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Abstract
Objectives: The Singapore Caregiver Quality of Life Scale (SCQOLS) comprises five domains and 51 items in total. This study aimed
to develop and evaluate short forms of SCQOLS.

Study Design and Setting: Data were collected from 612 family caregivers of patients with advanced cancers in Singapore. Explor-
atory factor analysis and best subset regression were used to identify candidate items for each domain. The short forms were evaluated for
measurement properties.

Results: Inclusion of at least two items per domain in the short form gave correlation coefficients of at least 0.8 with the corresponding
domain scores in the full-length version. The short forms and full-length version had similar correlation coefficients with Negative Personal
Impact and Positive Personal Impact measures. Two of the five domains of the 10-item version had Cronbach’s alpha �0.50 and test-retest
reliability �0.65. A 15-item version of the scale with two to four items per domain performed satisfactorily in all aspects evaluated.

Conclusion: A 15-item short form of the SCQOLS (SCQOLS-15) is valid and reliable for the assessment of the overall and domain-
specific quality of life of family caregivers. A 10-item short form (SCQOLS-10) may serve as a quick, valid and reliable assessment of the
overall level of quality of life. � 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Cancer; Caregiver; Measurement scale; Quality of life; Short form
1. Introduction

The assessment of the quality of life (QOL) is needed
for public accountability, quality improvements, and effec-
tiveness research on interventions to improve outcomes in
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patients with life-threatening diseases and their families
[1]. Nevertheless, there has been a shortage of measurement
scales for the assessment of caregiver’s QOL [2], especially
for use outside Europe and North America. There are at
least two challenges to be met in the use of currently
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What is new?

Key findings
� The domain scores of both short forms have a

strong correlation with the corresponding domain
scores in the full-length version.

� The 15-item short form (SCQOLS-15) showed
acceptable measurement properties for the assess-
ment of the overall and domain-specific level of
quality of life; the 10-item short form (SCQOLS-
10) showed acceptable measurement properties
for the assessment of the overall level of quality
of life.

What this adds to what was known?
� Two valid and reliable short forms of the Singapore

Caregiver Quality of Life Scale were developed.

What is the implication, and what should change
now?
� Both short forms can be used to measure family

caregivers’ quality of life.

� The choice between the two short forms depends
on the needs to assess the specific quality of life
domains and the preferred questionnaire length.
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available scales, (1) validity in the target population and (2)
length of measurement scale.

Many QOL measurement scales were developed in pri-
marily Caucasian populations. They may not be valid for
use in other populations. In a qualitative study of family
caregivers of advanced cancer patients in Singapore, we
found substantial differences between the local caregivers’
QOL concerns and the contents of existing QOL measure-
ment scales developed in Western countries [3]. Similarly, a
quantitative evaluation of the Chinese translation of the
Caregiver Quality Of Life Index-Cancer (CQOLC) in
China concluded that there was ‘‘only partial support for
the relevance and construct validity of the scale for Chinese
caregivers’’ [4].

The QOL measurement scales tend to include a multi-
tude of items due to the multi-dimensionality of QOL and
concerns for content validity. Lengthiness has been a prob-
lem that has plagued many QOL measurement scales,
including those that are specific to caregivers. The
Caregiver-Targeted Quality-of-Life Measure consists of
80 items [5]. The CQOLC, which is the only caregiver
QOL scale developed in Western countries that has been
translated into the Chinese language, is relatively short,
but it still comprises 35 items [6]. Empirical research has
demonstrated a lower response rate for longer
questionnaires [7,8]. It is preferable to use shorter question-
naires if they can retain the desired measurement
properties.

The inclusion of multiple domains and multiple items per
domain is to address content validity. However, these items
are likely predictive of each other. When a full dataset is
available, it is possible to empirically identify the items that
are most predictive of the QOL domains they belong to.
Then one may shorten the scales with limited loss of infor-
mation or precision. Some successful examples include the
abbreviated version of the World Health Organization Qual-
ity of Life measure [9], the Functional Living IndexeCancer
[10], and the Benign Prostatic HyperplasiaeQuality of Life
Scale [11]. They demonstrated that it is possible to empiri-
cally remove over half of the items from the original version
without major disadvantages. It has also been demonstrated
that two to three items are often sufficient to represent a
QOL domain [12,13].

The Singapore Caregiver Quality of Life Scale
(SCQOLS) is a 51-item measurement scale recently devel-
oped and validated in Singapore [14]. The items were
generated with inputs from family caregivers of patients
with advanced cancers in Singapore [3]. It fills an important
gap for caregiver assessment in Singapore and has the po-
tential for wider adoption in Asia.

A 5-domain factor structure of the SCQOLS was estab-
lished using exploratory factor analysis, representing Phys-
ical Well-being (PW; 12 items), Mental Well-being (MW;
10 items), Experience & Meaning (EM; 12 items), Impact
on Daily Life (DL; 13 items) and Financial Well-being
(FW; four items) [14]. The factor structure was found
invariant between the English and Chinese versions.
Despite relatively small subgroup sample sizes, the evi-
dence tentatively supported the plausibility that the factor
structure was also stable across ethnic Chinese and other
ethnic groups. Furthermore, the English and Chinese ver-
sions achieved equivalence in mean scores, having condi-
tioned on demographic and clinical covariates that can
affect QOL [15]. However, the length of 51 items makes
it challenging to implement in routine clinical settings
and research that involves multiple instruments. An abbre-
viated version of the scale will be valuable for easier and
wider implementation of caregiver QOL assessment.

This study aimed to develop a short form of SCQOLS
and evaluate its measurement properties. In particular, it
aimed to retain the 5-domain structure, with two to three
items per domain, so that the new version would contain
only about 10 to 15 items.
2. Methods

2.1. Study setting and design

The National Cancer Center Singapore is the largest
public provider of cancer care in Singapore, with about
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152,000 outpatient visits annually [16]. Patients who need
inpatient care are mostly admitted to the Singapore General
Hospital. This study was conducted at the National Cancer
Center Singapore and Singapore General Hospital in 2016
and 2017. The Singapore Health Services Centralized Insti-
tutional Review Board approved the study (#2016/2243).
Written informed consent was given by each participant.

Details of the study design have been previously re-
ported [14]. In brief, it consisted of a baseline and a
follow-up survey of family caregivers. The baseline survey
included the SCQOLS and the Brief Assessment Scale for
Caregivers, which comprised a Negative Personal Impact
(NPI) and a Positive Personal Impact (PPI) subscale, among
others [17]. Demographic and health background informa-
tion was also collected, including a caregiver rating of the
patient’s performance status [18]. Caregivers were invited
to self-administer the questionnaire. Some participants re-
quested interviewer-administration. The follow-up survey
was designed to assess test-retest reliability. It comprised
the SCQOLS, a 7-point scale of the caregiver’s self-
perceived change in QOL since the baseline survey [19],
and a question on the patient’s performance status. The
questionnaire, together with a postage-paid return envelope,
was sent to the caregivers about 1 week after the baseline
survey. Only caregivers who had self-administered the
baseline survey were included in the follow-up survey.
2.2. Eligibility

Family caregivers of patients with stage III or IV solid
tumors were invited to participate. In this study, we defined
a family caregiver as a family member who took direct care
of the patient’s day-to-day and healthcare needs, or ensured
provision of care to meet the needs, or was the decision-
maker regarding the meeting of the patient’s needs. In addi-
tion, participants must be at least 21 years of age, able to
communicate in English or Chinese, and aware of the pa-
tient’s diagnosis. Caregivers in the bereavement stage were
not recruited.
2.3. Development of short forms

Factor analysis and correlation or regression analysis are
two major approaches to the abbreviation of measurement
scales [11,20]. The use of correlation or regression to select
items bore the risk of correlated errors [11,20]. To prevent
correlated errors causing undue influence, we developed the
short forms in two steps. First, we capitalized on the explor-
atory factor analysis already published [14]. We identified
the candidate items for the short form as the top four items
that had the highest factor loadings within each domain in
the long form (full-length version). This was based on the
expectation that approximately two or three items per
domain will be sufficient to capture most of the information
for that domain [12,13]. However, if the correlation be-
tween the domain score of a short form and the
corresponding domain score of the long form did not meet
or exceed Pearson’s correlation coefficient (r) of 0.8, we
would consider the fourth item. Hence, the shortlisting of
four items per domain. As the FW domain comprises only
four items, for this domain, we identified the top three
items as candidate items. Second, for each domain, we
applied the best subset regression to the baseline data to
identify the 1-, 2-, 3- and 4-item models (other than FW)
that best explained the corresponding domain score in the
long form [21]. The Akaike Information Criterion (AIC)
was used to select the best fit model among candidate
models with the same number of items. Therefore, each
domain had four candidate models, except FW, which
had three candidate models.

Prior to running the best subset regression, we
checked the assumption of linearity between items and
the corresponding domain. Using a multivariate frac-
tional polynomial (FP) method [22], only three candidate
items had a statistically significant departure from line-
arity (P ! 0.05). However, using the FP transformations
or using the items as categorical variables gave results
practically similar to that based on the linearity assump-
tion. Hence, we used linear forms in the best subset
regression.
2.4. Evaluation of short forms

A score was calculated for each domain of a candidate
short form by a simple mean of the item scores and multi-
plied by 25 to re-scale to a 0 to 100 scale. The scores were
evaluated in terms of Pearson’s correlation coefficient (r)
with the corresponding domain scores from the long form,
the Negative Personal Impact (NPI), and Positive Personal
Impact (PPI), and internal consistency (Cronbach’s alpha),
using the baseline data. After determining the items to be
included for each domain, a short form total score was
generated by a weighted average of the short form domain
scores, with weights proportional to the number of items in
the domains in the long form. This weighted average pro-
cedure ensures that the short form total scores are compat-
ible with the long form total score, which is calculated by
the same weighted average procedure [14].

By using the follow-up data, the candidate short forms
were assessed for test-retest reliability (intraclass correla-
tion coefficient, ICC). Furthermore, the follow-up data
were also used to estimate the Cronbach’s alpha of the short
forms and the correlation between the short forms and the
long form. This was to assess whether the findings in the
baseline data were reproducible.

For the estimation of test-retest reliability, in order to
include only participants who were in stable conditions
and expected to have no change in QOL, only participants
who had returned the follow-up survey within 28 days from
baseline, whose patients had not passed away, and who had
reported no change in self-perceived QOL and patient’s
performance status were included.



Table 1. Candidate items for short form identified from exploratory factor analysis of the 51-item Singapore Caregiver Quality of Life Scale
(SCQOLS)

Domains Item no. Brief description Factor loadinga

Physical Well-being PW4 Aches and pains 0.77

PW6 Poor appetite 0.90

PW7 Weight loss 0.77

PW8 Body has weakened 0.90

Mental Well-being MW1 Constantly worried 0.67

MW2 Fearful of losing the patient 0.83

MW3 Feel sad 0.74

MW8 Feel frustrated 0.53

Experience & Meaning EM4 Thankful for good things 0.68

EM7 Experienced positive changes 0.71

EM11 Family closer together 0.71

EM12 Caregiver role appreciated by family 0.70

Daily Life DL2 Not able to leave home or hospital 0.76

DL3 Not satisfied with time to myself 0.88

DL4 No time for recreational activities 0.93

DL5 Not able to do what I want 0.91

Financial Well-being FW1 Depleting savings 0.83

FW3 Uncertain about future financial situation 0.87

FW4 Personal spending restricted 0.86

a Information extracted from Table 2 of reference [14].
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While there is no universally applicable definition of
what an ‘‘acceptable’’ level of internal consistency or reli-
ability is, we interpreted the findings with reference to the
often-cited 0.7 level in view [23,24].

Furthermore, we examined the equivalence of the mean
scores of the English and Chinese versions among ethnic
Chinese participants using linear regression with adjust-
ment for the caregiver and patient determinants of caregiver
QOL and using a predefined equivalence margin of 60.3
SD (details in Online Supplementary File 1).

2.5. Conversion between short and long forms

We used the ordinary least squares regression method to
obtain conversion formula between the short and long form
scores.
3. Results

3.1. Descriptive summary

A descriptive summary of the participants has been pre-
viously reported [14]. In brief, 612 participants were re-
cruited, of whom 304 and 308 administered the English
and Chinese versions of the questionnaire package, respec-
tively. The sample mean (standard deviation) age was 48
(14) years; 61.0% was female; 38.7% and 46.2% were
spouses and sons/daughters of the patients, respectively.
The ethnic composition of the English-speaking partici-
pants was similar to that of the Singapore adult population,
with 70%, 17%, and 6% ethnic Chinese, Malay, and Indian,
respectively. Among the Chinese-speaking participants, all
except one were Chinese by ethnicity.

3.2. Correlation between short form and long form
domain scores

The items that had the highest factor loadings within
each domain were identified as candidate items (Table 1).
Table 2 shows the results of the best subset regression using
these candidate items. It also shows the correlation coeffi-
cient between the sum of scores on the selected items and
the corresponding domain scores in the long form. The
AIC was smaller (better) for short forms with more items.
However, for all five domains, using only two items was
already sufficient to achieve the target of r � 0.8. The incre-
mental gain in r by including more than two items was
small.

3.3. Measurement properties of candidate short forms

Table 3 shows the correlation of the sum of selected
items’ scores with NPI. The differences in correlation with
NPI between 1-item scores and the corresponding long
form domain scores ranged from 0.06 (FW) to 0.15
(PW). When two items were included per domain, the dif-
ferences narrowed to a range from 0.02 (FW) to 0.11 (PW).



Table 2. Best subset regression analysis results and Pearson’s
correlation (r) between the domain scores in the candidate short
forms and the domain scores in the long form

Domains Items AIC r

Physical
Well-being

PW8 4,732.9 0.81

PW4þPW6 4,430.3 0.89

PW4þPW6þ PW8 4,285.6 0.92

PW4þPW6þ PW7þPW8 4,256.7 0.91

Mental Well-being MW8 4,890.1 0.77

MW2þMW8 4,473.3 0.89

MW2þMW3þMW8 4,312.1 0.91

MW1þMW2þ MW3þMW8 4,248.7 0.90

Experience &
Meaning

EM7 4,991.5 0.68

EM4þEM11 4,681.6 0.82

EM4þEM7þEM12 4,459.7 0.88

EM4þEM7þEM11þEM12 4,354.3 0.90

Daily Life DL5 4,765.0 0.83

DL2þDL5 4,570.6 0.88

DL2þDL4þDL5 4,495.1 0.89

DL2þDL3þDL4þDL5 4,489.6 0.89

Financial
Well-being

FW4 4,860.7 0.91

FW1þFW3 4,210.7 0.96

FW1þFW4 3,860.1 0.99
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Further increasing to include three or four items per domain
did not make marked differences. We repeated the analyses
with PPI scores, with a focus on the EM domain. This was
because it had previously been shown that only the EM
domain was strongly correlated with PPI, as both of them
concerned positive aspects of QOL in adverse situations
[14]. The correlation between EM short form and PPI
was observed regardless of the number of items, r from
0.32 to 0.41 (each P ! 0.01). The inclusion of more items
per domain did not show a clear pattern of improved corre-
lation with PPI.

For the PW, DL, and FW, inclusion of as few as two
items could achieve a Cronbach’s alpha �0.7 (Table 3).
However, for MW and EM, it required three and four items,
respectively, to achieve this level of internal consistency.

Out of 326 participants who completed the follow-up
survey, 90 satisfied the inclusion criteria for inclusion in
test-retest reliability estimation. The PW, DL, and FW
achieved ICC �0.7 with only two items, while the EM
required four items to achieve this level of test-retest reli-
ability. The use of 3 and 4 MW items gave a similar level
of ICC, at 0.69 and 0.70, respectively.

Based on the above findings and our intention to include
no more than 15 items, we considered two short forms; a
10-item short form that includes two items for each of
the five domains, and a 15-item short form that includes
three items for PW, DL, and MW, four items for EM, and
two items for FW. The 10-item short form satisfied our
intention to provide a short form that contains as few as
two items per domain and still achieve correlation with
the long form domain score of at least 0.8. The proposed
15-item short form additionally gave internal consistency
and test-retest reliability of about 0.7 or higher in all do-
mains, which are often considered acceptable levels. The
total scores of the 10- and 15-item short forms had Pear-
son’s correlation of 0.94 and 0.95 with the total score of
the long form. Furthermore, they showed a strong correla-
tion with NPI (�0.75), an acceptable level of internal con-
sistency (�0.76) and a strong test-retest reliability (�0.85)
(Table 3).

We examined whether similar measurement properties
of the 10- and 15-item short forms could be reproduced
in the follow-up survey (N 5 326). Table 4 shows the
findings; they are similar to those obtained from the base-
line survey. The correlation between the 10-item short
form and its five domain scores and the corresponding
scores in the long form was strong, ranging from 0.82
(EM) to 0.97 (FW). Cronbach’s alpha for MW and EM
was weak (�0.5) but satisfactory for the others (�0.74).
The properties of the 15-item short form and all of its do-
mains were satisfactory. The correlation coefficients with
the target scores in the long form were at least 0.90.
The Cronbach’s alpha ranged from 0.75 (MW) to 0.89
(DL and FW).

The equivalence between the English and Chinese ver-
sions of the SCQOLS-15 and SCQOLS-10 in the total
and all domain scores was confirmed, with the exception
of inconclusive findings on the EM score of the
SCQOLS-10 (Online Supplementary File 1).
3.4. Conversion formula

Table 5 shows formula derived from simple least squares
regression to convert SCQOLS-15 scores to the correspond-
ing total and domain scores in the long form and formula to
convert SCQOLS-10 total score to the total score in the
long form. For example, the conversion formula:
SCQOLS total score 5 7:003þ 0:885

� SCQOLS-15 total score
gave R2 (R-squared) 0.909. The inclusion of nonlinear
(quadratic) terms had little impact on the model fit. For
example, for conversion to the long form total score, the
addition of the SCQOLS-15 total score quadratic term only
changed the R2 to 0.910 (details not shown).

The use of multivariable regression with SCQOLS-15
domain scores as predictors and backward stepwise selec-
tion to retain significant (P ! 0.05) independent variables
improved the R2 only slightly. For example, the conversion
to the long form total score using all SCQOLS-15 domain
scores gave R2 0.919. For completeness, we provide the



Table 3. Measurement properties in the baseline survey

Domains Items r (NPI)a r (PPI)a Alpha ICC

Physical Well-being All 12 items (long form) 0.64 0.18 0.92 0.81

PW8 0.49 0.12 - 0.61

PW4þPW6 0.53 0.11 0.72 0.72

PW4þPW6þ PW8 0.55 0.12 0.83 0.73

PW4þPW6þ PW7þPW8 0.54 0.11 0.86 0.72

Mental Well-being All 10 items (long form) 0.62 0.05 0.86 0.78

MW8 0.56 0.16 - 0.47

MW2þMW8 0.52 0.01 0.50 0.65

MW2þMW3þMW8 0.54 0.00 0.75 0.69

MW1þMW2þ MW3þMW8 0.53 �0.01 0.82 0.70

Experience & Meaning All 12 items (long form) 0.18 0.40 0.86 0.74

EM7 0.05 0.36 - 0.61

EM4þEM11 0.15 0.32 0.49 0.64

EM4þEM7þEM12 0.11 0.38 0.63 0.68

EM4þEM7þEM11þEM12 0.13 0.41 0.74 0.72

Daily Life All 13 items (long form) 0.77 0.21 0.91 0.86

DL5 0.63 0.18 - 0.64

DL2þDL5 0.69 0.18 0.82 0.80

DL2þDL4þDL5 0.70 0.21 0.88 0.80

DL2þDL3þDL4þDL5 0.70 0.22 0.91 0.80

Financial Well-being All four items (long form) 0.56 0.12 0.91 0.78

FW4 0.50 0.09 - 0.61

FW1þFW3 0.54 0.12 0.83 0.77

FW1þFW3þFW4 0.56 0.12 0.86 0.79

10-item Short Form PW4þPW6þMW2þMW8þEM4þEM11
þDL2þDL5þFW1þFW3

0.75 0.23 0.76 0.85

15-item Short Form 10-item Short Form þ PW8þMW3þEM7þEM12 0.77 0.26 0.79 0.86

a r(NPI) and r(PPI): Pearson’s correlation coefficient with Negative Personal Impact and with Positive Personal Impact.

Table 4. Measurement properties in the follow-up survey

Short forms Total and domain scores ra Alpha
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multivariable conversion formula and long form to
short form conversion formula in Online Supplementary
File 2.
10-item Short
Form

Total score (10 items) 0.94 0.79

Physical Well-being (2 items) 0.89 0.74

Mental Well-being (2 items) 0.88 0.50

Experience & Meaning (2 items) 0.82 0.48

Daily Life (2 items) 0.90 0.82

Financial Well-being (2 items) 0.97 0.89

15-item Short
Form

Total score (15 items) 0.96 0.83

Physical Well-being (3 items) 0.91 0.86

Mental Well-being (3 items) 0.91 0.75

Experience & Meaning (4 items) 0.91 0.76

Daily Life (3 items) 0.90 0.89

Financial Well-being (2 items) 0.97 0.89

a r: Pearson’s correlation coefficient with the corresponding total
score or domain scores in the long form.
4. Discussion

In Asian culture, it is usually expected that people who
are ill should be cared for by their family members [25]. A
meta-analysis showed that Asian American caregivers pro-
vided more caregiving hours than caregivers of other eth-
nicities [26]. With differences in culture between East
and West and the known limitations of the validity of some
QOL measurement scales in the Asian context, the recent
development of the SCQOLS is a valuable addition. The
availability of abbreviated versions of this instrument will
further provide flexibility in its usage according to the
context and needs.

There is a trade-off between questionnaire length and
measurement properties. We have proposed two short
forms, one with 10 items and the other with 15 items.



Table 5. Conversion formula derived from ordinary least squares
regression

Dependent
variablea a b Independent variablea R2

SCQOLS Total 7.003 0.885 SCQOLS-15 Total 0.909

SCQOLS PW 9.931 0.801 SCQOLS-15 PW 0.838

SCQOLS MW 24.410 0.737 SCQOLS-15 MW 0.821

SCQOLS EM 15.411 0.740 SCQOLS-15 EM 0.806

SCQOLS DL 14.343 0.749 SCQOLS-15 DL 0.796

SCQOLS FW 5.991 0.909 SCQOLS-15 FW 0.913

SCQOLS Total 9.978 0.835 SCQOLS-10 Total 0.876

a SCQOLS: Full-length version of SCQOLS; SCQOLS-15: 15-item
short form; SCQOLS-10: 10-item short form. All variables are scaled
to the 0 to 100 range prior to the application of the conversion
formula.
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The 10-item short form demonstrated validity, reliability,
and internal consistency as a measure of the overall level
of QOL and the Physical Well-being, Daily Life, and
Financial Well-being domains, but its performance was
limited in terms of measuring the Mental Well-being and
Experience & Meaning domains. We propose that, for prac-
titioners who need a quick assessment of the overall level
of QOL, they may consider using the 10-item short form.

The total and domain scores of the 15-item short form
strongly correlated with the counterparts in the 51-item
long form. It mirrors the long form’s performance charac-
teristics. It achieves acceptable level of measurement prop-
erties in all aspects evaluated. This is a useful alternative to
the long form, and may be used to assess overall QOL and
QOL domains.

A limitation of the present study is that we did not collect
data using a 10-item or 15-item short form. What we admin-
istered was the 51-item long form. The interpretation of the
findings here is based on an assumption of no context effects,
that is, the 10 or 15 items selected perform as seen here
regardless of whether they are administered as a short form
or embedded in the full-length version. Prior research has
repeatedly demonstrated that there was little context effect
in QOL assessment [27e30]. As such, we consider this
assumption valid. The forms have not yet been validated in
other populations. Further evaluation of the short forms using
other datasets and in other populations will help to improve
understandings of them.
5. Conclusion

A 15-item short form of the Singapore Caregiver Quality
of Life Scale (SCQOLS-15) is valid and reliable for the
assessment of overall and domain-specific QOL in the
Singapore population. A 10-item short form (SCQOLS-
10) may serve as a quick assessment of the overall level
of QOL. The formula for conversions between the short
and long forms are available.
CRediT authorship contribution statement

Yin Bun Cheung: Conceptualization, Methodology,
Formal analysis, Visualization, Supervision, Funding
acquisition, Writing - original draft, Writing - review & ed-
iting. Shirlyn H.S. Neo: Conceptualization, Supervision,
Project administration, Writing - review & editing. Grace
M. Yang: Conceptualization, Supervision, Project adminis-
tration, Writing - review & editing. Geok Ling Lee:
Conceptualization, Writing - review & editing. Irene
Teo: Conceptualization, Writing - review & editing. Au-
drey R.X. Koh: Investigation, Data curation, Project
administration, Writing - review & editing. Julian Thum-
boo: Conceptualization, Writing - review & editing. Hwee
Lin Wee: Conceptualization, Writing - review & editing.
Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jclinepi.2020.02.003.
References

[1] Lunney JR, Foley KM, Smith TJ, Gelband H. Describing death in

America: What we need to know. Washington, DC: National Acade-

mies Press; 2003.

[2] Albers G, Echteld MA, de Vet HC, Onwuteaka-Philipsen BD, van der

Linden MH, Deliens L. Evaluation of quality-of-life measures for use

in palliative care: a systematic review. Palliat Med 2010;24:17e37.

[3] Lee GL, Ow MYL, Akhileswaran R, Pang GSY, Fan GKT,

Goh BHH, et al. Quality of life domains important and relevant to

family caregivers of advanced cancer patients in an Asian

populationea qualitative study. Qual Life Res 2015;24:817e28.

[4] Duan J, Fu J, Gao H, Chen C, Fu J, Shi X, et al. Factor analysis of the

Caregiver Quality of Life Index-Cancer (CQOLC) Scale for Chinese

cancer caregivers: a preliminary reliability and validity study of the

CQOLC-Chinese version. PLoS One 2015;10:e0116438.

[5] Vickrey BG, Hays RD, Maines ML, Vassar SD, Fitten J, Strickland T.

Development and preliminary evaluation of a quality of life measure

targeted at dementia caregivers. Health Qual Life Outcomes 2009;7:

56.

[6] Weitzner M, Jacobsen P, Wagner H, Friedland J, Cox C. The Care-

giver Quality of Life Index-Cancer (CQOLC) scale: development

and validation of an instrument to measure quality of life of the fam-

ily caregiver of patients with cancer. Qual Life Res 1999;8:55e63.

[7] Edwards P, Roberts I, Sandercock P, Frost C. Follow-up by mail in

clinical trials: does questionnaire length matter? Control Clin Trials

2004;25:31e52.

[8] Sahlqvist S, Song Y, Bull F, Adams E, Preston J, Ogilvie D, et al. Ef-

fect of questionnaire length, personalisation and reminder type on

response rate to a complex postal survey: randomised controlled trial.

BMC Med Res Methodol 2011;11:62.

[9] WHOQOL Group. Development of the World Health Organization

WHOQOL-BREF quality of life assessment. Psychol Med 1998;28:

551e8.

[10] Cheung YB, Goh C, Wong LC, Ng GY, Lim WT, Leong SS, et al.

Quick-FLIC: validation of a short questionnaire for assessing quality

of life of cancer patients. Br J Cancer 2004;90:1747e52.

[11] Guo Y, Shi J, Hu M, Sun Z. Construction and validation of a short-

form quality-of-life scale for Chinese patients with benign prostatic

hyperplasia. Health Qual Life Outcomes 2009;7:24.

https://doi.org/10.1016/j.jclinepi.2020.02.003
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref1
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref1
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref1
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref2
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref2
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref2
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref2
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref3
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref3
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref3
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref3
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref3
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref3
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref4
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref4
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref4
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref4
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref5
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref5
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref5
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref5
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref6
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref6
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref6
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref6
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref6
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref7
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref7
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref7
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref7
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref8
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref8
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref8
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref8
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref9
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref9
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref9
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref9
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref10
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref10
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref10
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref10
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref11
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref11
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref11


108 Y.B. Cheung et al. / Journal of Clinical Epidemiology 121 (2020) 101e108
[12] Cheung YB, Khoo KS, Wong ZW, See HT, Toh HC, Epstein R, et al.

A short questionnaire for assessing quality of life of cancer patients.

Acta Oncol 2003;42:36e42.

[13] Moran AL, Guyatt GH, Norman GR. Establishing the minimal num-

ber of items for a responsive, valid, health-related quality of life in-

strument. J Clin Epidemiol 2001;54:571e9.

[14] Cheung YB, Neo SHS, Teo I, Yang GM, Lee GL, Thumboo J, et al.

Development and evaluation of a quality of life measurement scale in

English and Chinese of family caregivers of patients with advanced

cancers. Health Qual Life Outcomes 2019;17(1):35.

[15] Cheung YB, Yang GM, Neo SHS, Teo I, Che WL, Lee GL, et al. A

locally developed quality of life measurement scale for family care-

givers of patients with advanced cancers in Singapore. Value Health

2018;21(Suppl 2):S100.

[16] SingHealth Duke-NUS Academic Medical Center. Journey home:

Beyond hospital walls. Singapore: Singapore Health Services; 2017.

[17] Glajchen M, Kornblith A, Homel P, Fraidin L, Mauskop A,

Portenoy RK, et al. Development of a brief assessment scale for care-

givers of the medically ill. J Pain Symptom Manage 2005;29(3):

245e54.

[18] Lee CF, Ng R, Luo N, Cheung YB. Patient-reported outcomes are

associated with patient-oncologist agreement of performance status

in a multi-ethnic Asian population. Support Care Cancer 2014;

22(12):3201e8.

[19] Osoba D, Rodrigues G, Myles J, Zee B, Pater J. Interpreting the sig-

nificance of changes in health-related quality-of-life scores. J Clin

Oncol 1998;16:139e44.
[20] Coste J, Guillemin F, Pouchot J, Fermanian J. Methodological ap-

proaches to shortening composite measurement scales. J Clin Epide-

miol 1997;50:247e52.
[21] Lindsey C, Sheather S. Variable selection in linear regression. Stata J

2010;10(4):650e69.

[22] Royston P, Wauerbrei W. Multivariable Model-building: A Pragmatic

Approach to Regression Analysis Based on Fractional Polynomials

for Modelling Continuous Variables. Chichester: Wiley; 2008.

[23] Cortina JM. What is coefficient alpha? An examination of theory and

applications. J Appl Psychol 1993;78(1):98.

[24] Fayers P, Machin D. Quality of Life: The Assessment, Analysis and

Reporting of Patient-Reported Outcomes. 3rd ed. Chichester: Wiley

& Sons; 2016.

[25] Chan A, Malhotra C, Woo IMH, Goh CR. Caregiver burden for

terminally ill patients among the Chinese in Singapore. In:

Chan WC, editor. Singapore’s Ageing Population. NY: Routledge;

2011.

[26] Pinquart M, S€orensen S. Ethnic differences in stressors, resources,

and psychological outcomes of family caregiving: a meta-analysis.

Gerontologist 2005;45:90e106.

[27] Kemmler G, Holzner B, Kopp M, D€unser M, Margreiter R, Greil R,

et al. Comparison of two quality-of-life instruments for cancer pa-

tients: the functional assessment of cancer therapy-general and the

European Organization for research and treatment of cancer quality

of life questionnaire-C30. J Clin Oncol 1999;17:2932e40.

[28] Dunn KM, Jordan K, Croft PR. Does questionnaires structure influ-

ence response in postal surveys? J Clin Epidemiol 2003;56:10e6.

[29] Cheung YB, Wong LC, Tay MH, Toh CK, Koo WH, Epstein R, et al.

Order effects in the assessment of quality of life of cancer patients.

Qual Life Res 2004;13:1217e23.
[30] Cheung YB, Lim C, Goh C, Thumboo J, Wee J. Order effects: a ran-

domized study of three major cancer-specific quality of life instru-

ments. Health Qual Life Outcomes 2005;3:3.

http://refhub.elsevier.com/S0895-4356(19)30432-9/sref12
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref12
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref12
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref12
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref13
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref13
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref13
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref13
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref14
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref14
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref14
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref14
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref15
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref15
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref15
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref15
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref16
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref16
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref17
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref17
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref17
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref17
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref17
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref18
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref18
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref18
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref18
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref18
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref19
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref19
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref19
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref19
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref20
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref20
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref20
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref20
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref21
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref21
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref21
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref22
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref22
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref22
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref23
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref23
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref24
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref24
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref24
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref25
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref25
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref25
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref25
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref26
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref26
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref26
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref26
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref26
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref27
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref27
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref27
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref27
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref27
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref27
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref27
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref28
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref28
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref28
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref29
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref29
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref29
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref29
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref30
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref30
http://refhub.elsevier.com/S0895-4356(19)30432-9/sref30

	Two valid and reliable short forms of the Singapore caregiver quality of life scale were developed: SCQOLS-10 and SCQOLS-15
	1. Introduction
	2. Methods
	2.1. Study setting and design
	2.2. Eligibility
	2.3. Development of short forms
	2.4. Evaluation of short forms
	2.5. Conversion between short and long forms

	3. Results
	3.1. Descriptive summary
	3.2. Correlation between short form and long form domain scores
	3.3. Measurement properties of candidate short forms
	3.4. Conversion formula

	4. Discussion
	5. Conclusion
	CRediT authorship contribution statement
	Supplementary data
	References


