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Abstract
The present study examined the factor structure of the Pittsburgh Sleep Quality Index
(PSQI) in a sample of older Portuguese adults using a cross-validation approach. Design
is a cross-sectional. A convenience sample of 204 community-dwelling older adults
(M=70.05, SD=7.15) were included. The global sleep quality (GSQ) score ranged from 0
to 18 with a mean of 5.98 (SD £3.45). The distribution showed that gender and perception
of oneself as healthy influences GSQ in this sample. Cronbach’s a was 0.69, but increased
to 0.70 if the “use of sleep medication” component was deleted. Exploratory factor
analysis (EFA) demonstrated two factor model is better than one factor, and a model fit
with good indices (chi-square=8.649, df=8, p=0.373). Confirmatory factor analysis
(CFA) was performed on the single factor, two factor, and three factor models, with and
without the “use of sleep medications” component. The best model was the 3-factor
model without the “use of sleep medications” component (chi-square=1.214, df=6,
GFI1=0.997, AGFI=0.918, CFI=0.986, RMSEA=0.046). The adaptation of the model is
similar to the original model, with the only change being the exclusion of the "use of
medications to sleep" component. We suggest using that component as a complementary

qualitative assessment of health.
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1. Introduction

Currently, sleep problems constitute a global epidemic that threatens the health
and quality of life of approximately 45% of the world’s population (Wade et al., 2008;
WASM, 2016). Sleep deprivation and poor sleep quality have a high negative impact on
health in the short and long term. Poor sleep quality has a negative impact on attention,
memory and learning (WASM, 2016). It has also been associated with several serious
health problems such as obesity, diabetes, and some cancers (Gottlieb et al., 2005;
Glmiistekin et al., 2004; Taheri et al., 2004; WASM, 2016). In addition, many
psychological disorders such as depression, anxiety and psychosis are also associated
with sleep difficulties (Beusterien et al., 1999; WASM, 2016; Zammit et al., 1999).

Although the majority of sleep disorders are easily prevented or treated, fewer
than one-third of those affected seeks professional assistance (WASM, 2016). However,
sleep is a basic need of all people, just like eating and drinking, being crucial to ensure
good health and quality of life (WASM, 2016). In a comprehensive epidemiological
studies, it was found that more than 50% of older adults have insomnia complaints (Foley
et al., 1995; Neikrug and Ancoli-Israel, 2010), and sleep improvement was associated
with health improvement (Foley et al., 1999; Neikrug and Ancoli-Israel, 2010). However,
other studies have also shown that the rates of sleep disorders are lower in healthy older
adults (Neikrug and Ancoli-Israel, 2010; Vitiello et al., 2002). So, what changes over the
lifespan is not an intrinsic ability to sleep well, but comorbidities related to aging, and not
necessarily caused by aging itself (Neikrug and Ancoli-Israel, 2010).

Thus, the ability to identify any difficulties in sleep as soon as possible is essential
for the screening of other important comorbidities to act in maintaining good quality of
life and well-being of older people. The sleep assessment instrument most commonly
used in clinical and research environments is the Pittsburg Sleep Quality Index - PSQI
(Mollayeva et al., 2016). It is a self-assessment questionnaire with 19 items that measures
sleep disorders through seven components that together make up a Sleep Quality score
(Buysse et al., 1989). Several studies have examined the one-dimensionality of the PSQI
and raised concerns about the factorial structure of the instrument (Mollayeva et al.,
2016). Through a systematic review and meta-analysis it was found that eight out of
eleven studies that factor analyzed the PSQI reported that a single factor model poorly fit
the resulting data, and the PSQI is best represented by a model with two or three factors
(Mollayeva et al., 2016).



Relatedly, analysis of the instrument using a Portuguese sample (Jodo et al., 2017)
found poor reliability (Cronbach's alpha). As demonstrated by Mollayeva et al. (2016),
most studies using factor analysis achieved better results with a model with two or three
factors. We understand that it is necessary to adapt a three factor model for the PSQI as,

previously, reported by Cole et al. (2006), which will give an upgrade in our sample.

2. Methods

2.1 Research tools

2.1.1. Pitsburgh Sleep Quality Index

The PSQI assesses sleep quality over a one-month period. The questionnaire
consists of 19 self-rated questions and five (5) questions that are to be answered by
bedmates or roommates. These last five questions are used only for clinical information
and, therefore, they are not tabulated in the scoring or reported in this article. The 19 self-
rated questions are grouped into seven (7) components, with each one scored on a scale
that ranges from 0 to 3 (see more detail in the original study,Buysse et al., 1989). The
PSQI components are the following: 1) subjective sleep quality, 2) sleep latency, 3) sleep
duration, 4) habitual sleep efficiency, 5) sleep disturbances, 6) use of sleeping medication,
and 7) daytime dysfunction. The sum of these components yields one global score, which
ranges from 0 to 21, where the highest score indicates the worst sleep quality. A global
PSQI score greater than 5 indicates major difficulties in at least two (2) components or
moderate difficulties in more than three (3) components (Buysse et al., 1989). The
Portuguese version of the PSQI (Jodo et al., 2017) was used in this study to evaluate its
psychometric properties and the degree of fit of the three factor model in Portuguese older

adults.

2.2 Sample

This study used a cross-sectional design. A convenience sample of 204
community-dwelling (152 females and 52 males) older adults (aged M=70.05, SD=7.15)
were included. They were recruited in senior universities in Portugal. The inclusion
criteria were: (a) more than 60 years old; (b) ability to understand, read and write in
Portuguese; (c¢) does not live in nursing home; and, (d) does not require permanent
medical care in a specific location. Those who lacked mental clarity about the scales or
could not read the questions were excluded. All people who participated in this research

gave their informed consent to answer the questionnaire.



2.3 Statistical analysis

A total of 204 questionnaires were completed and checked for data entry errors,
missing data, or the presence of major outliers. Data analyses were performed with SPSS
software version 21 and AMOS version-29. Given the nature of the variant and nonlinear
transformations from item responses into component scores, statistical analysis was
conducted on the component scores. The PSQI item responses were combined into seven
different components (Buysse et al., 1989), which had small amounts of missing data,
with no more than 5% missing data for any composite. A single-point multiple imputation
procedure for missing data replacement (Schafer and Graham, 2002) was conducted for
the missing points.

Descriptive statistics were computed for each sociodemographic and PSQI (global
and components scores) variable, and their psychometric proprieties were examined (i.e.,
Cronbach’s Alpha [a] was computed). Descriptive statistics were calculated as
frequencies (%) for categorical variables, whereas means and standard deviations were
computed for continuous variables. KMO and Bartlett tests were performed to determine
the suitability of this sample for factor analysis. Subsequently, the sample was split
randomly into two independent groups to perform EFA (exploratory factor analysis) and

CFA (confirmatory factor analysis) through software command (SPSS 21).

EFA was performed on the first random sample (n=102) using maximum
likelihood estimate extraction and direct oblimin rotation to examine the factor structure
of the PSQI-PT in older adults. CFA was conducted using the AMOS-21 (AMOS
development Corporation, Spring House, PA, USA) in the second random sample
(n=102). In this analysis we tested the model identified through the EFA, the single factor
structure of the PSQI, and the three factor model suggested by Cole et al. (2006). The
adjustment of the model was assessed using several statistical indices including a chi-
square test (non-significant values indicate good model fit), the root mean square error of
approximation (RMSEA; values <0.08 indicate close approximate fit), and the
comparative fit (CFI), goodness of fit (GFI), and adjusted goodness of fit (AGFI) indices
(values >0.97 indicate good model of fit) (Hair Jr. et al., 2010).

2.4 Ethical aspects



This research was performed in accordance with European research guidelines.
All participants in this research freely consented to answer the questionnaire and signed

an informed consent form before inclusion in the study.

3. Results

The PSQI-PT global score ranged from 0 to 18 with a mean of 5.98 (SD £3.45).
The sociodemographic characteristics are in Table 1. The distribution of the global sleep
quality (GSQ) scores is the same for the categories of sociodemographic variables (Table
1), except for gender and self-assessed healthiness (“Do you consider yourself a healthy
person?”’). The regression analysis showed that gender (f = 0.195, ¢t = 2.72, p = 0.004)
and self-assessed healthiness (f = 0.257, t=3.85, p < 0.001) significantly predict together
a GSQ (r*=0.108, F =12.07, p <0.001). Specifically, males (M = 4.76) had significantly
better average sleep quality than females (M = 6.39), and individuals who said they
considered themselves healthy had significantly better sleep quality than those who did

not.

Table 1. Demographic and sociodemographic characteristics and global sleep quality

distribution.
GSQ r’ Distribution
N % Mean SD (M=SD) GSQ (P-value)
Age (years) 70.05 7.15 5984345 -0.06 -
Sex 0.20%*
Female 152 7490 6.39 £3.60
Male 52 25.10 4.76 £2.67 0.004°
Literacy -0.04
Basic scholarship 112 56.60 6.07 £3.40
Bachelor’s degree 68 3430 5,74 43.52 0.765
Master’s and PhD degrees 18 9.10 578 £3.42
Household -0.07
Live alone 66 32.50 6.36 +3.39 0.172°
Live together 137 67.50 5.80 £3.48
Religion 0.03
Yes 116 58.60 5.87 £3.33 0.631°
No 82 414 6.13 £3.56
Sport -0.02
Yes 141 70.90 6.05 +3.42 0.641°

No 58  29.10 5.83 £3.47




Healthy 0.26*

Yes 92 4530 5.23 £3.15 0.002°
Medium 99  48.80 6.26 £3.29
No 12 590 9.42 +4.72

Disease -0.08
Yes 60  30.60 6.43 £3.72 0.325°
No 136 69.40 5.80 £3.40

“Mann-Whitney U Test; "Kruskal-Wallis Test; *Correlation is significance (p-value <0.05)

The PSQI-PT component descriptive statistics and the correlations between
components are shown in Table 2. Each of the scores ranged from 0 to 3. The lowest
inter-component correlation was between “use of sleep medications” and “habitual sleep
efficiency” (r = 0.12) and the highest correlation was between “habitual sleep efficiency”
and “sleep duration” (r = 0.52).

Using a recommended cut-off score of 5 (Buysse et al., 1989), 48.5% of
participants were categorized as having a good sleep quality. Component-total

3

correlations for all components ranged from 0.32-0.55, except for “use of sleeping
medication,” which was 0.24. The Cronbach’s a for global sleep quality was 0.69, but
increased to 0.70 if the “use of sleep medication” component was deleted from the
reliability analysis; this indicates an adequate level of internal consistency (Schmitt,

1996).

Table 2. Pittsburgh Sleep Quality Index Component Correlations and Descriptive Statistics

1 2 3 4 5 6 7
1. Subjective sleep quality ;
2. Sleep latency 0.45 -
3. Sleep duration 035 032 -
4. Habitual sleep efficiency 0.28 042 0.52 -
5. Sleep disturbances 022 032 0.13 0.12 -
6. Use of sleep medication 020 0.14 0.17 012 0.17 -
7. Daytime dysfunction 0.19 027 0.15 0.14 0.35 0.17 -

Mean 091 LII 082 061 124 035 095
sp 098 091 071 092 0.56 0.82] 0.78




KMO (0.731) and Bartlett (chi-square=142.922; df=21; p<0.001) tests were
performed and the results verified that factor analysis is suitable (Maroco, 2003) for this
sample. Exploratory factor analysis (EFA) revealed (see Table 3) two components that
loaded highly on factor 2 (but not on factor 1, i.e. “sleep disturbances” and “daytime
dysfunction”), a result that was not consistent with Cole et al. (2006). The model
properties verified good indices (chi-square=8.649; df=8; p=0.373), and there was a
medium-sized effect (Cohen, 1988) for the correlation between the two factors (r=0.36).

The use of sleep medication component did not load highly on either factor (0.302).

Table 3. Exploratory factor analysis* for PSQI-PT

PSQI-PT Component Factor 1 Factor 2
Subjective sleep quality 0.544 0.366
Sleep latency 0.640 0.617
Sleep duration 0.712 0.084
Habitual sleep efficiency 0.721 0.231
Sleep disturbances 0.257 0.634
Use of sleep medications 0.302 0.166
Daytime dysfunction 0.184 0.607
Variance explained (%) 30.225 10.350

*Maximum likelihood estimate extraction method and direct oblimin
rotation. Bold values indicate that the component has adequate factor loadings
on the respective factor. Interfactor correlation = 0.360

Confirmatory factor analysis (CFA) was performed on the single factor, two
factor, and three factor models. The model fit statistics for each model are presented in
Table 4. CFA was first performed to test the single factor scoring model suggested by
Buysse et al. (Buysse et al., 1989). As shown in Table 4, the chi-square statistic was
significant and the RMSEA value was high (0.107), which indicated a poor model fit.
The standardized path coefficients for some components showed adequate loadings
(0.51 to 0.67), except for sleep disturbances (0.33), the use of sleep medication (0.21),
and daytime dysfunction (0.39), which had a lower coefficients. Next, the single factor
model was tested again with the use of sleep medication component removed to
examine whether this improved the model fit (model 2). As shown in Table 3, this had

little effect, as the ¥ statistic and RMSEA value still indicated a poor fitting model.



Table 4. Goodness of fit indices for each model

Model 2 (d) GFI AGFI  CFI RMSEA
1 30.147 (14)* 0920 0.840 0.828  0.107
2 22.313(9* 0932  0.840 0.850  0.121
3 16.222(12)  0.958  0.901  0.955  0.059
4 10.163(7)  0.968  0.903  0.964  0.067
5 16.120 (11)  0.958  0.894  0.945  0.068
6 1214(6) 0977 0918 0986  0.046

*p<0.05. Model 1, the single factor model (Buysse et al., 1989);
model 2, the single factor model without the use of sleep
medication component; model 3, the two factor model from the
EFA; model 4, the two factor model from the EFA without the
use of sleep medication component; model 3, the three factor
model (Cole et al., 2006); model 6, the three factor model (Cole
et al., 2006) without the use of sleep medication component.

The two factor model identified through the EFA (model 3) was then tested. As
shown in Table 4, the GFI, AGFI and CFI values were slightly lower than expected
(>0.97), which indicated a moderate adjustment (i.e. the other indices were good). The
standardized path coefficients were all appropriate (0.46 to 0.71), with the exception of
the use of sleep medication component which was much lower (0.19) (See Figure 1). The
two factor model was tested again without the use of sleep medication component (model

4), but that did not lead an improvement in the model fit indices (See Table 4).



Subjective sleep quality
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Figure 1. Factor loadings for the two factor model from the EFA (model 3).

The three factor model proposed by Cole et al. (2006) was then tested (model 5).
The GFI, AGFI and CFI values were slightly lower than expected (>0.97), which
indicated a model moderate adjustment (i.e. the other indices were good). The
standardized path coefficients were all appropriate (0.53 to 0.77), with the exception of
the use of sleep medication component which was much lower (0.18) (See Figure 2). The
three factor model was tested again without the use of sleep medication component
(model 6), and all of the model fit indices were appropriate, indicating a good fitting
model (See Table 4). The standardized path coefficients were all appropriate (0.52 to
0.76) (See Figure 3).
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Figure 2. Factor loadings for the three factor model (model 5).
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Figure 3. Factor loadings for three factor model without the use of sleep medication

component (model 6).

4. Discussion

The present study examined the factor structure of the PSQI in a sample of older
Portuguese adults using a cross-validation approach. Consistent with findings reported by
Mollayeva et al. (2016), the current study found that the single-factor model is not the
optimal factor structure for the PSQI. However, one must understand that the original

scale author chooses to use the global PSQI score because it demonstrated acceptable



internal consistency in diverse populations and clinical settings, and correlations
sufficiently representing each area of sleep quality. Thus, Buysse et al. (Buysse et al.,
1989) were able to generalize the measure of sleep quality for different contexts.
However, this does not occur homogeneously if was considered structural models with
more than one factor.

The average global PSQI score is lower than that found in other investigations in
non-clinical samples [6.65, 6.6] (Beaudreau et al., 2012; Bush et al., 2012), including in
an older non-clinical sample [3.92, 5.1w - 4.4m] (Buysse et al., 1991; Grandner et al.,
2006). The average global sleep quality score obtained in the present research is roughly
equivalent to that in other non-clinical and older non-clinical samples. However, the score
found in this study is closer to the general values of non-clinical samples than that found
in the older non-clinical sample mentioned above; i.e., the GSQ in this research is low in
relation to measurements of similar samples. But despite the overall value being higher
than that found by Buysse et al. (1991) and Grandner et al. (2006), there is a similar GSQ
difference between groups of men and women.

The sex differences in the GSQ values were observed in other studies (Buysse et
al., 2008, 1991; Carpenter and Andrykowski, 1998; Knutson et al., 2006; Mondal et al.,
2013). According to Mollayeva et. al (2016), if one considers the extensive evidence
regarding biological differences between men and women in circadian clock genes,
respiratory control, stress responses and the action of sex hormones on sleep mechanisms,
sleep quality is likely to be influenced by sex. Therefore, it is important to characterize
the existing sex differences in the GSQ in Portuguese older adults.

Another important variable to consider is "Healthy", i.e. the answers to the
question: "Do you consider yourself a healthy person?". This issue is about the self-
assessed healthiness. The answers to this question were significantly related to GSQ.
Specifically, the worse their health perception is, the worse the perception of sleep
quality.

The internal consistency (Cronbach's a) for the PSQI was 0.69, similar to values
found in other studies with non-clinical samples (Babson et al., 2012; Magee et al., 2008;
Spira et al., 2012) and clinical samples (Mariman et al., 2012; Rener-Sitar et al., 2014).
Although the Cronbach's o we found was less than 0.70, the minimum value considered
reliable for a scale (Schmitt, 1996), other studies have shown that when the “use of sleep
medications” component was excluded, Cronbach's o was improved (Babson et al., 2012;

Magee et al., 2008; Nicassio et al., 2014; Rener-Sitar et al., 2014; Skouteris et al., 2009;



Spira et al., 2012). When we deleted the “use of sleep medication” component, we
achieved an adequate Cronbach’s a of 0.70. As a consequence, we tested each model
again with the use of sleep medication component removed, and this improved the model
fit statistics.

The heterogeneity of models is expected between and within the different sample
groups considered in each study (Mollayeva et al., 2016). The two-factor model found in
the present study using EFA identified two distinct factors in sleep quality within the
PSQI-PT, which were labeled “Quality” and “Daily disturbances”. As expected, this
model does not correspond to the results of previous investigations. The reason is that the
prevalence of sleep dysfunction and its main attributes varies between and within clinical
and nonclinical samples, and what constitutes a good cut score is not a stable value
(Mollayeva et al., 2016), causing the model to change for different sample groups.

The finding indicated that the best choose adapted model for this population is six,
without "use of sleep medication" component. It should be noted that only 9.8% of our
sample reported regular use of sleep medications (scores 2 and 3 in this question), which
is not consistent with other studies with older adults. Therefore, the findings also indicated
that the use of sleep medication component had consistently low factor loadings in both
the EFA and the CFA.

Nevertheless, these findings potentially indicate that this component is not a
meaningful measure of sleep quality in Portuguese older adults, where the use of sleep
medication is low. However, this may be a false non-use of medication. Data from Satde
(2016) demonstrate that the Portuguese population has shown high consumption of
tranquilizers and antidepressants; the latter has also shown an increase since 2011. Also,
a recent epidemiological study confirmed the high consumption of psychotropic drugs in
the Portuguese population, in which almost a quarter of women and one-tenth of men
report use of anxiolytic drugs last year (Almeida et al., 2013). This suggests the possibility
that the use of medications typically employed to improve the ability to sleep may be
camouflaged by the use of other medications that do not necessarily have direct
application for sleep complaints, but for others such as stress and anxiety. Thus, the
patient may complain about other symptoms that do not involve sleep, and use
medications to control these symptoms that have effect on sleep. Having a good
perception of sleep quality about psychotropic drugs effect.

Therefore, because there is no information regarding the use of psychotropic drugs

for these participants, we are limited to explain of the low score for "use of sleep



medications”. However, one cannot ignore the current data on the use of psychotropic
drugs by the Portuguese (this includes the older adults), and the information obtained by
the component "use of sleep medications". Given that reliability was best with that
component excluded, and best model fit for the GSQ was also with this component
excluded, we suggest that the information obtained about use of sleep medications is best
used as a supplement to understanding the health status of the participants. The model
shown in Figure 3 (Model 6), the three factor model with the use of sleep medications
component excluded, is the best-fitting one, and a three factor model is also the most
consistent with what other studies of older adults have found.

Importantly, this study presents a major limitation in that we did not obtain
specific data on health, or the use of psychotropic or other medications. We suggest,
therefore, that those who use this model to evaluate sleep quality in older Portugese adults
take care to obtain this information. With this information you can have the most real
possible scenario to reality, to join the information "drug use" for a reliable qualitative
and comprehensive analysis of this model.

5. Conclusion

This research it is proposed the adaptation of 3-factor model for the PSQI in
Portuguese older adults. The Cronbach’s o was improved without “use of sleep
medications” component. Therefore, the adaptation of the model is similar to the original
model proposed by Cole et al. (2006), with the only change being to use the component
"use of medications to sleep" as a complementary qualitative assessment of health rather
than including it in the model. This will allow a more specific evaluation of the quality of

older adults’ sleep in Portuguese scientific research.
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