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Abstract
Purpose This study explores the role of psychological health, biological markers, and quality of life (QoL) in 
influencing thriving - defined as resilience and enhanced well-being - among adolescent and young adult (AYA) 
cancer patients.

Methods A total of 148 AYA cancer patients were assessed for psychological health indicators (anxiety, depression, 
character strengths), physiological markers (cortisol awakening response [CAR], melatonin), and QoL. Thriving levels 
were evaluated using ordinary least squares regression and quantile regression to identify predictors across different 
thriving percentiles.

Results Psychological health was the strongest predictor of thriving. Depression negatively impacted thriving at 
lower levels, while inquisitiveness consistently enhanced it. CAR and melatonin played roles at higher and median 
thriving levels, respectively, and QoL was most influential at lower levels. These factors collectively explained 23.0% of 
the variance in thriving scores.

Conclusions This study highlights depression, inquisitiveness, CAR, and QoL as key factors influencing thriving 
in AYA cancer patients. Depression affects thriving at lower levels, inquisitiveness enhances thriving consistently, 
CAR is significant at higher levels, and QoL is crucial at lower levels. These findings underscore the need for tailored 
interventions to support thriving across varying levels of adaptation.
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Introduction
Adolescents and young adults (AYAs) diagnosed with 
cancer, typically between the ages of 15 and 39, face 
multifaceted challenges that distinguish their experi-
ences from those of pediatric or older oncology patients. 
Beyond the physical and emotional toll of cancer treat-
ment, AYAs must navigate critical developmental mile-
stones related to personal, social, and psychological 
growth [1]. In this context, thriving is conceptualized as a 
multidimensional state of well-being that transcends sur-
vival or resilience, integrating psychological growth, resil-
ience, and an enhanced quality of life. Thriving reflects 
an individual’s capacity to effectively adapt to adversity, 
transforming challenges into opportunities for personal 
and developmental growth [2, 3]. While longstanding 
theoretical models such as O’Leary and Ickovics’stress-
response theory and Carver’s coping model provide a 
foundation for understanding thriving as a process of 
adaptive transformation, the tree metaphor offers a more 
integrative and dynamic framework that captures the 
complexity of thriving [21, 22]. The tree metaphor con-
ceptualizes thriving as a system composed of three inter-
connected components: roots and soil (means), trunk 
and branches (process), and leaves and flowers (out-
comes). The roots represent the foundational resources 
and environmental stability that provide the support nec-
essary for growth, such as social, economic, and physical 
environments. The trunk and branches symbolize the 
biological and psychological processes that sustain devel-
opment, including emotional regulation, stress response, 
and resilience mechanisms. Finally, the leaves and flow-
ers reflect the flourishing outcomes of thriving, such as 
enhanced psychological well-being, improved quality of 
life, and overall life satisfaction [4]. This metaphor high-
lights thriving as a dynamic and personalized journey, 
shaped by the interplay of individual, environmental, and 
systemic factors (Fig.  1), underscoring not merely as a 
static endpoint but as an evolving process influenced by 
adaptive capacities and external conditions.

Psychological health is defined as a multidimensional 
construct that reflects emotional and cognitive well-
being. In this study, it is operationalized through three 
key dimensions: anxiety, depression, and character 
strengths. These dimensions capture the core aspects of 
mental health that influence thriving outcomes. Previous 
studies consistently link thriving with reduced anxiety, 
fewer depressive symptoms, and strengthened character 
strengths [5–7]. For example, a 15-year follow-up of the 
Oregon Adolescent Depression Project demonstrated 
that adolescents identified as thriving had significantly 
lower incidences of anxiety disorders compared to their 
peers [8]. However, while these associations are well-
documented in general youth populations, their specific 
relevance to AYAs with cancer remains underexplored. 

Cancer introduces unique stressors that amplify the 
need for targeted mental health support [9, 10]. In addi-
tion, character strengths, such as caring, inquisitiveness, 
and self-control, have been shown to promote resilience 
and thriving but may also exhibit a “dual nature,” pre-
senting challenges in adverse conditions. For example, 
the Norwegian COMPLETE study revealed that caring 
was unexpectedly associated with increased anxiety and 
depressive symptoms in certain contexts [11, 12]. For 
AYA cancer patients, engaging in behaviors aligned with 
personal values - rooted in strengths such as inquisitive-
ness and self-control - may foster resilience and enhance 
thriving [13, 14]. This study hypothesizes that elevated 
anxiety and depression negatively influence thriving, 
while specific character strengths positively contribute to 
thriving.

In the context of thriving, biological markers are mea-
surable physiological indicators that reflect the body’s 
stress responses and capacity for adaptation. This study 
focuses on two key markers: the cortisol awakening 
response (CAR) and melatonin levels. CAR measures 
the body’s immediate stress response upon waking and 
reflects hypothalamic-pituitary-adrenal (HPA) axis activ-
ity. It has been widely validated as a robust, non-invasive 
marker of physiological adaptation to stress. Elevated 
morning salivary cortisol levels, a hallmark of dysregu-
lated CAR, have been associated with mental health 
declines under stressful conditions [15]. Melatonin, a 
hormone secreted by the pineal gland, regulates sleep 
and emotional stability, supporting physical recovery 
and resilience [16, 17]. Its relevance lies in its direct con-
nection to circadian rhythm stability, which is frequently 
disrupted in cancer patients due to treatment-related 
stressors. While other stress markers, such as heart rate 
variability or other endocrine indicators, could provide 
insights into physiological stress responses, CAR and 
melatonin were prioritized due to their complementary 
roles in capturing different aspects of stress regulation. 
Disruptions in these physiological systems can compro-
mise the body’s ability to maintain emotional resilience 
and overall well-being, emphasizing their potential role 
in thriving. This study hypothesizes that higher CAR 
and lower melatonin levels are negatively associated with 
thriving.

Quality of life (QoL) is defined as an integrative mea-
sure of overall well-being, encompassing physical, emo-
tional, and social dimensions. For AYAs, QoL often 
suffers due to the long-term impacts of cancer treatment 
on life transitions, physical health, and emotional stabil-
ity [18–20]. Thriving, in this context, requires not only 
physical recovery but also the ability to adapt to life dis-
ruptions while pursuing personal and developmental 
goals. This study hypothesizes that higher QoL is posi-
tively associated with thriving.
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Fig. 1 Tree metaphor of thriving. The tree metaphor conceptualizes thriving as a dynamic and interconnected process. “Roots and soil” (Means) represent 
foundational resources like quality of life. “Trunk and branches” (Process) reflect biological and psychological mechanisms, such as cortisol awakening 
response, melatonin, depression, anxiety and character strengths. “Leaves and flowers” (Outcome) symbolize flourishing results, including enhanced well-
being and life satisfaction. This framework highlights how thriving is shaped by the interplay of foundational resources, adaptive processes, and individual 
outcomes [4]. Reproduced from Fabian et al. (2023), published under a Creative Commons CC BY license in Journal of Happiness Studies (DOI:  h t t p s :   /  / d 
o  i .  o r  g  /  1 0  . 1 0   0 7  / s 1 0  9 0 2 -  0 2 3 - 0  0 6 8 2 - y)
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Building on existing literature and theoretical frame-
works, this study aims to answer the following research 
questions:

1. What are the associations between psychological 
health indicators (anxiety, depression, and character 
strengths) and thriving in AYA cancer patients?

2. How do biological markers (cortisol awakening 
response and melatonin) contribute to the 
understanding of thriving in this population?

3. What role does quality of life play in mediating 
the relationship between psychological health and 
thriving?

Methods
Ethics, participants, and procedures
This study was conducted in accordance with the ethi-
cal standards of the Declaration of Helsinki and was 
approved by the Institutional Review Board of the Third 
Xiangya Hospital, Central South University (Approval 
No. 2020-S063). Written informed consent was obtained 
from all participants prior to their inclusion in the study. 
For participants under 18 years of age, informed consent 
was obtained from both the participants and their legal 
guardians. Participation was voluntary, and participants 
were informed of their right to withdraw from the study 
at any time without consequence.

This cross-sectional study was conducted with ado-
lescents and young adults, aged 15 to 39, who received 
their first cancer diagnosis. Participants were recruited 
from two tertiary care hospitals in Hunan Province, 
China, chosen for their similar departmental layouts and 
uniform treatment and care principles, minimizing vari-
ability during data collection. To estimate the sample 
size, the authors aimed for a power of 80%, a significance 
level of 0.05, and a moderate effect size. This calculation 
targeted a sample size of approximately 150. Data col-
lection occurred from June to November 2022. Initially, 
162 individuals met the inclusion criteria, including con-
firmed cancer diagnosis, informed consent, and volun-
tary participation. However, during the data collection 
process, 14 participants were excluded due to incomplete 
data (e.g., missed appointments or incomplete question-
naires). This resulted in a final analysis sample of 148 par-
ticipants, which was used for all statistical analyses.

Measurement
This section outlines measurement protocols for psy-
chological health (anxiety, depression, and character 
strengths), biological markers (CAR, melatonin), and 
quality of life assessment.

Questionnaires
Thriving The Brief Inventory of Thriving (BIT), devel-
oped by Su et al. in 2014 [21], is a scale comprising 10 
items designed to measure aspects of thriving including 
life satisfaction, positive emotions, support, belonging-
ness, meaning, involvement, self-worth, self-efficacy, 
achievement, and optimism. Respondents rate each item 
on a scale from 1 (strongly disagree) to 5 (strongly agree). 
The total score was calculated by averaging the scores of 
its 10 items, yielding a final score ranging from 1 to 5, with 
higher total scores indicating a stronger sense of well-
being. Primarily used in the youth demographic, the BIT 
has demonstrated robust psychometric properties with an 
internal consistency coefficient above 0.90 [22]. It not only 
aligns well with various other measures of psychological 
thriving but also distinctly separates from measures of 
pathological thriving. Encompassing both subjective and 
objective facets of health, physical functioning, and health 
behaviors, the BIT effectively predicts various health out-
comes.

Anxiety and depression The Hospital Anxiety and 
Depression Scale (HADS), developed in 1983 by Zigmond 
et al. [23], is a 14-item instrument designed to assess psy-
chological health, with its items evenly divided between 
7 for anxiety and 7 for depression. Each item on the scale 
provides four response options, culminating in a scoring 
range of 0 to 21 for both anxiety and depression sections, 
where higher scores correspond to more severe symp-
toms. In the context of cancer patients, the scale has dem-
onstrated reliability with Cronbach’s alpha coefficients 
of 0.76 for anxiety and 0.78 for depression, affirming its 
effectiveness as a tool for evaluating psychological health 
among hospitalized patients [24].

Character strengths The Three-Dimensional Inventory 
of Character Strengths (TICS), a creation of Duan et al. 
in 2017 [11], is a 15-item assessment tool structured into 
three distinct sub-dimensions: caring, inquisitiveness, 
and self-control. These sub-dimensions, each comprising 
5 items, are integral to the character strengths explored in 
this study. Respondents rate items on a scale from 1 (very 
unlike me) to 5 (very like me), with the average score of 
the five items representing the score for each sub-dimen-
sion [11]. In the current sample of adolescent and young 
adult cancer patients, the TICS showed good internal 
consistency, with Cronbach’s α values above 0.74 across 
all sub-dimensions.

Quality of life This study utilized the Six-Dimensional 
Health Short Form (SF-6D) to assess health-related qual-
ity of life, a tool derived by Brazier and colleagues [25] in 
1998 from the Short Form 36 Health Survey Question-
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naire. The SF-6D captures quality of life across six dimen-
sions: physical functioning, role limitation, social func-
tioning, pain, mental health, and vitality. Each dimension 
is stratified into two to six levels, with the subject’s health 
status represented by a unique six-digit combination (e.g., 
“1-1-1-1-1-1” for perfect health and “6-2-5-6-5-5” for 
the poorest health). While a utility point system for the 
SF-6D is not yet established in mainland China, this study 
employed dimensional scoring for interscale comparison 
purposes [26]. The scale’s dimensional scoring assigns 1 
point for the lowest level in each dimension, incrementally 
increasing by 1 point for each level of improvement. The 
sum of all dimensional scores constitutes the total score, 
which is then normalized into a standard score ranging 
from 0 to 1 to account for the extreme differences [27].

Demographic and diagnostic data The demographic 
information gathered included age, gender, place of resi-
dence, educational attainment, marital status, and living 
arrangement. Diagnostic details followed, with cancer 
types being selected based on their incidence rates among 
adolescents and young adults, reflecting the most impact-
ful cancers on this demographic according to recent epi-
demiological data [28, 29]. Included were breast, hemato-
logic (such as leukemias and Hodgkin lymphoma), head 
and neck (such as thyroid and tongue cancers), gyneco-
logical (like cervical cancer), and less common types like 
colorectal cancer. Time since diagnosis was also catego-
rized as ≤ 6 months and > 6 months.

Collection of salivary samples
The sampling, collection, and transportation of saliva 
samples were largely conducted in accordance with the 
recommendations outlined in the expert consensus 
guidelines for CAR established by the International Soci-
ety of Psychoneuroendocrinology [30]. Salivary samples 
were collected using the Salivette® collection system sup-
plied by Sarstedt, Germany [31], equipped with synthetic 
swabs specifically designed for cortisol detection. Upon 
awakening in the morning, participants stimulated saliva 
secretion by chewing on the swab for approximately 60 s. 
After stimulation, the swab was returned to the Salivette® 
tube, which was immediately sealed with a cap. Partici-
pants were instructed to abstain from eating, drinking, or 
engaging in oral hygiene prior to the sample collection to 
prevent contamination. The second saliva sample was col-
lected within 30 to 45 min after the first to measure the 
CAR. Concurrently, samples for melatonin measurement 
were also collected to assess nocturnal secretion levels. 
To minimize degradation, samples were promptly placed 
on dry ice in insulated boxes carried by the research team 
members until they could be processed. Upon arrival at 
the laboratory, all saliva samples were centrifuged at 1500 
× g for 15 min at 4 °C. This process removed mucins and 

cell debris, producing a clarified supernatant which was 
then aliquoted and stored at -80 °C until analysis.

Measurement of salivary cortisol and melatonin
Salivary cortisol and melatonin concentrations were 
measured using competitive enzyme-linked immu-
nosorbent assay (ELISA) kits from IBL International, 
Germany (Cortisol: RE52611; Melatonin: RE54041). 
The assays were conducted according to the manufac-
turer’s instructions, with optical density (OD) measured 
at 450–630  nm. Cortisol concentrations were quanti-
fied in ng/mL, while melatonin levels were measured in 
pg/mL. A standard curve was generated for each assay 
using a logistic regression model: cortisol concentrations 
were determined via a five-parameter logistic regression 
(5-PL) curve, while melatonin concentrations followed 
a four-parameter logistic regression (4-PL) model. Final 
hormone concentrations were calculated based on OD 
readings (Y-values) and converted to concentration val-
ues (X-values) using the respective regression equations. 
If a sample exceeded the upper detection limit, it was 
diluted and reanalyzed accordingly.

To ensure accuracy, all samples were assayed in dupli-
cate, with intra-assay and inter-assay variability main-
tained below 10%. After initial storage at -80°C, saliva 
samples were later transferred to -20°C for short-term 
storage prior to assay. All procedures were conducted 
under standardized laboratory conditions to minimize 
variability and ensure reproducibility.

Analysis
Statistical analyses were conducted using the R software 
package (version 3.6.1). Quantile regression analysis, 
executed through the `quantreg` package, was used to 
examine associations between thriving scores and a range 
of psychological variables, biological markers, and qual-
ity of life factor. This approach allowed for exploring the 
distribution of thriving scores across various quantiles 
− 25%, 50% (median), and 75% - highlighting trends at 
different levels of thriving. Graphs were produced using 
the `ggplot2` package to help visualize the relationships 
among study variables. To complement this, ordinary 
least squares (OLS) regression models were conducted 
via the `lm` function. Missing data in cortisol and mela-
tonin measures were addressed using multiple imputa-
tion, facilitated by the `mice` package. Each imputed 
dataset was individually analyzed, and the estimates were 
pooled. The significance level for all statistical tests was 
set at α = 0.05.

Results
In this study, the final analysis sample consisted of 148 
participants, reduced from an initial cohort of 162 due to 
exclusions for incomplete data. The cohort of AYA cancer 
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patients had a mean age of 32.96 years, with females 
comprising 62.96% of the participants. Most participants 
resided in urban locales (72.84%), and 38.89% had a col-
lege-level education or higher. The majority of the par-
ticipants (74.69%) were married, and most (79.01%) were 
living with family. A significant proportion of partici-
pants (71.6%) within six months of their cancer diagnosis. 
The most common cancer types included breast cancer 
(22.84%), hematological malignancies (21.60%), and head 
and neck cancers (24.69%). The average thriving score 
was 3.41 with a standard deviation of 0.66. The scores 

for anxiety and depression were relatively aligned, being 
8.56 (SD = 2.46) and 8.52 (SD = 2.68) respectively. Within 
the dimensions of character strengths, ‘caring’ emerged 
as the most prominent trait (Mean = 19.02, SD = 2.80), 
succeeded by ‘self-control’ (Mean = 15.07, SD = 2.71) and 
‘inquisitiveness’ (Mean = 14.77, SD = 3.84). The mean 
CAR in saliva was determined to be -0.28 nmol/L, while 
the mean salivary melatonin level stood at 31.27 pg/mL. 
The standard score for quality of life was calculated to be 
0.39 (SD = 0.21) (Table 1).

Anxiety did not show significance at any BIT level. 
Depression was significant at both the 25% and 50% lev-
els of BIT. Inquisitiveness demonstrated significant cor-
relations with BIT across all quantiles. Biomarkers (CAR 
and melatonin) and quality of life exhibited significant 
associations across various BIT levels (Table 2). CAR was 
only significant at the 75% BIT level, showing no signifi-
cant correlation at lower and moderate levels. Melatonin 
was significantly associated with the median BIT level, 
but not at other levels. Quality of life showed significant 
correlations at the 25% BIT level, but these correlations 
diminished at higher levels (Fig. 2).

The overall fit of the model showed that the selected 
variables could explain 26.8% of the variance in BIT 
scores, with an adjusted R-squared value of 23.0% 
(Table  3). The overall significance of the model (F-sta-
tistic = 7.013) was highly significant, with a p-value well 
below 0.001, indicating that the chosen variables had a 
significant impact on BIT scores as a whole. Among the 
psychological health indicators, anxiety did not reach 
statistical significance in positively affecting BIT scores 
(coefficient = 0.041, p = 0.069), suggesting a potential 
trend that did not meet the conventional threshold for 

Table 1 Demographic, clinical characteristics, psychological 
health indicators, biological markers, and quality of life of the 
final analysis sample (N = 148)
Variable Mean ± SD/n (%)
Age, years 32.96 ± 6.07
Gender
Female 102 (62.96)
Male 60 (37.04)
Place of residence
Town 118 (72.84)
Rural 44 (27.16)
Educational Attainment
Junior high school and below 55 (33.95)
High school 44 (27.16)
College/University and above 63 (38.89)
Marital status
No spouse 41 (25.31)
Spouse 121 (74.69)
Living with family
No 34 (20.99)
Yes 128 (79.01)
Type of Cancer
Breast 37 (22.84)
Hematology 35 (21.60)
Head and neck 40 (24.69)
Gynecology 23 (14.20)
Others 27 (16.67)
Diagnosis time, months
≤ 6 116 (71.6)
> 6 46 (28.4)
Thriving 3.41 ± 0.66
Anxiety 8.56 ± 2.46
Depression 8.52 ± 2.68
CS-C 19.02 ± 2.80
CS-I 14.77 ± 3.84
CS-SC 15.07 ± 2.71
CAR -0.28 ± 0.70
Melatonin 31.27 ± 16.46
QoL 0.39 ± 0.21
Note. The final analysis sample includes 148 participants after excluding 14 
individuals with incomplete data

Abbreviation. CS-C: Caring of character strength. CS-I: Inquisitiveness of 
character strength. CS-SC: Self-control of character strength. CAR: Cortisol 
awakening response. QoL: Quality of life

Table 2 Associations across quantiles between psychological 
health indicators, biological markers, and quality of life in thriving

Quantile of thriving
25% 50% 75%

Variable Coefficient (p) Coefficient (p) Coefficient (p)
Anxiety 0.020 (0.457) 0.014 (0.586) 0.044 (0.100)
Depression 0.090 (< 0.001) 0.077 (0.002) 0.027 (0.257)
CS-C 0.008 (0.688) 0.001 (0.947) 0.009 (0.652)
CS-I 0.066 (< 0.001) 0.058 (< 0.001) 0.040 (0.006)
CS-SC 0.005 (0.824) 0.002 (0.927) 0.027 (0.140)
CAR 0.129 (0.169) 0.027 (0.733) 0.141 (0.020)
Melatonin 0.001 (0.720) 0008 (0.020) 0.004 (0.214)
QoL 0.809 (0.015) -0.52 (0.057) 0.070 (0.783)
Note. This table presents the results from a quantile regression analysis of 
psychological health indicators (anxiety, depression, CS-C, CS-I, CS-SC), 
biological markers (CAR and melatonin), and quality of life with respect to the 
25th, 50th, and 75th quantiles of thriving among adolescent and young adult 
cancer patients. Coefficients are shown, with significant associations (p < 0.05) 
in bold

Abbreviation. CS-C: Caring of character strength. CS-I: Inquisitiveness of 
character strength. CS-SC: Self-control of character strength. CAR: Cortisol 
awakening response. QoL: Quality of life
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significance. Depression had a significant negative impact 
on BIT scores (coefficient = -0.051, p = 0.017). Inquisi-
tiveness had a significant positive impact on BIT scores 
(coefficient = 0.053, p < 0.001), while self-control and car-
ing did not significantly affect BIT scores (coefficient = 
-0.007, p = 0.678; coefficient = -0.014, p = 0.413). Specifi-
cally, the level of CAR had a significant positive impact 
on BIT scores (coefficient = 0.167, p = 0.017), whereas the 
average melatonin level did not show a significant effect 
(coefficient = -0.004, p = 0.186). Additionally, the standard 
score for quality of life also showed a significant negative 
impact on BIT scores (coefficient = -0.664, p = 0.006).

Discussion
Among young cancer patients, thriving was significantly 
correlated with depression but not anxiety, highlight-
ing their distinct effects on well-being. Depression, with 
its cumulative impact on energy, motivation, and life 
engagement, severely impairs thriving and tends to esca-
late over time, exacerbating distress more profoundly 
than anxiety, which often remains situational or transient 
in nature [32–35]. Depression frequently inhibits essen-
tial behaviors for thriving, such as active engagement 
and goal pursuit, as evidenced by studies linking behav-
ioral inhibition caused by depression to hindered thriving 
in chronically ill adolescents [36]. Given these nuanced 
differences, interventions aimed at improving thriving 
among young cancer patients should prioritize manag-
ing depression, as it appears to have a more direct and 
sustained association with well-being. Future research 
should explore the mechanisms through which depres-
sion undermines thriving, focusing on how its cumula-
tive effects on motivation and behavioral engagement 
may interact with resilience and coping strategies.

In contrast, the non-significant role of anxiety as a pre-
dictor of thriving in this study suggests that its effects 
may be more situational and short-lived. Anxiety often 
fluctuates with immediate stressors and, in some cases, 
enhances resilience by improving vigilance and problem-
solving under acute stress [32, 33]. However, for cancer 
patients, chronic stress may diminish its relevance as 
survival and recovery goals take precedence. Adaptive 
coping strategies may further buffer anxiety’s effects, 
reducing its direct influence on thriving outcomes.Future 
studies should examine the contexts and mechanisms 
through which anxiety interacts with thriving, including 
its potential to support acute coping and its diminished 
role under chronic stress.

Table 3 OLS regression analysis of psychological health 
indicators, biological markers, and quality of life impacting bit 
scores in adolescent and young adult cancer patients

Coefficient t-value p-value
Const. 3.514 6.756 < 0.001
Anxiety 0.041 1.833 0.069
Depression -0.051 -2.420 0.017
CS-C -0.014 -0.820 0.413
CS-I 0.053 3.967 < 0.001
CS-SC -0.007 -0.415 0.678
CAR 0.167 2.404 0.017
Melatonin -0.004 -1.328 0.186
QoL -0.664 -2.803 0.006
Note. The model adjusts for demographic and diagnostic variables including 
age, gender, place of residence, educational attainment, marital status, living 
with family, type of cancer, and time since diagnosis

Abbreviation. OLS: Ordinary least squares. BIT: Brief Inventory of Thriving. Const: 
constant. CS-C: Caring of character strength. CS-I: Inquisitiveness of character 
strength. CS-SC: Self-control of character strength. CAR: Cortisol awakening 
response. QoL: Quality of life

Fig. 2 Coefficients of biological markers, psychological health indicators, and quality of life across various quantiles of thriving levels. Quantile regression 
analysis demonstrates the coefficients of biological markers (CAR, melatonin), psychological indicators [anxiety, depression, character strengths (self-
control, inquisitiveness, caring)], and quality of life across thriving quantiles (25th, 50th, and 75th percentiles). The results reveal the varying impact of 
these factors on thriving at different levels. Abbreviation: CAR: Cortisol awakening response
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This study identified a significant correlation between 
inquisitiveness and thriving at all quantile levels among 
adolescent and young adult cancer patients, highlighting 
its central role in promoting happiness and flourishing. 
In this developmental stage, the challenges of cancer may 
elevate the importance of strengths like inquisitiveness, 
which fosters growth and resilience by managing uncer-
tainty. Kachel et al. demonstrated that growth-oriented 
character strengths, such as hope and zest, are strongly 
associated with thriving and engagement under stress 
[37]. Similarly, evidence from interventions enhancing 
character strengths has shown improved thriving and 
reduced negative emotions in other populations [38, 
39]. These findings support the potential of character-
strength-based interventions to cultivate inquisitive-
ness, thereby promoting holistic thriving and recovery in 
young cancer patients.

In this study, CAR showed a significant relationship 
with thriving only at higher levels (75th percentile), with 
thriving increasing as CAR levels rose. This finding con-
trasts with initial hypothesis that higher CAR would 
reflect stress dysregulation and negatively associate with 
thriving. While elevated CAR has been linked to mal-
adaptive stress responses in healthy populations [15], 
the results suggest that in cancer patients, chronic stress 
exposure may drive HPA axis recalibration, transform-
ing CAR into a marker of adaptive resilience. This posi-
tive association may reflect an adaptive transformation 
as described by O’Leary and Ickovics’ stress-response 
theory, where physiological systems recalibrate to sup-
port long-term resilience. Within the tree metaphor, 
CAR functions as part of the “trunk” (process), facilitat-
ing emotional regulation and goal-directed behaviors 
essential for thriving under chronic stress. Additionally, 
the allostatic load model suggests that sensitive CAR 
regulation may indicate effective stress adaptation in pro-
longed adversity. Supporting this, studies in breast cancer 
survivors have linked CAR to positive psychosocial fac-
tors, such as spiritual beliefs, suggesting that CAR may 
act as a protective mechanism under prolonged stress 
[40]. The non-linear relationship, where CAR correlates 
with thriving only at higher levels, suggests that its adap-
tive effects may depend on sufficient psychological or 
social resources, aligning with dose-response models of 
stress regulation [41]. Contextual factors such as cumu-
lative stress exposure, baseline CAR variability, and psy-
chosocial elements might further explain the discrepancy 
in CAR’s role across populations. However, given the 
cross-sectional design of this study, the directionality of 
these associations remains unclear. Longitudinal research 
is needed to clarify the dual role of CAR as both a stress 
biomarker and a resilience indicator.

In this study, melatonin showed a significant rela-
tionship with thriving only at the median level (50th 

percentile), with no significant associations observed at 
lower (25th percentile) or higher (75th percentile) thriv-
ing levels. This finding contrasts with initial hypothesis 
that lower melatonin levels, reflecting circadian disrup-
tion, would negatively correlate with thriving. Instead, 
the observed association suggests that melatonin plays 
a stabilizing role, particularly under moderate stress 
and recovery conditions, where circadian rhythms and 
homeostatic balance are most effectively maintained. 
Within the tree metaphor, melatonin aligns with the 
“trunk” (process), representing biological mechanisms 
that sustain physiological stability. At the median thriving 
level, where stress exposure and coping mechanisms are 
likely balanced, melatonin’s regulatory effects on sleep 
and emotional stability may provide essential support 
for maintaining homeostasis. However, under conditions 
of extreme stress (low thriving) or high resilience (high 
thriving), melatonin’s role may diminish in relevance as 
other processes, such as HPA axis regulation (CAR) or 
psychological resources, take precedence. This inter-
pretation aligns with research showing that melatonin 
decreases significantly under chronic stress but remains 
effective in acute or moderate stress scenarios [42]. Its 
role as a circadian regulator may be most impactful in 
supporting recovery during transitional phases, such as 
the median thriving level observed in this study. Addi-
tionally, variability in factors such as treatment-induced 
sleep disruption or baseline circadian rhythms could 
modulate melatonin’s influence, potentially explaining 
its non-significance in regression analyses and at other 
thriving levels.

The significant correlation between QoL and lower 
thriving levels (25th percentile) in cancer patients under-
scores its foundational role in fostering well-being dur-
ing early adaptation to illness and treatment. Within the 
framework of the tree metaphor, QoL aligns with the 
“roots and soil” (Means), providing essential resources 
and stability necessary for growth. At lower thriving 
levels, patients face heightened vulnerability in physi-
cal and emotional domains, and QoL serves as a critical 
determinant of their ability to withstand and adapt to 
the challenges posed by cancer [43–45]. This explains its 
strong association with thriving at these levels, as a stable 
QoL supports patients in meeting basic needs, alleviat-
ing distress, and fostering initial coping mechanisms. As 
patients progress to higher thriving levels, the role of QoL 
evolves. With the development of adaptive processes, 
such as emotional regulation and resilience, QoL shifts 
from being a primary driver to an outcome - analogous to 
the leaves and flowers (Outcomes) in the tree metaphor. 
This transition reflects the dynamic nature of thriving, 
where factors like psychological flexibility, social integra-
tion, and goal-directed behaviors become more promi-
nent in sustaining growth and adaptation [46–48]. At 
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higher thriving levels, QoL is maintained and supported 
by these well-developed processes. The finding that QoL 
is significant only at lower thriving levels emphasizes its 
central role in addressing the immediate needs of vul-
nerable patients, highlighting the importance of tailored 
interventions at this stage. Improving QoL through tar-
geted strategies, such as symptom management, emo-
tional support, and social integration, can strengthen the 
“roots” and provide the stability necessary for patients to 
transition to higher levels of thriving.

The study’s limitations include a small sample size, a 
focus on time since diagnosis, and the exclusion of other 
biological factors relevant to thriving. The cross-sectional 
design prevents causal inference between thriving and 
factors such as depression, inquisitiveness, CAR, and 
quality of life. Future research should use larger, more 
diverse samples, adopt longitudinal designs to capture 
changes over time, and include additional physiological 
and psychological markers to better understand causal 
relationships.

Conclusion
This study identifies depression, inquisitiveness, the 
CAR, and quality of life as key factors influencing thriving 
among AYA cancer patients. For instance, comprehen-
sive psychological interventions targeting depression - 
such as cognitive-behavioral therapy or emotion-focused 
therapy - could be integrated into routine oncology care 
to mitigate its impact on thriving. Similarly, fostering 
inquisitiveness through structured curiosity-based exer-
cises or goal-setting interventions may promote resil-
ience and adaptive coping, particularly in higher thriving 
patients. At lower thriving levels, interventions that 
enhance quality of life, such as physical symptom man-
agement, emotional support, and social integration pro-
grams, are essential to build the foundational resources 
needed for growth.
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