
Frontiers in Psychology 01 frontiersin.org

TYPE  Original Research
PUBLISHED  01 April 2026
DOI  10.3389/fpsyg.2026.1741247

OPEN ACCESS

EDITED BY

María Cantero-García,  
Universidad a Distancia de Madrid, Spain

REVIEWED BY

Eason Yao,  
Qingdao University, China
Fauzia Nazam,  
Sharda University, India

*CORRESPONDENCE

Huimin Xiao  
 huimin_xiao@126.com

RECEIVED 07 November 2025
REVISED 04 March 2026
ACCEPTED 17 March 2026
PUBLISHED 01 April 2026

CITATION

Xu G, Chen G, Zou H, Wei Y and 
Xiao H (2026) Self-esteem and 
existential distress among patients with 
advanced cancer: mediation by a sense 
of control and meaning in life.
Front. Psychol. 17:1741247.
doi: 10.3389/fpsyg.2026.1741247

COPYRIGHT

© 2026 Xu, Chen, Zou, Wei and Xiao. 
This is an open-access article distributed 
under the terms of the Creative 
Commons Attribution License (CC BY). 
The use, distribution or reproduction in 
other forums is permitted, provided the 
original author(s) and the copyright 
owner(s) are credited and that the 
original publication in this journal is 
cited, in accordance with accepted 
academic practice. No use, distribution 
or reproduction is permitted which does 
not comply with these terms.

Self-esteem and existential 
distress among patients with 
advanced cancer: mediation by a 
sense of control and meaning in 
life

Guiru Xu 1, Guojuan Chen 1, Huina Zou 1, Yitao Wei 1,2 and 
Huimin Xiao 1,3*
1School of Nursing, Fujian Medical University, Fuzhou, China, 2School of Nursing, Xiamen Medical 
College, Fujian, China, 3Nursing Humanities Research Center, Fujian Provincial University Research 
Base for Humanities and Social Sciences, Fujian, China

Aim: Self-esteem has been reported to be associated with existential distress (ED) 
in patients with advanced cancer; however, the nature of this association remains 
insufficiently understood. This study aimed to examine the mechanisms underly-
ing the association between self-esteem and ED in patients with advanced cancer.
Methods: This cross-sectional study was conducted between July 2022 and 
March 2023. A total of 390 patients with advanced cancer were recruited from 
two tertiary hospitals in Southeast China using convenience sampling. Self-
esteem, sense of control, meaning in life, and ED were assessed. Path analysis 
was performed to examine the mediating roles of sense of control and meaning 
in life in the association between self-esteem and ED.
Result: Self-esteem was directly and indirectly associated with ED (p < 0.001). 
Both sense of control and meaning in life significantly mediated the association 
between self-esteem and ED (p < 0.001). The serial mediation pathway through 
sense of control and meaning in life was also significant and accounted for 
21.48% of the total indirect effect (p < 0.001).
Conclusion: The findings suggest that self-esteem, sense of control, and mean-
ing in life are interrelated psychological factors associated with ED. Interventions 
targeting these factors may be relevant in clinical efforts to support patients with 
advanced cancer experiencing ED.
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1 Introduction

Patients with advanced cancer frequently endure profound multidimensional suffering as 
the disease progresses, including severe physical symptoms, functional decline, treatment 
burden, financial strain, and awareness of a life-limiting prognosis. In this end-of-life context, 
existential distress (ED) can be understood as a key existential dimension of such suffering, 
capturing the inner turmoil that emerges when patients confront threats to meaning, dignity, 
and mortality (Chen et al., 2022; Vehling and Kissane, 2018; Bovero et al., 2018). It reflects 
individuals’ struggles with meaninglessness, loss of dignity, death anxiety, and perceived loss 

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2026.1741247&domain=pdf&date_stamp=2026-04-01
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2026.1741247
mailto:huimin_xiao@126.com
https://doi.org/10.3389/fpsyg.2026.1741247
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpsyg.2026.1741247/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2026.1741247/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2026.1741247/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2026.1741247/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2026.1741247/full


Xu et al.� 10.3389/fpsyg.2026.1741247

Frontiers in Psychology 02 frontiersin.org

of control when facing the reality of life and death (Chen et al., 2022; 
Vehling and Kissane, 2018). Approximately 54–73% of patients with 
cancer experience ED (Vehling and Kissane, 2018; Bovero et al., 2019), 
leading to depression, a diminished quality of life, and a potentially 
heightened risk of suicide (Bovero et al., 2023; Salander, 2018; Huda 
et al., 2022; Philipp et al., 2025; Xiaodan et al., 2022). If left unad-
dressed, ED impedes recovery and worsens suffering in patients with 
cancer (Wang et al., 2025).

Self-esteem is a positive psychological factor that may alleviate 
ED. It refers to an internal positive psychological attribute that encom-
passes a positive attitude toward oneself, including one’s values, worth, 
and reflections (Niveau et al., 2021; Yang et al., 2019). Higher self-
esteem is beneficial for dealing with physical and psychological stress. 
A systematic review by Wang et al. (2023) indicated that self-esteem 
was negatively related to ED in patients with cancer. However, most 
of the existing evidence has examined demoralization rather than ED 
as a distinct construct. Although demoralization overlaps conceptually 
with ED, the two are not identical in theoretical scope or measure-
ment. Therefore, whether self-esteem is directly associated with ED—
particularly among patients with advanced cancer—remains 
insufficiently verified. Recently, an Italian study indicated that lower 
self-esteem was associated with higher ED in patients with prostate 
cancer (Scandurra et al., 2022). It remains unclear whether this finding 
can be applied to advanced-stage patients with various cancer types 
and how self-esteem directly affects ED.

Beyond self-esteem, a sense of control is a valuable psychological 
asset that refers to an individual’s instinctive belief that they can 
manage their life and environment (Prasad et al., 2023). A low sense 
of control has been associated with feelings of powerlessness, helpless-
ness, hopelessness, and depression in pathological cases (Hodges and 
Winstanley, 2012; Anagnosti et al., 2023; Lin and Tsay, 2005), suggest-
ing that a sense of control could be a protective factor against 
ED. Bovero et al. (2018) indicated that patients with cancer who had 
lost a sense of control were most vulnerable to developing 
ED. Similarly, Liu et al. (2025) revealed that a sense of control could 
negatively affect ED in patients with cancer. Accordingly, increasing 
the sense of control in patients with advanced cancer may alleviate ED 
symptoms.

Alongside self-esteem and sense of control, meaning in life refers 
to an individual’s subjective experience of finding a purpose or direc-
tion, understanding life’s circumstances, and experiencing a sense of 
significance (Winger et al., 2016). Previous studies have shown that 
meaning in life is negatively associated with distress in cancer popula-
tions (Vehling et al., 2011). A meta-analysis of 62 studies further 
reported a moderate negative correlation between meaning in life and 
distress among cancer patients (Winger et al., 2016). Longitudinal 
studies further suggest that meaning functions as a protective factor 
over time, predicting lower subsequent demoralization, which is 
closely related to ED (Vehling et al., 2011). Large cohort and multina-
tional studies have consistently linked greater meaning in life with 
lower levels of existential, or financial distress (Gravier et al., 2020). 
However, despite this growing body of evidence, relatively few empiri-
cal studies have explicitly examined ED as a distinct psychological 
outcome, particularly among patients with advanced cancer. 
Moreover, most existing studies have been conducted in Western cul-
tural contexts, and it remains unclear whether these findings can be 
directly generalized to Chinese patients with advanced cancer. 
Therefore, it is critical to explore whether meaning in life influences 
the development of ED in this population.

The interrelationships among self-esteem, sense of control, and 
meaning in life have been examined in previous studies on patients 
with cancer and other populations. Rehman (2022) demonstrated that 
higher self-esteem was positively associated with a stronger sense of 
control in patients with all stages of breast cancer in Pakistan. Lewis 
(1982) reported that patients with late-stage cancer with a greater 
sense of control also had a higher perception of meaningfulness. 
Furthermore, Liu Zhixiao (2018) found that healthy individuals with 
higher levels of self-esteem reported greater meaning in life. He also 
revealed that a sense of control could mediate the relationship between 
self-esteem and the meaning in life (Liu Zhixiao, 2018). Additional 
research is required to validate the relationships among self-esteem, 
sense of control, and meaning in life in patients with advanced cancer.

Although several studies have reported significant associations 
among self-esteem, sense of control, meaning in life, and existential 
distress, there remains a lack of an integrative, theory-driven model 
that explains how these psychological resources jointly influence 
ED. Cognitive Adaptation Theory (CAT) developed by psychologists 
Taylor, it explains that individuals confronted with challenging or 
traumatic life events can maintain psychological well-being through 
cognitive processes. The processes involve bolstering one’s self-esteem, 
retaining a sense of control, and seeking meaning (Taylor, 1983). 
Based on Cognitive Adaptation Theory and previous empirical find-
ings, the following hypotheses (Figure 1) were proposed:

H1: Self-esteem is negatively associated with ED.

H2: Sense of control mediates the relationship between self-
esteem and ED.

H3: Meaning in life mediates the relationship between self-
esteem and ED.

H4: Self-esteem is positively associated with sense of control.

H5: Self-esteem is positively associated with meaning in life.

H6: Sense of control is positively associated with meaning in life.

H7: Sense of control and meaning in life sequentially mediate the 
relationship between self-esteem and ED.

This study aimed to test a theory-driven mediation model to 
clarify how self-esteem influences ED through sense of control and 
meaning in life in patients with advanced cancer.

FIGURE 1

Conceptual model of the study.
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2 Materials and methods

2.1 Design and participants

This cross-sectional study was conducted at two tertiary hos-
pitals in Fujian, China, between July 2022 and March 2023. We 
conveniently selected participants based on the following criteria: 
(1) A diagnosis of stage III or IV cancer made by oncologists 
according to the TNM staging system, and verified by histopatho-
logical examination (e.g., biopsy or postoperative pathological 
report); (2) age of 18 years or older; and (3) awareness of diagnosis 
and therapy. Participants who were (1) severely disabled or criti-
cally ill (Karnofsky Performance Status, KPS < 40); (2) had a visual, 
hearing, or mental health issue; and (3) experienced a serious 
adverse event, such as the loss of a loved one, were excluded from 
the study.

For the descriptive cross-sectional study, the sample size was cal-
culated using the formula n = t2 p(1-p)/m2, where n represents the 
required sample size, t represents the confidence level at 95% (stan-
dard value of 1.96), p represents the estimated prevalence of ED, and 
m represents the margin of error at 5% (standard value of 0.05) (Naing 
et al., 2022). According to a previous study (Nanni et al., 2018), the 
estimated prevalence of ED is 25%. The calculated sample size was 
288; when a 10% non-response rate was considered, the final sample 
size was 316, which was considered adequate for the path analysis.

2.2 Procedure

This study was approved by the corresponding author’s university 
(No. 20-2018). Two trained research assistants (RAs) were trained to 
collect the data using Chinese versions of the questionnaires before 
this study. The training involved the study protocol, eligibility assess-
ment, ethical considerations, questionnaire administration, and com-
munication with patients with advanced cancer. Nurses and doctors 
in the oncology department initiately screened potential participants 
with cancer based on the inclusion criteria. Then, the RAs approached 
eligible patients, explained the study, and obtained written informed 
consent. They were invited to complete the questionnaires indepen-
dently. If they experienced difficulty, the RAs read each question aloud 
verbatim of the Chinese version questionnaires and recorded the 
responses. All questionnaires were returned on the same day they 
were distributed. A total of 426 questionnaires were distributed, and 
data from 390 participants were included in the analysis, resulting in 
an effective recovery rate of 91.5%. The remaining 36 questionnaires 
(8.5%) were excluded due to incomplete data (n = 12) or over-central-
ized responses (n = 24).

2.3 Measures

2.3.1 Demographic and medical characteristics

Demographic information included age, sex, marital status, level 
of education, religion, monthly household income per capita, and co-
residence. A self-reported personal information form was used to col-
lect data. Medical criteria included pain intensity, cancer stage, disease 
duration (months), surgery (yes or no), chemotherapy (yes or no), and 
radiation (yes or no). Pain intensity was assessed using the Numeric 
Rating Scale (NRS; 0–10). Clinical data were obtained from patients’ 
medical records.

2.3.2 Chinese existential distress scale

The Chinese existential distress scale (CEDS) was used to assess 
ED (Ying, 2022). CEDS consists of nine items across three dimen-
sions: meaninglessness, estrangement, and death anxiety. Each item is 
rated on a 4-point Likert scale ranging from 0 (very unlikely) to 4 
(extremely likely). The total score, ranging from 0 to 36, was the sum 
of all item scores, with higher scores indicating higher ED levels. The 
scale has a Cronbach’s α of 0.81, with individual dimensions ranging 
from 0.70 to 0.76. In the present study, the Cronbach’s α of the scale 
was 0.72.

2.3.3 Multidimensional health locus of control

The multidimensional health locus of control (MHLC) scale, 
developed by (Wallston et al., 1994), assesses overall control beliefs 
regarding disease and health. The MHLC scale consists of 18 items 
divided into three subscales: Internal Health Locus of Control (IHLC), 
Powerful Others Health Locus of Control (PHLC), and Chance Health 
Locus of Control (CHLC). In the present study, only the IHLC sub-
scale was used to assess participants’ sense of control. It includes six 
items rated on a 6-point Likert scale (1 = strongly disagree to 
6 = strongly agree), yielding a total score ranging from 6 to 36, with 
higher scores indicating a stronger internal sense of control. The 
Cronbach’s α coefficient for the IHLC was 0.68 (Lin and Tsay, 2005). 
In the present study, the Cronbach’s α of the scale was 0.88.

2.3.4 Chinese version of the meaning in life 
questionnaire

The meaning in life questionnaire (MLQ), developed by Steger 
et al. (2006), evaluates an individual’s meaning in life. This study 
used the Chinese version of the MLQ (C-MLQ) adapted by Wang et 
al. to assess the meaning in life among patients with advanced 
cancer. The C-MLQ consists of 10 items on a 7-point Likert scale, 
covering two dimensions: the presence of meaning and search for 
meaning. Responses range from 1 (“completely inconsistent”) to 7 
(“completely consistent”). Higher scores indicate a greater sense of 
meaning in life. The overall scale’s Cronbach’s α was 0.87, with 0.88 
for the presence subscale (MLQ-P) and 0.75 for the search subscale 
(MLQ-S) (Li, 2019). In the present study, the Cronbach’s α of the 
scale was 0.81.

2.3.5 Rosenberg’s self-esteem scale

The Chinese version of Rosenberg’s self-esteem scale (RSES) 
(Rosenberg, 1965) was used to measure self-esteem in patients with 
advanced cancer. The scale consists of 10 items, with responses rang-
ing from 1 (strongly disagree) to 4 (strongly agree). The total score 
ranged from 10 to 40, with higher scores indicating higher self-esteem. 
The Chinese version of the RSES has good psychometric properties, 
with a Cronbach’s α coefficient of 0.88 (Tian et al., 2021). In the pres-
ent study, the Cronbach’s α of the scale was 0.86.

2.4 Data analysis

Data were analyzed using SPSS version 27.0 and AMOS version 
24.0. The demographic and medical characteristics of the patients 
were analyzed using frequency and percentage distributions. Levels of 
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ED, meaning in life, sense of control, and self-esteem were analyzed 
using means and standard deviations. Spearman’s correlation analysis 
was performed to explore the correlations between variables because 
the data did not meet the assumption of normality. The normed χ2, 
root mean square error of approximation (RMSEA), incremental fit 
index (IFI), comparative fit index (CFI), and Tucker–Lewis index 
(TLI) were used to evaluate the fitness of the hypothetical path model. 
Normed χ2 was set to 3 or less; IFI, CFI, and TLI were all greater than 
0.90; and RMSEA was set to 0.08 or less (Hair et al., 2014). 
Bootstrapping was used to confirm the significance of the direct, indi-
rect, and total effects of the variables influencing ED, and 2000 boot-
strapping samples were used. Standardized beta coefficients were 
employed because standardized regression weights could be used to 
determine the degree of relative influence between endogenous vari-
ables. The statistical significance threshold was set at P < 0.001.

3 Results

3.1 Participants’ characteristics

Table 1 presents participants’ characteristics (n = 390). 
Approximately 57.95% of patients with advanced cancer were aged 59 
or below, 55.64% were female, approximately three quarters (76.95%) 
were married, 52.31% held an education level of primary school or 
below, 79.74% were diagnosed at Stage IV of cancer, 83.08% had 
undergone or were undergoing chemotherapy, and 55.38% had a dis-
ease duration of ≤1 year.

3.2 Descriptive statistics and correlations of 
variables

Table 2 shows the ED, self-esteem, sense of control, and meaning 
in life scores and their relationships. The scores of ED, self-esteem, 
sense of control, and meaning in life were 13.80 ± 4.58, 28.05 ± 4.60, 
16.64 ± 5.85, and 39. 50 ± 5.54, respectively. ED was negatively cor-
related with self-esteem (r = −0.667, p < 0.001), sense of control 
(r = −0.569, p < 0.001), and meaning in life (r = −0.754, p < 0.001).

3.3 Mediating effects of sense of control 
and meaning in life

Table 3 presents the findings regarding the mediating effects of 
sense of control and meaning in life on the relationship between self-
esteem and ED, and Figure 2 shows the final path model. All path 
coefficients reported in this study are standardized regression coeffi-
cients. The goodness of fit in the hypothetical path model was X2/
df = 2.156, RMSEA = 0.055, TLI = 0.933, CFI = 0.939, and IFI = 0.939, 
indicating a good overall model fit. The total effect of self-esteem on 
ED was significant (b = −0.685, SE = 0.037, p = 0.001, percentile 
CI = [−0.757, −0.615]). The direct effect accounted for 34.74% of the 
total effect (b = −0.238, SE = 0.042, p = 0.001, percentile CI = [−0.327, 
−0.162]), and the mediating effect accounted for 65.26% of the total 
effect (b = −0.447, SE = 0.047, p < 0.001, percentile CI = [−0.540, 
−0.359]). Within the mediating effect, both sense of control and 
meaning in life significantly mediated the relationship between self-
esteem and ED (b = −0.068, SE = 0.013, p = 0.001, percentile 
CI = [−0.077, −0.026]; b = −0.283, SE = 0.400, p < 0.001, percentile 

CI = [−0.303, −0.143]), and accounted for 15.21 and 63.31% of the 
mediating effect, respectively. The chain mediation of sense of control 
on meaning in life was also significant and accounted for 21.48% of 
the total mediation effect (b = −0.096, SE = 0.017, p < 0.001, percentile 
CI = [−0.112, −0.045]).

4 Discussion

This study provides new evidence regarding the relationships 
among self-esteem, sense of control, meaning in life, and ED in 
patients with advanced cancer. The findings help elucidate the patterns 
of association through which self-esteem is related to ED. The struc-
tural model indicated that self-esteem, sense of control, and meaning 
in life were significantly associated with ED in this population. 
Furthermore, sense of control and meaning in life statistically medi-
ated the association between self-esteem and ED, both individually 
and sequentially.

As predicted, self-esteem was inversely associated with ED, with 
the direct pathway accounting for 34.74% of the total association 
between self-esteem and ED among Chinese patients with advanced 
cancer. This finding is consistent with those of similar studies. 
According to stress and coping theories, self-esteem is conceptualized 
as a personal resource that may be linked to better psychological 
adjustment under severe stress, such as advanced cancer (Taylor, 
1983). Scholars suggest that people with higher self-esteem may feel 
more confident in their capacity to face illness-related challenges, 
which may be associated with lower feelings of worthlessness and 
hopelessness (Yang et al., 2019; Yu et al., 2021). Furthermore, earlier 
research conducted in Taiwan (Li et al., 2015) and Indonesia 
(Aprilianto et al., 2021) found that patients with cancer with better 
self-esteem tended to report stronger ties with family and friends and 
larger social support networks. Such social support has been associ-
ated with lower levels of estrangement and loneliness, which are key 
components of ED.

Consistent with prior research, individuals with higher self-
esteem tend to report a stronger sense of control (Náfrádi et al., 2017). 
Our findings indicate that sense of control was associated with the 
relationship between self-esteem and ED. This pattern may reflect that 
individuals with higher self-esteem perceive themselves as more capa-
ble of influencing aspects of their illness experience. Such perceptions 
may be associated with greater confidence in handling the complexi-
ties of cancer treatment and care, which may correspond to a stronger 
sense of control (Ros-Sanchez et al., 2023; Ruiz-Romeo et al., 2025). 
Furthermore, Idris et al. (2023) and Özkan et al. (2023) reported that 
individuals with higher self-esteem were more likely to play an active 
role in healthcare decisions. By gathering information, asking ques-
tions, and engaging in treatment planning, individuals may report a 
greater sense of agency and control over their health and treatment.

In contrast, a higher sense of control was negatively associated 
with ED. This association may be linked to lower levels of self-per-
ceived burden (Rothman et al., 2023) and to fewer negative psycho-
logical states, such as depression and anxiety (Ferreira Couto and 
Nunes Baptista, 2023; Dağ and Şen, 2018), which are key attributes of 
ED. Additionally, patients who believe they have greater control over 
their condition may report fewer feelings of powerlessness, hopeless-
ness, fear of the future, and death (Nwonyi et al., 2024; Cao et al., 
2023), which are the core attributes of the ED. Therefore, in this 
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TABLE 1  Characteristics of patients with advanced cancer and existential distress scores (n = 390).

Variables Categories N (%)

Age (years)

≤59 226 (57.95)

≥60 164 (42.05)

Gender

Male 173 (44.36)

Female 217 (55.64)

Marital status

Single 5 (1.28)

Married 298 (76.41)

Divorced 32 (8.21)

Widowed 55 (14.1)

Education level

Primary school or below 204 (52.31)

Junior high school 79 (20.26)

Senior high school 66 (16.92)

Bachelor’s degree or above 41 (10.51)

Religion

Yes 162 (41.54)

No 228 (58.46)

Monthly household income per capita (CNY)

<1000 79 (20.26)

1,000–3,000 130 (33.33)

3,001–6,000 110 (28.21)

>6,000 71 (18.21)

Co-residents

Live alone 8 (2.05)

Spouse 128(32.82)

Children 47 (12.05)

Spouse and children 190 (48.72)

Nanny or home care attendant 5 (1.28)

Others 12 (3.08)

Diagnosis

Digestive system cancers 180 (46.15)

Respiratory system cancers 127 (32.56)

Other cancers 83 (21.29)

Pain

No 83 (12.8)

Mild 224 (57.44)

Moderate 71 (18.21)

Severe 12 (3.07)

Stage of cancer

III 79 (20.30)

IV 311 (79.70)

(Continued)
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sample, patients with advanced cancer who reported a stronger sense 
of control also tended to report lower ED.

The current study also found that meaning in life statistically 
mediated the association between self-esteem and ED. Higher self-
esteem was associated with greater meaning in life, which in turn 
was associated with lower levels of ED. The association between 
self-esteem and meaning in life may be interpreted in light of the 
meaning maintenance model (MMM), which conceptualizes 

self-esteem as an important factor related to meaning in life (Heine 
et al., 2006). Increased self-esteem is frequently related to more 
positive social relationships, which may partly account for the asso-
ciation between self-esteem and meaning in life in our results 
(Zulkarnain and Vanoh, 2024). As Stavrova and Luhmann (2016) 
showed, strong and supportive relationships are associated with a 
greater sense of belonging and significance, thereby corresponding 
to higher meaning in life.

TABLE 1  (Continued)

Variables Categories N (%)

Disease duration (month)

1–12 216 (55.38)

13–24 70 (17.95)

25–36 43 (11.03)

≥37 61 (15.64)

Surgery

Yes 186 (47.69)

No 204 (52.31)

Chemotherapy

Yes 324 (83.08)

No 66 (16.92)

Radiotherapy

Yes 76 (19.49)

No 314 (80.51)

TABLE 2  Correlation relationship and mean scores among CEDS, RSES, IHLC, and C-MLQ (n = 390).

Variables M ± SD Correlations among variables

ED Self-esteem Sense of control Meaning in life

ED 13.80 ± 4.58 1

Self-esteem 28.05 ± 4.60 −0.667**

Sense of control 16.64 ± 5.85 −0.569** 0.359**

Meaning in life 39.50 ± 5.54 −0.754** 0.547** 0.494** 1

** Indicates statistical significance at p < 0.001.

TABLE 3  Mediating effects of a sense of control and meaning in life on the relationships between self-esteem and ED (n = 390).

Paths Point estimate SE p Percentile CI

Lower Upper

Total effects

Self-esteem → ED
−0.685 0.037 0.001 −0.757 −0.615

Direct effects

Self-esteem → ED
−0.238 0.042 0.001 −0.327 −0.162

Indirect effects

Total indirect effects
−0.447 0.047 <0.001 −0.540 −0.359

Self-esteem → a sense of 

control → ED
−0.068 0.013 0.001 −0.077 −0.026

Self-esteem → meaning in life → ED −0.283 0.400 <0.001 −0.303 −0.143

Self-esteem → a sense of 

control → meaning in life → ED
−0.096 0.017 <0.001 −0.112 −0.045
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Furthermore, patients with higher self-esteem have been reported 
to be more optimistic and hopeful (Montañés-Muro et al., 2023; 
Dargan et al., 2021). This positive orientation may be associated with 
greater perceived significance in one’s experiences, including framing 
illness-related experiences within a broader and more meaningful life 
narrative. In turn, higher meaning in life has been associated with 
lower levels of ED. In Quinto’s review (Quinto et al., 2022), patients 
with higher meaning in life were described as being more accepting 
of cancer and the end-of-life context, which was associated with less 
resistance and distress when facing mortality. Therefore, patients with 
advanced cancer who report higher self-esteem may also report higher 
meaning in life, which is associated with lower ED.

According to our findings, the serial mediation effects of sense of 
control and meaning in life on ED accounted for 21.48% of the total 
indirect effects. This suggests that self-esteem may be related to ED 
through its associations with sense of control and meaning in life. 
Patients with a stronger sense of control may be more active in devel-
oping and pursuing personal goals, even in the midst of illness. 
Attaining objectives, regardless of how small, may be associated with 
a sense of success and purpose and may be linked to higher meaning 
in life (Machell et al., 2015). In our study, patients with advanced 
cancer and a stronger sense of control were more likely to report striv-
ing for daily and health goals, attributing outcomes to personal efforts, 
and actively seeking meaning in their lives. Thus, sense of control was 
positively associated with meaning in life, which in turn was linked to 
lower levels of ED. This highlights the potential relevance of control- 
and meaning-related resources when considering approaches to 
address ED in patients with advanced cancer.

4.1 Limitations

This study has certain limitations. The cross-sectional design pre-
vented us from making causal inferences regarding self-esteem, sense 
of control, meaning in life, and ED. Also, convenience sampling may 
restrict the generalisability of the results. Finally, relying solely on self-
reported measures could introduce a desirability bias, potentially 
affecting how the study’s findings are interpreted. To enhance the 
credibility of future research, employing a longitudinal or experimen-
tal approach with mixed methods, including interviews, could provide 
additional validation of the findings.

4.2 Relevance to clinical practice

Given the life-threatening nature of advanced cancer, addressing 
palliative care and enhancing patients’ existential well-being are cru-
cial for healthcare providers. This study offers insights into how self-
esteem, sense of control, and meaning in life are associated with 
ED. Accordingly, clinical efforts that aim to support these psycho-
logical resources may be relevant for patients experiencing ED. For 
example, clinicians could encourage patients to reflect on positive 
life experiences in ways that may support self-esteem, provide skills-
based or cognitive strategies that may enhance perceived control, 
and implement meaning-focused approaches that may strengthen 
patients’ perceived meaning in life. In addition, interventions that 
facilitate social connectedness and shared decision-making may be 
associated with higher self-value and agency, which are relevant cor-
relates of ED.

FIGURE 2

Results of the final path model (n = 390). Standardized coefficients are shown in the figure. S, self-esteem; C, sense of control; M, meaning in life; E, 
existential distress.
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5 Conclusion

To the best of our knowledge, this is the first study to examine the 
mediating roles of sense of control and meaning in life in the associa-
tion between self-esteem and ED. Self-esteem was directly associated 
with ED and indirectly associated with ED through three pathways: 
(1) the mediating role of sense of control; (2) the mediating role of 
meaning in life; and (3) a serial mediation pathway involving both 
sense of control and meaning in life. These findings suggest that self-
esteem, sense of control, and meaning in life are interrelated psycho-
logical resources that are associated with ED. Accordingly, 
comprehensive clinical approaches that support these positive psycho-
logical factors may be relevant when addressing ED in patients with 
advanced cancer.

Data availability statement

The raw data supporting the conclusions of this article will be 
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Biomedical 
Ethics Committee of Fujian Medical University, Fujian, China. The 
studies were conducted in accordance with the local legislation and 
institutional requirements. The participants provided their written 
informed consent to participate in this study.

Author contributions

GX: Writing – review & editing, Investigation, Formal analysis, 
Writing – original draft. GC: Writing – original draft. HZ: Writing – 
original draft. YW: Writing – original draft. HX: Writing – review & 
editing, Supervision.

Funding

The author(s) declared that financial support was not received for 
this work and/or its publication.

Acknowledgments

We thank the participants for their time and dedication to the 
study. We would also like to thank these hospitals for their assistance.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article 
has been generated by Frontiers with the support of artificial intelligence 
and reasonable efforts have been made to ensure accuracy, including review 
by the authors wherever possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
Anagnosti, F., Hardavella, G., Lekka, D., Darahani, D., Anthouli-Anagnostopoulou, F., 
Papagiorgis, P., et al. (2023). The relationship of health locus of control and psycho-
logical distress in lung cancer patients during the COVID-19 pandemic. Psychology 14, 
201–212. doi: 10.4236/psych.2023.142012

Aprilianto, E., Lumadi, S. A., and Handian, F. I. (2021). Family social support and the 
self-esteem of breast cancer patients undergoing neoadjuvant chemotherapy. J. Public 
Health Res. 10, 1–7. doi: 10.4081/jphr.2021.2234

Bovero, A., Botto, R., Adriano, B., Opezzo, M., Tesio, V., and Torta, R. (2019). Exploring 
demoralization in end-of-life cancer patients: prevalence, latent dimensions, and associa-
tions with other psychosocial variables. Palliat. Support. Care 17, 596–603. doi: 10.1017/
S1478951519000191

Bovero, A., Opezzo, M., and Tesio, V. (2023). Relationship between demoralization and 
quality of life in end-of-life cancer patients. Psycho-Oncology 32, 429–437. doi: 10.1002/
pon.6095

Bovero, A., Sedghi, N. A., Opezzo, M., Botto, R., Pinto, M., Ieraci, V., et al. (2018). 
Dignity-related existential distress in end-of-life cancer patients: prevalence, underlying 
factors, and associated coping strategies. Psychooncology 27, 2631–2637. doi: 10.1002/
pon.4884

Cao, Z., Chen, Y., and Zhang, H. (2023). Effects of fatigue, rumination thinking, and sleep 
quality on hopelessness in family caregivers of cancer patients. Support Care Cancer 
31:631. doi: 10.1007/s00520-023-08098-3

Chen, W., Chen, Y., and Xiao, H. (2022). Existential distress in cancer patients: a concept 
analysis. Cancer Nurs. 45, E471–E486. doi: 10.1097/NCC.0000000000000925

Dağ, İ., and Şen, G. (2018). The mediating role of perceived social support in the relation-
ships between general causality orientations and locus of control with psychopathological 
symptoms. Eur. J. Psychol. 14, 531–553. doi: 10.5964/ejop.v14i3.1563

Dargan, S., MacDonald, K. B., and Schermer, J. A. (2021). Exploring locus-of-hope: rela-
tional tendencies, self-esteem, attachment, and gender. Behav. Sci. 11:120. doi: 10.3390/
bs11090120

Ferreira Couto, L. M., and Nunes Baptista, M. (2023). Is the locus of control a predictor and/
or mediator of emotional dysregulation and psychopathological symptoms? Cienc. Psicol. 17, 
1–15. doi: 10.22235/cp.v17i2.2850

Gravier, A. L., Shamieh, O., Paiva, C. E., Perez-Cruz, P. E., Muckaden, M. A., Park, M., 
et al. (2020). Meaning in life in patients with advanced cancer: a multinational study. 
Support Care Cancer 28, 3927–3934. doi: 10.1007/s00520-019-05239-5

https://doi.org/10.3389/fpsyg.2026.1741247
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.4236/psych.2023.142012
https://doi.org/10.4081/jphr.2021.2234
https://doi.org/10.1017/S1478951519000191
https://doi.org/10.1017/S1478951519000191
https://doi.org/10.1002/pon.6095
https://doi.org/10.1002/pon.6095
https://doi.org/10.1002/pon.4884
https://doi.org/10.1002/pon.4884
https://doi.org/10.1007/s00520-023-08098-3
https://doi.org/10.1097/NCC.0000000000000925
https://doi.org/10.5964/ejop.v14i3.1563
https://doi.org/10.3390/bs11090120
https://doi.org/10.3390/bs11090120
https://doi.org/10.22235/cp.v17i2.2850
https://doi.org/10.1007/s00520-019-05239-5


Xu et al.� 10.3389/fpsyg.2026.1741247

Frontiers in Psychology 09 frontiersin.org

Hair, J. F., Gabriel, M., and Patel, V. (2014). AMOS covariance-based structural equation mod-
eling (CB-SEM): guidelines on its application as a marketing research tool. Braz. J. Mark. 13, 
44–55. doi: 10.5585/remark.v13i2.2718

Heine, S. J., Proulx, T., and Vohs, K. D. (2006). The meaning maintenance model: on the 
coherence of social motivations. Personal. Soc. Psychol. Rev. 10, 88–110. doi: 10.1207/
s15327957pspr1002

Hodges, K., and Winstanley, S. (2012). Effects of optimism, social support, fighting spirit, 
cancer worry and internal health locus of control on positive affect in cancer survivors: a 
path analysis. Stress. Health 28, 408–415. doi: 10.1002/smi.2471

Huda, N., Shaw, M. K., and Chang, H.-J. (2022). Psychological distress among patients 
with advanced cancer: a conceptual analysis. Cancer Nurs. 45, E487–E503. doi: 10.1097/
NCC.0000000000000940

Idris, I. B., Hamis, A. A., Bukhori, A. B. M., Hoong, D. C. C., Yusop, H., 
Shaharuddin, M. A.-A., et al. (2023). Women’s autonomy in healthcare decision making: 
a systematic review. BMC Womens Health 23:643. doi: 10.1186/s12905-023-02792-4

Lewis, F. M. (1982). Experienced personal control and quality of life in late-stage cancer 
patients. Nurs. Res. 31, 113–119

Li, X. (2019). Study on Spiritual Well-Being of Advanced lung Cancer based on Cognitive 
Adaptation Theory and Its Influencing Factors. Anhui: Anhui Medical University.

Li, C.-C., Chen, M.-L., Chang, T.-C., Chou, H.-H., and Chen, M.-Y. (2015). Social support 
buffers the effect of self-esteem on quality of life of early-stage cervical cancer survivors 
in Taiwan. Eur. J. Oncol. Nurs. 19, 486–494. doi: 10.1016/j.ejon.2015.02.008

Lin, C. C., and Tsay, H. F. (2005). Relationships among perceived diagnostic disclosure, 
health locus of control, and levels of hope in Taiwanese cancer patients. Psychooncology 
14, 376–385. doi: 10.1002/pon.854

Liu, X., Li, Y., Li, L., Li, J., Yang, J., Huang, L., et al. (2025). The potential mediating effect of 
symptom burden on demoralization through locus of control and coping strategies in 
Chinese patients with cancer. Cancer Nurs. 48, 171–179. doi: 10.1097/NCC.0000000000001350

Liu Zhixiao, W. R. (2018). Predicting mechanism of self-esteem on meaning in life: medi-
ating effect of locus of control and positive emotion. Acta Sci. Nat. Univ. Pekin. 54, 
1339–1345. doi: 10.13209/j.0479-8023.2018.079

Machell, K. A., Kashdan, T. B., Short, J. L., and Nezlek, J. B. (2015). Relationships between 
meaning in life, social and achievement events, and positive and negative affect in daily 
life. J. Pers. 83, 287–298. doi: 10.1111/jopy.12103

Montañés-Muro, P., Martínez-Tomé, M., and García-Manzano, G. (2023). Psychosocial care 
needs of women with breast cancer: body image, self-esteem, optimism, and sexual performance 
and satisfaction. Health Soc. Work 48, 115–123. doi: 10.1093/hsw/hlad001

Náfrádi, L., Nakamoto, K., and Schulz, P. J. (2017). Is patient empowerment the key to 
promote adherence? A systematic review of the relationship between self-efficacy, health 
locus of control and medication adherence. PLoS One 12:e0186458. doi: 10.1371/journal.
pone.0186458

Naing, L., Nordin, R. B., Abdul Rahman, H., and Naing, Y. T. (2022). Sample size calcula-
tion for prevalence studies using Scalex and ScalaR calculators. BMC Med. Res. Methodol. 
22:209. doi: 10.1186/s12874-022-01694-7

Nanni, M. G., Caruso, R., Travado, L., Ventura, C., Palma, A., Berardi, A. M., et al. (2018). 
Relationship of demoralization with anxiety, depression, and quality of life: a Southern 
European study of Italian and Portuguese cancer patients. Psychooncology 27, 2616–2622. 
doi: 10.1002/pon.4824

Niveau, N., New, B., and Beaudoin, M. (2021). How should self-esteem be considered in 
cancer patients? Front. Psychol. 12:763900. doi: 10.3389/fpsyg.2021.763900

Nwonyi, S. K., Okoye, C. F., Oginyi, C. R., Ofoke, S. M., Nwankwo, F., and Oketa, C. M. 
(2024). Quality of life among a sample of menopausal women: predictive roles of locus of 
control and lifestyles. EBSU J. Soc. Sci. Human. 14, 194–208.

Özkan, I., Taylan, S., and Öncel, S. (2023). Examining the Relationship Between Health 
Locus of Control and Participation in a Colorectal Cancer Screening Program: A Cross-
Sectional Study. Arch. Health Sci. Res. 10, 224–230. doi: 10.5152/ArcHealthSciRes.2023.23037

Philipp, R., Walbaum, C., Koch, U., Oechsle, K., Daniels, T., Helmich, F., et al. (2025). 
Existential distress in advanced cancer: a cohort study. Gen. Hosp. Psychiatry 94, 184–191. 
doi: 10.1016/j.genhosppsych.2025.02.023

Prasad, A., Shellito, N., Alan Miller, E., and Burr, J. A. (2023). Association of chronic 
diseases and functional limitations with subjective age: the mediating role of sense of 
control. J. Gerontol. Series B. 78, 10–19. doi: 10.1093/geronb/gbac121

Quinto, R. M., De Vincenzo, F., Campitiello, L., Innamorati, M., Secinti, E., and Iani, L. 
(2022). Meaning in life and the acceptance of cancer: a systematic review. Int. J. Environ. 
Res. Public Health 19:5547. doi: 10.3390/ijerph19095547

Rehman, S. (2022). Self-esteem, psychological wellbeing and locus of control among 
breast cancer patients. Pak. J. Human. Soc. Sci. Res. 5, 55–71. doi: 10.37605/pjhssr.v5i1.334

Rosenberg, M. (1965). Society and Adolescent Self-Image. Princeton, NJ: Princeton 
University.

Ros-Sanchez, T., Lidon-Cerezuela, M. B., Lopez-Benavente, Y., and Abad-Corpa, E. 
(2023). Promoting empowerment and self-care in older women through participatory 
action research: analysis of the process of change. J. Adv. Nurs. 79, 2224–2235. doi: 
10.1111/jan.15573

Rothman, I., Tennant, A., Mills, R., and Young, C. (2023). The Association of Health 
Locus of control with clinical and psychosocial aspects of living with multiple sclerosis. 
J. Clin. Psychol. Med. Settings 30, 821–835. doi: 10.1007/s10880-023-09938-4

Ruiz-Romeo, M., Ciria-Suarez, L., Medina, J. C., Serra-Blasco, M., Souto-Sampera, A., 
and Flix-Valle, A., et al. (2025). Empowerment among Breast Cancer Survivors Using an 
Online Peer Support Community. Supportive Care in Cancer, 33, 56. doi: 10.1007/
s00520-024-09119-5

Salander, P. (2018). “Spirituality” hardly facilitates our understanding of existential dis-
tress-but “everyday life” might. Psycho-Oncology 27, 2654–2656. doi: 10.1002/pon.4784

Scandurra, C., Mangiapia, F., La Rocca, R., Di Bello, F., De Lucia, N., Muzii, B., et al. 
(2022). A cross-sectional study on demoralization in prostate cancer patients: the role of 
masculine self-esteem, depression, and resilience. Support Care Cancer 30, 7021–7030. 
doi: 10.1007/s00520-022-07145-9

Stavrova, O., and Luhmann, M. (2016). Social connectedness as a source and consequence 
of meaning in life. J. Posit. Psychol. 11, 470–479. doi: 10.1080/17439760.2015.1117127

Steger, M. F., Frazier, P., Oishi, S., and Kaler, M. (2006). The meaning in life questionnaire: 
assessing the presence of and search for meaning in life. J. Counseling Psychol. 53:80. doi: 
10.1037/0022-0167.53.1.80

Taylor, S. E. (1983). Adjustment to threatening events: a theory of cognitive adaptation. 
Am. Psychol. 38:1161. doi: 10.1037/0003-066x.38.11.1161

Tian, X., Jin, Y., Chen, H., Tang, L., and Jiménez-Herrera, M. F. (2021). The positive effect 
of social support on psychological distress among Chinese lung cancer patients: the medi-
ating role of self-esteem. Nurs. Open 8, 1642–1651. doi: 10.1002/nop2.793

Vehling, S., and Kissane, D. W. (2018). Existential distress in cancer: a lleviating suffering 
from fundamental loss and change. Psychooncology 27, 2525–2530. doi: 10.1002/pon.4872

Vehling, S., Lehmann, C., Oechsle, K., Bokemeyer, C., Krüll, A., Koch, U., et al. (2011). 
Global meaning and meaning-related life attitudes: exploring their role in predicting 
depression, anxiety, and demoralization in cancer patients. Support Care Cancer 19, 
513–520. doi: 10.1007/s00520-010-0845-6

Wallston, K. A., Stein, M. J., and Smith, C. A. (1994). Form C of the MHLC scales: a 
condition-specific measure of locus of control. J. Pers. Assess. 63, 534–553. doi: 10.1207/
s15327752jpa6303_10

Wang, Y., Sun, H., Ji, Q., Wu, Q., Wei, J., and Zhu, P. (2023). Prevalence, associated factors 
and adverse outcomes of demoralization in cancer patients: a decade of systematic review. 
Am. J. Hosp Palliat. Med. 40, 1216–1230. doi: 10.1177/10499091231154887

Wang, Z., Xu, D., Yu, S., Liu, Y., Han, Y., Zhao, W., et al. (2025). Effectiveness of meaning-
centered interventions on existential distress and mental health outcomes in cancer sur-
vivors and their family caregivers: a systematic review and meta-analysis of randomized 
controlled trials. Worldviews Evid.-Based Nurs. 22:e12752. doi: 10.1111/wvn.12752

Winger, J. G., Adams, R. N., and Mosher, C. E. (2016). Relations of meaning in life and 
sense of coherence to distress in cancer patients: a meta-analysis. Psychooncology 25, 2–10. 
doi: 10.1002/pon.3798

Xiaodan, L., Guiru, X., Guojuan, C., and Huimin, X. (2022). Self-perceived burden pre-
dicts lower quality of life in advanced cancer patients: the mediating role of existential 
distress and anxiety. BMC Geriatr. 22:803. doi: 10.1186/s12877-022-03494-6

Yang, Y., Sun, G., Dong, X., Zhang, H., Xing, C., and Liu, Y. (2019). Preoperative anxiety 
in Chinese colorectal cancer patients: the role of social support, self-esteem and coping 
styles. J. Psychosom. Res. 121, 81–87. doi: 10.1016/j.jpsychores.2019.02.009

Ying, C. (2022). Development of a Conceptual Framework and a Measurement of 
Existential Distress among Patients with Advanced Cancer in China. Fuzhou, Fujian, 
China: Fujian Medical University.

Yu, J., Dong, H., Wu, Q., Yang, Y., and Pi, H. (2021). Factors associated with low self-
esteem among patients with hematologic malignancies: a cross-sectional study. Front. 
Psych. 12:683894. doi: 10.3389/fpsyt.2021.683894

Zulkarnain, N. I. M., and Vanoh, D. (2024). Association between self-esteem and dietary 
changes among cancer patients: a cross-sectional study. Malays. J. Med. Health Sci. 20, 
84–91. doi: 10.47836/mjmhs.20.1.12

https://doi.org/10.3389/fpsyg.2026.1741247
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.5585/remark.v13i2.2718
https://doi.org/10.1207/s15327957pspr1002
https://doi.org/10.1207/s15327957pspr1002
https://doi.org/10.1002/smi.2471
https://doi.org/10.1097/NCC.0000000000000940
https://doi.org/10.1097/NCC.0000000000000940
https://doi.org/10.1186/s12905-023-02792-4
https://doi.org/10.1016/j.ejon.2015.02.008
https://doi.org/10.1002/pon.854
https://doi.org/10.1097/NCC.0000000000001350
https://doi.org/10.13209/j.0479-8023.2018.079
https://doi.org/10.1111/jopy.12103
https://doi.org/10.1093/hsw/hlad001
https://doi.org/10.1371/journal.pone.0186458
https://doi.org/10.1371/journal.pone.0186458
https://doi.org/10.1186/s12874-022-01694-7
https://doi.org/10.1002/pon.4824
https://doi.org/10.3389/fpsyg.2021.763900
https://doi.org/10.5152/ArcHealthSciRes.2023.23037
https://doi.org/10.1016/j.genhosppsych.2025.02.023
https://doi.org/10.1093/geronb/gbac121
https://doi.org/10.3390/ijerph19095547
https://doi.org/10.37605/pjhssr.v5i1.334
https://doi.org/10.1111/jan.15573
https://doi.org/10.1007/s10880-023-09938-4
https://doi.org/10.1007/s00520-024-09119-5
https://doi.org/10.1007/s00520-024-09119-5
https://doi.org/10.1002/pon.4784
https://doi.org/10.1007/s00520-022-07145-9
https://doi.org/10.1080/17439760.2015.1117127
https://doi.org/10.1037/0022-0167.53.1.80
https://doi.org/10.1037/0003-066x.38.11.1161
https://doi.org/10.1002/nop2.793
https://doi.org/10.1002/pon.4872
https://doi.org/10.1007/s00520-010-0845-6
https://doi.org/10.1207/s15327752jpa6303_10
https://doi.org/10.1207/s15327752jpa6303_10
https://doi.org/10.1177/10499091231154887
https://doi.org/10.1111/wvn.12752
https://doi.org/10.1002/pon.3798
https://doi.org/10.1186/s12877-022-03494-6
https://doi.org/10.1016/j.jpsychores.2019.02.009
https://doi.org/10.3389/fpsyt.2021.683894
https://doi.org/10.47836/mjmhs.20.1.12

	Self-esteem and existential distress among patients with advanced cancer: mediation by a sense of control and meaning in life
	1 Introduction
	2 Materials and methods
	2.1 Design and participants
	2.2 Procedure
	2.3 Measures
	2.3.1 Demographic and medical characteristics
	2.3.2 Chinese existential distress scale
	2.3.3 Multidimensional health locus of control
	2.3.4 Chinese version of the meaning in life questionnaire
	2.3.5 Rosenberg’s self-esteem scale
	2.4 Data analysis

	3 Results
	3.1 Participants’ characteristics
	3.2 Descriptive statistics and correlations of variables
	3.3 Mediating effects of sense of control and meaning in life

	4 Discussion
	4.1 Limitations
	4.2 Relevance to clinical practice

	5 Conclusion

	Acknowledgments
	References

