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Abstract

Objective: Resilience instruments specific to family caregivers (FCs) in cancer are limited. This study was designed
to validate the 10-item Resilience Scale Specific to Cancer (RS-SC-10) in FCs using multidimensional item response

theory (MIRT) analysis.

Methods: 382 FCs were enrolled from Be Resilient to Cancer Program (BRCP) and administered with RS-SC-10 and
36-item Short Form Health Survey (SF-36). MIRT was performed to evaluate item parameters while Generalized
Additive Model (GAM) and Latent Profile Analysis (LPA) were performed to test the non-linear relationship between

resilience (RS-SC-10) and Quiality of Life (QoL, SF-36).

Results: RS-SC-10 retained 10 items with high multidimensional discrimination, monotonous thresholds and its origi-
nal two-factor structure (Generic and Shift-Persist). Four latent resilience subgroups were identified and a non-linear
dose-response pattern between resilience and QoL was confirmed (per-SD increase OR=1.62, 95% Cl 1.16-2.13,

p=0.0019).

Conclusion: RS-SC-10is a brief and suitable resilience instrument for FCs in cancer. The resilience screening of
patients and FCs can be performed simultaneously in clinical practice.

Keywords: Resilience, Instrument, Family caregivers, Cancer, Multidimensional item response theory, Generalized

additive model, Latent profile analysis

Introduction

Advances in new therapies of cancer (i.e., immuno-
therapy) have resulted in significant improvements
in survival rates, and cancer is gradually treated as a
chronic disease [1, 2]. However, cancer survivors are
still troubled with physical (i.e., fatigue, etc.), psycho-
social (i.e., fear of cancer recurrence, etc.), and financial
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burdens(i.e., in debt, etc.) in the remission stage and
family caregivers (FCs) are considered to play an essen-
tial role in the cancer survivorship [3, 4]. Although FCs
are valuable sources of support to cancer survivors,
they also have heavy caregiver burdens about moni-
toring treatment sessions, managing symptoms and
providing emotional support [5]. Therefore, FCs are
vulnerable to role strain and stress resulting in high
risks for morbidity and mortality [6]. However, a signif-
icant group of FCs have the ability to ‘bounce back’from
adversity after a short period of disruption, and find
meaning and benefits in the role of caregiver. This abil-
ity is defined as resilience and FCs with high resilience
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levels were reported to experience low emotional dis-
tress and caregiver burden, as well as high optimism
and Quality of Life (QoL) [7]. However, there exist no
resilience scales specific to FCs in cancer, and whether
a generic resilience instrument can be administered in
the cancer-specific population is debated [8]. Recently,
we developed a new Resilience Scale Specific to Cancer
(RS-SC) based on Shift-Persist theory and Resilience
Model to Breast Cancer [9, 10]. Then, a 10-item ver-
sion (RS-SC-10) with high item functions was devel-
oped based on Item Response Theory (IRT) analysis
[11, 12], and validated in our Be Resilient to Breast
Cancer (BRBC) program [13, 14]. Thus, we have inter-
ests whether this powerful resilience instrument can
also be applied to FCs, which will provide important
information for resilience screening in clinical practice.
Furthermore, RS-SC-10 could also be used as a com-
posite index to evaluate FCs’ psychosocial functions
and assess the efficacy of resilience-related interven-
tion in future studies. In the current study, a Multidi-
mensional Item Response Theory analysis (MIRT, also
called as full information analysis) was performed
to evaluate the factor structure and item functions of
RS-SC-10 with a sample of FCs in cancer [15]. In addi-
tion, Generalized Additive Model (GAM) and Latent
Profile Analysis (LPA) were performed to test the non-
linear relationship between resilience (RS-SC-10) and
QoL [16]. In the present study, we hypothesized: (1)
RS-SC-10 would retain its original two-factor struc-
ture; (2) multidimensional difficulty of RS-SC-10 would
be distributed monotonously; (3) 10 items of RS-SC-
10 would show high multidimensional discriminative
abilities against caregivers with different resilience
levels; (4) several distinct resilience patterns would be
identified by LPA; (5) there existed a non-linear dose—
response relationship between resilience and QoL.

Methods

Participants and data collection

Participants were recruited from our Be Resilient
to Cancer Program (BRCP) between July 2016 and
November 2017 and was approved by the Human
Research Ethics Committee (No0.2016KYTDO08) [13, 14,
17, 18]. The inclusion criteria were: (1) Family caregiv-
ers (FCs), (2) their relatives had a confirmed diagnosis
of cancer, (3) aged > 18 years, (4) could communicate in
Mandarin or Cantonese fluently. The exclusion criteria
were: (1) linguistic or intellectual difficulties, (2) had a
currently active Axis I psychiatric disorder, (3) unwill-
ing to participate in the study. Three full time research
nurses were trained to approach potential FCs and a
standardized face-to-face interview was performed
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to collect baseline information as well as informed
consent.

Sample size

A consensus has not been reached about the optimal
sample size for MIRT analysis. In the current study, the
sample size is based on Linacre’s recommendations that a
sample size of n=300 will be a robust estimation of item
parameters (within 0.5 logits [contraction of log-odds
probability units] at «=0.01) with a minimum dropout
of 15% on the basis of data from previous research [19].
Thus, 382 was efficiently powerful to perform the MIRT
analysis.

Instruments

10-item Resilience Scale Specific to Cancer (RS-SC-10)

The original RS-SC is a 25-item resilience instrument
specific to cancer that has the five domains of generic ele-
ment, benefit finding, support and coping, hope for the
future, and meaning for existence [9]. A 10-item RS-SC
(RS-SC-10) was later developed based on MIRT analy-
sis and two dimensions were retained including Generic
and Shift-Persist, with higher scores indicating higher
resilience levels (score ranges from 10 to 50) [12]. The
Cronbach’s o of RS-SC-10 is 0.86. The Minimum Clini-
cal Important Difference for RS-SC-10 is 2 points [20].
RS-SC-25 and RS-SC-10 were attached in the Additional
file 1: Table S1 and Additional file 2: Table S2.

36-item Short Form Health Survey (SF-36)

SE-36 is a quality of life (QoL) instrument generic to nor-
mal populations [21]. It consists of eight domains that
evaluate physical function (PF), general health (GH),
role physical (RP), bodily pain (BP), social function (SF),
vitality (VT), role emotional (RE) and mental health
(MH).The raw score of each dimension was converted
to a score ranging from 0 to 100 according to the man-
ual, with higher scores indicating better functional abil-
ity. The Cronbach’s a of SF is 0.87. In addition, the value
derived from normal populations was utilized as the cut-
off for caregivers (coded as 0 for low QoL and 1 for high
QoL, respectively) [21].

Statistical analysis
First, the demographic characteristics of caregivers were
presented with descriptive statistics approach. Then, the
local independence hypothesis was examined and item-
pair local independence was evaluated by residuals cor-
relations (heat maps). A value lower than 0.20 indicated a
low risk of systematic fitting problems [22].

Second, based on the two-factor structure of RS-SC
in our previous research [12], two models were explored
in the current study, including Confirmatory Factor



Liang et al. Health and Quality of Life Outcomes (2021) 19:258

Analysis-based and Bifactor-based MIRT models [15]. A
compensatory logistic multidimensional grade response
model (MGRM-C) was chosen to estimate the item
parameters by the Markov chain Monte Carlo (MCMC)
method with a maximum of 4000 cycles, which had
been described in details somewhere [12]. MGRM-C is
detailed as the equation below:

__exp (aiﬂj + dik)
1+ exp (aif; + di)

P ijk

MGRM-C is a logistic probability model (Py) that
examinee (j) will respond with category k (and above)
of item i as a function of the item-category threshold
(or easiness parameter, d;), item discrimination param-
eter vector (a;), and examinee ability parameter vector
(01-). Log-likelihood (LL), Akaike Information Criterion
(AIC), Bayesian Information Criterion (BIC) and Sam-
ple-adjusted BIC (SABIC) were examined to choose
the optimal model. Multidimensional Discrimination
(MDISC<0.5 indicates poor; 0.5-1.0, moderate; 1.0-1.5,
good; > 1.5, excellent)) and Multidimensional Difficulty
(MDIFF) were calculated as primary indicators to show
the multidimensional item capability in distinguishing
between individuals with different resilience levels [23].
MDISC > 1.5 and monotonously distributed MDIFF were
good fitting indicator to MIRT model. In addition, item
trace and item information surface were also visualized
to provide additional psychometric characteristics for
RS-SC-10 [23]. At last, an iterative hybrid ordinal logistic
regression/item response theory approach with Monte
Carlo Simulation was performed to estimate Differential
Item Functions (DIF) in gender [24].

Third, Latent Profile Analysis (LPA) was utilized to
divide resilience-based caregivers into several subgroups
and Generalized Additive Model (GAM) was performed
to evaluate the non-linear associations between resilience
(RS-SC-10) and QoL (SF-36) [16]. Based on LPA-based
models, multivariate logistic regressions were used to
assess the dose—response patterns between resilience and
QoL after controlling the confounders. Crude, adjusted
and per-SD OR including 95% CI were evaluated. All sta-
tistical methods were run by R and Mplus software. Sig-
nificance level was 0.05 for all statistical tests.

Results

Demographic information

438 caregivers were approached and 56 were excluded for
different reasons [“unwilling to participate”(N=35),’no
interests"(N=15) and “busy schedule” (N=6)]. No sig-
nificant difference in gender was identified between the
included and excluded caregivers. Among the remain-
ing 382 caregivers, their relatives with lung, gastric,
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colorectal, and breast cancer diagnoses accounted for
21.2%, 28.3%, 24.1%, and 26.4%, respectively. The major-
ity of caregivers were 40-60 years old (71.5%), spouse
(75.4%), unemployment status (61.8%) and had caregiver
experience less than 12 months (62.1%). Other details
could be found in Table 1.

Item distribution and local independence

The item distribution as well as skewness and kurtosis
were visualized in Fig. 1a, b. In addition, item-pair local
independence was summarized in Fig. 1c and most asso-
ciations were lower than 0.20, indicating the local inde-
pendence hypothesis was satisfied.

Confirmatory factor analysis-based versus bifactor-based
MIRT models

Based on the two-factor structure, Confirmatory Fac-
tor Analysis-based MIRT model (Model 1, Fig. 2a) and
Bifactor-based MIRT model (Model 2, Fig. 2b) had simi-
lar fitting indices (AIC, 11,650.62 vs. 11,617.13; BIC,
11,873.40 vs. 11,879.22; SABIC, 11,711.49 vs. 11,688.74)
and showed no significant difference (P value=0.11).
However, negative Slope (S1 and S2) values were identi-
fied in Model 2 (i.e.,, — 0.19 for S1 in Item 4, — 0.13 for
S2 in Item 10, etc.), indicating the phenomenon of infor-
mation overextraction. Therefore, according to parsi-
monious model guideline and fitting indices, we finally
chose Model 1 as the optimal MIRT model. All items had
MDISC > 1.5 indicating strong multidimensional discrim-
inative abilities against caregivers with different resilience
levels. In addition, no disordered threshold was identified
in MDIFF (a descending trend as categories increased)
and the 5-Likert setting was adequate for RS-SC-10. At
last, 10 item traces were plotted to check whether curves
were distributed monotonously and orderly along with
the theta value and were visualized in Fig. 3. Additional
test-related details about Expected Total Score, Test
Information and Test Standard Errors were summarized
in Fig. 4a—c and RS-SC-10 could provide optimal param-
eter evaluation in FCs with moderate resilience levels.

Differential item functions (DIF)

In Fig. 5a, the smoothed histograms identified a broad
overlap in the distributions, though male caregivers
with moderate resilience levels (theta=0) demonstrated
a lower density than female ones. In addition, test char-
acteristic curves (TCCs) were visualized for female and
male caregivers in Fig. 5b indicating a minimal differ-
ence in the total expected score at the overall test level.
At the individual level in Fig. 5c, it indicated that DIF
accounted for slightly higher scores (about 0.02 theta)
in male caregivers and slightly lower scores (about 0.02
theta) in female caregivers. However, according to
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Table 1 Demographic characteristics of informal caregivers categorized by patients’ cancer types (N=382)
Characteristics (%) Lung cancer Gastric cancer Colorectal cancer Breast cancer Total
No 81212 108 (28.3) 92 (24.1) 101 (26.4) 382 (100.0)
Sex
Female 65 (80.2) 65 (60.2) 62 (67.4) 37 (36.6) 229 (59.9)
Man 16 (19.8) 43 (39.8) 30(326) 64 (63.4) 153 (40.1)
Age (years)
<40 7 (8.6) 10 (9.3) 4(43) 11(10.8) 32(83)
40-50 35(43.2) 61 (56.5) 20(21.7) 31(30.7) 147 (38.5)
50-60 25(30.9) 25(23.1) 41 (44.6) 35(34.7) 126 (33.0)
>60 14 (17.3) 12(11.1) 27(29.3) 24(23.8) 77 (20.2)
Education level
Middle school or lower 47 (58.0) 69 (63.9) 63 (68.5) 48 (47.5) 227 (59.4)
High school or higher 34 (42.0) 39 (36.1) 29(31.5) 53(525) 155 (40.6)
Income (CNY/month)
<5000 22(27.2) 33(30.6) 37 (40.2) 38(37.6) 130 (34.0)
5000-10,000 42(51.9) 48 (44.4) 27 (294) 42 (41.6) 159 (41.6)
>10,000 17 (20.9) 27 (25.0) 28(304) 21(20.8) 93 (24.4)
Relationship to patient
Spouse 61 (75.3) 87 (80.6) 79(85.9) 61 (60.4) 288 (75.4)
Non-spouse 20 (24.7) 21(194) 13(14.1) 40 (39.6) 94 (24.6)
Religious beliefs
Yes 25(30.9) 40 (37.0) 22(239) 24(23.8) 111(29.1)
None 56 (69.1) 68 (63.0) 70 (76.1) 77 (76.2) 271 (70.9)
Employment status
Employment 29 (35.8) 34 (31. 24 (26.1) 59 (58.4) 146 (38.2)
Unemployment 52 (64.2) 74 (68.5) 68 (73.9) 42 (41.6) 236 (61.8)
Months of caregiving
<6 40 (49.4) 19(17.7) 16 (17.4) 33(32.7) 108 (28.3)
6-12 24(29.6) 32(29.6) 32(34.8) 41 (40.6) 129 (33.8)
13-24 12 (14.8) 32(29.6) 27 (29.3) 16 (15.8) 87 (22.8)
>24 5(6.2) 25(23.1) 17 (18.5) 11(10.9) 58 (15.1)
Combordities
None 47 (58.0) 49 (454) 32(34.8) 56 (55.4) 184 (48.2)
One 26 (32.1) 45(41.7) 36 (39.1) 25 (24.8) 132 (346)
Two or more 8(9.9) 14(12.8) 24 (26.1) 20(19.8) 66 (17.3)

empirical threshold values from Monte Carlo simulations
in Fig. 5d, both of uniform and non-uniform DIFs were
not statistically significant according to different meth-
ods and could be ignored. Thus, no DIFs were identified
in gender across all items.

Latent profile analysis and generalized additive model

One to five patterns were fitted by LPA to identify the
optimal number of discrete resilience patterns, which
were summarized in Fig. 6a. Increasing patterns from
one to five provided successive improvements in val-
ues of AIC and BIC and the lowest of them were iden-
tified at four-pattern model. LMR values for 4-class

and 5-class were 0.023 and 0.099 respectively, indi-
cating a 4-class LPA was better than a 5-class one in
consideration of parsimoniousness. The entropy value
for 4-class model was 0.91, indicating a good classifi-
cation accuracy (>95%). Thus, based on the fit statis-
tics and model identifiability, the 4-class solution was
retained for further examination, named as C1-C4.
As for convergent validity of RS-SC-10, GAM showed
that resilience was non-linearly and positively asso-
ciated with QoL measured by SF-36, which was pre-
sented in Fig. 6b. In Fig. 6c¢, crude, fully adjusted and
per-SD OR including 95% CI were summarized in the
univariate and multivariate regressions, indicating
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Model 1: Confirmatory MIRT Analysis (Between-item)

Item G S1 S2 MDISC MDIFF1 MDIFF2 MDIFF3 MDIFF 4
1 - 1.86 - 1.86 -3.58 -2.19 -0.59 1.42 Item 1
2 - 2.56 - 2.56 -2.82 -1.66 0.12 1.89 Item 2 l
3 - 1.91 - 1.91 -3.15 -1.62 0.02 1.90 Item 3 o
4 = 1.93 - 1.93 -3.23 -1.32 0.51 229 Item 4 A
5 - - 2.05 2.05 -3.43 -1.64 -0.06 171 Item 5 ( )
6 - - 231 231 -3.44 -1.83 -0.06 170 Item 6
7 - - 2.66 2.66 -2.80 -1.40 0.12 173 Item 7 02 J
8 = = 1.90 1.90 -3.29 -1.85 -0.15 1.49 Item 8
9 - - 2.05 2.05 -2.31 -1.28 0.08 1.77 Item 9
10 - - 1.91 1.91 -3.28 -1.65 0.03 183 Item 10
. AIC BIC SABIC LL . .
Indicators 11650.62 11873.40 11711.49 577431 61, the first latent trait; 62, the second latent trait
Model 2: Bi-factor IRT Model
Item G S1 S2 MDISC  MDIFF1 MDIFF2 MDIFF 3 MDIFF 4
1 1.98 119 - 231 -3.25 -2.04 -0.55 1.30 1 Item1l
2 241 0.58 - 248 2.89 -1.69 0.12 1.92 Ttem 2 >{ . l
3 1.87 0.49 - 1.93 -3.16 -1.62 0.02 1.90 Item 3
4 1.92 -0.19 - 193 -3.26 -1.34 0.51 230 Item 4
5 2.00 - 111 229 -3.27 -1.58 -0.06 164 03 Item S (B)
6 2.19 < 1.00 2.40 -3.40 -1.82 -0.07 1.68 Item 6
7 246 - 0.83 2.60 -2.85 -1.44 0.11 175 Item 7 02 |
8 187 - 138 233 -3.00 -1.73 -0.16 137 Item 8
9 2.09 - 0.01 2.09 =231 -1.28 0.08 1.76 Item 9
10 2.04 = -0.13 2.05 -3.19 -1.62 0.02 179 Item 10
. ralue*
Indicators ll:lI'IC.B 11?719(.:22 151:8381; -571;;56 ® :)_nlh;e 61, the first latent trait; 62, the second latent trait; 83, the general latent trait
AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; SABIC, Sample-adjusted BIC;
LL, Log-likelihood; MDISC, Multidimensional Dis crimii MDIFF, Multidi; ional Difficulty
* Model 1 Vs. Model 2
Fig. 2 Confirmatory factor analysis-based versus bifactor-based MIRT models
that the dose-response pattern between resilience Discussion

(C2 vs. C1, OR=1.24, 95%
CI 0.78-1.77, P=0.3078; C3 vs. C1, OR=1.75, 95%
CI 1.17-2.39, P=0.0022; C4 vs. C1, OR=1.92, 95%
CI1.29-2.63, P=0.0004). In addition, per-SD increase
OR was 1.62, 95% CI 1.16-2.13, P =0.0019.

and QoL was confirmed

In the current study, it validated a new instrument for
quantifying resilience of FCs in cancer based on a mul-
tidimensional theoretical model. MIRT or full informa-
tion analysis provides information on item functions by
transforming FC’s resilience traits into an interval-level
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metric, which is more precise than summed scores (ordi-
nal scaling) [15]. The local independence assumption
was partly compromised owing to several high (>0.2)
item-pair residuals associations (i.e., items 3 and 7, item
4 and 10. etc.), resulting in a potential biased parameter
calculation. However, the problematic item-pair propor-
tions were small (6.7%) and the effect could be ignored.
According to cross-loadings between Generic and Shift-
Persist domains in our previous study, two MIRT models
were explored including Confirmatory Factor Analysis-
based MIRT model and Bifactor-based MIRT model [12].
Finally, a Confirmatory Factor Analysis-based MIRT
model confirmed the original two-factor structure
(Generic and Shift-Persist) of RS-SC-10 while the Bifac-
tor-based MIRT model was rejected due to information

overextraction. Therefore, a between-item multidimen-
sional theory framework (one item can only measures
one latent trait) is more suitable than a within-item one
(one item can measure more than two latent traits) in
FCs.

As for item functions, the underlying pattern of item
responses showed that all 10 items had excellent MDISC
(>1.5) indicating they can well discriminate against FCs
with different resilience levels. As such, monotonous
thresholds were identified in MDIFF indicating that a
5-Likert option setting was suitable for RS-SC-10. Thus,
no category modification or combination should be fur-
ther adapted. In addition, based on test information,
test standard errors and internal consistency, we could
conclude that RS-SC-10 was suitable for pattern traits
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Tend to bounce back after illness or njuries 0.0096 0.0128 0.0075 0.0052 0.0047 0.0076 0.0059 0.0054 0.0086 0.0054 0.0052 0.0079  0.84
Can handle emotional distress 0.0002 0.0007 0.0010 0.0140 0.0108 0.0141 0.0154 00119 0.0156 0.0099 0.0084 0.0101 1.19
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R2 <0.02 is regarded as negligible according to Cohen's guideline for a small effect size; A%p1<5% is regarded as negligible
Fig. 5 Differential item functioning using iterative hybrid ordinal logistic regression/item response theory and Monte Carlo simulations

evaluation for FCs with moderate resilience levels, which
meant it could be used to distinguish effectively FCs with
lower-middle or upper-middle resilience from the entire
population.

As for convergent validity of RS-SC-10, it was posi-
tively associated with QoL measured by SF-36, which was
consistent with previous research [25, 26]. To our inter-
ests, resilience was not linearly associated with QoL and
four latent resilience subgroups were identified by LPA,
resulting in a non-linear dose—response pattern between
resilience and QoL (per-SD increase OR=1.62, 95% CI
1.16-2.13, p=0.0019).

Implications for research and clinical practice

According to these findings, resilience-based interven-
tion can be developed to indirectly promote FCs’ QoL
especially for FCs with low or moderate resilience levels.
However, the clinimetric properties of assessment instru-
ments should be further estimated for RS-SC-10. For
example, the Minimum Clinical Important Difference
for RS-SC-10 among FCs should be further determined
to facilitate RCT-based intervention [27, 28]. In addition,
RS-SC-10 may have potential application in adolescents

with cancer as well as their caregivers and more research
should focus on this vulnerable group [29-32]. For exam-
ple, actor-partner interdependence model (APIM) can be
performed to test the associations between adolescents’
and parents’ resilience, emotional distress, quality of
life, etc. [33—35]. Of course, these observational studies
can be followed by resilience-based interventions such
as our previous BRBC program designed for patients
with breast cancer and their caregivers [36, 37]. At last,
RS-SC-10 caused less scale burden on FCs and took 63%
less time compared with RS-SC-25. Thus, both of patients
and FCs could be administered with resilience screening
simultaneously in clinical practice especially in outpa-
tients and communities. However, compared to RS-SC-
25, RS-SC-10 also has some potential disadvantages. For
example, RS-SC-10 can not provide full item information
derived from 5-factor structure of RS-SC-25, the valida-
tion of RS-SC-25 in future research is warranted.

Limitations
Several limitations should be considered in the cur-
rent study. First, there exists the debate about the
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Fig. 6 Latent profile analysis and generalized additive model

o LPA Model
1-Class 2-Class 3-Class 4-Class 5-Class
Fit statistics
LL -6306.83 -5085.13 -4774.49 -4588.13 -4531.53 8
AIC 12653.66 10230.26 9628.99 9276.27 9183.06
BIC 12732.57 10348.62 9786.81 9473.54 9419.78
aBIC 12669.11 10253.43 9659.89 9314.90 9229.41 o
Entropy 1.00 0.95 0.89 0.91 0.86 (A) 3 " (B)
LMR (P value) - <0.001 <0.001 0.023 0.099
Group size (%)
C1 382(100.0)  248(64.9) 123(32.2) 85(22.3) 104(27.2) 81
Cc2 - 134(35.1) 149(39.0)  141(36.9) 110(28.8)
C3 - - 110(28.8)  106(27.7) 80(20.9)
C4 - - - 50(13.1) 57(14.9) g
C5 - - - - 318.2)
LL, Log-likelihood; AIC, Akaibe Information Criterion; BIC, Bayesian Information O e
Criterion; aBIC, Adjusted BIC; LMR, Lo, Mendell, and Rubin likelihood ratio test; C1= 1o 2 % 4 %
Lowest, C2= Lower-middle, C3= Upper-middle, C4= Highest RESEENCE
Crude/adjusted models C1 C2Vs. C1 C3Vs. C1 C4Vs. C1 Per-SD increase
Reference OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Model 1: not adjusted (crude) 1.00  1.36(0.91-1.87) — 1.97(1.35-2.66) e 221(1.52-2.99) — e 1.78(1.25-2.37) —o—
Model 2: adjusted for sex 100  1.33(0.89-1.82) o 1.94(1.33-2.61) — e  2.15(1.43-2.99) —e——  1.75(1.20-2.37) —
Model 3: plus age 100  1310.86-1.81)  +e— 1.82(1.23-2.48) —— 2.01(1.27-2.86) —e——  1.66(1.09-2.30) ——
Model 4: plus educational level 100  126(0.83-1.74)  —4e— 1.69(1.12-2.35) — 1.94(1.27-2.75) —e——  1.57(1.062.15) ——
Model 5: plus income 100 127(0.85-1.74)  4e— 1.74(1.18-2.37) —— 1.96(1.31-2.74) — e 1.59(1.09-2.14) — C
Model 6: plus relationship to patient 1.00 1.29(0.85-1.79) o 1.67(1.09-2.32) —_— 2.03(1.35-2.82) —=e——  1.56(1.08-2.11) —— ( )
Model 7: plus religious beliefs 1.00 1.22(0.76-1.74) o 1.59(0.96-2.33) —o—— 1.96(1.32-2.73) —o— 1.65(1.20-2.18) ——
Model 8: plus employment status 100 123076-1.77) —eo— 1.57(0.92-2.33) o 1.84(1.17-2.57) —e—  1.69(1.22-2.23) p—
Model 9: plus months of caregiving  1.00  1.19(0.74-1.71)  —fo— 1.61(1.00-2.30) o 1.79(1.14-2.51) — 1.61(1.12-2.17) ——
Model 10: plus combordities 1.00  121(0.80-1.68)  —e— 1.69(1.13-2.34) N O— 1.87(1.24-2.61) —e—  1.55(1.10-2.07) -~
Model 11: plus cancer type 100 1.24(0.78-1.77) -:ro— 1.75(1.17-2.39) —— 1.92(1.29-2.63) —e—  1.62(1.16:2.13) ——
0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 05 1.0 1.5 2.0 2.5 3.0

recommended sample size for MIRT analysis and a
sample size more than 500 is recommended to ensure
precise parameter estimation [38]. Thus, the statistical
power may be compromised in the present study and
these findings should be validated in another study with
a robust sample size. Second, the item functions are
estimated based on the compensatory logistic multi-
dimensional grade response model (MGRM-C), which
means Generic and Shift-Persist are mutually correlated
(a higher ability can compensate a lower ability result-
ing in linear accumulation) [39]. Thus, these findings
can not be generalized to tests based on a non-com-
pensatory MGRM (the composite probability is the
product of all trait probabilities instead of linear accu-
mulation). More research about non-compensatory
MGRM of RS-SC-10 is warranted. Third, the current
sample is mostly composed of FCs with caregiver expe-
rience less than 12 months (79%) and the generalization
of RS-SC-10 in FCs with long term caring should be
estimated in future studies. Fourth, the responsiveness
of RS-SC-10 to resilience-based intervention should be
further estimated which will facilitate its clinical appli-
cation [40]. At last, 438 caregivers were approached
and 56 were excluded for different reasons. Thus, a
potential selection bias should be noted as we do not

know whether there exists significant difference in their
resilience levels.

Conclusion

RS-SC-10 is a brief and suitable resilience instrument
for FCs in cancer. The resilience screening of patients
and FCs can be performed simultaneously in clinical
practice.
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