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Abstract

Background Individuals with sensory processing sensitivity (SPS) tend to be overreactive in response to negative
environmental stimuli. More is known about the positive relationship between SPS and quality of life (QoL); nev-
ertheless, less is known regarding the roles of resilience and social determinants in this association. This research
aimed to investigate the potential mediation effect of resilience and the moderation effect of social determinants
on the relationship between SPS and QoL in a large sample of Chinese cancer patients.

Methods We used the most recent datasets from an ongoing project conducted in southwest China. A two-stage
random sampling strategy with a probability proportionate to sample size (PPS) design was adopted. The associations
between resilience, SPS, and QoL were evaluated using a linear regression model. Path analysis was adopted to exam-
ine the mediation of resilience.

Results Resilience was positively associated with quality of life, while increased sensory processing sensitivity

was negatively associated with quality of life. The restricted cubic spline analysis revealed that as resilience increased,
the coefficients of quality of life rapidly increased across all domains. Conversely, the coefficients for quality of life
gradually decreased with the escalation of sensory processing sensitivity. Resilience was a significant mediator,
accounting for 21.88% of the total SPS-Qol association. The mediation effect of resilience varied across ethnicity

and sex.

Conclusion Sensory processing sensitivity was significantly associated with quality of life in cancer patients, and pro-
moting resilience could mitigate this negative impact. However, the effect of resilience varies across sex and ethnicity.
Therefore, targeted resilience promotion interventions, especially those integrating social characteristics, should be
considered for implementation.
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Background

Cancer is a major global public health threat [1]. In
China alone, estimates suggest approximately 4.82 mil-
lion new cancer cases and 3.21 million cancer-related
deaths in 2022 [2]. Being diagnosed with cancer can
profoundly impact the quality of life (QoL) for patients.
For instance, a substantial proportion of cancer patients
report emotional distress (37.8%) [3], pain (44.5%) [4],
limited physical activity (78%) [5], and social isolation
(41.6%) [6]. Importantly, quality of life is a determinant
of survival in cancer patients. Existing studies have well
demonstrated that an adverse quality of life significantly
contributes to subsequent poor survival outcomes [7, 8].
Identified major associated factors for quality of life have
been documented including social determinants, like
ethnicity and economic status [9], treatment-related [10]
and psychological factors [11]. Recently, there is increas-
ing emphasis on examining the processing and response
to negative environmental stimuli among cancer patients
within the field of cancer psychology and quality of life.

Sensory processing is defined as the capacity to analyze,
modulate, and organize incoming sensory information,
enabling adaptive responses to environmental stim-
uli [12]. Variability in sensory processing is frequently
observed. Individuals with a lower sensory threshold,
who tend to overreact in response to environmental stim-
uli, are identified as having sensory processing sensitivity
(SPS) [13]. Exposure to negative stimuli is linked to vari-
ous health outcomes in individuals with sensory process-
ing sensitivity. Pain, anxiety, depression, gastrointestinal
and other physical symptoms are commonly reported in
previous studies [14—17]. Most importantly, sensory pro-
cessing sensitivity is one of the decisive factors affecting
quality of life. A recent systematic review suggested that
SPS could negatively impact quality of life [13]. Evidence
from a longitudinal study further supports the associa-
tion between sensory processing sensitivity and quality of
life (SPS-QoL): high levels of sensory processing sensitiv-
ity predict poorer quality of life [18]. In consideration of
the profound consequences associated with sensory pro-
cessing sensitivity and its intimate correlation with qual-
ity of life, it becomes imperative to mitigate the adverse
impact of sensory processing sensitivity on overall quality
of life.

Despite the established positive association between
sensory processing sensitivity and quality of life, imple-
menting direct interventions targeting sensory process-
ing sensitivity poses significant challenges. Above all,
the inherent stability of sensory processing sensitivity
as a trait prevents effective intervention [19]. Addition-
ally, the empirical evidence regarding programs designed
to address sensory processing sensitivity and their effi-
cacy remains limited. We identified only two studies of
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modest sample size that aimed to improve quality of life
through targeted interventions addressing sensory pro-
cessing sensitivity [20, 21]. In this context, the identifica-
tion of additional modifiable factors that contribute to
the relationship between sensory processing sensitivity
and quality of life is pivotal for the promotion of quality
of life in cancer patients.

Recent advancements in positive psychology have posi-
tioned resilience at the forefront of promoting quality of
life [22]. Resilience refers to the inherent capacity of an
individual to effectively cope with challenging events or
emotional adversities [23]. Resilience is significantly asso-
ciated with many psychological factors including sensory
processing sensitivity: individuals with higher levels of
sensory processing sensitivity generally report lower lev-
els of resilience [24]. Additionally, accumulated evidence
consolidates the association between resilience and qual-
ity of life in cancer patients [22]. Evidently, resilience
may function as a mediator in the relationship between
SPS-QoL, and enhancing resilience has the potential to
improve the quality of life associated with sensory pro-
cessing sensitivity. However, limited research has been
conducted to examine this potential mediating effect.

Compared with the general population, cancer patients
with sensory processing sensitivity are more vulnerable
due to their frequent exposure to negative environmen-
tal stimuli. Therefore, in the current study, using the lat-
est datasets from southwest China, we aimed to provide
a systematic analysis of sensory processing sensitivity
and quality of life in cancer patients. The hypothesized
mediation effect of resilience will be further analyzed. We
tested the following two major hypotheses:

Hypothesis 1. Sensory processing sensitivity is nega-
tively associated with various domains of quality of
life (physiology, psychology, social relationships, and
environmental).

Hypothesis 2. Resilience functions as a mediator in
the relationship between sensory processing sensitiv-
ity and quality of life.

This study additionally aimed to explore the following
research questions: 1) whether social determinants mod-
erate the mediation model involving resilience, sensory
processing sensitivity, and quality of life? 2) is there a lin-
ear dose-response relationship between resilience, sen-
sory processing sensitivity, and quality of life?

Method

Study design and setting

The current study analyzed the latest dataset from a large
and ongoing project conducted in southwest China,
which focuses on physical and psychological well-being
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in cancer patients. A two-stage random sampling strat-
egy with probability proportionate to sample size (PPS)
design was performed to produce participants. In the
first stage, the third affiliated hospital of Kunming Medi-
cal University was randomly selected from all hospitals
with cancer patients; in the second stage, based on the
estimated sample size, a total of 9 inpatient departments
were randomly selected, and all initially included patients
were selected from these units. Following the sampling
results, a cross-sectional study was conducted from Sep-
tember to December 2023 in the third affiliated hospital
of Kunming Medical University, which is one of the larg-
est cancer centers in southwest China.

Participants

Eligibility criteria included being aged 18 or older, hav-
ing a confirmed pathological diagnosis of primary cancer,
and being able to read and understand the questionnaire
items. Patients were excluded if they had (1) severe men-
tal health disorders, (2) any physical illness preventing
participation in the investigation, or (3) observed com-
munication problems.

Measures

Clinical and sociodemographic features

A self-designed questionnaire was adopted to collect
clinical and sociodemographic features. The participants
were asked about their age, gender, ethnicity, employ-
ment status, educational attainment, place of residence,
marital status, financial burden, religious or spiritual
beliefs, types of cancer, cancer stage, and coexisting
medical conditions. Religious or spiritual beliefs were
assessed using the question: “Do you have any religious
or spiritual beliefs?” with response options of "Yes" or
"No". Financial burden was evaluated with the ques-
tion: “What is your household’s financial burden?” with
response options including "slight financial burden",
"moderate financial burden", and "heavy financial bur-
den". Participants were asked about coexisting medical
conditions using the question: “Do you have any other
medical conditions?” with response options of "Yes" or
"No". In the current study, four variables (sex, ethnic-
ity, educational attainment, and place of residence) were
selected as social determinants.

Independent variables

The independent variables of the current study were
sensory processing sensitivity and resilience. Sensory
processing sensitivity was measured using the 10-item
Chinese version of the Highly Sensitive Child Scale
(CHSC) [19, 25]. Previous studies support the use of the
CHSC for assessing adults, and its robustness and effec-
tiveness have been validated [25]. The CHSC consists
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of ten items distributed across three dimensions: ease
of excitation (EOE), aesthetic sensitivity (AES), and low
sensory threshold (LST). This study is interested in the
impact of negative environments. Therefore, the sub-
scales EOE and LST, which assess sensitivity to nega-
tive environments, were used to measure the level of
sensory processing sensitivity. Each item was rated on a
scale ranging from 1 (not at all) to 7 (extremely). Higher
scores indicate greater sensory processing sensitivity.
The Cronbach’s o for CHSC, EOE, AES, and LST in the
current study was 0.79 (95% CI: 0.77-0.81), 0.85 (95%
CI: 0.83-0.87), 0.83 (95% CI: 0.80-0.86), and 0.86 (95%
CI: 0.82-0.90), respectively. Psychological resilience was
assessed using the Chinese version of the 10-item Con-
nor-Davidson Resilience Scale (CD-RISC-10) [27]. The
CD-RISC-10 is a validated and condensed version of the
original 25-item CD-RISC. It consists of 10 items, each
rated on a 5-point Likert scale ranging from 0 (never) to
4 (almost always). The combined score ranges from 0 to
40, with a higher score indicating better resilience. The
Cronbach’s a for CD-RISC-10 in the current study was
0.91 (95% CI: 0.90-0.92). The total scores of CHSC and
CD-RISC-10 were included in the analyses.

Dependent variables

The primary outcome of the present study was the quality
of life, which comprised four domains. The Chinese ver-
sion of the World Health Organization Quality of Life-
Brief (WHOQOL-BREF) was used to evaluate the quality
of life of cancer patients [26]. This scale consists of 29
questions, with 24 items comprising four domains: physi-
ology, psychology, social relationships, and environment.
Except for one item, all questions were assessed on a
5-point Likert scale ranging from 1 (very poor) to 5 (very
good). A high combined score indicates superior quality
of life within the corresponding domains. The Cronbach’s
a for the Chinese version of WHOQOL-BREF in the cur-
rent study was 0.90 (95% CI: 0.89-0.91). The total scores
of each domain of QoL were included in the analyses.

Data collection

Preceding data acquisition, informed consent was
received from all the participants. A self-administered
questionnaire method was adopted for data collec-
tion. Participants were asked to complete the question-
naires independently, with adequate time and privacy. If
participants needed assistance in completing the ques-
tionnaires, the investigators provided explanations. All
investigators underwent pre-training and assessment.
The clinical data, such as cancer types and staging, were
further verified through reviewing medical records.
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Statistical analysis

All data sorting and analysis were performed in the R
statistical system (Version 4.3.2, The R Foundation for
Statistical Computing, Vienna, Austria). The sociode-
mographic and clinical features of cancer patients were
depicted using descriptive statistics. Categorical vari-
ables were presented as frequencies and percentages.
Interval data characteristics were reported as mean
with standard deviation (SD).

The associations between resilience, sensory process-
ing sensitivity, and the four domains of quality of life
were estimated using a linear regression model. Specifi-
cally, univariate linear regression was used to identify
variables relevant to the four domains of quality of life.
If the variables showed a significant correlation with
the dependent variables (significance level set at less
than 0.05, two-tailed), they were considered as covari-
ates for subsequent analyses. In the second step, all the
covariates and independent variables were included in
multiple linear regression to estimate the associations
between resilience, sensory processing sensitivity, and
the four domains of quality of life (to address multiple
testing, the significance level was adjusted to less than
0.0125, two-tailed). Subsequent sensitivity analyses
were conducted using multiple linear regression with
restricted cubic spline (RCS) to explore the changes
in coefficients with increasing levels of resilience and
sensory processing sensitivity. We hypothesize a lin-
ear dose-response relationship, where increasing resil-
ience and sensory processing sensitivity linearly affect
patients’ quality of life, either improving or declining it.

Path analysis was adopted to examine whether resil-
ience is a significant mediator between sensory pro-
cessing sensitivity and quality of life. Specifically, we
simultaneously entered sensory processing sensitiv-
ity, resilience, and the four domains of quality of life
into the path model to estimate the standardized path
coefficients (significance level set at less than 0.05,
two-tailed). It is possible that the mediation effect of
resilience may vary across different social characteris-
tics. Consequently, we conducted subgroup path analy-
ses to investigate whether social determinants such as
sex, ethnicity, educational attainment, and place of resi-
dence moderate the mediation effect of resilience.

Ethics approval

Ethical approval was obtained from the Institu-
tional Review Committee of Yunnan Cancer Hos-
pital (ky2021133). All procedures performed in
studies involving human participants were in accord-
ance with the ethical standards of the institutional
and/or national research committee and with the 1964
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Helsinki Declaration and its later amendments or com-
parable ethical standards.

Results

Sociodemographic and clinical features of participants
Initially, a total of 1133 participants were included and
completed the questionnaire. Fourteen participants
were excluded due to missing cancer staging data, leav-
ing 1119 respondents for analysis. The effective response
rate was 98.76%. Of the study population, the mean age
of the study population was 53.13 years (standard devia-
tion: 11.47); the majority were female (59.6%) and of Han
ethnicity (78.2%). Over half of the participants (56.7%)
reported living in rural areas. Nearly two-fifths of the
participants (40.1%) had received middle or high school
education. Detailed characteristics relating to the partici-
pants are summarized in Table 1.

Association of sensory processing sensitivity, resilience,
and quality of life

Univariate linear regression identified potential covari-
ates for quality of life. For the dependent variables of
physiology and social relationships, covariates included
occupation, educational attainment, place of residence,
financial burden, and types of cancer. For the depend-
ent variable of psychology, covariates comprised educa-
tional attainment, place of residence, and types of cancer.
Regarding the dependent variable of environment, covar-
iates involved occupation, educational attainment, place
of residence, financial burden, religious or spiritual
beliefs, and types of cancer (Table 2 and Table 3).

After controlling for possible covariates identified
from univariate analysis, for every one-unit increase in
resilience, the multivariable adjusted coefficients (b) for
physiological, psychological, environmental, and social
relationships were 0.0977 (p<0.001), 0.0850 (p<0.001),
0.0746 (p<0.001), and 0.0902 (p<0.001), respectively
(Tables 2, 3, 4 and 5). Conversely, increased sensory pro-
cessing sensitivity was negatively associated with qual-
ity of life in physiology (coefficient: -0.0513, p<0.001),
psychology (coefficient: -0.0240, p<0.001), environment
(coefficient: -0.0386, p<0.001), and social relationships
(coefficient: -0.0342, p<0.001). The characteristics of the
multiple linear regression models were summarized in
Tables 2, 3, 4 and 5.

Sensitivity analysis

In an effort to verify the reliability and ascertain the
trend of association between sensory processing sen-
sitivity and resilience in relation to quality of life, a
sensitivity analysis was performed using the restricted
cubic spline. After controlling for the previously men-
tioned covariates, a rapid increase was observed in the
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Table 1 Characteristics of the cancer patients Table 1 (continued)
Features n (%) Mean (SD) Features n (%) Mean (SD)
Overall 1119 Quality of life
Age 53.13(11.47) Physiology 12.87 (2.13)
oex Psychology 1259(178)
Male 452 (404) Social relationships 1451 (2.25)
Female 667 (59) Environment 1281 (1.94)
Ethnicity
Han ethnicity 875 (78.2)
Ethnic Minorities 244 (21 8) coefficients (b) of quality of life across all domains with
Employment status the increase in resilience (Fig. 1). Conversely, the coef-
Employed 559 (50.0) ficients (b) for quality of life gradually decreased with
Unemployed 560 (50.0) the escalation of sensory processing sensitivity (Fig. 2).
Educational attainment
Primary school and below 376 (33.6)
Middle and high school 449 (40.1) Mediation analysis of resilience
College and above 294 (26.3) Hypothesized model showed a good fit: the goodness-
Place of residence of-fit index (GFI) was 0.99, and the root mean square
Rural 634 (56.7) error of approximation (RMSEA) was 0.039. A promi-
Urban 485 (433) nent mediation of resilience in the association between
Marital status sensory processing sensitivity and quality of life was
Single, divorced, and widowed 89 (8.0) observed after fitting the model. The direct relationship
Married 1030 (92.0) from sensory processing sensitivity to quality of life was
Financial burden -0.6138, calculated based on an amalgamation of stand-
Slight financial burden 179 (16.0) ardized coefficients: physiology (-0.1819), psychology
Moderate financial burden 461 (41.2) (-0.1314), environment (-0.1688), and social relation-
Heavy financial burden 479 (42.8) ships (-0.1317). The indirect association via resilience
Having religious or spiritual beliefs was -0.1720. Altogether, 21.88% of the total association
Yes 88 (79) (-0.7858) was mediated by resilience (Table 6).
No 1031 (92.1)
Types of cancer
Lung cancer 267 (23.9) Moderation of social determinants
Bowel cancer 288 (25.7) It is possible that resilience could exhibit distinct media-
Liver cancer 114 (102) tion patterns when stratified by social determinants
Breast cancer 01 (9.0) (sex, ethnicity, educational attainment, and place of
Cervical cancer 165 (14.7) residence). Consequently, we performed subgroup path
Endometrial cancer 0(45) analyses to examine the potential moderating role of
Ovarian cancer (5 6) social determinants. For ethnicity, a significant media-
Other 71 (63) tion role of resilience was identified in the Han ethnicity,
Stages of cancer accounting for 23.65% of the total association (Table S2).
| 193(17.2) whereas the mediating role of resilience was insignificant
I 206 (18.4) in the ethnic minority subgroup (Table S2). The media-
n 274 (245) tion of resilience accounted for 32.88% and 14.01% of the
v 172 (15.4) total association in the subgroups of males and females,
Cancer of unknown stage 274 (24.5) respectively (Table S3). For educational attainment
Coexisting medical conditions (Table S4), a significant mediation role of resilience was
Ves 780 (69.7) observed in individuals with higher educational attain-
No 339(303) ment (Middle and high school: 19.04%; College and
Sensory processing sensitivity 3155 (7.07) above: 23.31%). The mediation of resilience accounted
Resilience 2563 (6.55) for 16.38% and 23.03% of the total association in the sub-

groups residing in rural and urban areas (Table S5).
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Table 2 Association of sensory processing sensitivity, resilience, and quality of life (physiology) in cancer patients
Variables Dependent variable: Physiology
Univariate linear regression Multiple linear regression
Coefficients (b) Standard P value Coefficients (b) Standard P value
(95% CI) errors (SE) (95% CI) errors (SE)
Age (years) -0.0075 (-0.0184, 0.0034) 0.0055 0.1770
Sex (ref: male)
Female -0.0295 (-0.2837,0.2247) 0.1296 0.8200
Ethnicity (ref: Han ethnicity)
Ethnic Minorities 0.2246 (-0.0772,0.5264) 0.1538 0.1440
Occupation (ref: employed)
Unemployed -0.406 (-0.6543,-0.1577) 0.1266 0.0010 -0.0142 (-0.2767,0.2483) 0.1338 0916
Educational attainment (ref: primary school and below)
Middle and high school 0.1454 (-0.1426, 04335) 0.1468 0.3220 -0.0873 (-0.3622,0.1875) 0.1401 0.533
College and above 0.8378(0.5170, 1.1586) 0.1635 <0.001 0.1146 (-0.2401, 0.4694) 0.1808 0.526
Place of residence (ref: rural)
Urban 0.6937 (0.4453,0.9421) 0.1266 <0.001 0.1621 (-0.1209, 0.4450) 0.1442 0.261
Marital status (ref: single, divorced, and widowed)
Married -0.2324 (-0.6932,0.2284) 0.2349 0.3230
Financial burden (ref: slight financial burden)
Moderate financial burden -0.1987 (-0.5647,0.1673) 0.1865 0.2870 -0.1670 (-0.4961,0.1622) 0.1677 032
Heavy financial burden -0.5254 (-0.8895,-0.1614) 0.1855 0.0050 -0.2805 (-0.6173, 0.0562) 01716 0.102
Having religious or spiritual beliefs (ref: yes)
No -0.3231 (-0.7861, 0.1400) 0.2360 0.1710
Types of cancer (ref: lung cancer)
Bowel cancer 0.1188 (-0.2250, 0.4626) 0.1752 04980 0.0367 (-0.2815, 0.3549) 0.1622 0.821
Liver cancer -1.5816 (-2.0344,-1.1288) 0.2308 <0.001 -1.2603 (-1.6806, -0.8400) 0.2142 <0.001
Breast cancer -0.1596 (-0.6324,0.3131) 0.2410 0.5080 -0.1325 (-0.5675, 0.3025) 0.2217 0.55
Cervical cancer -0.3452 (-0.7460, 0.0555) 0.2043 0.0910 -0.2635 (-0.6404, 0.1135) 0.1921 0.171
Endometrial cancer -0.9035 (-1.5271,-0.2799) 03178 0.0050 -0.7829 (-1.3575,-0.2082) 0.2929 0.008
Ovarian cancer -1.1099 (-1.6768,-0.5431) 0.2889 <0.001 -0.8393 (-1.3607,-0.3179) 0.2657 0.002
Other -0.4843 (-1.0247,0.0561) 0.2754 0.0790 -0.5185(-1.0149,-0.0221) 0.2530 0.041
Stages of cancer (ref: I)
I -0.0486 (-0.4665, 0.3693) 0.2130 0.8200
Il -0.1616 (-0.5536, 0.2305) 0.1998 0.4190
\Y -0.2127 (-0.6501, 0.2247) 0.2229 0.3400
Cancer of unknown stage -0.3305 (-0.7225, 0.0615) 0.1998 0.0980
Coexisting medical conditions (ref: No)
Yes 04711 (0.2011,0.7412) 0.1376 <0.001 0.3639 (0.1192, 0.6086) 0.1247 0.004
Sensory processing sensitivity -0.069 (-0.0862, -0.0518) 0.0088 <0.001 -0.0513 (-0.0675,-0.0351) 0.0083 <0.001
(One-score increase)
Resilience (One-score increase) 0.1181 (0.1004, 0.1359) 0.0090 <0.001 0.0977 (0.0798, 0.1156) 0.0091 <0.001

The characteristics of the multiple linear regression model: adjusted R-squared=0.211, Fy¢ 110,=19.68, p<0.001

Discussion

In the present study, we observed that sensory processing
sensitivity and resilience were prominently associated with
quality of life. Additionally, a significant mediating effect of
resilience was identified in the relationship between sensory

processing sensitivity and quality of life. However, the medi-
ating role of resilience was moderated by social character-
istics such as sex and ethnicity. The results from this study
contribute to a better understanding of how sensory pro-
cessing sensitivity is related to quality of life via resilience.
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Table 3 Association of sensory processing sensitivity, resilience, and quality of life (psychology) in cancer patients
Variables Dependent variable: Psychology
Univariate linear regression Multiple linear regression
Coefficients (b) Standard P value Coefficients (b) Standard P value
(95% CI) errors (SE) (95% CI) errors (SE)
Age (years) 0.0020 (-0.0071,0.0112) 0.0047 0.6620
Sex (ref: male)
Female -0.1626 (-0.3756, 0.0504) 0.1086 0.1350
Ethnicity (ref: Han ethnicity)
Ethnic Minorities 0.0486 (-0.2048, 0.3020) 0.1291 0.7070
Occupation (ref: employed)
Unemployed -0.1428 (-0.3519, 0.0662) 0.1066 0.1800
Educational attainment (ref: primary school and below)
Middle and high school 0.0583 (-0.1849, 0.3014) 0.1239 0.6380 -0.1085 (-0.3445, 0.1274) 0.1203 0.367
College and above 04981 (0.2273,0.7688) 0.1380 <0.001 -0.0283 (-0.3236, 0.2670) 0.1505 0.851
Place of residence (ref: rural)
Urban 04354 (0.2258, 0.6450) 0.1068 <0.001 0.1788 (-0.0508, 0.4083) 0.1170 0.127
Marital status (ref: single, divorced, and widowed)
Married -0.0096 (-0.3963, 0.3771) 0.1971 0.9610
Financial burden (ref: slight financial burden)
Moderate financial burden -0.1191 (-0.4272,0.1890) 0.1570 0.4480
Heavy financial burden -0.2201 (-0.5266, 0.0863) 0.1562 0.1590
Having religious or spiritual beliefs (ref: yes)
No -0.1568 (-0.5454, 0.2318) 0.1981 04290
Types of cancer (ref: lung cancer)

Bowel cancer -0.082 (-0.3745,0.2106) 0.1491 0.5830 -0.1583 (-0.4344,0.1178) 0.1407 0.261
Liver cancer -0.4264 (-0.8117,-0.0411) 0.1964 0.0300 -0.2157 (-0.5808, 0.1494) 0.1861 0.247
Breast cancer 0.1968 (-0.2055, 0.5991) 0.2050 0.3370 0.2405 (-0.1373,0.6182) 0.1925 0212
Cervical cancer -0.7742 (-1.1152,-0.4331) 0.1738 <0.001 -0.7756 (-1.1021, -0.4491) 0.1664 <0.001
Endometrial cancer -0.4732 (-1.0038, 0.0575) 0.2705 0.0800 -0.4024 (-0.9011, 0.0962) 0.2541 0114
Ovarian cancer -0.8382 (-1.3206, -0.3559) 0.2458 <0.001 -0.6699 (-1.1226,-0.2171) 0.2307 0.004
Other 0.2076 (-0.2523, 0.6674) 0.2344 0.3760 0.1983 (-0.2325,0.6291) 0.2196 0.367

Stages of cancer (ref: I)
I 0.3227 (-0.0278,0.6732) 0.1786 0.0710
Il 0.1007 (-0.2281, 0.4295) 0.1676 0.5480
\% 0.2263 (-0.1406, 0.5932) 0.1870 0.2260
Cancer of unknown stage 0.1907 (-0.1381, 0.5195) 0.1676 0.2550
Coexisting medical conditions (ref: No)
Yes 0.2658 (0.0387, 0.4930) 0.1158 0.0220 0.1614 (-0.0509, 0.3738) 0.1082 0.136
Sensory processing sensitivity -0.0441 (-0.0587,-0.0295) 0.0074 <0.001 -0.0240 (-0.0381, -0.0100) 0.0072 <0.001

(One-score increase)

Resilience (One-score increase) 0.0896 (0.0745, 0.1047) 0.0077 <0.001 0.0850 (0.0695, 0.1005) 0.0079 <0.001

The characteristics of the multiple linear regression model: adjusted R-squared=0.152, F;3 1;0s=16.44, p<0.001

This study produced results that further corroborate

the findings of a great deal of the previous work on the
association between sensory processing sensitivity and
quality of life. The existing evidence suggests that the
individuals with hypersensitivity generally experiences a
high intensity of stimulation, engages in deep processing,

and interprets environmental subtleties, leading to a
series of physical and psychological responses [28, 29].
Consequently, individuals with sensory processing sen-
sitivity are prone to a poorer quality of life. Our research
findings also provide supportive evidence for the medi-
ating role of resilience in the relationship between
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Table 4 Association of sensory processing sensitivity, resilience, and quality of life (social relationships) in cancer patients
Variables Dependent variable: Social relationships
Univariate linear regression Multiple linear regression
Coefficients (b) Standard P value Coefficients (b) Standard P value
(95% CI) errors (SE) (95% CI) errors (SE)
Age (years) 0.0031 (-0.0085, 0.0146) 0.0059 0.6000
Sex (ref: male)
Female -0.1243 (-0.3938, 0.1451) 0.1374 0.3650
Ethnicity (ref: Han ethnicity)
Ethnic Minorities 0.1762 (-0.1440, 0.4964) 0.1632 0.2800
Occupation (ref: employed)
Unemployed -0.3095 (-0.5735, -0.0456) 0.1345 0.0220 0.0790 (-0.2131,0.3711) 0.1488 0.596
Educational attainment (ref: primary school and below)
Middle and high school 0.1055 (-0.2007,0.4117) 0.1560 0.4990 -0.0691 (-0.3749, 0.2367) 0.1559 0.657
College and above 0.7968 (0.4559, 1.1378) 0.1738 <0.001 0.1812 (-0.2133,0.5757) 0.2011 0.368
Place of residence (ref: rural)
Urban 0.6651 (0.4011,0.9292) 0.1346 <0.001 0.2963 (-0.0184,0.611) 0.1604 0.065
Marital status (ref: single, divorced, and widowed)
Married -0.0758 (-0.5647,0.4131) 0.24917 0.761
Financial burden (ref: slight financial burden)
Moderate financial burden -0.2308 (-0.6197,0.1582) 0.1982 0.245 -0.2065 (-0.5725, 0.1596) 0.1866 0.269
Heavy financial burden -0.4467 (-0.8336, -0.0599) 0.1972 0.024 -0.2334 (-0.6075, 0.1408) 0.1907 0.221
Having religious or spiritual beliefs (ref: yes)
No -0.2555 (-0.7467,0.2357) 0.2504 0.308
Types of cancer (ref: lung cancer)
Bowel cancer -0.0395 (-0.4097, 0.3306) 0.1887 0.834 -0.1475 (-0.5014, 0.2063) 0.1804 0413
Liver cancer -0.9265 (-1.4140, -0.4390) 0.2485 <0.001 -0.6699 (-1.1360, -0.2038) 0.2376 0.005
Breast cancer -0.2907 (-0.7997,0.2183) 0.2594 0.2630 -0.2419 (-0.7252,0.2414) 0.2463 0.326
Cervical cancer -0.855 (-1.2865,-0.4235) 0.2199 <0.001 -0.8536 (-1.2726,-0.4347) 0.2135 <0.001
Endometrial cancer -1.3447 (-2.0162,-0.6733) 0.3422 <0.001 -1.2273 (-1.8665, -0.5881) 0.3258 <0.001
Ovarian cancer -0.8173 (-1.4276,-0.2070) 03110 0.0090 -0.5733 (-1.1536, 0.0069) 0.2957 0.053
Other -0.3374 (-0.9192, 0.2444) 0.2965 0.2550 -0.3416 (-0.8941,0.2108) 0.2816 0.225
Stages of cancer (ref: I)
I -0.2171 (-0.6604, 0.2262) 0.2259 0.3370
Il -0.3424 (-0.7582,0.0734) 02119 0.1060
v 1328 (-0.5968, 0.3312) 0.2365 0.5750
Cancer of unknown stage -0.2888 (-0.7047,0.127) 02119 0.1730
Coexisting medical conditions (ref: No)
Yes 0.2223 (-0.0652, 0.5099) 0.1466 0.1300
Sensory processing sensitivity -0.0546 (-0.0731,-0.0362) 0.0094 <0.001 -0.0342 (-0.0523,-0.0162) 0.0092 <0.001
(One-score increase)
Resilience (One-score increase) 0.1035 (0.0842,0.1227) 0.0098 <0.001 0.0902 (0.0704,0.1101) 0.0101 <0.001

The characteristics of the multiple linear regression model: adjusted R-squared=0.131, 5, ;,03=12.23, p<0.001

sensory processing sensitivity and quality of life, a topic
that has been inadequately addressed in previous stud-
ies. It is well established that resilience comprises com-
prehensive capabilities in coping with negative events,
such as self-efficacy, positive perception, emotional and
cognitive regulation [27, 30, 31]. It has been reported

that sensory processing sensitivity is significantly asso-
ciated with cognitive problems [28, 29]. Latest research
further observed decreased resilience-related abilities
in groups with a higher level of sensory processing sen-
sitivity [24, 32]. Meanwhile, all these abilities are sig-
nificantly associated with quality of life [33]. Given the
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Table 5 Association of sensory processing sensitivity, resilience, and quality of life (environment) in cancer patients
Variables Dependent variable: Environment
Univariate linear regression Multiple linear regression
Coefficients (b) Standard p Coefficients (b) Standard p
(95% CI) errors (SE) value (95% CI) errors (SE) value
Age (years) 0.0068 (-0.0031,0.0167) 0.0050 0.1800
Sex (ref: male)
Female -0.1315 (-0.3630, 0.1001) 0.1180 0.2650
Ethnicity (ref: Han ethnicity)
Ethnic Minorities -0.0153 (-0.2906, 0.2599) 0.1403 09130
Occupation (ref: employed)
Unemployed -0.6306 (-0.8549, -0.4063) 0.1143 <0.001 -0.1298 (-0.3699, 0.1103) 0.1224 0.289
Educational attainment (ref: primary school and below)
Middle and high school 0.2825 (0.0225, 0.5424) 0.1325 0.0330 0.0094 (-0.2419, 0.2607) 0.1281 0.941
College and above 1.0391 (0.7496, 1.3286) 0.1476 <0.001 0.1891 (-0.1351,0.5134) 0.1652 0.253
Place of residence (ref: rural)
Urban 0.9338 (0.7110, 1.1565) 01135 <0.001 0.3861 (0.1275, 0.6447) 0.1318 0.003
Marital status (ref: single, divorced, and widowed)
Married -0.3128 (-0.7325, 0.1069) 0.2139 0.144
Financial burden (ref: slight financial burden)
Moderate financial burden -0.0465 (-0.3775,0.2845) 0.1687 0.783 -0.0457 (-0.3467,0.2553) 0.1534 0.766
Heavy financial burden -0.6395 (-0.9688, -0.3103) 0.1678 <0.001 -0.3718 (-0.6793, -0.0643) 0.1567 0.018
Having religious or spiritual beliefs (ref: yes)
No -0.4432 (-0.8647,-0.0217) 0.2148 0.039 -0.5176 (-0.8952, -0.1400) 0.1924 0.007
Types of cancer (ref: lung cancer)
Bowel cancer 0.1197 (-0.1936, 0.4330) 0.1597 0454 -0.0246 (-0.3155, 0.2662) 0.1482 0.868
Liver cancer -1.3284(-1.7410,-0.9158) 0.2103 <0.001 -1.0568 (-1.4399,-0.6738) 0.1952 <0.001
Breast cancer -0.1788 (-0.6097, 0.2520) 0.2196 04150 -0.1755(-0.5727,0.2217) 0.2024 0.386
Cervical cancer -0.7715 (-1.1367,-0.4063) 0.1861 <0.001 -0.7623 (-1.1067,-0.4179) 0.1755 <0.001
Endometrial cancer -0.9442 (-1.5125,-0.3759) 0.2896 0.0010 -0.9234 (-1.4488,-0.3979) 0.2678 <0.001
Ovarian cancer -0.7950 (-1.3115,-0.2784) 0.2633 0.0030 -0.5455 (-1.0224,-0.0686) 0.2430 0.025
Other -0.1512 (-0.6437,0.3412) 0.2510 0.5470 -0.1853 (-0.6395, 0.2688) 02314 0423
Stages of cancer (ref: 1)
I -0.1820 (-0.5625, 0.1985) 0.1939 0.3480
Il -0.2422 (-0.5991, 0.1148) 0.1819 0.1830
\Y 0.0825 (-0.3158, 0.4807) 0.2030 0.6850
Cancer of unknown stage -0.2768 (-0.6338, 0.0801) 0.1819 0.1280
Coexisting medical conditions (ref: No)
Yes 0.1637 (-0.0835,0.4109) 0.1260 0.1940
Sensory processing sensitivity -0.0577 (-0.0734,-0.0419) 0.0080 <0.001 -0.0386 (-0.0534, -0.0237) 0.0076 <0.001
(One-score increase)
Resilience (One-score increase) 0.0948 (0.0783,0.1112) 0.0084 <0.001 0.0746 (0.0582, 0.0909) 0.0083 <0.001

The characteristics of the multiple linear regression model: adjusted R-squared=0.205, F¢, ;,0,=19.03, p<0.001

above mechanisms, the risk for an adverse quality of life
might be mitigated, even within the context of a higher
level of sensory processing sensitivity, through enhanced
resilience. While interventions oriented towards resil-
ience, even in the short term, has been proven to
achieve ideal effects [34]. Therefore, the findings from

the present study suggest that the improvement of resil-
ience could be a more effective and practical approach
for mitigating the poor quality of life risk associated with
sensory processing sensitivity among cancer patients.
Indeed, existing studies have reported validated inter-
vention strategies for resilience [35, 36], exemplified by
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Fig. 1 Association between sensory processing sensitivity and four domains of quality of life in the multiple linear regression with restricted
cubic spline. Solid lines are point estimates of coefficients (b), shaded areas showing 95 % Cls by using restricted cubic spline (RCS). Covariates
for the dependent variable of physiology and social relationships included resilience, occupation, educational attainment, place of residence,
financial burden, and types of cancer. Covariates for the dependent variable of psychology included resilience, educational attainment, place

of residence, and types of cancer. Covariates for the dependent variable of environment included resilience, occupation, educational attainment,

place of residence, financial burden, religious or spiritual beliefs, and types of cancer. The test of nonlinear relationship between sensory processing
sensitivity and four domains of quality of life: physiology (p=0.172), psychology (p=0.034), social relationship (p=0.066), and environment (p=0.714)

established programs like Promoting Resilience in Stress
Management (PRISM) and psychoeducational interven-
tions (PEIs). After the interventions, both programs were
observed to have a significant increase in resilience and
improvements in quality of life.

However, we also retrieved a study on resilience-pro-
moting interventions with a non-significant effect on
improving quality of life [37], which suggests that a one-
size-fits-all approach to intervention is likely ineffective
since the mediating effect of resilience could vary across
social characteristics. Another important finding of the
present study was that the mediating effect of resilience
in the association between QoL-SPS varied across sex
and ethnicity. Disparities in resilience related to social
characteristics have been reported in previous studies.
For instance, a gender difference in resilience was iden-
tified in cancer patients, with poorer resilience observed
in females [38]. Another study reported variation in
resilience among different ethnicities [39]. Theoretical

studies suggest that human resilience comprises multi-
ple interacting systems, encompassing a range of biolog-
ical, psychological, social, and ecological systems [40].
Subsequent systematic reviews supported this multisys-
temic perspective, indicating that individuals’ resilience
likely depends on factors from multiple levels [41]. As
a result, the level of resilience varies among individuals
due to the diverse conditions of these elements. These
study results suggest that the benefits derived from
resilience promotion measures may vary among par-
ticipants based on sex and ethnicity. In future research
and interventions, it is worth focusing on resilience pro-
motion approaches oriented towards integrating social
characteristics.

The current study adopted a cross-sectional design to
provide the first systematic examination of the mediat-
ing role of resilience in the association between sensory
processing sensitivity and quality of life, as well as the
moderation of social determinants in Chinese cancer
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Fig. 2 Association between resilience and four domains of quality of life in the multiple linear regression with restricted cubic spline. Solid lines
are point estimates of coefficients (b), shaded areas showing 95 % Cls by using restricted cubic spline (RCS). Covariates for the dependent variable
of physiology and social relationships included sensory processing sensitivity, occupation, educational attainment, place of residence, financial
burden, and types of cancer. Covariates for the dependent variable of psychology included sensory processing sensitivity, educational attainment,
place of residence, and types of cancer. Covariates for the dependent variable of environment included sensory processing sensitivity, occupation,
educational attainment, place of residence, financial burden, religious or spiritual beliefs, and types of cancer. The test of nonlinear relationship
between resilience and four domains of quality of life: physiology (p=0.965), psychology (p=0.545), social relationship (p=0.810), and environment

(p=0017)

Table 6 Path model of sensory processing sensitivity, resilience, and quality of life

Variables b (95%Cl) SE (b) B p
Direct effect
Sensory processing sensitivity — Physiology -0.0547 (-0.0710, -0.0385) 0.0083 -0.1819 <0.001
Sensory processing sensitivity — Psychology -0.0332 (-0.0471,-0.0192) 0.0071 -0.1314 <0.001
Sensory processing sensitivity — Social relationships -0.0420 (-0.0598, -0.0242) 0.0091 -0.1317 <0.001
Sensory processing sensitivity — Environment -0.0463 (-0.0614,-0.0312) 0.0077 -0.1688 <0.001
Indirect effect
Resilience — Sensory processing sensitivity -0.1298 (-0.1836, -0.076) 0.0275 -0.1399 <0.001
Resilience — Physiology 0.1099 (0.0923, 0.1274) 0.0089 0.3388 <0.001
Resilience — Psychology 0.0846 (0.0695, 0.0996) 0.0077 0.3109 <0.001
Resilience — Social relationships 0.0971 (0.0779,0.1164) 0.0098 0.2824 <0.001
Resilience — Environment 0.0878 (0.0715,0.1041) 0.0083 0.2970 <0.001

b unstandardized coefficients, B standardized coefficients within roles, SE standard error
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patients. The scientific study design and the large sample
size further strengthened the validity of the findings that
support the positive association between sensory pro-
cessing sensitivity and quality of life in cancer patients.
We found that cancer patients with sensory process-
ing sensitivity were at risk of poorer quality of life, and
promoting resilience could mitigate this risk. However,
the effect of resilience varies across social determinants.
Therefore, extensive social characteristics should be pri-
oritized when designing and implementing intervention
measures.

Several limitations should be mentioned in this study.
First, causal inference cannot be reached due to the
inherent limitations of the cross-sectional design. There-
fore, additional studies using a prospective design are
warranted. Secondly, caution should be taken when gen-
eralizing the findings, as the sample was selected from a
single city in southwest China. In the future, multicenter
studies or research with a nationally representative sam-
ple of cancer patients should be conducted. Third, the
data for this study were collected using a self-report
method, which inevitably introduces information bias.

Conclusion

In this cross-sectional study, we further support the asso-
ciation between resilience and sensory processing sensi-
tivity and quality of life. Resilience exhibited a prominent
mediating role in the association between sensory process-
ing sensitivity and quality of life. Significant social determi-
nants such as sex and ethnicity showed a moderating effect
on the mediation of resilience. This combination of find-
ings suggests that cancer patients who maintain a higher
level of sensory processing sensitivity are more likely to
experience poorer quality of life. Therefore, resilience pro-
motion interventions, especially those oriented towards
integrating social determinants, should be designed and
implemented for this high-risk population.
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