanced NSCLC after CT had lower DHEA and DHEAS 
concentrations than did controls. Lower DHEAS concentrations were associated with higher 
fatigue and depression scores.
Keywords: cancer-related fatigue, chemotherapy, DHEA, DHEAS, lung cancer

Background
Cancer is among the leading causes of death worldwide. Lung cancer is the most 
commonly diagnosed cancer and the leading cause of cancer-related deaths 
worldwide.1 However, the overall survival rate among patients with non-small-cell 
lung cancer (NSCLC) has improved in the past two decades.2 With the prolonged 
survival time of lung cancer patients, psychosocial health is the same important in lung 
cancer patients. Compared with other cancers, lung cancer remains insufficiently 
studied from the viewpoint of psychosocial health.3 Despite the advantages of targeted 
therapy and immunotherapy, platinum-based chemotherapy (CT) remains the gold 
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standard for most patients with lung cancer.4 Over the course 
of CT, most patients with lung cancer experience pain, 
depression, and fatigue.5 Previous studies have reported 
that patients with lung cancer exhibited the highest intensity 
of stress among patients with 14 types of cancer,6 and these 
patients also exhibited the highest prevalence of major 
depression disorder among patients with 10 types of 
cancer.7 On average, depression affects 23–40% of patients 
with lung cancer, and approximately 43% of patients with 
lung cancer experienced moderate to severe fatigue.8,9

Current theories regarding mechanisms underlying 
cancer-related fatigue (CRF) and depression were both 
associated with hypothalamic–pituitary–adrenal (HPA) 
axis dysfunction.10,11 Dehydroepiandrosterone (DHEA) 
and DHEA sulfate (DHEAS) are androgen precursors 
synthesized and secreted primarily by the adrenal cortex. 
Compared with DHEA, DHEAS has a longer half-life and 
fewer circadian variations.12 Low serum concentrations of 
DHEA and DHEAS are associated with metabolic and 
cardiovascular diseases, decline in muscle mass, poor 
physical performance, mood changes, and memory 
deficits.13 Patients with lung cancer were reported to 
have lower concentrations of serum DHEAS,14 and 
patients with advanced cancer were reported to exhibit 
low endogenous DHEAS production.15 DHEA and 
DHEAS concentrations were both substantially lower dur-
ing targeted therapy with gefitinib than pretreatment values 
in patients with lung cancer.16 However, the effects of 
DHEA or DHEAS concentrations on patients with lung 
cancer receiving CT have not been satisfactorily estab-
lished thus far. We do not yet know the exact physiologic 
or psychological effect of stress-related hormone in cancer 
patients. Limited research has been conducted on the neu-
roendocrine system in cancer patients with cancer-related 
fatigue and depression. In the present study, the associa-
tion between hormones and psychological health in 
patients with lung cancer receiving CT was evaluated.

Materials and Methods
Participants
The present study is a prospective, cross-sectional analysis 
based on a self-reported psychological investigation. We 
included patients at least 20 years with pathologically 
proven primary NSCLC who received CT at Chiayi 
Chang Gang Memorial Hospital between November 2017 
and June 2019. Patients were included if they had stage 
IIIb or IV NSCLC. Platinum-based chemotherapy regimen 

used in our patients could be cisplatin or carboplatin plus 
a third-generation agent (ie, gemcitabine, vinorelbine, 
a taxane, or pemetrexed) according to National 
Comprehensive Cancer Network (NCCN) guideline of 
NSCLC.17 The post-CT period was defined as 3–6 months 
after platinum-based CT treatment. Demographically 
matched healthy participants with no recent infections or 
cancer history at the time of the evaluation were recruited 
through an advertisement at the hospital. In total, 66 
patients met the eligibility requirements, but 44 refused 
to participate. Finally, we enrolled 22 NSCLC patients in 
the post-CT group and 17 healthy participants in the con-
trol group.

Clinical staging was determined according to the 
Cancer Staging Manual of the American Joint Committee 
on Cancer, 7th edition,18 and the staging was confirmed by 
multidisciplinary committees. Patients were excluded if 
they had an Eastern Cooperative Oncology Group 
(ECOG) performance status19 of >2, were unable to com-
plete questionnaires, did not provide informed consent, 
had brain metastases, or received brain radiotherapy or 
surgical interventions.

The Institutional Review Board of Chang Gung 
Memorial Hospital approved the protocol 
(201700297B0C604) followed in the present study and 
conformed to the Helsinki Declaration. Each participant 
was assigned an ID code for confidentiality and anonym-
ity. All data were collected and classified using these ID 
codes. Anonymized data were recorded, and analyses were 
conducted using SPSS (SPSS Inc., Chicago, Ill., USA). 
Confidentiality of participants was respected and preserved 
throughout the trial. All investigations were performed 
after written informed consent was provided by 
participants.

Questionnaires
We used previously validated questionnaires such as 
depression (Patient Health Questionnaire [PHQ-9]),20 

family support (Family APGAR index),21 post-traumatic 
stress disorder in terms of Startle, Physiological arousal, 
Anger, and Numbness-Chinese version (SPAN-C),22,23 

general health status (EQ-5D visual analog scale [EQ-5D 
VAS]),24 fatigue (Brief Fatigue Inventory-Taiwan),25 sleep 
quality (Pittsburgh Sleep Quality Index, [PSQI]),26 and 
anxiety (Hospital Anxiety and Depression Scale, 
[HADS]), for investigating the health status of 
participants.27 Lung cancer patients receiving chemother-
apy regular follow up at our pulmonary and oncology 
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outpatient clinics were invited consecutively to take part in 
this study. Once our research assistants received referral 
from in-charge doctors or case manager, they went to the 
above settings to contact patients. After explaining the 
study procedure and aims, those who agreed to sign an 
informed consent form were enrolled in the study. 
Research assistants under the supervision of 
a psychiatrist and clinical psychologists administered 
these questionnaires.

Salivary Stress Hormone Assay
Before saliva collection, we first checked the oral health of 
participants. To avoid the interference of blood stress 
hormone, participants who exhibited oral conditions with 
bleeding, such as periodontal disease or wounds in the 
mouth, were excluded. Participants were asked to rinse 
their mouths thoroughly with cold water. After 10 min, 
2 mL of saliva was collected in a polypropylene tube 
during the daytime. Colorless saliva samples were trans-
ported to the laboratory in ice bags. The saliva samples 
were centrifuged at 2000 ×g for 10 min at 4°C. Aliquots of 
the supernatant were stored at −80°C. The salivary DHEA, 
DHEAS, and cortisol concentrations were evaluated using 
the enzyme-linked immunosorbent assay, following the 
manufacturer’s instruction manual (IBL International, 
Germany, RE62051, RE52661, and RE52611). Both 
a standard curve and interpolation were applied to convert 
the absorbance value into the hormone concentration.

Statistical Analysis
Differences between groups were analyzed using 
Pearson’s chi-square test, and analysis of variance was 
used to examine categorical variables. The independent 
sample Kruskal–Wallis test was used for all continuous 
variables because of the small sample size and unequal 
distribution among groups. We used Spearman’s rank cor-
relation to evaluate the correlation between neuroendo-
crine hormone concentrations and psychological health 
data. The threshold for statistical significance was set at 
5%. All analyses were performed using PASW Statistics 
18 (SPSS Inc., USA).

Results
The two groups did not differ statistically in age, sex, 
educational level, or demographic status (Table 1). The 
percentages of visits to psychiatrists and psychiatric med-
ication prescriptions tended to be higher in the post-CT 

group than in the control group; however, the trends were 
not significantly different (Table 1).

The post-CT group exhibited significantly higher PHQ- 
9 scores and lower EQ-5D VAS scores than did the control 
group (6.45 ± 6.05 vs 1.00 ± 1.80, P < 0.001; 59.55 ± 
19.45 vs 75.29 ± 14.19, P = 0.008, respectively, Table 2). 
The post-CT group also exhibited lower sleep quality, 
which was measured using PSQI scores, than did the 
control group (8.31 ± 5.88 vs 4.43 ± 2.53, P = 0.002, 
Table 2). The salivary concentrations of DHEA and 
DHEAS were significantly lower in the post-CT group 
than in the control group (75.00 ± 63.31 vs 167.56 ± 
127.16, P = 0.012; 2.12 ± 1.32 vs 3.29 ± 1.96, P = 
0.032, respectively, Table 2).

To evaluate the correlation between salivary stress 
hormones and psychological health data, we used 
Spearman’s rank correlation. However, the salivary con-
centrations of DHEA, DHEAS, and cortisol were neither 
associated with family support nor with SPAN-C, EQ-5D 
VAS, PSQI, and HADS scores. We observed that fatigue 

Table 1 Sociodemographic and Clinical Data of Patients with 
Lung Cancer

Variables Post- 
Chemotherapy 
(N = 22)

Healthy 
Control 
(N = 17)

P

N (%) N (%)

Age, mean ± SD 62.09 ± 5.79 62.35 ± 8.99 0.913

Education (years), mean 

± SD

9.82 ± 4.24 10.65 ± 4.54 0.561

Sex 0.361
Female 16 (72.7%) 10 (58.8%)
Male 6 (27.3%) 7 (41.2%)

Marriage 0.373
Unmarried 1 (4.5%) 0

Married 21 (95.5%) 17 (100%)

Living Status 0.202
Live alone 2 (9.1%) 0
Live with others 20 (90.9%) 17 (100%)

Smoking 0.091
Current 1 (4.5%) 0

Former 13 (59.1) 5 (29.4%)
Never 8 (36.4%) 12 (70.4%)

Psychiatrist visit 5(22.7%) 1 (5.9%) 0.361

Psychiatric medication 6(27.3%) 1 (5.9%) 0.222

Abbreviation: SD, standard deviation.
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and depression scores were significantly negatively corre-
lated with the salivary concentrations of DHEAS (r = 
−0.496, P = 0.019; r = −0.562, P = 0.006, respectively, 
Table 3). The post-CT group exhibited lower salivary 
concentrations of DHEAS and higher fatigue and depres-
sion scores than did the control group (Table 3, Figure 1).

Discussion
The present study showed that the salivary concentrations 
of DHEA and DHEAS decreased in patients with NSCLC 
after CT. A low salivary DHEAS concentration was asso-
ciated with more fatigue and depression among patients 
with NSCLC after CT.

In healthy individuals, DHEAS concentrations peak 
during youth and subsequently decrease with age. 
Patients with metastatic cancers have lower concentrations 
of serum DHEAS than patients without metastatic cancers 
or healthy individuals;14 furthermore, patients with 
advanced stages of cancer exhibit a greater decline in 
endogenous DHEAS production than did those with the 
early stages of cancer.15 The median age of lung cancer 
diagnosis is 70 years in men and women, and 37% of 
patients with lung cancer are older than 75 years. 

Furthermore, most patients with lung cancer are at an 
advanced stage of the disease (stage III/IV) at diagnosis. 
Thus, patients with lung cancer are expected to have lower 
DHEA and DHEAS concentrations because of old age and 
advanced disease status. In a previous study, DHEA and 
DHEAS concentrations were significantly lower during 
targeted therapy with gefitinib than pretreatment values 
in patients with lung cancer.16 However, few reports on 
patients with lung cancer receiving CT are currently avail-
able. In the present study, post-CT patients had signifi-
cantly lower DHEA and DHEAS concentrations than did 
healthy controls.

DHEA and DHEAS are androgen precursors synthesized 
and secreted primarily by the adrenal cortex and are involved 
in the HPA axis. Because DHEAS has a longer half-life and 
fewer circadian variations than DHEA,28 its concentration can 
be used to evaluate the integrity of the HPA axis.13,29 Low 
concentrations of DHEA and DHEAS are associated with 
metabolic and cardiovascular diseases, decline in muscle 
mass, poor physical performance, mood changes, and memory 
deficits.13 In a recent study, Strasser et al enrolled 48 patients 
with advanced cancer who did not receive major anticancer 
intervention. Low concentrations of free testosterone 

Table 2 Psychological Health and Salivary Hormone Data of 
Patients with Lung Cancer

Post- 

Chemotherapy 

(N = 22)

Healthy 

Control 

(N =17)

P

Psychological health 

questionnaires

Depression, PHQ-9 6.45 ± 6.05 1.00 ± 1.80 < 0.001*

Anxiety, HADS 2.27 ± 2.88 1.94 ± 2.63 0.714

Family support, APGAR 

index

8.36 ± 2.34 7.53 ± 2.40 0.282

PTSD, SPAN-C 2.05 ± 4.96 0.29 ± 0.69 0.116

Health condition, EQ-5D 

VAS

59.55 ± 19.45 75.29 ± 14.19 0.008*

Sleep, PSQI Global score 8.31 ± 5.88 4.43 ± 2.53 0.002*

Fatigue, BFI-T 3.76 ± 4.80 1.69 ± 3.67 0.149

Salivary stress 

hormones

DHEA (pg/mL) 75.00 ± 63.31 167.56 ± 127.16 0.012*

DHEAS (ng/mL) 2.12 ± 1.32 3.29 ± 1.96 0.032*

Cortisol (ug/dl) 0.14 ± 0.10 0.18 ± 0.09 0.637

Note: *P < 0.05. 
Abbreviations: PHQ-9, Patient Health Questionnaire; HADS, Hospital Anxiety 
and Depression Scale; PTSD, post-traumatic stress disorder; SPAN-C, Startle, 
Physiological arousal, Anger, and Numbness-Chinese version; EQ-5D VAS, EQ-5D 
visual analog scale; PSQI, Pittsburgh Sleep Quality Index; BFI-T, Brief Fatigue 
Inventory, Taiwan version; DHEA, dehydroepiandrosterone; DHEAS, dehydroepian-
drosterone sulfate.

Table 3 Correlation Between Hormone Concentrations and 
Mental Health Among Patients with Lung Cancer After 
Chemotherapy

DHEA DHEAS Cortisol

Depression, PHQ-9 r −0.204 −0.496* −0.125
P 0.363 0.019* 0.609

Anxiety, HADS r 0.028 −0.043 −0.030
P 0.902 0.848 0.903

Family support, APGAR 

index

r 0.101 −0.012 0.246
P 0.654 0.958 0.310

PTSD, SPAN-C R −0.107 −0.202 −0.037
P 0.637 0.367 0.882

Health condition, EQ-5D 

VAS

r 0.070 0.193 0.154
P 0.757 0.390 0.530

Sleep, PSQI global score r −0.350 −0.350 −0.377
P 0.184 0.184 0.204

Fatigue, BFI-T r −0.298 −0.562* 0.207

P 0.178 0.006* 0.394

Note: *P < 0.05. 
Abbreviations: PHQ-9, Patient Health Questionnaire-9; HADS, Hospital Anxiety 
and Depression Scale; PTSD, post-traumatic stress disorder; SPAN-C, Startle, 
Physiological arousal, Anger, and Numbness-Chinese version; EQ-5D VAS, EQ-5D 
visual analog scale; PSQI, Pittsburgh Sleep Quality Index; BFI-T, Brief Fatigue 
Inventory, Taiwan version.
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(hypogonadism) were correlated with more fatigue, anxiety, 
depression, and low emotional well-being scores. The study 
demonstrated that hypogonadism contributed to fatigue and 
negative mood symptoms.30 In the present study, patients in 
the post-CT group with lower salivary DHEAS concentrations 
exhibited more depression and fatigue. Our findings were 
essentially comparable with those of previous studies.

Depression is highly associated with the diagnosis of 
cancer, but currently, the biology of depression in cancer 
patients was still controversial. Three of the prominent 
theories including inflammatory mediators, overactive 
HPA axis and excess concentrations of the neurotransmit-
ter glutamate.11 In a case-control and meta-analysis study, 
decreased serum DHEAS levels are associated with the 
development of depression and it decreased with the rising 
of age.31 In a randomized control trial, using 6 weeks of 
DHEA demonstrated efficacy for midlife-onset major and 
minor depression.32 In addition, untreated Addison’s 
patients had subnormal DHEAS levels, and DHEA repla-
cement was reported to improve mood and fatigue scores 
among patients with Addison’s disease in a double-blind 
randomized trial.33 DHEA may be one of the effective 
alternative drugs used in the treatment of depression.34

Cancer-related fatigue (CRF) is the subjective sense of 
tiredness or exhaustion related to cancer or cancer 
treatment.35 Fatigue commonly occurs with symptoms 
such as pain, depression, and sleep disturbance and results 
in the impairment of physical activity, functional status, 
and quality of life (QoL). Increased fatigue is also asso-
ciated with low survival rates among patients with lung 

cancer.36 Current theories regarding mechanisms underly-
ing CRF include hypothalamic–pituitary–adrenal (HPA) 
axis dysfunction, neurotransmitter or cytokine dysregula-
tion, alterations in muscle and adenosine triphosphate 
metabolism, and circadian rhythm alternations. The neu-
roendocrine system, which includes the autonomic ner-
vous system and HPA axis, plays a major role in 
managing immune or inflammatory processes and is asso-
ciated with chronic fatigue syndrome in addition to CRF.10

Gender would be an important factor to influence 
DHEA and DHEAS but the results of previous studies 
were inconclusive. One study enrolled 338 African 
American and Caucasian women, and reported lower 
DHEAS levels were negatively associated with depressive 
symptoms in the women in the older half of this cohort but 
the positive relationship in younger women.37 Another 
study reported DHEAS levels were significantly and inver-
sely associated with depressed mood in older women.38 

Among patients with major depression disorder received 
medical therapy; serum levels of DHEAS in male patients 
were significantly decreased compared with male controls, 
whereas no significant differences were seen in female 
patients and controls.39 70–75% of female lung cancer 
patients in Taiwan had druggable EGFR/ALK/ROS1 
mutant and received targeted therapy as first-line therapy. 
In our present study, patients under targeted therapy were 
not enrolled. Thus, there were 16 male but only 6 female. 
The concentrations of hormones had no statistically sig-
nificant difference in both genders in our present study, but 
this might be because of small numbers of participants.

Figure 1 The scatter plots and regression line of salivary DHEAS concentration versus PHQ-9 scores and fatigue severity of post-CT lung cancer patients.
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The present study has several limitations. First, this study 
was limited by its cross-sectional design and relatively small 
sample size. We did not have access to longitudinal data in 
this pilot study. Second, apart from CT, numerous other 
factors may cause physiological and psychological stress 
and result in changes in the salivary concentrations of stress 
hormone. We cannot conclude that CT causes low DHEA 
and DHEAS concentrations based on this cross-sectional 
analysis. Third, patients with extreme fatigue frequently 
experience severe discomfort simultaneously. Patients 
usually do not agree to sign informed consent forms and 
encounter difficulties in completing questionnaires. The 
lack of data from patients experiencing severe fatigue may 
have caused the underestimation of the relationship between 
hormone concentrations and fatigue.

Conclusions
The salivary concentrations of DHEA and DHEAS were 
lower in patients with NSCLC after CT than in healthy 
controls. Lower salivary DHEAS concentrations were 
associated with higher fatigue and depression scores 
among patients with lung cancer after CT.

Abbreviations
CRF, cancer-related fatigue; CT, chemotherapy; QoL, quality 
of life; HPA axis, hypothalamic–pituitary–adrenal axis; 
DHEA, dehydroepiandrosterone; DHEAS, DHEA sulfate; 
NSCLC, non-small-cell lung cancer; ECOG, Eastern 
Cooperative Oncology Group; IRB, institutional review board.
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