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Abstract
We aimed to assess the validity and reliability of the ten-item Connor–Davidson Resilience Scale (CD-RISC10) in patients 
with axial spondyloarthritis (axSpA) in Singapore. We used cross-sectional data from 108 patients with axSpA recruited 
from a dedicated axSpA clinic in a Singapore tertiary referral hospital from 2017 to 2018. Analyses were guided by the 
COnsensus-based Standards for the selection of health Measurement INstruments (COSMIN) framework. Face validity 
was assessed through cognitive debriefing interviews (CDIs). Internal consistency was assessed through Cronbach’s alpha. 
Test–retest reliability was assessed through intraclass correlation (ICC). Measurement error was assessed through smallest 
detectable change (SDC). Construct validity was assessed through six a priori hypotheses through correlation of the CD-
RISC10 score with other patient-reported outcome measures. Structural validity was assessed using confirmatory factor 
analysis (CFA). Fit indices evaluated were root-mean-square error of approximation (RMSEA), comparative fit index (CFI), 
Tucker–Lewis index (TFI), and standardized root-mean-squared residual (SRMR). Ten patients completed the CDIs and 
face validity was supported. Among 108 patients (median age: 37(21–77), 81.5% males, 93.5% Chinese), the CD-RISC10 
demonstrated good internal consistency (Cronbach’s alpha = 0.94), and excellent test–retest reliability [ICC = 0.964 (95% 
CI 0.937–0.980)]. SDC was calculated as 1.88. Construct validity was established by meeting five out of the six a priori 
hypotheses. Structural validity was supported as CFA confirmed a one-factor model, with adequate fit statistics after adding 
three covariances (RMSEA = 0.077; CFI = 0.975; TLI = 0.964; SRMR = 0.036). This study supports the CD-RISC10 as a 
valid and reliable measure of resilience for use in patients with axSpA.
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Introduction

Axial spondyloarthritis (axSpA) is a multifaceted rheumato-
logic disorder that affects the spine, joints, and entheses [1]. 
Patients experience fatigue, loss of mobility, and pain, which 
often leads to loss of function and quality of life [2]. Coping 
with symptoms and improving quality of life are important 
for disease management [3].

Resilience is the capability to maintain stable levels of 
functioning when exposed to an unsettling incident [4]. 

Earlier studies suggest that resilience has an important pro-
tective role in patients with chronic arthritis. Additionally, 
pain and quality of life can improve with increased resilience 
[4]. A validated resilience instrument can enable clinicians 
to justify initiation of resilience-improving therapies, such 
as cognitive behavioural therapy or mindfulness therapy 
in axSpA patients. As axSpA affects mainly young adults 
(onset age 20–30 years) [5], potential therapies targeting 
improvement in resilience may have long-term benefits 
towards improving quality of life and functioning.

The Connor–Davidson Resilience Scale (CD-RISC) is 
an instrument developed for measuring resilience [6, 7]. A 
shorter version, the ten-item CD-RISC (CD-RISC10) used 
in this study, has demonstrated adequate validity and reli-
ability in other disease populations, such as patients with 
fibromyalgia [8]. Unlike the CD-RISC with an unstable 
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factor structure [9], CD-RISC10 has a more stable one-fac-
tor structure after deletion of items that were inconsistent 
or poorly defined [6]. Additionally, being shorter than CD-
RISC, CD-RISC10 is more feasible for use in clinical prac-
tice. Few validation studies have been done for CD-RISC10 
in Southeast Asia [9, 10], and none have been conducted 
among patients with rheumatological conditions. Validating 
the CD-RISC10 in axSpA populations may be valuable to 
the health of patients as it can enable piloting of resilience-
improving interventions in axSpA patients.

Hence, the objective of this study is to assess the validity 
and reliability of CD-RISC10 among patients with axSpA 
in Singapore.

Methods

Study design and data collection

We conducted a cross-sectional study using the English 
version of CD-RISC10 instrument administered in paper 
and pencil format to all consenting English-literate patients 
treated at a dedicated axSpA clinic in a tertiary referral hos-
pital in Singapore from 2017 to 2018. All patients fulfilled 
the Assessment of Spondyloarthritis International Society 
Classification 2009 for axSpA [11]. We excluded patients 
from statistical analyses if they had missing data.

We conducted three studies for face validity, reliability, 
and validity. The same patients were used for the latter two 
studies. For test–retest reliability, we collected CD-RISC10 
data at baseline and after 2 weeks in patients with stable 
disease activity. Patients were considered stable if no thera-
peutic change had started. The 2-week time interval was 
chosen to be sufficiently long to minimize recall bias, while 
still short enough to fulfil the assumption of no significant 
change in disease activity.

We collected sociodemographic information, clini-
cal information, and patient-reported outcome measures 
(PROMs) through self-administered instruments. Soci-
odemographic characteristics included age, gender, ethnic 
group, marital status, highest education level, and occupa-
tional status. Clinical information included date of diagnosis 
and axSpA features.

Face validity of CD‑RISC10

We conducted cognitive debriefing interviews (CDIs) with 
ten consenting English-literate patients with axSpA to evalu-
ate relevance, acceptability, and scope of instrument items. 
These patients were chosen to represent a range of genders, 
ages, and disease durations. Time taken to complete CD-
RISC10 was noted. A trained observer was present to note 
any difficulties the patients faced in answering the items. The 

patients were also asked whether all items in CD-RISC10 
were relevant in evaluating their resilience and whether any 
items were inappropriate or ambiguous. The study protocol 
was read and approved by the SingHealth Centralized Insti-
tutional Review Board (CIRB ref: 2017/2626).

CD‑RISC10 instrument

CD-RISC10 (ranging from 0 to 40) is a self-administered 
instrument with ten items. It measures resilience and 
includes items regarding adaptability and stress-management 
abilities. It has a 5-point Likert-type additive scale with five 
responses ranging from 0 (not true at all) to 4 (true nearly all 
the time). Higher scores reflect higher resilience [6].

Comparison instruments

All PROMs were self-administered. ASAS HI (ranging from 
0 to 17) measures health status, with higher scores indicating 
worse health status [12]. BASG (ranging from 0 to 100) and 
PGA (ranging from 0 to 10) measure functioning and disease 
activity, respectively, with higher scores reflecting poorer 
functioning and disease activity [13]. SF-36 measures qual-
ity of life in eight domains of perceived health, which make-
up the physical component summary (PCS) and the mental 
component summary (MCS), with higher scores reflecting 
better quality of life [14]. EQ-5D-5L Health Questionnaire 
(ranging from − 0.5 to 1.0) is a generic health index measur-
ing quality of life, with higher scores reflecting better quality 
of life [15].

Statistical analysis

We followed the Consensus-based Standards for the selec-
tion of health Measurement INstruments (COSMIN) 
framework. We investigated normality of the distribution 
of continuous variables using Shapiro–Wilk Tests. Due to 
the non-normal nature of the distribution of the variables, 
we tabulated median and range. We described categorical 
variables as n (%).

Interpretability of CD-RISC10 is summarized as informa-
tion about the distribution of CD-RISC10 scores, including 
floor and ceiling effects. Floor is defined as the percent-
age of patients who scored the lowest score and ceiling is 
defined as percentage of patients who scored the highest 
score. Floor and ceiling effects were considered significant 
if they exceeded 15% [16].

Reliability is defined as the consistency of the instrument 
where observed measurements are within the acceptable 
limits of error of the true measurement. Internal consist-
ency, the overall consistency of CD-RISC10, was supported 
if Cronbach’s alpha > 0.70 [16]. We assessed measurement 
error by analysing the smallest detectable change (SDC) 
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based on the 95% limits of agreement using the formula: 
SDC = 1.96 × Standard Error of Measurement in mean differ-
ence in CD-RISC10 of the two assessments in the test–retest 
reliability sample x√2 [17]. We analysed test–retest reliabil-
ity using intraclass correlation coefficient (ICC) (two-way 
mixed effects model, single measure) with a 95% CI. We 
considered test–retest reliability as excellent if ICC ≥ 0.75  
[16].

Validity is defined as the extent an instrument measures 
what it intends to measure. We tested construct validity of 
the CD-RISC10 using six a priori hypotheses based on a lit-
erature search of papers that assessed validity in CD-RISC. 
We hypothesized the following: (1) CD-RISC10 had moder-
ate negative correlation with ASAS HI [18] and BASG [18], 
and low negative correlation with PGA [18], (2) CD-RISC10 
had moderate positive correlation with SF-36 MCS [18, 19] 
and EQ-5D-5L [19], and low positive correlation with SF-36 
PCS [18, 19]. We used Spearman’s rank correlation to assess 
the associations. High (r ≥ 0.70) and moderate correlations 
(r = 0.3–0.7) suggest that two PROMs are related [16, 20]. 
Low correlation (r < 0.30) suggests that two PROMs are 
unrelated [16]. To reduce the likelihood of Type 1 errors, 
we adjusted the p values using Bonferroni’s correction and p 
values < 0.0083 were considered significant. We considered 
CD-RISC10 to have good construct validity if 75% of the 
hypotheses were met [16].

We examined structural validity using confirmatory factor 
analysis (CFA). Model fit was evaluated using root-mean-
square error of approximation (RMSEA), comparative fit 
index (CFI), Tucker–Lewis index (TFI), and standardized 
root-mean-squared residual (SRMR). A model had an 
adequate fit if (1) the RMSEA < 0.08, (2) CFI > 0.95, (3) 
TLI > 0.95, and (4) SRMR < 0.08 [21].

We performed all analyses using STATA SE 14.0 (Stata-
Corp, College Station, TX, USA).

Results

Face validity of CD RISC10

We conducted CDIs with ten English-literate (age range 
28–71 years, 70% males, disease duration range 1–16 years) 
patients with axSpA. Overall, patients took a mean of 
1.2 min to complete CD-RISC10 and found CD-RISC10 
easy to comprehend, complete and relevant in evaluating 
resilience. No changes to the CD-RISC10 were deemed nec-
essary after CDIs.

Sociodemographic characteristics

Out of the 120 patients recruited, we excluded 12 patients 
from analyses, comprising 9 (7.5%) patients with missing 

CD-RISC10 data and 3 (2.5%) patients with missing data 
from other PROMs. We retained 108 patients for analy-
sis, comprising 88 (81.5%) males and 94 (87.0%) with 
≥ 10 years of education (Table 1).

Interpretability of CD‑RISC10

A median CD-RISC10 score of 29 with a range of 10–40 
was obtained (Fig. 1). 9.3% of patients had the maximum 
score and 0.9% of patients had the minimum score, indicat-
ing acceptable ceiling and floor effects.

Reliability

The Cronbach’s alpha of CD-RISC10 in this cohort was 
0.94, demonstrating good internal consistency. 37 patients 
were assessed for test–retest reliability. Test–retest reliability 
was excellent with an ICC of 0.964 (95% CI 0.937–0.980). 
The SDC was calculated as 1.88.

Construct validity

Five out of six hypotheses between CD-RISC10 and ASAS 
HI, BASG, PGA, SF-36 MCS, and EQ-5D-5L were met 
(Table 2). Overall, stronger correlations were observed with 
PROMs with psychological dimensions, namely BASG, 
ASAS HI, SF-36 MCS, and EQ-5D-5L. Hypotheses about 
the magnitude and direction of correlation were met in 
83.3% of the results, supporting construct validity.

Structural validity

The one-factor model proposed for the CFA of the CD-
RISC10 displayed the following fit indices [RMSEA = 0.110 
(90% CI 0.078–0.142); CFI = 0.943; TLI = 0.927; 
SRMR = 0.043]. The SRMR was indicative of adequate fit, 
whereas RMSEA, CFI, and TLI were outside the cut-offs 
for adequate fit.

Modification indices (MIs) suggested that correlating 
the residuals of items 7 (focused under pressure) and 8 (not 
discouraged by failure) (MI = 8.754), the residuals of items 
1 (adaptability to change) and 9 (belief in self as strong) 
(MI = 7.186), and items 1 and 4 (stress can strengthen) 
(MI = 6.650) could improve model fit. We correlated these 
items as studies suggest that not being easily discouraged 
by failure can be a behaviour of individuals with high self-
esteem and positive affect [22], which may then be related 
to an individual’s belief in themselves, positive attitude 
towards adversity, and ability to work under pressure [22]. 
The re-specified model showed acceptable fit statistics; 
RMSEA, CFI, TLI, and SRMR were within the cut-off val-
ues [RMSEA = 0.077 (90% CI 0.036–0.113); CFI = 0.975; 
TLI = 0.964; SRMR = 0.036], supporting structural validity.
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Table 1   Sociodemographic and clinical characteristics of patients 
with axSpA

axSpA Axial spondyloarthritis, PROMs patient-reported outcome 
measures, ASAS HI Assessment of Spondyloarthritis International 
Society Health Index, BASG Bath Ankylosing Spondylitis Global 
Score, PGA Patient Global Assessment, SF-36 PCS Short-Form 
Survey Instrument 36-item Physical Component Score, SF-36 MCS 
Short-Form Survey Instrument 36-item Mental Component Score, 
EQ-5D-5L EuroQol Five-Dimensional Questionnaire

Characteristics Median (range), n 
(%) (N = 108)

Age 37 (21–77)
Gender
 Male 88 (81.5%)
 Female 20 (19.3%)

Race
 Chinese 101 (93.5%)
 Others 7 (6.5%)

Highest education level
 Primary (≤ 6 years of education) 7 (6.5%)
 Secondary (> 6 and ≤ 10 years of education) 12 (11.1%)
 Pre-university (> 10 and ≤ 12 years of education) 8 (7.4%)
 Diploma (≥ 13 and ≤ 15 years of education) 28 (25.9%)
 Degree and above (> 15 or more years of education) 53 (49.1%)

Marital status
 Single 51 (47.2%)
 Married 53 (49.1%)
 Divorced 4 (3.7%)
 Widowed 0 (0.0%)

Occupational status
 Employer, self-employed or employee 83 (76.9%)
 Unemployed and job seeking 6 (5.5%)
 Unemployed and not job seeking (includes students, 

homemakers, or retirees)
19 (17.6%)

 Disease duration (years) 7 (0–48)
Type of axSpA
 Ankylosing spondylitis 84 (77.8%)
 Non-radiographic axSpA 24 (22.2%)

Extra-spinal manifestations
 Arthritis 46 (44.2%)
 Dactylitis 2 (1.9%)
 Heel enthesitis 26 (25.0%)

Extra-articular manifestations
 Uveitis 32 (30.5%)
 Psoriasis 3 (2.9%)
 Crohn’s or ulcerative colitis 3 (2.9%)

Category of PROMs
 ASAS HI (ranging from 0 to 17) 3.2 (0–15)
 BASG (ranging from 0 to 100) 29.3 (0–80.3)
 PGA (ranging from 0 to 10) 3.0 (0–9.0)
 SF-36 PCS (ranging from 0 to 100) 45.8 (7.6–60.4)
 SF-36 MCS (ranging from 0 to 100) 47.7 (12.2–74.3)
 EQ-5D-5L (ranging from − 0.5 to 1.0) 0.8 (− 0.3 to 1.0)

Fig. 1   Histogram illustrating the distribution of ten-item Connor–
Davidson Resilience Scale (CD-RISC10) scores at baseline. The hor-
izontal axis shows the total scores (range 0–40), with higher scores 
indicating higher resilience

Table 2   Construct validities of CD-RISC10: Spearman’s rank corre-
lation when compared with other patient-reported outcome measures

CD-RISC10 Ten-item Connor–Davidson Resilience Scale, ASAS HI 
Assessment of Spondyloarthritis International Society Health Index, 
BASG Bath Ankylosing Spondylitis Global Score, PGA Patient 
Global Assessment, SF-36 PCS Short-Form Survey Instrument 
36-item Physical Component Score, SF-36 MCS Short-Form Survey 
Instrument 36-item Mental Component Score, EQ-5D-5L EuroQol 
Five-Dimensional Questionnaire
*As p value < 0.0083, we considered the hypothesis to be statistically 
significant. Corrected using Bonferroni’s correction as six a priori 
hypotheses were tested; (+) and (−) indicate direction of correlations

CD-RISC10

Hypotheses Spearman’s corre-
lation coefficient

p value Met hypothesis

ASAS HI
 Moderate (−) − 0.319* 0.0008 Yes

BASG
 Moderate (−) − 0.516* < 0.0001 Yes

PGA
 Low (−) − 0.266* 0.0054 Yes

SF-36
 PCS
  Low (+) 0.253 0.0116 No

 MCS
  Moderate (+) 0.459* < 0.0001 Yes

EQ-5D-5L
 Moderate (+) 0.338* 0.0018 Yes
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Discussion

Our findings provide support for adequate face validity, 
internal consistency, test–retest reliability, construct valid-
ity, and structural validity of the CD-RISC10 in patients 
with axSpA in Singapore. Following the COSMIN guide-
lines and formulating hypotheses a priori in context of 
construct validity are key strengths of the study.

The internal consistency and test–retest reliability 
of CD-RISC10 in our sample are like those previously 
reported [6, 8]. Consistent with previous studies, CFA 
confirmed that CD-RISC10 has a one-factor structure in 
patients with axSpA [6]. We also found significant positive 
associations between resilience and quality of life, health 
status, and functioning, which are consistent with other 
studies [6, 8, 19]. This corroborates the protective role of 
resilience in patients with axSpA.

Our study has only validated the English version of 
CD-RISC10. However, Singapore has a high English lit-
eracy rate of 78.6% [23], and the English-illiterate are 
typically the older adults. Hence, this is less relevant 
for axSpA, which affects younger adults who are largely 
English-literate.

Our study has several implications for research and clini-
cal practice. To our knowledge, this is the first validation 
study of CD-RISC10 in patients with a rheumatological 
condition, in our case axSpA. Our findings suggest that the 
CD-RISC10 may be a useful clinical tool for psychologi-
cal assessment of patients with axSpA. Future interventions 
can be developed to prevent mental health problems and 
preserve good quality of life, and effectiveness of these inter-
ventions can be measured with CD-RISC10. Furthermore, 
the psychological screening of patients with other rheumatic 
diseases may also be undertaken with CD-RISC10.

Our study has some limitations. First, there may be limited 
generalizability of the findings to non-Chinese populations 
due to the few Malay and Indian patients. However, find-
ings of studies of patients with axSpA in Singapore reflected 
similar proportions (Chinese/non-Chinese ratio is 4.3:1), con-
sistent with clinical practice [24]. Second, we were unable 
to estimate minimal important change (MIC), the minimum 
change in resilience score that is important to patients [16], 
due to limited numbers of patients who had therapy initiated. 
Consequently, we only reported SDC, in line with recom-
mendations from the COSMIN guidelines [16].

In conclusion, our findings on face validity, internal 
consistency, test–retest reliability, construct validity, 
and structural validity support the use of CD-RISC10 to 
assess resilience in patients with axSpA in Singapore. The 
findings give confidence for researchers and clinicians to 
use CD-RISC10 and enable them to evaluate resilience-
improving interventions.
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