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Abstract
Purpose  The Pittsburgh Sleep Quality Index (PSQI) is widely used in screening for self-reported sleep disturbances in clinical 
groups or healthy populations. The literature lacks rigorous psychometric evaluation of the Arabic Pittsburgh Sleep Quality 
Index (A-PSQI) in hemodialysis (HD) patients. This study aims to estimate reliability, extract, and test the underlying factor 
structure of the A-PSQI in HD patients, and determine its suitability for this clinical group.
Methods  In a sample of 461 HD patients (287 males, 62.3%) recruited from all health districts in Kuwait., inter-components, 
between A-PSQI components, and its global score correlations were estimated. Component analysis was conducted to iden-
tify inconsistent components with the rest. Cronbach’s α and McDonald’s ω estimated reliability. Stability and convergent 
validity were assessed. Construct validity was explored by exploratory factor analysis (EFA). Confirmatory factor analysis 
(CFA) was conducted to test factor structure.
Results  Patients had a median (Interquartile Range) age of 54 (22) years. The A-PSQI had a mean (SD) score of 7.1 (3.65). 
The Cronbach α = .634 and McDonald ω = 0.62 indicated moderate reliability. EFA resulted in two factors highly correlated 
(0.83, PV < 0.001) with A-PSQI global score indicating two distinct constructs. CFA provided weak evidence supporting 
the one-factor model, but the two-factor model (explained 51.8% of total variance) without the “use of sleep medication” 
item, which has the smallest corrected-item total correlation, showed a good fit with the smallest AIC.
Conclusion  The A-PSQI seems moderately reliable to screen for sleep disorders in HD patients. Future research on scoring 
in the two-factors model is warranted. It can help clinicians better understand sleep disturbance and improve the instrument’s 
sensitivity.
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1  Introduction

Quality of sleep is an important aspect of a person’s life 
because it contributes to enhanced functioning, psycho-
logical well-being, and improved quality of life [1]. Sev-
eral diseases are associated with poor sleep including but 

not limited to cancer [2, 3], heart failure [4], schizophrenia 
[5], depression, and generalized anxiety disorder [6]. Lack 
of sleep may lead to reduced cognitive functioning [7] and 
low functional cell-mediated immunity response [8]. Poor 
quality of sleep is a major health issue among Hemodialysis 
(HD) patients with a prevalence ranging from 41 to 83% 
[9]. The presence of poor quality of sleep in HD patients 
has been associated with reduced quality of life [10] and 
increased mortality [11]. Moreover, poor quality of sleep 
has been reported to be involved in the development of car-
diovascular diseases in patients undergoing maintenance HD 
[12].

Quality of sleep can be measured objectively using 
polysomnography or electroencephalographic spectral 
component analysis which can provide reliable data. But 
these are impractical tools in large-scale studies and hence 
screening instruments become the ideal alternative at least 
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to screen for sleep disorders [13]. The Pittsburgh Sleep 
Quality Index (PSQI) is a widely used subjective self-
report screening instrument developed in 1989 as a one-
factor structure with a global score representing the quality 
of sleep [14]. It has been used in the general population 
and among several clinical groups [1, 13, 15]. The PSQI 
has been established as a valid instrument with accept-
able psychometric properties in the adult population [15], 
pregnant women [16], cancer patients receiving chemo-
therapy [1], patients with sleep apnea syndrome, depressed 
patients, and individuals with dementia [17], coronary 
artery disease patients [18], patients with posttraumatic 
stress disorder [19], and renal transplant recipients [20]. 
The PSQI has been translated into several languages and 
was used in ethnically different populations, including 
Greek [1], Italian [17], Japanese [5], Spanish [21], Por-
tuguese [22], Ethiopian (Amharic)[15], and Korean [23].

While the PSQI was psychometrically evaluated in sev-
eral non-clinical and clinical populations, there is a paucity 
of research that evaluated the reliability, factor structure, 
and construct validity of PSQI among HD patients. In that 
regard, there was only one research paper aimed to inves-
tigate the factor structure of the PSQI among renal trans-
plant recipients [20] in which a three-factor structure was 
tested. In an extensive literature search for validation of 
PSQI among Arabic speaking patients, a recent study has 
attempted to validate PSQI in 369 cancer patients [24]. This 
study implemented Confirmatory Factors Analysis (CFA) 
and concluded that a refined one-factor structure showed an 
acceptable fit for cancer patients. In another study, the PSQI 
was validated among 130 Arabic speaking patients with 
coronary artery disease [18]. In that study, PSQI was tested 
against the insomnia severity index (ISI) and the medical 
outcome study short form 36 (SF-36) using Pearson correla-
tion, but neither the factor structure nor the construct valid-
ity of PSQI using CFA were investigated. In a descriptive 
co-relational study, the PSQI was tested in a sample of 35 
healthy Arabic bilinguals with ISI as the retest instrument 
using Pearson correlation but without exploring its factor 
structure and construct validity [18]. Finally, in a systematic 
review of psychometric properties and cultural adaptation of 
four sleep disturbance instruments used in Arabic speaking 
populations, including PSQI; Al Maqbali et al. [24] recom-
mended further psychometric testing and cultural adaptation 
for these scales.

Extensive literature search revealed that to date, no pre-
vious study has validated A-PSQI in patients on HD treat-
ment and its factor structure and construct validity remain 
unknown. Therefore, the main goals of this study are (1) 
test the reliability of the A-PSQI among HD patients (2) 
use EFA to investigate the factor structure of the A-PSQI 
(3) use CFA to test its construct validity by testing the factor 
structure using several goodness-of-fit indices.

2 � Materials and Methods

2.1 � Study Design and Data Collection

This is a cross-sectional study conducted with the aim 
to translate the PSQI instrument into Arabic language, 
test its reliability and factor structure in HD patients 
recruited from all health districts in Kuwait. Data were 
collected from all six governmental dialysis centers in 
Kuwait treating more than 1800 patients using a non-
probabilistic sample of 370 HD patients. Patients above 
18  years, mentally and clinically stable, and clearly 
understand Arabic language were included in the study. 
Patients who have hearing impairments or mental health 
problems were excluded. Patients were interviewed face-
to-face and informed consents and ethical approval by 
ethics committee at Kuwait Ministry of Health (MOH) 
was obtained.

2.2 � Arabic Version of PSQI

The PSQI is a widely used self-report instrument in screen-
ing for sleep quality over one-month interval [14]. The PSQI 
scale consists of 11 questions of 19 individual items, and 
each item is weighted on 0–3 scale; these items create 7 
components during the analysis, which produce a total score 
ranging from 0 to 21 [14]. A total score of 5 or more indi-
cates a bad sleep, while a score lower than 5 indicates good 
sleep [14]. PSQI is currently the only instrument that cov-
ers a broad range of indicators relevant to sleep quality and 
has been described as a reliable and valid instrument [25]. 
The PSQI was translated into Arabic language by two inde-
pendent researchers and then back translated into English 
by two other independent researchers and any conflicts were 
resolved through discussion. The tool was pilot tested on 15 
patients for clarity whose responses were discarded. The 
A-PSQI was further checked for clarity and suitability by a 
psychologist (one of the authors) and a physician working 
at one of the visited dialysis centers. Their comments were 
integrated in the final A-PSQI version.

2.3 � Statistical Analysis

Statistical analyses were conducted using SPSS (IBM ver-
sion 25) and R [26] statistical software. Since factor analysis 
assumes that the variables are correlated to some degree, and 
since PSQI components were measured on a Likert scale, 
the more appropriate polychoric correlation was used to 
estimate correlations between the seven components by the 
“polycor” R package. The Kaiser Meyer Olkin (KMO) index 
and the Bartlett test of sphericity (BTS) were calculated 
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prior to factor extraction to determine sample size adequacy 
and appropriateness of the correlation matrix, i.e., signifi-
cant correlations (PV < 0.05) among at least some of the 
A-PSQI components. Values of KMO closer to one indi-
cate better adequacy of the sample size to perform factor 
analysis. KMO values between 0.6 and 0.69 are acceptable, 
between 0.7 and 0.79 are considered good, between 0.8 and 
0.9 are very good, while > 0.9 is excellent [27]. Ceiling or 
floor effects were present if > 15% of HD patients achieved 
the highest or lowest A-PSQI score, respectively [28].

Internal consistency indicates the extent to which the 
components in A-PSQI measure the same construct. This 
helps the researcher to determine the components that are 
not consistent with the test in measuring quality of sleep 
and remove them in order to improve internal consistency 
and hence higher chances of A-PSQI being reliable [29]. 
Reliability analysis was conducted using Cronbach’s α [30] 
and McDonald Ω [31]. A Cronbach’s α > 0.70 is consid-
ered acceptable for an instrument’s internal reliability [32]. 
McDonald Ω is an estimate of the general factor saturation 
of a test and is considered by some researchers the best esti-
mate for reliability [33]. In addition to Cronbach’s α and 
McDonald Ω, item analysis was conducted. Item analysis 
provides a refinement of the test reliability by identifying 
“problem” items in the test, i.e., items that yield low correla-
tions and removing them will improve reliability [29]. Fur-
thermore, reliability was estimated using split-half methd; 
an alternative to test–retest reliability, which measures the 
extent to which all items of the test contribute equally to the 
constructs being measured. Spearman-Brown coefficient and 
Guttman split-half coefficient were estimated [34, 35]. The 
split-half method is ideal to reduce bias that might be intro-
duced during the retest phase due to respondents’ unwilling-
ness or inability to take the survey a second time. Finally, the 
face validity of the instrument was tested on 10 individuals 
with diverse educational levels to assess comprehension and 
acceptability by HD patients. Finally, one question related to 
sleep was used to assess convergent validity. For sleep abil-
ity, “I can lie-down without problems” or “I must raise bed-
head to breath” coded as 0 or 1 was correlated with A-PSQI 
global score by point-biserial correlation. HD patients who 
“must raise bedhead to breath” are expected to score higher 
on A-PSQI global score (bad sleepers) and the correlation to 
be “medium” according to guidelines (Cohen 1988).

Exploratory factor analysis (EFA) was conducted using 
principal components analysis (PCA) applied to the correla-
tion matrix of the A-PSQI seven components. Extracted fac-
tors that accounted for large portion of the variability were 
determined based on the eigenvalue approach with eigen-
values greater than one being included. Since the extracted 
factors generally have the possibility of being highly corre-
lated, the oblimin non-orthogonal factor rotation with Kaiser 
Normalization was implemented in the extraction process to 

keep the rotation of axis more flexible to discover any over-
lapping between the factors and hence produce more accu-
rate clustering of the variables [29]. A factor loading was set 
at ± 0.33 or more for practical significance. The justification 
was that such factor loading represents the amount of the 
variable’s total variance ((0.33)2 = 0.10) accounted for by 
the factor [29]. This will help generate better interpretations 
and clustering of the data which is in line with the approach 
of the investigators who used EFA [36].

Confirmatory factor analysis (CFA) was conducted using 
“lavaan” R statistical package [37], and the extracted factors 
using EFA from the A-PSQI data were tested. A hypoth-
esized one-factor model representing a global A-PSQI 
score [14] and a two-factor model extracted from the data 
were both tested. Several goodness-of-fit indices were used 
to evaluate the proposed models including comparative fit 
index (CFI) [38], Akaike information criterion (AIC) [39] 
which allows for comparison between the models, root 
mean square error of approximation (RMSEA) [40], stand-
ardized root mean square residual (SRMSR), and Bentler-
Bonnet non-normed fit index (NNFI) [41]. CFI > 0.90 
indicates acceptable fit, while CFI ≥ 0.95 indicates good 
fit [41]. RMSEA < 0.08 indicates acceptable fit [42] while 
RMSEA < 0.05 indicates good fit [43] and NNFI ≥ 0.95 indi-
cates good fit [41]. Finally, χ2 goodness-of-fit test was used 
to determine acceptability of the model fit with a significant 
χ2 implying poor fit model, i.e., significant proportion of 
variance within the data is unexplained by the model [44]. 
However, it must be noted that χ2 test assumes multivari-
ate normality, sensitive to large sample size, and for small 
variation in the data, χ2 tends to be significant [41]. For 
these reasons, the ratio χ2/dof will be used with χ2/dof < 3 
indicates acceptable model fit [45]. These model fit indices 
are less affected by sample size, model misspecification, and 
parameter estimates [46, 47].

3 � Results

3.1 � Descriptive Findings

The patients’ age (has skewed distribution) ranged from 21 
to 95 years with median 54 and IQR 22 years. The distri-
bution of HD patients according to socio-economic factors 
and disease profile characteristics is presented in Table 1. 
Patients were mostly males (62.3%), Kuwaiti nationals 
(86.6%), married (68.3%), with high school education 
or less (52.9%), retired (47.3%), with income < 1000 KD 
(52.5%), had diabetes as primary cause of dialysis (45.3%), 
non-smokers (78.3%), can lie down on bed without prob-
lems (68.5%). The prevalence of sleep disorder among HD 
patients was 66.3% using the cut-off point ≥ 5 for PSQI [14]. 
Overall, the total A-PSQI score did not have floor or ceiling 
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effects; 0.9% of HD patients reported a minimum score of 
zero, and none reported a maximum score of 21.

3.2 � Internal Consistency

Reliability as measured by internal consistency using 
Cronbach α based on standardized items for A-PSQI (all 
components) was 0.634. Assuming a two-factor structure 
exists, the Cronbach α for factor 1 (components 1,2,5,6,7) 
was 0.630 and 0.562 for factor 2 (components 2,3,4). Fur-
thermore, according to McDonald ω, the estimated reli-
ability for the PSQI (all components) was 0.623 and with 
two-factor structure assumed, the McDonald ω was 0.622 
and 0.628 for factor 1 and factor 2, respectively. Accord-
ing to split-half method for all A-PSQI components, part 
one included four components (components 1,2,3,4) had 
Cronbach α = 0.56, while part two included 3 components 
(components 5,6,7) had Cronbach α = 0.50 with Spearman-
Brown coefficient 0.483 and Guttman Split-Half Coefficient 
0.458. The reliability is further supported by the moderate 
to high correlations between each of the seven components 
and the global A-PSQI score which ranged between 0.58 
and 0.70. Inter-components correlations were estimated 
using polychoric correlations. Internal homogeneity was 
estimated using Pearson correlations between A-PSQI 
components and the global A-PSQI score, and inter-com-
ponents correlations are presented in Table 2. To refine 
the reliability by identifying components in A-PSQI that 
yield low correlations with the sum of the scores on the 
remaining items, item analysis was conducted to increase 
internal consistency of A-PSQI by removing components 
with low correlations. Components were retained if their 
item-total correlation is at least 0.30 which indicates that 
about 10% of the variance in A-PSQI is accounted for by 
that item [29]. Corrected item-total correlations along with 
individual items reliability statistics for A-PSQI are pre-
sented in Table 3. Values of the corrected item-total cor-
relations indicated that component 6 (sleeping medication 
use) can be dropped. In fact, the results in Table 3 showed 
that, compared to other components, if component 6 was 
deleted, Cronbach α is closer to the value when component 
6 was present. Also, it is worth noting that component 6 is 
poorly correlated with components 2, 3, and 4 as presented 
in Table 2.

For convergent validity, A-PSQI mean score was signifi-
cantly higher among those “can lie-down without problems” 
(mean = 6.5, SD = 3.5) compared to those “must raise bed-
head to breath” (mean = 8.4, SD = 3.7). As expected, the cor-
relation of 0.232 (PV < 0.001) (95% CI: 0.144, 0.317) was 
significant of medium magnitude.

3.3 � Exploratory Factor Analysis

The KMO measure of sampling adequacy for all A-PSQI 
components was 0.68, while the sampling adequacy meas-
ures for individual components; given by the anti-image 

Table 1   Distribution of HD patients according to socio-economic 
factors, disease profile characteristics in Kuwait, February 2018 
(N = 461)

1 Some values are missing, PCKD Polycystic Kidney Disease, KD 
Kuwaiti Dinar

Characteristic n1(%)

Gender
Male 287 (62.3)
Female 174 (37.7)
Marital status
Single 65 (14.1)
Married 315 (68.3)
Divorced 43 (9.3)
Widowed 38 (8.2)
Dialysis duration (Yrs.)
 < 2 41 (8.9)
2 – 4 389 (84.4)
 > 4 31 (6.7)
Primary cause of dialysis
Diabetes 209 (45.3)
Hypertension 116 (25.2)
Glomerulonephritis 60 (13.0)
PCKD 34 (7.4)
Other 37 (8.0)
Sleep ability
I can lie down without problems 316 (68.5)
I must raise bed head to breath comfortably 145 (31.5)
Education
High school or below 244 (52.9)
Diploma 109 (23.6)
University degree 96 (20.8)
Professional/Higher education 11 (2.4)
Nationality
Kuwaiti 399 (86.6)
Non-Kuwaiti 62 (13.4)
Employment
Student 18 (3.9)
Employed 120 (26.0)
Unemployed 104 (22.6)
Retired 218 (47.3)
Family Income
Less than 500 KD 119 (25.8)
500 to 999 KD 123 (26.7)
1000 to 1500 KD 117 (25.4)
Over 1500 KD 102 (22.1)
Smoking status
Smoker 100 (21.7)
Non-smoker 361 (78.3)
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correlations, were all above 0.70, except for components 
3 and 4 which were around 0.6 (Table 3). The BTS had 
χ2 = 423.1, (dof = 21, PV < 0.001). This indicates that fac-
tor analysis is warranted. Following PCA factor extraction 
and oblimin non-orthogonal rotation with Kaiser Nor-
malization, two factors with eigenvalues > 1 (λ1 = 2.23, 
λ2 = 1.39, and %variance explained = 31.9%, 19.9%, 
respectively) were extracted using all seven A-PSQI com-
ponents. The two factors accounted for 51.8% of the total 
variance. Factor 1 represents the components “subjective 
sleep quality”, “sleep latency”, “sleep disturbances”,” 
sleeping medication use”, and “daytime dysfunction” 
while factor 2 represents the components “sleep duration”, 
“habitual sleep efficiency”, and “sleep latency” which has 
cross-loading on both factors with all components’ fac-
tor loadings presented in Table 3. For each extracted fac-
tor, the factor scores were calculated for each HD patient 
by regression method. According to Martin et al. [48], 
unlike the method proposed by Anderson-Rubin of factor 
scores calculations, regression method does not assume the 

extracted factors to be orthogonal and also minimizes any 
sum of squares discrepancies between the true and esti-
mated factors over individuals. In that regard, the Pearson 
correlation coefficient between factor 1 and factor 2 was 
0.166 (PV < 0.001). The low correlation between the two 
factors may indicate that the two factors are representing 
two different constructs and hence a two-factor model can 
be a good fit. Furthermore, Pearson correlation between 
A-PSQI global scores and factor scores generated using 
regression method were 0.83 (PV < 0.001) for factor 1 and 
0.68 (PV < 0.001) for factor 2; another indication that each 
factor represent a separate construct.

3.4 � Confirmatory Factor Analysis

Several models were tested, and their goodness-of-fit indices 
are reported in Table 4. The ratio χ2/dof < 3 was attained 
by models 2, 3, 4 and so potentially may indicate good fit. 
This means that significant portion of the variation within 
the data is accounted (explained) for by these models [44]. 

Fig. 1   Path diagram for the two-factor model (model 2 in Table  4) extracted using PCA for PSQI scale applied to HD patients in Kuwait 
(N = 448)
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According to Hu and Bentler [41], for model evaluation, we 
will furthermore resort to CFI, NNFI, RMSEA, and SRMSR 
to determine goodness-of-fit and AIC for models’ compari-
son [43].

Results indicated that the one-factor model (model 1 in 
Table 4) composed of all seven components has poor fit 
according to all goodness-of-fit indices. Furthermore, for 
the reasons discussed earlier, component 6 was dropped 
and a six-component model was fitted and showed poor fit 
(results not shown). This clearly indicates that sleep distur-
bance is not a one-dimensional construct in HD patients. 
On the other hand, the two-factor model, as presented in 
Fig. 1,  which accounted for 51.8% of the total variance 
(model 2 in Table 4) factor 1 (components 1,2,5,6,7) and 
factor 2 (components 2,3,4) extracted by PCA with cross-
loading allowed on both factors was fitted and results 
indicated it has good fit indices except for NNFI with 
border value. If cross-loading was allowed on the factor 
with higher loading [29], and the two-factor model was 

fitted as presented in Fig. 2 (see model 3 of Table 4), then 
according to all goodness-of-fit indices it has good fit 
except for NNFI. The last option to deal with a component 
with cross-loading is to delete it [29] and if this is applied 
and fitted (model 4 in Table 4) as presented in Fig. 3, then 
this model has good fit according to all goodness-of-fit 
indices as shown in Table 4. Finally, the Q-Q plots of 
the standardized residuals of the A-PSQI data from HD 
patients obtained using correlation matrices from models 
1, 2, 3 and 4 in Table 4 fitted using CFA are presented in 
Fig. 4. It is worth noting that for comparison purposes, 
model 4 has the smallest AIC and hence the model with 
best performance.

An attempt was made to extract three factors from the 
HD data by considering factors corresponding to the larg-
est three eigenvalues (λ1 = 2.231, λ2 = 1.393, λ3 = 0.915). 
Although the total variance explained was 64.8% (compared 
to 51.8% for two-factors), but CFA showed that this three-
factor model had poor fit indices (results not shown).

Fig. 2   Path diagram for the two-factor model (model 3 in Table  4) extracted using PCA for PSQI scale applied to HD patients in Kuwait 
(N = 448)
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4 � Discussion

This is the first study to explore the factor structure and 
construct validity of A-PSQI among HD patients. Moreo-
ver, to the best of our knowledge, the factor structure and 
construct validity of PSQI has not been explored among 
English speaking HD patients, peritoneal dialysis (PD) 
patients, but was explored among renal transplant recipi-
ents [20]. Several studies have investigated the psycho-
metric properties of PSQI either using a gold standard 
instrument or a clinical test to estimate PSQI sensitivity 
and specificity to assess sleep quality [17, 18, 23, 49, 50]. 
Other studies investigated the factor structure and con-
struct validity using EFA and CFA [1, 15, 16, 20, 24, 51, 
52]. In this study, we used PCA to extract latent variables 
by an oblimin rotation and test its validity using CFA 
using several goodness-of-fit indices.

The A-PSQI showed moderate internal consistency as 
measured by Cronbach α and McDonald ω. Although Cron-
bach α leaned toward the lower side, but it is still compara-
ble and sometimes higher compared with published research 

[15, 16, 18, 51]. Cronbach α can be affected by dimensional-
ity (number of latent factors), number of items in the scale, 
and average inter-item correlation among the items. Larger 
number of items and average inter-item correlations can lead 
to higher values of Cronbach α, and the converse is true [53]. 
For this study, as indicated in Table 2, components 6 and 7 
had poor correlations with components 2, 3, and 4 which 
probably caused Cronbach α to be in its current range.

The original clinical formulation of PSQI by its authors 
[14] suggested a one-factor model of seven components 
that form a global score for sleep quality. The results in 
the current study indicated the one-factor model had poor 
fit according to all goodness-of-fit indices and hence did 
not capture the two or even three-dimensional nature of 
sleep quality measured by A-PSQI. This result is consistent 
with that reported in renal transplant recipients [20]. Due 
to insensitivity of Cronbach α to deletion of component 6 
(sleeping medication use) and due to its smallest corrected-
item total correlation (Table 3), a one-factor model without 
component 6 was fitted but produced poor fit indices (results 
not reported). This led us to believe that the one-factor 

Fig. 3   Path diagram for the two-factor model (model 4 in Table  4) extracted using PCA for PSQI scale applied to HD patients in Kuwait 
(N = 448)
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model for PSQI in Arabic HD patients was inappropriate. 
This conclusion is consistent with other published research 
who reported weak evidence in support of one-factor model 
of a global score for sleep quality [1, 20, 52].

In the current study, the extracted two-factor model, 
which in essence is consistent with the factor structure from 

the Greek cancer patients or Spanish patients with fibro-
myalgia [1, 21], though their components structure were 
not quite the same. Furthermore, an attempt was made to 
extract three factors from our A-PSQI data in HD patients by 
considering factors corresponding to the three largest eigen-
values. Although the total variance explained was 64.8%, 

Table 2   Inter-item correlation 
matrix for A-PSQI components 
and global A-PSQI score based 
on polychoric* correlations for 
HD patients in Kuwait (N = 448)

* Polychoric correlations are provided for descriptive purposes only and were not analyzed for significance

Component Comp1 Comp2 Comp3 Comp4 Comp5 Comp6 Comp7 PSQI

Comp1 1.00
Comp2 0.292 1.00
Comp3 0.204 0.2407 1.00
Comp4 0.145 0.2238 0.6390 1.00
Comp5 0.485 0.4283 0.1773 0.2078 1.00
Comp6 0.360 0.0764  – 0.0216 0.0103 0.368 1.00
Comp7 0.328 0.1675 0.0800 0.0832 0.329 0.3461 1.00
PSQI 0.698 0.6033 0.6204 0.6328 0.687 0.5866 0.5752 1.00

Fig. 4   Q-Q plots of the standardized residuals of the A-PSQI data from HD patients obtained using correlation matrices from models 1, 2, 3 and 
4 in Table 4 fitted using CFA (N = 448)
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but CFA showed that such model produced poor fit indices. 
However, an attempt was made to fit three-factor model as 
described by Cole et al. [52], which produced non-positive 
definite matrix of latent variables.

A three-factor model was reported in other popula-
tions including renal transplant recipients [20], Nigerian 
university students [54], and Peruvian pregnant women 
[16], but not in our study. It is worth noting that the cor-
related three-factor model reported in the Peruvian preg-
nant women showed poor fit indices for our A-PSQI data 
in HD patients (results not shown in Table 4), however its 
two-factor model without component 6 (sleeping medica-
tion use) showed better fit indices compared to the model 
with component 6. This clearly indicates that incorporat-
ing component 6 weakens the model fit and instrument 
reliability; a phenomenon worth noting which has been 
reported by others [15]. A recent systematic review con-
cluded that “sleeping medication use “has been shown to 
contribute poorly to construct validity of the PSQI [25]. 
Moreover, in the Peruvian pregnant women study, it was 

noted that removal of the “sleeping medication use” com-
ponent neither improved the fit of the CFA models nor 
had a noticeable influence on the construct validity of the 
PSQI [16]. A possible explanation for the insensitivity of 
Cronbach α for deletion of “sleeping medication use”, not 
improving the CFA models, or having any influence on the 
construct validity is that this component is not measuring 
the same construct as other components. To avoid miss-
ing the factor structure in the A-PSQI for HD patients, 
we used unweighted least squares rotation method, which 
is distribution free that yields consistent estimates [55], 
along with oblimin rotation and found identical factor 
structure from both methods. This was reassuring that the 
factor structure obtained is not confounded by the rota-
tion methods, hence made our findings robust against 
choice of rotation method. Finally, the “sleep latency 
component” cross-loaded on both factors; although sev-
eral rotation methods were used, which may indicate that 
the concept/wording of this component were not clear and 
so HD patients got confused causing cross-loading. This 

Table 3   Item analysis and 
factors loadings* of A-PSQI 
components following PCA 
with factor extractions using 
oblimin rotation method with 
Kaiser Normalization for HD 
patients (N = 448)

Factor loading more than 0.33 are considered  to be significant, (It ensures that such item can explain at 
least 10% of the variation (0.33)2 = 0.10). CI-TC: Corrected item-total correlation. α1: Cronbach’s alpha if 
component was deleted. ω2: value of McDonald’s ω if component was deleted. PCA Principal Components 
Analysis, MSA Results of Kaiser–Meyer–Olkin test of sampling adequacy for individual items and total 
A-PSQI score
* Factor loadings are obtained from the pattern matrix

PSQI component PCA Item analysis Scale mean (SD) MSA

Factor 1 Factor 2 CI–TC α1 ω2

Subjective sleep quality 0.695 0.106 0.421 0.569 0.551 1.12 (1.03) 0.741
Sleep latency 0.410 0.351 0.331 0.603 0.584 1.18 (0.94) 0.744
Sleep duration 0.022 0.836 0.332 0.607 0.602 1.08 (1.10) 0.586
Habitual sleep efficiency  – 0.019 0.827 0.318 0.617 0.606 0.54 (0.97) 0.574
Sleep disturbances 0.702 0.142 0.466 0.561 0.539 1.48 (0.66) 0.719
Sleeping medication use 0.652  – 0.257 0.223 0.612 0.600 0.55 (0.96) 0.700
Daytime dysfunction 0.649  – 0.097 0.300 0.636 0.621 1.20 (0.91) 0.769
PSQI Min = 0, Max = 19 7.10 (3.65) 0.690

Table 4   Goodness-of-fit indices 
using confirmatory factor 
analysis applied to A-PSQI for 
HD patients in Kuwait (N = 448)

RMSEA Root mean square error of approximation, SRMR Standardized root mean square residual, CFI 
Comparative fit index, NNFI Bentler-Bonett Non-Normed Fit Index, AIC Akaike Information Criterion. 
Cut-off points: NNFI ≥ 0.95 good fit, CFI ≥ 0.90 acceptable fit, CFI ≥ 0.95 good fit, RMSEA < 0.08 accept-
able fit, RMSEA < 0.05 good fit, SRMR < 0.08 acceptable fit, SRMR < 0.05 good fit. Model 1: One factor 
model in which all 7 A-PSQI components load on one factor; Model 2: Two-factors’ model extracted using 
PCA allowing for cross-loading; Model 3: Two-factors’ model extracted using PCA allowing cross-loading 
on higher factor only. Model 4: Two-factors’ model extracted using PCA with the cross-loading component 
deleted

Models χ2 (dof) (PV) χ2/dof RMSEA (PV) SRMSR CFI NNFI AIC

Model 1 146.9 (14) (0.001) 10.5 0.146 (0.001) 0.094 0.673 0.509 8158.5
Model 2 25.3 (12) (0.013) 2.1 0.050 (0.465) 0.039 0.967 0.943 8040.8
Model 3 32.9 (13) (0.002) 2.5 0.059 (0.257) 0.047 0.951 0.921 8046.5
Model 4 12.1 (8) (0.149) 1.5 0.034 (0.731) 0.033 0.988 0.977 6888.8
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study has some limitations including the cross-sectional 
nature, use of convenient sample, and self-report data that 
may have introduced some recall bias. Furthermore, sleep 
diaries of the patients could have been used and then cor-
related with the A-PSQI score. Some of the strengths of 
this study include the large sample size which comprised 
one-fourth of HD patients in Kuwait collected from all 
six governmental dialysis centers by attending all three 
shifts on several days.

5 � Conclusions

This is the first study that investigated the reliability, factor 
structure, and construct validity of the A-PSQI among HD 
patients. The results indicated that the A-PSQI is a moder-
ately reliable tool to screen for sleep disorder among HD 
patients. However, empirical evidence for its use as a global 
score for screening sleep disturbance in HD patient is not 
warranted. In this study, two factors were extracted using 
PCA with “sleep latency” component cross-loading on 
both factors. The extracted two-factor model without “sleep 
latency” showed very good fit indices and smallest AIC 
compared to the models with this component loading on the 
factor with higher loading or cross loading on both factors. 
Future research on scoring based on two-factor model in HD 
patients is warranted. Further confirmatory research of sleep 
disorder among HD patients is needed. This will hopefully 
help clinicians identify constructs of sleep disturbance in 
HD patients more discretely and improve sensitivity of the 
instrument which will help improve their quality of life.
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