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Objective: Poor sleep quality is prevailing, deleterious, but heterogeneous in older adults. 
This study aimed to develop a simplified instrument to screen and classify poor sleep quality 
in community-dwelling older adults, by which stepped care with needs-based interventions 
could be implemented.
Methods: Cohorts of adults aged 65 years and older were used to develop the Rapid 
Classification Scale for Sleep Quality (RCSSQ). Poor sleep quality was defined with the 
Pittsburgh Sleep Quality Index (PSQI). Established subgroups of poor sleep quality in the 
development dataset (n = 2622) were used as the criterion standard. Two independent 
validation datasets (n = 964 and 193, respectively) were used to examine the external 
validity. Questions in the PSQI were examined by the stepwise multinomial logistic regres-
sions to determine the optimal numbers of items in the RCSSQ. On the premise of item 
parsimony and instrument validity, the optimal combination of reduced items was 
determined.
Results: In the development dataset, the 4-item RCSSQ (RCSSQ-4) was the optimal 
predictive model. In terms of internal validity, the accuracy rates to identify PSQI-defined 
poor sleep quality and its subgroups in the developmental dataset by the RCSSQ-4 were 
89.0% and 79.9%, respectively. Meanwhile, the RCSSQ-4 also had good external validity in 
the validation datasets to detect PSQI-defined poor sleep quality (accuracy rates: 89.1– 
90.7%). Furthermore, the profiles of PSQI component scores and comorbid conditions for 
the predicted subgroups in the validation dataset were comparable with the criterion 
standard.
Conclusion: The RCSSQ-4 is a valid instrument for screening and subgrouping poor sleep 
quality in community-dwelling older adults. The RCSSQ-4 may help guide tailored inter-
ventions under the context of stepped care in the community.
Keywords: older adults, screen, sleep quality, subgroup, scale, the Yilan study

Introduction
Sleep quality is imperative to health, but declines with age.1 In light of the stringency 
of definitions, the prevalence of poor sleep quality in community-dwelling older 
adults ranges between 23.2–66.9%.2–9 Poor sleep quality in older adults is associated 
with a variety of adverse health outcomes,2,10 including a higher risk for insomnia,11 

depression,12 anxiety,5 falls,13 suicide,14 atherosclerosis,15 declining quality of life,16 

disability,2,6 cognitive impairment,17–19 and mortality.20 Furthermore, poor sleep 
quality in older adults is even more deleterious than insomnia without daytime 
repercussions.21,22 Thus, in order to promote the well-being of older adults, early 
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recognition and intervention for poor sleep quality is an 
important issue of public health.

However, sleep quality has not been well conceptualized 
in the literature.23 Compared with insomnia that has clearer 
operational definitions, the manifestations and underlying 
etiology for poor sleep quality are more diverse and com-
plex, leading to ineffective and inefficient one-size-fits-all 
interventions. Taking the Pittsburgh Sleep Quality Index 
(PSQI) as an example, this most commonly used instrument 
was initially designated as a uni-construct with seven under-
lying components.24 In recent studies, pleural constructs of 
the PSQI have been explored in the general,16,25–30 and 
older populations.31 The multi-constructs of the PSQI indi-
cate the phenotypic heterogeneity of poor sleep quality in 
older adults. Under these circumstances, older adults with 
PSQI-defined poor sleep quality may respond differently to 
similar interventions. Thus, various modules of interven-
tions are needed for the specific phenotypes of poor sleep 
quality. However, the different modules may demand var-
ious levels of professions, time, and labor,32–35 by which the 
accessibility and availability are determined.36 Accordingly, 
the heterogeneity of poor sleep quality not only leads to 
inadequate diagnosis and treatment but may also incur over- 
treatment or inappropriate use of hypnosedatives.13,37–41 

This issue is particularly relevant in the older population, 
in which poor sleep quality is prevailing and who are more 
susceptible to the adverse impact of hypnosedatives. 
Empirically classifying poor sleep quality is a solution to 
its heterogeneity and provides an opportunity to implement 
personalized interventions in older adults. According to 
feature-based subgroups, specific modules of interventions 
could be designated, by which stepped care of poor sleep 
quality in community-dwelling older adults could be 
achieved.42

Recently, according to the PSQI and the latent class 
analysis, the Yilan study in Taiwan has obtained empiri-
cally-derived subgroups of poor sleep quality in commu-
nity-dwelling older adults.39 Three feature-based clusters 
have been identified and designated as “High insomnia 
(HI),” “Low insomnia (LI),” and “High hypnotics (HH).” 
The HI and LI groups were similar in the geometric profile 
of the component scores of the PSQI in the radar chart. 
They differed in the severity level of the component scores 
of the PSQI and comorbidity patterns. In contrast, HH and 
HI differed in the distribution of the component scores of 
the PSQI, in which HH had lower severity of insomnia 
symptoms, comparable with the LI group. In contrast, HH 
and HI shared a comparable severity of comorbidities 

conditions. Although these feature-based subgroups may 
enable the application of personalized community-based 
stepped care, the generalizability of the traditional cluster-
ing methods is limited due to the sample representative-
ness. In addition, the lengthy content of the PSQI and the 
cognitive demand that is needed to respond to these ques-
tions also compromises the usefulness of the PSQI for 
screening community-dwelling older adults.39 Thus, 
a simplified and valid instrument that could efficiently 
screen and cluster sleep quality is necessary before we 
can implement stepped care for poor sleep quality in 
community-dwelling older adults.

In summary, although poor sleep quality is prevalent and 
deleterious in older adults, one-size-fits-all interventions are 
insufficient due to the heterogeneous pattern and complex 
etiology of poor sleep quality. In terms of community 
medicine, detecting and clustering poor sleep quality with 
a simplified classifier could prompt need-based, stepped 
care of mental health. Using established subgroups in the 
previous Yilan study as the criterion standard, the present 
study aims to develop a simplified instrument to screen and 
subgroup the PSQI-defined poor sleep quality in commu-
nity-dwelling older adults. In addition to internal validity, 
the generalizability of this novel instrument will be verified.

Materials and Methods
Participants
This study is a branch study of the umbrella project of the 
Yilan study in Taiwan. The Yilan study is an integrated, 
community-based cohort study that aims to comprehensively 
evaluate the mental and physical well-being of community- 
dwelling older adults. Older adults aged 65 years and more 
were randomly recruited from the Yilan city in Taiwan since 
2013. The study design has been detailed elsewhere.43 The 
present study used two parts of the Yilan study cohort. One 
part (ie, the development dataset) was established in 
a previous study from 2013 to 2016 (n = 2622), where 
empirically derived subgroups for the PSQI-defined poor 
sleep quality were identified.39 Another part of participants 
of the Yilan study, who had been newly recruited from 2016 
to 2019 (n = 964), were used as the validation dataset. An 
additional cohort (n = 193), which was established to inves-
tigate the PSQI-defined poor sleep quality among older 
adults in Taipei City (Taiwan) in 2013,2 was used as an 
additional validation dataset to verify the external validity 
of the newly developed instrument. All participants in the 
cohort of the Yilan study were interviewed on a common set 
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of variables, including sociodemographic characteristics, 
anthropometric data, education status, marital status, living 
status, lifestyles (ie, frequency of exercise per week, smok-
ing, alcohol drinking), history of chronic medical diseases, 
falls, depression and anxiety, and physical disability. In con-
trast, only a few variables of the Yilan study were available in 
the Taipei City cohort because of different study designs. All 
interviews were conducted face-to-face by well-trained 
research assistants. Individuals who could not complete the 
interview, or were unable to cooperate because of severe 
physical disability or compromised cognitive function, 
were excluded from this study. All participants provided 
written informed consent, and the Institutional Review 
Board of the National Yang-Ming Chiao Tung University 
and the National Taiwan University Hospital approved this 
study. This study was conducted in accordance with the 
Helsinki Declaration of 1975, as revised in 2008.

Study Design and Procedure
Subgroups Established Using the PSQI-Defined Poor 
Sleep Quality
This study defined poor sleep quality using the PSQI, which 
evaluates individuals’ subjective sleep quality in the past 
month. The PSQI comprises 19 items and provides seven 
component scores, including subjective sleep quality, sleep 
onset latency, total sleep duration, sleep efficiency, sleep 
disturbances, use of sleep medication, and daytime 
dysfunction.24 Those who scored six points and more in the 
PSQI were defined as older adults with poor sleep quality. 

The Chinese version of the PSQI has been validated.44 In the 
development dataset of the Yilan study, we have used latent 
class analysis with seven components of the PSQI as the 
indicator variables to cluster those with PSQI-defined poor 
sleep quality (PSQI ≥ 6, 38.6%). As a result, three feature- 
based clusters were identified and designated as LI (21.9%), 
HI (7.3%), and HH (9.4%), respectively.39 The HI group is 
characterized by pervasive insomnia symptoms and daytime 
repercussion but with a low frequency of hypnosedative use. 
In parallel, the LI group had a similar profile of sleep-wake- 
related psychopathology with the HI but presented with 
a lower severity over each dimension of the PSQI component 
scores. In contrast, the HH group showed a comparable, 
lower severity across five component scores of the PSQI 
with LI, except for a significantly higher frequency of hyp-
nosedative use and more prominent daytime dysfunction, 
similar to the HI group (Figure 1A). On the contrary, the HI 
and HH groups had a similar profile of comorbidity severity, 
while the LI group had better mental and physical well-being 
(Figure 2A). In the present study, a total of four subgroups, 
including the three subgroups of poor sleep quality and those 
with a PSQI < 6, were defined as the criterion standard to 
develop and to verify the simplified screen and cluster instru-
ment in the development dataset.

Conceptualization of the Rapid Classification Scale 
for Sleep Quality
On the premise of an easy application in community- 
dwelling older adults, by means of either paper-pencil 

Figure 1 Radar charts comparing the distributions of the seven component scores of the Pittsburgh Sleep Quality Index (PSQI) between subgroups across datasets. (A) 
shows the original empirically-derived subgroups in the development dataset. (B) shows the three subgroups specified by the Four-item Rapid Classification Scale for Sleep 
Quality (RCSSQ-4) in the validation dataset. (A) is adapted from Chen HC, Hsu NW, Chou P. Subgrouping Poor Sleep Quality in Community-Dwelling Older Adults with 
Latent Class Analysis - The Yilan Study, Taiwan. Sci Rep. 2020;10(1):5432.39
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format or the online approach, this study conceptualized 
and designated the screening and classifying instrument 
to-be as the “Rapid Classification Scale for Sleep Quality 
(RCSSQ)” in accordance with the following two 
principles:

1. Good criterion validity for PSQI-defined poor sleep 
quality and respective subgroups

The RCSSQ is expected to have good internal validity in 
the development dataset, taking the established subgroups 
as the criterion standard. Regarding the external validity 
(ie, generalizability), the RCSSQ must be able to effec-
tively screen older adults with PSQI-defined poor sleep 
quality (PSQI ≥ 6) and successfully classify them with 
a comparable feature-based difference in the validation 
datasets. In order to optimize the generalizability of the 
RCSSQ,45 in addition to the cohort in Yilan City, the 
present study used another cohort in Taipei City in 
Taiwan to examine the external validity of the RCSSQ. 
Compared with the agricultural, suburban Yilan City, 
Taipei City is a metropolitan city located in northern 
Taiwan, which has different sociodemographic character-
istics. In the validation dataset of Yilan City, the comor-
bidity profile in the predictive subgroups of RCSSQ could 
be compared with the participants in the development 
dataset of Yilan City. However, because only PSQI data 
was available in the cohort of Taipei City, except for the 
examination of external validity for predicting the PSQI- 
defined poor sleep quality, no comorbidities pattern could 
be compared with the development dataset. Validity 

indices were illustrated with the accuracy rate, sensitivity, 
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and radar charts.

2. Parsimonious items with easy-to-respond questions

In terms of community-based geriatric medicine, 
a simplified and easy-to-respond instrument with less cog-
nitive demand is beneficial. Thus, in order to facilitate the 
convenience and intuitiveness of responding to questions, 
the items in the PSQI that necessitate responders to fill in 
actual data, such as bedtime, rise time, latency to fall 
asleep, and total sleep time, were not considered as candi-
date items for the RCSSQ. Therefore, this study selected 
all 13 multiple-choice items (score range: 0–3) in the PSQI 
as the initial set of candidate questions for the RCSSQ. All 
of these questions enquire about the responders’ sleep- 
wake conditions in the past four weeks, including items 
in the component one, “How would you rate your sleep 
quality overall?” (Sleep Quality); one of the items in 
component 2, “How often have you had trouble sleeping 
because you cannot get to sleep within 30 minutes?” 
(Sleep Latency); all eight items in component 5, “How 
often have you had trouble sleeping because you wake in 
the middle of the night or early morning?” (Sleep 
Disruption); “Have to get up to the bathroom?” 
(Nocturia); “Cannot breathe comfortably?” (Difficulty 
Breathing); “Cough or snore loudly?” (Disordered- 
breathing Sleep); “Feel too cold?” (Cold); “Feel too 
hot?” (Hot); “Had bad dreams?” (Nightmares), and 
“Have pain?” (Pain); the item in component 6, “How 

Figure 2 Radar charts comparing the clinical features between subgroups across datasets. (A) shows the original empirically-derived subgroups in the development dataset. 
(B) shows the three subgroups specified by the Four-item Rapid Classification Scale for Sleep Quality (RCSSQ-4) in the validation dataset. (A) is adapted from Chen HC, 
Hsu NW, Chou P. Subgrouping Poor Sleep Quality in Community-Dwelling Older Adults with Latent Class Analysis - The Yilan Study, Taiwan. Sci Rep. 2020;10(1):5432.39
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often have you taken medicine (prescribed or “over the 
counter”) to help you sleep?” (Hypnotics Use); and all two 
items in component 7, “How often have you had trouble 
staying awake while driving, eating meals, or engaging in 
social activity?” (Sleepy Activities); “How much of 
a problem has it been for you to keep up enough enthu-
siasm to get things done?” (Lacking Enthusiasm). The 
stepwise multinomial logistic regressions ensued to deter-
mine a most predictive set of items for the criterion stan-
dard by specifying these questions as predictors (the full 
model). Afterward, according to the explanatory power of 
each item included in the full model, a series of reduced 
models were specified by removing less explanatory items 
one-by-one. Eventually, by comparing the performance of 
each reduced model with the full model, a parsimonious 
model without compromised validity was determined as 
the final version of the RCSSQ.

Variables Used to Profile Mental and Physical 
Well-Being of Predicted Subgroups
In order to profile the mental and physical well-being with 
the criterion standard, this study used seven health dimen-
sions (nine variables) to construct the radar chart, which 
included the number of physical morbidities, physical dis-
ability, handgrip strength, health-related quality of life 
(mental and physical), insomnia severity, mood (anxiety 
and depression), and daytime sleepiness. The definitions, 
contents, and instruments for measuring these health- 
related outcomes have been detailed in the previous 
Yilan study.39 In brief, the number of chronic physical 
morbidities, including hypertension, diabetes mellitus, 
heart disease, stroke, hyperlipidemia, cancer, and gout, 
was counted to reflect the disease burden. Only those 
who simultaneously reported to have a physical disease 
and to have specific treatment were coded as having 
a history of a specific morbidity. This approach has been 
proven to have good validity.46 Regarding the level of 
physical disability, the Groningen Activity Restriction 
Scale was used. Higher scores indicate a poor activity of 
daily life and instrumental activities of daily living.47 

Handgrip strength (kg) was estimated using 
a dynamometer (Jamar, Jackson, MI, USA). The Short 
Form 12 Health Survey Version 2 was used to evaluate 
the health-related quality of life, including the mental 
component summary (MCS) and physical component sum-
mary (PCS). Higher scores in the component summary 
indicate a better health-related quality of life.48,49 The 
Hospital Anxiety and Depression Scale was utilized to 

measure the severity of depression and anxiety 
symptoms.50 Higher scores indicate more anxiety and 
depression symptoms. The severity of insomnia symptoms 
and daytime sleepiness were measured by the five-item 
Athens Insomnia Scale (AIS-5),51 and the Epworth 
Sleepiness Scale (ESS),52 respectively. Higher scores in 
the AIS-5 and the ESS indicate more severe symptoms.

Statistical Analysis
All statistical analyses were performed using SPSS for 
Windows, version 17.0 (SPSS Inc., Chicago, IL, USA). 
The univariate analyses were conducted using the χ2 test, 
t-test, and ANOVA. Multiple comparisons of the ANOVA 
were corrected using the Bonferroni method. By using 
four mutually exclusive subgroups of the PSQI-defined 
sleep quality as the dependent variables (criterion stan-
dard), forward stepwise multinomial logistic regression 
was used to determine the most predictive set of candidate 
items that were adopted from the original PSQI. This 
stepwise procedure determines predictors to orderly enter 
the final model according to the −2 log-likelihood and Chi- 
squared test. The resulting model was regarded as the full 
model. Afterwards, a series of reduced models were spe-
cified by removing items in the order of least to most 
explainable items one-by-one. The performance of these 
reduced models to predict PSQI-defined poor sleep quality 
and respective subgroups was compared. On the premise 
of parsimonious items without compromised validity, the 
best-reduced model was selected and was designated as 
the final version of the RCSSQ. We also profiled radar 
charts to illustrate all component scores of the PSQI and 
mental and physical well-being of the predicted subgroups, 
which were clustered by the final version of the RCSSQ 
with the validation dataset. These sets of visualized infor-
mation were compared with those of the criterion standard 
in the development dataset to demonstrate generalizability. 
For a consistent direction of comparison, all measurements 
of mental and physical well-being were transformed to 
t-scores, with higher scores indicating worse health status. 
A p-value < 0.05 was considered statistically significant.

Results
A total of 3779 individuals in one development and two 
validation datasets participated in the study. Table 1 com-
pares the basic sociodemographics, lifestyle, and clinical 
characteristics across these three datasets. Compared with 
the development dataset, the participants in the validation 
dataset of Yilan City were younger (post-hoc p < 0.001), 
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Table 1 The Comparison of Demographic and Clinical Characteristics of Participants by Datasets*

Development 

Dataset

Validation Dataset p-value for χ2/t/ANOVA Test

Yilan City  

(n=2622)

Yilan City (n=964) Taipei City (n=193)

Age (years, mean± SD) 76.6 ± 6.4 73.7 ± 7.5 77.8 ± 7.3 <0.001

Sex (n, %)

Female 1548 (59.0) 547 (56.7) 124 (64.2) 0.13

Education status (n, %)

Illiterate 593 (22.6) 62 (6.4) – <0.001

Body mass index (n, %)

< 18.5 kg/m2 105 (4.0) 35 (3.6) 6 (3.1) 0.01
18.5–23.9 kg/m2 961 (36.7) 390 (40.5) 82 (42.5)

≥ 24 kg/m2 1404 (53.5) 486 (50.4) 105 (54.4)

Disabled 152 (5.8) 53 (5.5) 0 (0)

Living status (n, %)

Alone 197 (7.5) 97 (10.1) – 0.01

Smoking status (n, %)

Current smoker 238 (9.1) 75 (7.8) – 0.003
Ex-smoker 421 (16.1) 115 (12.0)

Non-smoker 1963 (74.9) 771 (80.2)

Drinking status (n, %)

Current drinker 331 (12.6) 116 (12.0) – 0.78
Ex-drinker 137 (5.2) 55 (5.7)

Non-drinker 2154 (82.2) 793 (82.3)

Frequency of exercise (n, %)

< 3/ week 1174 (44.8) 221 (22.9) – <0.001

Falls in the past one year (n, %) 454 (17.3) 159 (16.6) 0.61

Pittsburgh Sleep Quality Index (mean± SD) 5.1 ± 4.0 4.3 ± 4.0 6.6 ± 4.1 <0.001

Athens Insomnia Scale (mean± SD) 2.1 ± 3.9 1.7 ± 3.2 – 0.01

Epworth Sleepiness Scale (mean ± SD) 4.1 ± 4.8 3.0 ± 4.2 6.1 ± 5.1 <0.001

Hypnotics use (days, mean± SD) 6.1 ± 11.7 5.5 ± 11.2 – 0.19

Number of physical diseases (mean± SD) 1.6 ± 1.3 1.5 ± 1.3 – 0.14

Hospital Anxiety and Depression Scale  

(mean± SD)

Depression subscale 1.9 ± 2.6 3.0 ± 3.4 – <0.001

Anxiety subscale 2.3 ± 2.9 2.7 ± 3.1 – <0.001

Short-form 12 (mean ± SD)

Mental health composite scores 58.4 ± 7.5 57.2 ± 7.8 – <0.001

Physical health composite scores 46.6 ± 9.3 48.6 ± 9.4 – <0.001

Groningen Activity Restriction Scale  

(mean± SD)

23.0 ± 11.3 22.2 ± 10.9 21.6 ± 5.4 0.04

Hand grip strength (kg, mean± SD) 19.5 ± 8.5 22.4 ± 8.8 – <0.001

Note: *Some of the original variables were not available in the Taipei City cohort because the original study design differed.

https://doi.org/10.2147/NSS.S324928                                                                                                                                                                                                                                  

DovePress                                                                                                                                                        

Nature and Science of Sleep 2021:13 1998

Chen et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


less illiterate (post-hoc p < 0.001), more likely to live 
alone (post-hoc p = 0.01), but had no significant difference 
for the disease burden. In terms of the sleep-wake related 
measurements, individuals of the Yilan City validation 
dataset had lower total PSQI scores (post-hoc p < 0.001), 
AIS-5 (p = 0.01), and ESS (post-hoc p < 0.001). Although 
the older people in the validation datasets of Yilan City 
had healthier physical conditions, including higher PCS 
(p < 0.001) and handgrip strength (p < 0.001), they had 
higher levels of anxiety, depression, and poor MCS (all ps 
< 0.001). In contrast, the age (post-hoc p=0.07) and level 
of physical disability (post-hoc p=0.22) of participants in 
the validation dataset of the Taipei City had no significant 
difference with the development dataset. However, they 
had higher PSQI scores (post-hoc p < 0.001) and ESS 
(post-hoc p < 0.001), when compared with those in the 
development dataset.

Eight of the 13 candidate items of the PSQI that were 
specified using the stepwise multinomial logistic regres-
sion model to predict subgroups of the criterion standard 
survived (Table S1). The entry order for these eight items 
into this full model was (1) Sleep Quality, (2) Hypnotics 
Use, (3) Sleep Latency, (4) Lacking Enthusiasm, (5) Sleep 
Disruption, (6) Pain, (7) Sleepy Activities, and (8) 
Nightmares. Table 2 compares the criterion validity for 
PSQI-defined poor sleep quality across the full model 
and various reduced models. In terms of the validity for 
identifying PSQI ≥ 6, at least the first three explainable 
items (Model V: Sleep Quality, Hypnotics Us, Sleep 
Onset) should be considered in order to reach 80% for 

sensitivity, specificity, PPV, and NPV. However, if we 
expect the overall accuracy rate for classifying four sub-
groups to reach 80%, at least the five-item model (Model 
III: Sleep Quality, Hypnotics Use, Sleep Onset, Lacking 
Enthusiasm, Sleep Disruption) should be selected. 
Accordingly, to balance the item parsimony and criterion 
validity, the reduced model with three to five items was 
initially selected to further consider the final optimal 
reduced model.

Table 3 summarized the criterion validity for classify-
ing three specific subgroups in the full model and reduced 
models with the three to five most predictive items. In 
comparison with the PPV and NPV in the full eight-item 
model, those of all reduced models are comparable. 
Regarding the sensitivity and specificity to classify the 
LI group, the five-item model has the best sensitivity 
(63.9%), followed by the four-item model (61.3%). The 
full eight-item model has the best sensitivity (64.4%) for 
detecting HI, while the three-item model has the highest 
sensitivity (77.2%), followed by the four-item model 
(60.6%) to identify HH. In summary, all validity indices 
of the full model exceeded 50%. Among the three-to five- 
item reduced models, on the premise that all indices of 
criterion validity also reach over 50.0%, the four-item 
model of the RCSSQ (RCSSQ-4) is the most optimal 
option.

Detailed coefficients in the multinomial logistic regres-
sion models for each item in the full eight-item and three 
to five-item reduced models are summarized in Tables S1 
and 4, respectively. According to these classifiers, the 

Table 2 Internal Validity of the Predictive Models by Various Predictor Combinations

Number of 
Predictors

Validity for Pittsburgh Sleep Quality 
Index ≥ 6

Overall Accuracy 
for Predicting Four 

Subgroups (%)
Accuracy 

(%)
SEN 
(%)

SPE 
(%)

PPV 
(%)

NPV 
(%)

Full model* 8 89.9 83.7 93.9 89.5 90.1 81.6

Reduced models
(I). Remove Nightmare from full model 7 89.7 82.9 93.9 89.5 89.7 81.3

(II). Remove Sleepy Activities from (I) 6 89.4 82.4 93.9 89.4 89.5 81.1
(III). Remove Pain from (II) 5 89.4 81.9 94.0 89.6 89.2 81.0

(IV). Remove Sleep Disruption from (III) 4 89.0 83.7 92.3 87.2 90.0 79.9

(V). Remove Lacking Enthusiasm from (IV) 3 88.7 82.5 92.7 87.6 89.4 78.9
(VI). Remove Sleep Onset from (V) 2 87.0 77.8 92.7 87.0 86.9 77.3

(VII). Remove Hypnotics Use from (VI) 1 82.4 61.0 95.8 90.2 79.6 74.7

Notes: *Predictors and their priority in the full model were determined by stepwise multinomial logistic regression. The full model includes predictors of sleep quality, 
hypnotics use, sleep onset, lacking enthusiasm, sleep disruption, pain, sleepy activities, and nightmares. 
Abbreviations: SEN, sensitivity; SPE, specificity; PPV, positive predictive value; NPV, negative predictive value.
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probability for each individual to be classified into specific 
subgroups could be estimated and compared in the valida-
tion dataset of Yilan City. As a result, each participant in 
the validation set could be allocated into one specific 
predicted subgroup. Accordingly, the external validity for 
the RCSSQ-4 could be evaluated. Overall, the RCSSQ-4 
illustrates good generalizability to detect the PSQI-defined 
poor sleep quality in the validation datasets (Accuracy: 
89.1–90.7%; sensitivity: 87.5%, and specificity: 89.7– 
94.4%) (Table 5).

The comparisons of the seven component scores in the 
PSQI and well-being conditions for the predicted sub-
groups obtained from the RCSSQ-4 in the validation data-
set are summarized in Tables S1 and S2. Table S2 (Yilan 
City) illustrates that the individuals in the predicted HH 
scored even lower than those in the predicted LI in most 
component scores of the PSQI, except the predicted HH 
scored higher for hypnotics use, daytime impairment and 
no difference with predicted LI in terms of sleep distur-
bance. Meanwhile, except for sleep onset latency, all the 
other component scores of the PSQI in the predicted HI 
are significantly higher than those of the predicted LI. In 

addition, except for hypnotics use, all other component 
scores in the predicted HI are higher than those in the 
predicted HH. These differences are also profiled in 
Figure 1B and are similar to those observed in the criterion 
standard (Figure 1A). The comparisons of the seven com-
ponent scores in the PSQI for the predicted subgroups 
obtained from the RCSSQ-4 in the validation dataset of 
Taipei City are provided in Table S3.

In terms of mental and physical well-being, the pre-
dicted LI has the healthiest conditions over the entire 
dimensions, while the predicted HI and predicted HH 
have similar profiles of well-being, being poorer than 
that in the predicted LI. However, a few different patterns 
among predicted subgroups in the validation dataset (Yilan 
City) are observed when compared with the criterion stan-
dard (Table S4 and Figure 2). In the criterion standard, HI 
and HH showed no significant differences in anxiety 
symptoms and MCS (Figure 2A). However, the predicted 
HI shows a higher level of anxiety symptoms and poor 
MCS when compared with the predicted HH in the valida-
tion dataset (Figure 2B). Besides, in the criterion standard, 
individuals in the HH had significantly weaker handgrip 

Table 3 Internal Validity of Predictive Models for the Pittsburgh Sleep Quality Index ≥6 by Various Combinations of Predictors

Number of Predictors Subgroups SEN (%) SPE (%) PPV (%) NPV (%)

Full model

8 Predictors: sleep quality, hypnotics use, sleep onset, lacking enthusiasm, sleep disruption, pain, sleepy activities, 

nightmare

Low insomnia 62.7 90.7 65.3 89.7
High insomnia 64.4 98.8 81.5 97.2

High hypnotics 58.9 95.9 59.7 95.7

Reduced models

5 Predictors: sleep quality, hypnotics use, sleep onset, lacking enthusiasm, sleep disruption

Low insomnia 63.9 90.0 64.2 89.9
High insomnia 62.3 98.9 82.1 97.1

High hypnotics 49.6 96.4 59.0 94.9

4 Predictors: sleep quality, hypnotics use, sleep onset, lacking enthusiasm

Low insomnia 61.3 89.4 61.8 89.2
High insomnia 55.5 99.3 86.2 96.6

High hypnotics 60.6 94.6 53.8 95.9

3 Predictors: sleep quality, hypnotics use, sleep onset

Low insomnia 49.8 92.1 64.0 86.8

High insomnia 51.8 99.5 90.0 96.3

High hypnotics 77.2 91.4 48.2 97.5

Abbreviations: SEN, sensitivity; SPE, specificity; PPV, positive predictive value; NPV, negative predictive value.
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strength and more severe levels of physical disability than 
those in LI. In contrast, in the validation dataset, the 
predicted HI, instead of predicted HH, has poorer condi-
tions than the predicted LI in these two measurements. 
Finally, the HI had a significantly higher level of daytime 
sleepiness than the LI in the development dataset, which 
was not observed between the predicted HI and predicted 
LI in the validation dataset. In general, the profile of 
mental and physical well-being in the predicted subgroups 
that were classified by the RCSSQ-4 with the validation 
dataset remained comparable with the criterion standard in 

the development dataset. However, regarding the within- 
dataset comparisons, the predicted HI in the validation 
dataset had overall worse mental and physical well-being 
than the HI in the development dataset (Figure 2).

Discussion
The present study used large cohorts and established sub-
groups as the criterion standard to develop a simplified and 
valid instrument, the RCSSQ-4, to efficiently screen and 
cluster community-dwelling older adults with PSQI- 
defined poor sleep quality. The RCSSQ-4, which has 

Table 4 Parameter Estimates of Multinomial Logistic Regression Analyses for Predicting Subgroups of Poor Sleep Quality in the 
Development Dataset

Reference Group (Pittsburgh Sleep Quality Index < 6)

Low Insomnia High Insomnia High Hypnotics

b (se) OR (95% CI) b (se) OR (95% CI) b (se) OR (95% CI)

Model I: 5 predictors

Intercept −5.20 (0.23) −16.45 (0.95) −7.35 (0.37)

Sleep quality 1.94 (0.17) 6.93 (4.96–9.68) 5.39 (0.41) 219.15 (98.46–487.80) 1.79 (0.23) 5.96 (3.81–9.32)

Hypnotics use 0.75 (0.07) 2.12 (1.84–2.45) 0.92 (0.12) 2.51 (1.99–3.15) 1.84 (0.09) 6.32 (5.25–7.60)
Sleep onset 1.18 (0.07) 3.26 (2.86–3.72) 1.88 (0.16) 6.57 (4.79–9.01) 0.90 (0.10) 2.47 (2.05–2.97)

Lacking enthusiasm 0.78 (0.29) 2.18 (1.24–3.83) 2.15 (0.33) 8.54 (4.49–16.24) 2.17 (0.31) 8.78 (4.77–16.14)

Sleep disruption 0.68 (0.08) 1.98 (1.70–2.30) 1.09 (0.14) 2.98 (2.28–3.89) 0.48 (0.11) 1.62 (1.31–2.00)

Model II: 4 predictors

Intercept −5.21 (0.23) −16.10 (0.91) −7.36 (0.37)

Sleep quality 2.35 (0.17) 10.46 (7.55–14.48) 5.93 (0.39) 376.14 (175.02–808.39) 2.06 (0.22) 7.86 (5.07–12.19)

Hypnotics use 0.73 (0.07) 2.07 (1.80–2.38) 0.89 (0.12) 2.43 (1.95–3.05) 1.82 (0.09) 6.18 (5.15–7.41)
Sleep onset 1.22 (0.07) 3.38 (2.97–3.84) 1.96 (0.16) 7.11 (5.17–9.77) 0.93 (0.09) 2.53 (2.11–3.04)

Lacking enthusiasm 0.85 (0.28) 2.34 (1.35–4.06) 2.32 (0.32) 10.22 (5.46–19.12) 2.21 (0.31) 9.09 (4.98–16.60)

Model III: 3 predictors

Intercept −5.28 (0.23) −16.01 (0.89) −7.39 (0.36)
Sleep quality 2.46 (0.16) 11.67 (8.47–16.09) 6.29 (0.38) 541.52 (256.99–1141.07) 2.42 (0.22) 11.26 (7.34–17.25)

Hypnotics use 0.72 (0.07) 2.06 (1.79–2.36) 0.86 (0.11) 2.36 (1.90–2.93) 1.76 (0.08) 5.82 (4.89-6.91)

Sleep onset 1.21 (0.07) 3.36 (2.96–3.81) 1.90 (0.16) 6.72 (4.92–9.17) 0.93 (0.09) 2.51 (2.11–3.02)

Table 5 The Validity of the Four-Item Rapid Classification Scale for Sleep Quality for the Pittsburgh Sleep Quality Index ≥6

Prevalence of PSQI≥ 6 (%) Accuracy (%) SEN (%) SPE (%) PPV (%) NPV (%)

Development dataset

Yilan study (n=2622) 38.6 89.0 83.7 92.3 87.2 90.0

Validation dataset

Yilan city (n=964) 30.6 89.1 87.5 89.7 75.4 95.2

Taipei city (n=193) 53.9 90.7 87.5 94.4 94.8 86.6

Abbreviations: PSQI, the Pittsburgh Sleep Quality Index; SEN, sensitivity; SPE, specificity; PPV, positive predictive value; NPV, negative predictive value.
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balanced parsimony and validity, is an optimal option for 
community-based, personalized sleep care. The RCSSQ-4 
has good internal and external validity to detect PSQI- 
defined poor sleep quality and to classify feature-based 
subgroups. Thus, the RCSSQ-4 is a highly applicable 
instrument to implement personalized care for poor sleep 
quality in community-dwelling older adults. Given that 
poor sleep quality is prevalent and deleterious but hetero-
geneous in older adults, our findings help to promote 
access to preventive medicine in sleep quality under the 
context of a community-based stepped care approach.

Performance of the RCSSQ-4 to Screen 
and Classify PSQI-Defined Poor Sleep 
Quality
The Validity of Screening for PSQI-Defined Poor 
Sleep Quality
This study demonstrated that the RCSSQ-4 had a desirable 
internal and external validity to identify older adults with 
PSQI ≥ 6. Although the RCSSQ-4 had a very good PPV 
and NPV in the validation dataset of Taipei City, its super-
ior performance in these two indices related with a higher 
prevalence of PSQI ≥ 6 in Taipei City. With respect to the 
massive screen in the community, the outstanding sensi-
tivity and specificity of the RCSSQ-4 are particularly 
noteworthy because they are independent of the preva-
lence rate of PSQI ≥ 6. Furthermore, we believe that, at 
least in the Chinese population, our findings endorse the 
generalizability of the RCSSQ-4, because the participants 
in these two validation datasets had different sociodemo-
graphic, clinical, and geographic characteristics to those in 
the development dataset.

The Validity of Classifying Subgroups for 
PSQI-Defined Poor Sleep Quality
In essence, the predicted subgroups and the criterion stan-
dard had shared patterns for the component scores of the 
PSQI and the well-being conditions. A few differences 
were observed, which may be related to the participant 
characteristics and the selection of candidate items for the 
RCSSQ. Firstly, although the individuals in the develop-
ment and validation datasets of Yilan City have similar 
geographic characteristics, their differences in sociodemo-
graphic and clinical features may influence the resulting 
PSQI profile and the well-being conditions of the predicted 
subgroups in the validation dataset. Secondly, the most 
significant discrepancy when comparing the patterns of 
the subgroups datasets in the PSQI was that the difference 

between the predicted HI and predicted LI on sleep onset 
latency disappeared. Specifically, in the criterion standard, 
all component scores of the HI were higher than those of 
the LI.39 In the interest of the quality easy-to-respond, we 
removed the question about the actual sleep latency in the 
PSQI as a candidate item. This approach may compromise 
the capability of the RCSSQ to discriminate sleep latency 
among subgroups. Thus, the rationale and algorithm to 
determine the final predictive model may also influence 
the composition of predicted subgroups. However, despite 
these differences between the criterion standard and pre-
dicted subgroups, the comparable profiles of the PSQI and 
well-being conditions ensure the generalizability of imple-
menting the RCSSQ-4 for personalized interventions in 
the community.

The Balance Between Parsimony and 
Validity of the RCSSQ
Based on the tradeoff between item parsimony and instru-
ment validity, we suggest using the RCSSQ-4 for imple-
menting community-based medicine. Among the reduced 
models, the three-item model with sleep quality, hypnotics 
use, and sleep onset enables all validity indices for detect-
ing PSQI ≥ 6, reaching 80% in the development dataset. 
However, if requesting a performance validity of ≥50% for 
subgroup classification, an additional item of Lacking 
Enthusiasm is necessary. In all reduced models, the models 
with more items had better sensitivity but poor specificity 
in identifying LI and HI in the development dataset. In 
contrast, the reduced model with fewer items is more 
sensitive but less specific for detecting HH. In real-world 
practice, the optimal version of RCSSQ can be flexibly 
determined, depending on the target subgroup that we 
intend to yield by applying the RCSSQ.

Implications of the RCSSQ-4 Under the 
Context of Community-Based Stepped 
Care
The simplified format and scoring system of the RCSSQ-4 
is beneficial to conduct massive screen and clustering in 
the community, either by means of paper-pencil surveys or 
online investigations. In the viewpoint of preventive med-
icine, the resulting subgroups could adhere to correspond-
ing levels of prevention. Firstly, regarding primary 
prevention, those designated as good sleep quality by the 
RCSSQ-4 may receive a general health promotion pro-
gram in the community to enhance their sleep drive or 
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consolidate the circadian cues. For secondary prevention, 
the RCSSQ-4 could detect and intervene earlier for 
“cases.” Specifically, low professional demand but high 
accessibility and availability of interventions, such as self- 
help programs, online consultations, or general interven-
tions offered by primary health providers, are indicated for 
the LI group, a preclinical to clinical stage of impaired 
sleep quality. In the HI group, in-depth diagnosis and 
interventions are mandatory because comorbid conditions 
increase. These could be provided by general physicians in 
primary clinics. As for the HH group, the indications for 
higher frequency and longer duration of using hypnoseda-
tives should be carefully examined. In some patients, the 
exposure to hypnosedatives may be justified due to com-
plex comorbidities and severe insomnia. In this case, the 
tertiary prevention should be introduced to confine the 
harm incurred by using hypnosedatives in older adults, 
such as optimizing the effectiveness of non- 
pharmacological interventions or a hypnotics reduction 
program. Obviously, the medical intervention that the 
HH group needs would require the high expertise that 
can only be provided by sleep specialists. Accordingly, 
using the RCSSQ-4 could help to implement preventive 
medicine in community-dwelling older adults under the 
context of personalized and stepped care.

Limitations
This study is subject to several limitations. Firstly, the 
RCSSQ is developed to optimize the detection and inter-
vention for sleep quality on the population level. The 
RCSSQ can not replace the most commonly used PSQI, 
which has been the best instrument to comprehensively 
evaluate sleep quality in clinical settings. Secondly, 
although the RCSSQ-4 is sensitive to identify PSQI- 
defined poor sleep quality, the subgroups classified by 
the RCSSQ-4 may suffer from misclassification bias. It 
implies that most older adults with poor sleep quality can 
be identified by the RCSSQ-4 and can be assigned to 
respective modules of intervention. However, the assigned 
module of intervention may be imprecise because of the 
misclassification of the subgroups. This limitation would 
not affect those who are misclassified to receive modules 
with higher intensity, while those who are misclassified to 
modules with lower intensity could be referred to a higher 
level of stepped care if the treatment effect is limited. 
Thirdly, although validation datasets were used to examine 
the external validity of the RCSSQ-4, the inherent limita-
tion of within-sample analyses of the traditional clustering 

methods makes it difficult to have adequate representative-
ness across different ages, ethnicities, and cultures. 
Fourthly, although the subgroups that are defined in this 
study suggest different interventions, the cross-sectional 
design of this study did not allow us to make causal 
inferences for the relationship between poor sleep quality 
and co-occurring mental or physical conditions. Thus, the 
suggested modules of interventions for each subgroup in 
this study are merely based on clinical experience. Finally, 
to enhance the feasibility of implementing the RCSSQ for 
older adults in the community, as an instrument for mass 
screening and subgrouping, we used the PSQI and its 
items to define sleep quality, classify subgroups, and 
develop predictive models in the present study. The PSQI 
has been commonly used for convergent validity, suggest-
ing that it can be considered as an accepted reference for 
self-perceived sleep quality.53 However, sleep quality 
represents a complex construct that comprises several 
aspects of the sleep phenomenon and opposes a simple 
definition.54 Applying different measurements or defini-
tions for sleep quality, such as other subjective instruments 
and objective parameters of sleep, may yield different 
subgroups and predictive models.

Conclusion
For the community medicine of the aging society, the 
RCSSQ-4 could serve as a rapid and efficient instrument 
to screen and classify poor sleep quality in older adults. By 
applying the RCSSQ-4, we may streamline the cost of 
various adverse outcomes related to poor sleep quality 
from the perspective of preventive medicine. Besides, it 
also becomes possible to deliver personalized interven-
tions and achieve stepped care at the community level. In 
the future, longitudinal studies would be required to exam-
ine the validity of subgroups by comparing differences in 
clinical courses, health outcomes, treatment effects, and 
biological markers. In addition, novel clustering 
approaches, such as machine learning,55 might help to 
refine the validity of RCSSQ and promote generalizability. 
Hopefully, the implementation of the RCSSQ-4 will help 
guide need-based interventions, which will eventually lead 
to community-level precision medicine.

Abbreviations
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