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Abstract

Background: The objective of this study was to determine the validity and reliability of the Malay translated Sleep
Apnea Quality of Life Index (SAQLI) in patients with obstructive sleep apnea (OSA).

Methods: In this cross sectional study, the Malay version of SAQLI was administered to 82 OSA patients seen at the
OSA Clinic, Hospital Universiti Sains Malaysia prior to their treatment. Additionally, the patients were asked to
complete the Malay version of Medical Outcomes Study Short Form (SF-36). Twenty-three patients completed the
Malay version of SAQLI again after 1–2 weeks to assess its reliability.

Results: Initial factor analysis of the 40-item Malay version of SAQLI resulted in four factors with eigenvalues >1. All
items had factor loadings >0.5 but one of the factors was unstable with only two items. However, both items were
maintained due to their high communalities and the analysis was repeated with a forced three factor solution.
Variance accounted by the three factors was 78.17% with 9–18 items per factor. All items had primary loadings over
0.5 although the loadings were inconsistent with the proposed construct. The Cronbach’s alpha values were very
high for all domains, >0.90. The instrument was able to discriminate between patients with mild or moderate and
severe OSA. The Malay version of SAQLI correlated positively with the SF-36. The intraclass correlation coefficients
for all domains were >0.90.

Conclusions: In light of these preliminary observations, we concluded that the Malay version of SAQLI has a high
degree of internal consistency and concurrent validity albeit demonstrating a slightly different construct than the
original version. The responsiveness of the questionnaire to changes in health-related quality of life following OSA
treatment is yet to be determined.
Background
Obstructive sleep apnea (OSA) is a sleep disorder that
occurs when breathing is interrupted due to repetitive
complete or partial upper airway obstruction [1]. The
obstruction is most often due to anatomical and func-
tional abnormalities of the muscles that maintain the air-
way open during sleep [2]. Narrowing of the airway will
impede air flow during breathing, resulting in episodes
of heavy snoring, shallow breathing or hypoventilation
(hypopnea), cessation of breathing (apnea), and frequent
arousals. Definitive diagnosis of OSA can be made by
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reproduction in any medium, provided the or
nocturnal polysomnography (PSG) that would demon-
strate five or more apnoea-hypopnoea episodes per hour
of sleep [1]. The total number of apnoea-hypopnoea epi-
sodes per hour of sleep, known as the Apnea Hypopnea
Index (AHI), is an index used to assess the severity of
sleep apnea which can be classified as mild (5 to 15 epi-
sodes per hour), moderate (15 to 30 episodes per hour),
and severe (greater than 30 episodes per hour) [1].
Often, patients are not aware of their heavy snoring

and arousals although the episodes may occur repeatedly
up to hundreds of times each night [3]. Multiple noctur-
nal arousals with sleep fragmentations may lead to
excessive daytime sleepiness, fatigue, and impaired con-
centration in patients with OSA [4]. It was reported that
at least 9-15% of middle-aged adults were affected
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although many cases remain undiagnosed and the preva-
lence of OSA may have been largely underestimated [5].
The impact of OSA is potentially substantial with exten-
sive evidence on its association with reduced physical,
emotional, and intellectual abilities, cardiovascular and
cerebrovascular morbidity and mortality, high medical
care costs, and road safety risk [6-8]. The quality of life
of patients with OSA is often impaired [9,10], in addition
to their bed partners whose sleep would also be disrupted
due to the patients’ heavy snoring, gasping, and choking,
or because of the bed partners’ own concern about the pa-
tients’ abnormal breathing [11].
Given the detrimental impact of OSA on individual

health and well-being, assessment of health-related qual-
ity of life (HRQOL) in patients with OSA is receiving
increased attention in clinical practice and research.
Generic instruments such as the Medical Outcome
Study Short Form (SF-36), Sickness Impact Profile scale,
Nottingham Health Profile, Functional Limitations Pro-
file, WHOQOL-BREF and EuroQol have been used to
measure HRQOL in patients with sleep disorders [12].
Although generic instruments are applicable to most
people irrespective of the type of illnesses by examining
a wide range of activities and roles, they may not be sen-
sitive to certain problems that are unique to a particular
disease or condition.
Few OSA-specific HRQOL instruments have been devel-

oped to measure specific impact of the disease. Such in-
struments include the Sleep Apnea Quality of Life Index
(SAQLI) [13], the Functional Outcomes of Sleep Question-
naire (FOSQ) [14], the Obstructive Sleep Apnea Patient-
Oriented Severity Index (OSAPOSI) [15] and the Quebec
Sleep Questionnaire (QSC) [16]. Systematic review and
content comparison of various OSA-specific quality of life
instruments highlighted the usefulness of SAQLI in evalu-
ating patients’ responses to clinical treatments [10,17].
While clinical parameters such as the AHI and subjective
symptoms such as daytime fatigue and excessive sleepiness
as well as nighttime snoring may improve with treatment,
HRQOL may not, and the reverse may also be true. There
is a need for an instrument that can detect changes in the
quality of life of patients following treatment interventions,
and SAQLI has this advantage over other instruments [17].
Therefore, we conducted this study to validate a Malay ver-
sion of the SAQLI in patients with OSA and this paper re-
ports the preliminary psychometric properties of the Malay
version of SAQLI administered to OSA patients prior to
their intervention treatments.

Methods
Population and sample
This cross sectional study was conducted from March 1,
2010 to March 31, 2011. Source population consisted
of patients with sleep-related breathing problems who
were referred to the OSA Clinic at the Department of
Otorhinolaryngology-Head and Neck Surgery, Hospital
Universiti Sains Malaysia. After initial clinical assess-
ments, patients with symptoms suggestive of OSA were
subjected to a full-night polysomnography. Patients aged
18 years and above who demonstrated five or more
apnoea-hypopnoea episodes per hour of sleep were con-
sidered eligible for this study. Systematic random sam-
pling method was applied for selection of study sample.
No possible biases regarding the selection of sample
were anticipated and the sample was representative of
the reference population. Ethical approval was obtained
from the Human Research Ethics Committee, Universiti
Sains Malaysia.

Research instrument – the Sleep Apnea Quality of Life
Index (SAQLI)
The SAQLI is an OSA-specific questionnaire developed
by Flemons and Reimer [13] as a comprehensive HRQOL
measure for use in clinical trials. The questionnaire was
developed in English and has since been translated into
few other languages including Chinese, French, Lithuanian,
Spanish and Portuguese. In general, the original English
version and the translated versions of SAQLI have been
shown to be valid and reliable to measure HRQOL in pa-
tients with OSA [18-23]. The SAQLI items were organised
into 5 domains to measure the impact of OSA on patients’
daily functioning (domain A), social interactions (domain
B), emotional functioning (domain C), symptoms (domain
D), and treatment-related symptoms (domain E). There
were 11 items in domain A, 13 items in domain B, and 11
items in domain C. Domain D listed more than 20 OSA
symptoms and patients may include additional symptoms
they may experience. However, patients were required to
choose and rate only 5 symptoms most important to them.
Domain D was thus considered a 5-item domain although
patients may select fewer than 5 symptoms or even none.
Similarly, in domain E, patients who have been treated for
OSA were asked to identify only the 5 most important
symptoms, or less, from the list of symptoms provided,
and patients may also add other symptoms to the list. Do-
main E was considered optional, only to be used in clinical
interventions to measure changes in HRQOL following
treatment.
The SAQLI was designed to be interviewer-administered

and the reference period was 4 weeks prior to the date of
interview. Responses for the items were scored on a 7-
point Likert scale that ranged from 1 (greatest impair-
ment) to 7 (least impairment). For each domain A, B and
C, the mean domain score is derived by dividing the sum
of scores for all items within the particular domain by the
number of items. For domain D, the sum of scores
is divided by 5 regardless of the number of symptoms
selected by patients. To obtain the total pre-intervention
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SAQLI score, the mean scores of 4 domains, domain A, B,
C and D, are summed and divided by 4.
If domain E is used following intervention, each score

given by patients to all items must first be re-coded be-
fore the mean domain score can be obtained in a similar
manner used for domain D. Additionally, there is section
F that must be completed when domain E is used. This
section assesses: 1) the impact of treatment on patients’
overall quality of life as reflected by items in domain A,
B, C and D, and 2) the impact of treatment-related
symptoms on their quality of life. Two 10 cm visual
analogue scales were used to measure the impacts and
patients will be asked to mark a vertical line on the indi-
vidual scales. The lengths of both marks will be deter-
mined and recorded as the impact scores. A weighting
factor is then obtained by dividing the impact score for
treatment-related symptoms by the impact score for
quality of life improvements in domain A, B, C and D.
This weighting score must be multiplied by the previ-
ously obtained mean score for domain E. The product is
then subtracted from the total mean scores from the
first four domains, and the resulting score is divided by
4 to obtain the total post-intervention SAQLI score. The
score for each SAQLI domain and the total SAQLI
scores may range from 1 to 7, with higher score indicat-
ing better HRQOL.

Translation and adaption of the Malay version of SAQLI
The translation and adaptation of the SAQLI into Malay
language follows the methods adapted by the Inter-
national Quality of Life Assessment (IQOLA) Project
Group [24]. The forward translation of the English ver-
sion of SAQLI was performed independently by two na-
tive Malay speakers who were also fluent in English.
One of the translators was a linguist and another was a
medical physician with experience in managing OSA.
Both forward translations were revised by the translators
who then agreed upon one version. The chosen forward-
translated version was critically appraised by the re-
searchers before it was passed to two other bilingual
translators for quality rating. Feedbacks from the quality
raters were reviewed and necessary modifications were
made to the items.
Next, another pair of bilingual native speakers trans-

lated the forward-translated version back into English.
The backward translation processes were also done inde-
pendently. Finally, both back-translations were reviewed
for equivalences with the original English version. Dis-
crepancies between the back-translations, the English
version, and the forward-translated version were recon-
ciled to produce a preliminary Malay version of SAQLI.
Content validity of the Malay version of SAQLI was also
reviewed. The preliminary Malay version of SAQLI was
pre-tested on 5 conveniently selected patients with OSA.
In general, all respondents could easily understand the
preliminary version of the questionnaire. Only minor
formatting problems were noted and appropriate modifi-
cations were made.

Data collection
The final Malay version of SAQLI was administered to
82 OSA patients. In addition, the patients also com-
pleted the Medical Outcomes Study Short Form (SF-36).
This was to test concurrent validity of the Malay-
translated SAQLI by comparing its correlation with a
more established instrument like the SF-36 which is per-
haps the most widely used HRQOL instrument and is
considered the gold standard in measure of health sta-
tus. The SF-36 is also the most frequently used generic
HRQOL instrument in OSA [10]. The 36-item instru-
ment was developed to measure 8 health concepts; phys-
ical functioning (limitations in physical activities because
of health problems), role-physical (limitations in usual
role activities because of physical health problems), bod-
ily pain, general health, vitality (energy and fatigue), so-
cial functioning (limitations in social activities because
of physical or emotional problems), role-emotional (limi-
tations in usual role activities because of emotional
problems), mental health (psychological distress and
well-being), and general health perceptions [25]. Items
in the role-physical and role-emotional use ‘yes/no’
answers while other items are scored on a 3- to 6-point
Likert scale. For each item, the raw score were coded, 10
of which were re-coded in the opposite direction,
summed, and transformed according to the standard SF-
36 scoring algorithm [26]. Each dimension is reported
on a scale of 0 (worst possible health state) to 100 (best
possible health state). The previously validated Malay
version of SF-36 was used in this study [27]. Both ques-
tionnaires were interviewer-administered. The Malay
version of SAQLI was re-administered to 23 patients
after one to two weeks to assess the reliability of scores.
Written informed consent was obtained from all patients
prior to administration of the questionnaires.
Continuous positive airway pressure (CPAP) is cur-

rently the first choice therapy for OSA. It is a medical
device that provides continual positive air pressure via a
mask to help keep a patient’s airway open during sleep
and has been proven to be effective in reducing respira-
tory disturbances and symptoms of sleepiness [28]. The
CPAP machines however are expensive. In our setting,
not many patients can afford to buy the machine and
most diagnosed OSA patients will opt for other treat-
ment options including lifestyle modifications such as
weight loss, regular exercise and sleep repositioning, and
a range of upper airway surgical procedures. Owing to
this technical constraint in providing the mainstay of
OSA treatment to the patients, we thus decided not to



Table 1 Characteristics of patients (n = 82)

Characteristic Frequency (%)

Sex

Male 57 (69.5)

Female 25 (30.5)

Age group (years)

≤ 24 13 (15.9)

25 – 34 20 (24.4)

35 – 44 19 (23.2)

≥ 45 30 (36.6)

Body Mass Index

18.50-24.99 12 (14.6)

25.00-29.99 32 (39.0)

30.00-34.99 23 (28.0)

35.00-39.99 9 (11.0)

≥40.00 6 (7.3)

OSA severity

Mild 15 (18.3)

Moderate 25 (30.5)

Severe 42 (51.2)
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use the fifth SAQLI domain in this study. Only domain
A, B, C and D were included in this psychometric evalu-
ation of the Malay version of SAQLI.

Statistical analysis
Data entries and analyses of results were done using the
Predictive Analytics Software (PASW) for Windows, ver-
sion 18.0 (SPSS Inc, Chicago). Descriptive statistics of
categorical and numerical data were presented by fre-
quencies and means respectively. Exploratory factor ana-
lysis was applied to examine the construct validity of the
Malay version of SAQLI. The Kaiser-Meyer-Olkin Measure
of Sampling and the Bartlett's Test of Sphericity were first
performed to determine the suitability of data for factor
analysis. The factor analysis was then conducted using
principle component analysis at an eigenvalue of 1.0 with
an orthogonal (varimax) rotation solution. Independent t-
test was used to compare the HRQOL constructs of the
Malay version of SAQLI between participants with differ-
ent category of OSA severity. The internal consistency reli-
ability of the factors was evaluated using Cronbach’s alpha.
Test-retest reliability was evaluated using intraclass correl-
ation coefficient (ICC). The concurrent validity of the
Malay version of SAQLI was examined by determining the
Pearson’s correlation coefficients between the SAQLI do-
mains and the Malay-translated SF-36 scales. The results
were interpreted following the recommendations provided
by Colton et al. [29], correlation coefficients between 0 and
0.25 (or −0.25) indicate little or no relationship; from 0.25
to 0.50 (or −0.25 to −0.50) a fair degree of relationship;
from 0.50 to 0.75 (or −0.50 to −0.75) a moderate to good
relationship; and between 0.75 and 1 (or −0.75 and −1) a
very good to perfect relationship.

Results
Descriptive statistics
Characteristics of the participants are shown in Table 1.
The participants were 69.5% male and the mean age was
39.6 years (SD 12.82). Their Body Mass Index (BMI) was
classified into normal (18.5-24.99), pre-obese (25.00-
29.99), obese class I (30.00-34.99), obese class II (35.00-
39.99) and obese class III (≥40.00) [30]. Most of the
participants (46.3%) were considered obese with BMI of
30.00 or greater. There was a wide range of sleep apnea
severity with AHI ranging from 5.5 to 97.0. Most partici-
pants had AHI greater than 30, indicating severe OSA
(51.2%) with a mean AHI of 33.9 (SD 21.69).

Construct validity of the Malay version of SAQLI
The Kaiser-Meyer-Olkin value was high at 0.929 and the
Bartlett’s Test of Sphericity was significant (p < 0.001),
confirming the appropriateness of using factor analysis
on the data. The communality values of all items were
above 0.5 which indicate that each item shared some
common variance with other items. Forty items were
analysed and four factors with eigenvalues above 1 were
extracted, which accounted for 81.14% of the variance.
With a 0.50 cut point for inclusion of an item in inter-
pretation of factors, all 40 items loaded higher than the
set threshold. However, the factor loadings of the items
were not entirely consistent with the proposed construct.
Although the majority of items in domain A (daily func-
tioning), domain B (social interactions), and domain C
(emotional functioning) loaded together appropriately in
accordance with the proposed subscale, items in domain
D (symptoms) behaved somewhat different. Instead of
loading into one factor, all items in domain D were com-
bined with items in domain A to load on the first factor.
This first factor, which also covered one item in domain
B (B7: looked for excuses for being tired), has a total of
17 items and accounted for 66.21% of the total variance.
The second factor covered 12 of 13 items in domain B
and explained 6.96% of the total variance. Items in do-
main C were fragmented, nine loaded on the third factor
(C1-C9) and two other items (C10-C11) loaded on the
fourth factor. The third factor accounted for 5.00% of
the total variance and the fourth factor which was the
smallest factor accounted for 2.96% of the total variance.
According to Costello and Osborne [31], a solid factor

is a factor with 5 or more items with strong loadings of
at least 0.5. On the other hand, a factor with less than
three items is considered weak and unstable. While Fac-
tor 1, 2 and 3 each has more than the recommended
number of items, Factor 4 has only two items loading.



Table 2 Communalities (h2) and factor loadings by
Varimax rotation with Kaiser normalization

Domain/item Factor 1 Factor 2 Factor 3 h2

Social
interactions

Daily
functioning

Emotional
functioning

A: daily functioning

A1 0.751 0.826

A2 0.799 0.705

A3 0.769 0.789

A4 0.688 0.754

A5 0.823 0.805

A6 0.719 0.774

A7 0.822 0.795

A8 0.757 0.711

A9 0.621 0.621

A10 0.637 0.666

A11 0.780 0.859

B: social interactions

B1 0.651 0.687

B2 0.661 0.736

B3 0.793 0.858

B4 0.842 0.872

B5 0.591 0.623 0.739

B6 0.870 0.898

B7 0.677 0.819

B8 0.768 0.865

B9 0.783 0.858

B10 0.830 0.887

B11 0.792 0.861

B12 0.731 0.826

B13 0.804 0.860

C: emotional functioning

C1 0.625 0.599 0.825

C2 0.602 0.718

C3 0.603 0.638 0.840

C4 0.537 0.694 0.868

C5 0.579 0.665 0.853

C6 0.674 0.776

C7 0.617 0.619 0.794

C8 0.592 0.626 0.841

C9 0.609 0.680

C10 0.690 0.571

C11 0.635 0.608

Table 2 Communalities (h2) and factor loadings by
Varimax rotation with Kaiser normalization (Continued)

D: symptoms

D1 0.650 0.554 0.838

D2 0.628 0.803

D3 0.684 0.749

D4 0.692 0.762

D5 0.607 0.672

Note: Values 0.55 and lower were suppressed.
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However, both items have high loadings above 0.63 which
can be classified as very good loadings [32]. The commu-
nalities of both items were also high at 0.872 and 0.830 for
item C10 and item C11 respectively. Thus, we decided to
keep both items as they were important items that relate
patients concern about their weight (C10) and heart prob-
lems and/or premature death (C11). The factor analysis
was repeated on all 40 items with a forced three factor
solution. This resulted in Factor 1 containing 13 items
(explaining 66.21% of the variance), Factor 2 containing
18 items (explaining 6.96% of the variance) and Factor 3
containing the remaining 9 items (explaining 5.00% of the
variance). Variance accounted by the three factors was
78.17%. All items had primary loadings over 0.55. The
factor loading matrix for this final solution is presented
in Table 2. Similar with previous rotation, the majority of
items in domain A (daily functioning), domain B (social
interactions), and domain C (emotional functioning) loaded
together appropriately while items in domain D (symp-
toms) were combined with items in domain A. Accord-
ingly, the original factor labels, daily functioning, social
interactions, and emotional functioning, were retained to
describe the extracted factors in the new construct. Table 3
shows the descriptive statistics of the Malay version of
SAQLI. All SAQLI domains had no floor or ceiling effects.
In addition to factor analysis, extreme group compari-

sons were also performed in determining the construct
validity of the Malay version of SAQLI. Table 4 shows
the mean SAQLI scores of participants grouped by OSA
severity assessed by the AHI. As the number of partici-
pants with mild OSA was quite small (n = 15), regrouping
was done to combine the mild and moderate OSA into
Table 3 Descriptive statistics of the Malay version
of SAQLI

Instrument/domain Mean (SD) Range % Floor % Ceiling

Malay version of SAQLI

Daily functioning 3.9 (0.87) 2.1-5.7 0.0 0.0

Social interactions 4.9 (0.95) 2.7-6.1 0.0 0.0

Emotional functioning 4.4 (0.84) 2.2-5.6 0.0 0.0

Total scale 4.4 (0.83) 2.4-5.7 0.0 0.0

Note: SAQLI domain score ranges from 1 to 7.



Table 4 Mean scores of the Malay version of SAQLI by OSA severity

Instrument/domain OSA t statistic
(d.f.)

p value

Mild/moderate Severe

(n = 40) (n = 42)

Mean (SD) Mean (SD)

Malay version of SAQLI

Daily functioning 4.3 (0.73) 3.4 (0.79) 5.12 (80) <0.001

Social interactions 5.3 (0.75) 4.6 (0.98) 3.89 (80) <0.001

Emotional functioning 4.7 (0.72) 4.1 (0.84) 3.49 (80) 0.001

Total scale 4.8 (0.69) 4.1 (0.79) 4.49 (80) <0.001
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one category. Significantly lower mean SAQLI scores were
observed in participants with mild or moderate OSA com-
pared to those with severe OSA in all subscales of the
Malay version of SAQLI.

Concurrent validity
Table 5 shows the correlation between the Malay version
of SAQLI and SF-36 domains. Significant correlations ob-
served between all SAQLI and SF-36 domains (p < 0.001)
showed evidence of concurrent validity. The correlation
coefficients ranged from 0.713 to 0.916, suggesting positive
and good to excellent correlations. The daily functioning
domain of the Malay version of SAQLI showed the highest
correlation with the vitality scale of SF-36 with correlation
coefficient of 0.916. Meanwhile, the social interactions
domain and the emotional functioning domain of SAQLI
had the highest correlation with the mental health scale of
SF-36 with correlation coefficients of 0.850 and 0.845 re-
spectively. The total SAQLI score also showed the highest
correlation with the mental health scale (r = 0.907).

Internal consistency and test-retest reliability
Table 6 shows results of internal consistency reliability
analysis of the Malay version of SAQLI. The Cronbach’s
Table 5 Correlation between the Malay version of SAQLI
and SF-36 domains using Pearson’s correlation coefficient

Instrument/domain Malay version of SAQLI

Daily
functioning

Social
interactions

Emotional
functioning

Total
scale

SF-36

Physical functioning 0.866 0.759 0.737 0.841

Role-physical 0.858 0.713 0.771 0.832

Bodily pain 0.875 0.778 0.755 0.858

General health 0.885 0.763 0.747 0.852

Vitality 0.916 0.825 0.778 0.898

Social functioning 0.790 0.754 0.783 0.828

Role-emotional 0.844 0.715 0.766 0.827

Mental health 0.850 0.850 0.845 0.907

Note: All correlations are significant (P < 0.001).
alpha values were very high for all domains; daily function-
ing 0.978, social interactions 0.980, and emotional func-
tioning 0.947. The Cronbach’s alpha value for the whole
scale was 0.987. The corrected item-total scale correlations
ranged from 0.752 to 0.916 for the daily functioning do-
main, 0.778 to 0.938 for the social interactions domain,
and 0.551 to 0.913 for the emotional functioning domain.
We noted that the Cronbach’s alpha would increase

if item C10 (concern about weight) and C11 (concern
about heart problems and/or premature death) were de-
leted from the emotional functioning domain. However,
deletion of any of these items will not result in enhanced
reliability of the instrument as the increase in Cronbach's
alpha would only be very minimal, from 0.947 to 0.951
and 0.952 for C10 and C11 respectively. Besides, both
items correlate fairly well with the composite score, the
corrected item-total correlations for item C10 and C11
were 0.551 and 0.538 respectively. Thus there is no valid
statistical reason to drop the items and we maintained
both items in the scale. The loadings of C10 and C11 in
the final 3-factor solution were also high at 0.690 and
0.635 respectively (Table 2).
Test-retest reliability analysis was done on 23 patients.

All ICC were significant (P < 0.001). The ICC were 0.982
(95% CI 0.958, 0.992) for daily functioning domain,
0.985 (95% CI 0.966, 0.994) for social interactions do-
main, and 0.975 (95% CI 0.943, 0.989) for emotional
functioning domain.

Discussion
The SAQLI questionnaire was developed specifically to
determine HRQOL in patients with OSA [13]. The
present study is among the few studies that explored the
factor structure of SAQLI. To our knowledge, only three
previous studies had performed factor analysis of SAQLI.
Those were studies that validated the Chinese version
[18], the Portuguese version [22], and the Spanish version
of SAQLI [21]. In other versions of SAQLI, namely the
French version [19], the Lithuanian version [20], and the
original English version by Flemons and Raimer [13],
the construct validity of the respective questionnaires was



Table 6 Internal consistency reliability of the Malay
version of SAQLI

Domain/item Corrected item-
total correlation

Cronbach’s alpha
if item deleted

Cronbach’s alpha
for domain

Daily functioning (18 items) 0.978

A1 0.885 0.977

A2 0.782 0.978

A3 0.869 0.977

A4 0.854 0.977

A5 0.859 0.977

A6 0.856 0.977

A7 0.852 0.977

A8 0.794 0.978

A9 0.760 0.978

A10 0.795 0.978

A11 0.916 0.976

B5 0.752 0.978

B7 0.882 0.977

D1 0.869 0.977

D2 0.861 0.977

D3 0.838 0.977

D4 0.852 0.977

D5 0.793 0.978

Social interactions (13 items) 0.980

B1 0.802 0.979

B2 0.837 0.979

B3 0.917 0.977

B4 0.917 0.977

B6 0.919 0.977

B8 0.914 0.977

B9 0.914 0.977

B10 0.938 0.977

B11 0.916 0.977

B12 0.892 0.978

B13 0.913 0.977

C1 0.797 0.980

C6 0.778 0.980

Emotional functioning (9 items) 0.947

C2 0.794 0.940

C3 0.886 0.935

C4 0.913 0.933

C5 0.887 0.935

C7 0.851 0.937

C8 0.890 0.935

Table 6 Internal consistency reliability of the Malay
version of SAQLI (Continued)

C9 0.776 0.941

C10 0.551 0.951

C11 0.538 0.952

Total scale 0.987
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determined based on their positive correlations with other
comparable instruments like the SF-36 and/or the ability
to successfully discriminate HRQOL of OSA patients be-
fore and after treatment.
Results of our factor analysis showed that some items

of the Malay version of SAQLI did not load on the
theorised factor structure. Similarly, the Chinese version
of SAQLI showed pattern of item loadings that were dif-
ferent from the original version [18]. The constructs of
the Portuguese and the Spanish versions of SAQLI how-
ever were considered comparable with the hypothesised
scales by their respective authors although the loading of
items on the factors were not entirely similar with ori-
ginal domains [21,22].
While previous studies had maintained four factors

from the items of their respective versions [18,21,22], we
concluded only three domains from the Malay version of
SAQLI. As highlighted in the results, all items in the
symptoms domain were combined with items in the
daily functioning domain instead of loading on their in-
dividual factor. This has not been reported before but it
is a plausible finding because the listed symptoms of
OSA were closely associated with impacts on daily activ-
ities, for example items like “Feeling that ordinary activ-
ities require an extra effort to perform or complete”,
“Difficulty staying awake while reading”, and “Fighting
the urge to fall asleep while driving”. In addition, item
B5 (need to make special sleeping arrangements if you
were travelling and/or staying with someone) and B7
(looked for excuses for being tired) in the social interac-
tions were also collected with items of the daily func-
tioning and the symptoms domain. The loading of B5 on
daily functioning domain was in agreement with Mok
et al. [18] while the loading of B7 was in agreement with
Sampaio, et al. [22]. All items in the daily functioning
domain were collected together with loadings that were
considered good (0.55 or higher), very good (0.63 or
higher) or excellent (0.71 or higher) based on the classi-
fication by Comrey and Lee [32]. These include item A6
(finding the time for activities that you find relaxing)
and A9 (trying to remember things) which were consid-
ered problematic in other versions. Item A6 was poorly
loaded in both the Chinese and Spanish versions of
SAQLI while item A9 was poorly loaded in the Portuguese
version. Another noteworthy finding on the construct of
the Malay version of SAQLI was the combination of
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emotional functioning items (C1: depressed, down and/or
hopeless and C6: being unreasonable) with items in the
social interactions domain. This was in agreement with the
results reported in the Chinese, Portuguese and Spanish
versions [18,21,22].
During development of the original SAQLI, item re-

duction was performed by means of clinical impact ana-
lysis which ranked the most frequent and the most
important items rated by patients [13]. The selected
items were then categorised into domains based on clin-
ical sensibility. In this study, as well as in studies by
Catalán et al. [21], Mok et al. [18], and Sampaio et al.
[22], the SAQLI items were grouped into different do-
mains using factor analysis approach that examines the
structure of correlations between items. Owing to the
different item selection approaches used, dissimilarities
found between the construct of the Malay translated and
the original version of SAQLI thus did not come as a
surprise. It has been demonstrated in a study by Juniper
et al. [33] that the use of different item reduction
methods resulted in selection of different items into dif-
ferent domains even to an extent that appreciably differ-
ent instruments might be produced. In addition, these
deviations from the hypothesised loadings may also be a
reflection of how health and aspects of well-being were
understood and expressed by patients in Malaysia.
Culture-related factors have been found to influence

HRQOL dimensions, and what is perceived as an im-
portant HRQOL aspect by people in one culture may
not be as important to people in other cultures [34]. The
different ways that the concept of HRQOL was per-
ceived by people in Malaysia compared to the West-
erners have been demonstrated in previous studies
[27,35,36]. Nevertheless, researchers have been strongly
cautioned against modifying a validated questionnaire
since even small changes can destroy its validity [37].
Hence, cross-cultural adaptation of a validated question-
naire for use in other cultures and/or languages requires
a methodical process in order to achieve equivalences
between the original version and the translated version,
and to maintain the content validity of the instrument
across different cultures [24]. The Malay version of SAQLI
used in this study has not been modified in any way. All
original items, responses, and formatting were maintained,
and the cultural adaptation process was done by experts
following guidelines recommended by the IQOLA Project
Group [24]. Although the Malay version of SAQLI dem-
onstrated a different construct than the original English
version, there were more similarities than divergence be-
tween the two, which added credence to the construct val-
idity of the Malay version of SAQLI. Nevertheless, future
studies are recommended to explore the consequences of
rearranging items of the Malay version of SAQLI into the
new construct.
The Malay version of SAQLI demonstrated excellent
internal consistency. The Cronbach’s alpha for all do-
mains were well over 0.70, the minimum threshold ac-
ceptable in most social science research situations [38].
In addition, each item had a strong, positive corrected
item-total correlation which indicates each item corre-
lates well with other items in its respective domain. It is
also evident that each item was useful and contributed
to the overall reliability of the domain. Similar findings
were obtained in all other versions of SAQLI [18-23].
Nevertheless, these very high Cronbach’s alpha reliability
coefficients should be interpreted with caution. Al-
though the higher Cronbach’s alpha is generally the bet-
ter because it indicates a more reliable scale, a too high
value may not always be desirable. According to Streiner
[39], the Cronbach’s alpha values that are higher than
0.90 may reflect unnecessary duplication of items which
will result in a needlessly long questionnaire. Hence, we
are in total agreement with Lacasse et al. [19] Mok et al.
[18] and Sampaio et al. [22] that there could be a shorter
version of SAQLI, not only with fewer items but also
perhaps with fewer domains. Further, there is a practical
need to have a shorter version of SAQLI because a long
questionnaire that takes too much time to complete may
not be readily accepted by both patients and health care
providers in busy clinical settings.
The Malay version of SAQLI was able to differentiate

between patients with mild/moderate OSA and patients
with severe OSA. The mean scores of patients with mild/
moderate OSA were significantly higher compared to pa-
tients with severe OSA in all domains. These findings sup-
port the usefulness of SAQLI in detecting differences in
HRQOL across different levels of OSA severity. In previ-
ous studies, the instrument has been shown to be respon-
sive to changes in HRQOL of OSA patients following
therapeutic interventions [18-23]. Discriminative capabil-
ity is an important well-known feature of SAQLI [17].
Positive significant interdomain correlations were ob-

served between the Malay version of SAQLI and the
Malay version of SF-36, and the highest correlations were
found between comparable domains. The daily function-
ing domain of the Malay version of SAQLI showed the
highest correlation with the vitality scale of SF-36 while
maintaining very good to perfect correlation with other
SF-36 domains. In addition, the social interactions domain
and the emotional functioning domain of the Malay ver-
sion of SAQLI had the highest correlation with the mental
health scale of SF-36 while maintaining moderate to good
correlations with other SF-36 domains. Similarly, our total
SAQLI score also showed the highest correlation with the
mental health scale while keeping very good to perfect
correlation with other SF-36 domains. Collectively, these
results provide strong evidence for concurrent validity
of the Malay version of SAQLI. Significant interdomain
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correlations were also obtained by other authors who used
the SF-36 for testing the concurrent validity of their re-
spective versions of SAQLI [18,19,21,23]. Sampaio et al.
[22] used the Hospital Anxiety and Depression Scale for
testing the concurrent validity of the Portuguese version
of SAQLI and negative interdomain correlations were
obtained between the SAQLI domain and the anxiety and
depression scales.
In more recent times, HRQOL assessment has become

an important outcome indicator in evaluation of clinical
treatments of OSA alongside the conventional clinical,
physiological and laboratory parameters [40]. Valid, reli-
able, and responsive instruments should thus be avail-
able. In this paper, the psychometric properties of the
Malay version of SAQLI administered to OSA patients
prior to their intervention treatments were reported.
Our sample size was adequate for factor analysis based
on the recommendations by MacCallum et al. [41]. Ear-
lier, several guidelines on sample size in factor analysis
have been proposed. These include recommmendations
based on minimum necessary sample size such as 100 [42],
300 [43], and 500 [32] or based on minimum subject-to-
variable ratio which may range from as low as 2:1 [44] to
as high as 20:1 [45]. However, MacCallum et al. [41] had
defied these general rules of thumb on minimum sample
size for factor analysis. Instead, according to MacCallum
et al. [41], judgement of sample size adequacy can be made
after the analysis as it depends more on data characteris-
tics such as communalities and factor-to-variable ratio. In
the present study, we achieved 3 factors with 40 items,
representing a high variable-to-factor ratio. The communal-
ities were consistently high and the mean level of commu-
nality was 0.78 (SD 0.08), higher than the recommended
threshold of 0.70 [41]. Thus, we are confident that the
resulting factors correspond closely to the population fac-
tors, even with moderate sample size.
Conclusions
Our preliminary results showed that the Malay version
of SAQLI is a valid and reliable instrument for measur-
ing HRQOL in OSA patient although there may be some
redundancy in items. Thus, we recommend for a shorter
version of SAQLI which undoubtedly will be more prac-
tical for use in busy clinical settings. In addition, more
studies are required to explore the factor structure of
SAQLI in different population settings.
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