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Background: Sleep is vital to our wellbeing. Critically ill patients are vulnerable with effects of sleep
deprivation including weakened immune function, decreased glucose tolerance, and increased sympathetic activity. Intensive care unit (ICU) patients' sleep evaluation is difﬁcult and often not reliable. The
most commonly used instrument for assessing ICU patients' perspective of their sleep, RichardsCampbell Sleep Questionnaire (RCSQ), has not been reported to have undergone known-group
construct validity testing or concurrent validity testing with the criterion measure of feeling refreshed.
Objectives: The aim of the study was to explore the construct validity of the RCSQ with known-groups
technique and concurrent validity with the criterion measure of feeling refreshed on awakening.
Methods: A cross-sectional descriptive survey study using the RCSQ was conducted on people sleeping at
home (n ¼ 114) over seven nights. The results were compared with the RCSQ sleep scores of nonintubated alert oriented adult ICU patients (n ¼ 114). Home sleepers were also asked to rate how
refreshed they felt on awakening. The study was executed and reported in accordance with the STROBE
checklist for observational studies.
Findings: RCSQ construct validity was supported because home sleepers' and ICU sleepers' sleep evaluations differed signiﬁcantly. Home sleepers rated their sleep signiﬁcantly better than ICU patients in all
ﬁve sleep domains of the RCSQ. Concurrent validity was supported because the item “feeling refreshed
on awakening” correlated strongly with all sleep domains.
Conclusions: Sleep quality may be accurately measured using the RCSQ in alert people both in the ICU
and at home. This study has added to the validity discussion around the RCSQ. The RCSQ can be used for
sleep evaluation in ICUs to promote wellbeing and recovery.
© 2021 Australian College of Critical Care Nurses Ltd. Published by Elsevier Ltd. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction
Sleep is vital to our wellbeing as while we sleep, our body and
mind are restored. Metabolic waste is cleansed,1 growth hormone
secretion peaks helping the body to heal from possible physical
damage, and cortisol secretion is increased.2 Rapid eye movement
phases of sleep that occur in an average of 20% of total sleep time
and mostly towards the morning are thought to be important for
restructuring memory.3 Critically ill patients may be particularly
vulnerable, with the effects of sleep deprivation reported in studies
on healthy people, including weakened immunofunction,4
decreased secretion of growth hormone,5 decreased glucose
tolerance, and an increase in sympathetic activity,6 among others,
all potentially hazardous to their recovery. Therefore, it is essential
to optimise critically ill patients' sleep, and crucial to this is being
able to as accurately and reliably measure their sleep while they are
being cared for in an intensive care unit (ICU). With reliable sleep
evaluation methods, patients' sleep can be monitored and issues
can be identiﬁed and addressed. The Richards-Campbell Sleep
Questionnaire (RCSQ)7 is a promising tool for reliable sleep
assessment, developed speciﬁcally for ICU patients' sleep evaluation. However, further validation is required.
2. Background
Evaluation of patients' sleep quality in an ICU is difﬁcult, and the
results are often just suggestive.8e11 ICU patients often lay quietly
with their eyes closed even when they are awake, and normal
movement during sleep may be restricted owing to a patient's
condition and being inhibited by monitoring and life-support
technology.12e14 The RCSQ7 is the most commonly used instrument for assessing ICU patients' own perspective of their sleep. It
measures ﬁve domains of sleep quality: sleep depth, falling asleep,
number of awakenings (reﬂecting total amount of sleep), percentage of time awake, and overall quality of sleep, with one item each
on a visual analogue scale of 0e100 on a 100-mm line. Zero represents the poorest sleep, and 100, the best possible sleep. A sleep
index is calculated as the mean of the ﬁve item scores.7 It has the
advantage of being patient-centred and acknowledges the importance of the patient's viewpoint.
The RCSQ was originally developed speciﬁcally for ICU patients
because other sleep questionnaires were overly long and burdensome for the critically ill to complete.7 The most comprehensive
testing with polysomnography as the criterion measure was performed on 70 nonintubated male patients in a medical ICU. Since
the RCSQ's development, it has been successfully used also on
intubated patients.10,15,16 Despite its use internationally in a number of studies,7,8,15,17e28 the reported validity of the RCSQ has been
scarce.
Construct, content, and criterion validity testing of an instrument is necessary to ensure it measures what it intends to measure, especially when the deﬁnition or the relationship of the
measured variable to its purported cause may vary,29 as is the case
with sleep quality. The RCSQ was developed based on the results of
earlier studies of ICU patients' sleep. Its content validity was tested
with an expert panel. The criterion validity of the RCSQ was tested
using simultaneous polysomnographic (PSG) sleep measurement.7
Most RCSQ domains reportedly correlated with their corresponding PSG measures. Highest correlations were the percentage of
time awake in PSG with RCSQ domain 2, falling asleep after being
awoken (r ¼ 0.59), and the PSG sleep efﬁciency index that represents the overall perception of sleep with the sleep index
calculated from the ﬁve RCSQ items (r ¼ 0.58).7 However, the
statistical signiﬁcance of the aforementioned correlations was not
reported.

Construct validity of the RCSQ is scarcely reported, and yet, it is
an essential form of validity providing evidence of the instrument's
ability to measure complex multifaceted attributes,30 such as sleep.
The ﬁrst aim of this study was therefore to explore the construct
validity of the RCSQ using known-groups technique,30 determining
how adult people sleeping at home rate their sleep quality using
the RCSQ and how their sleep evaluations compare with an earlier
sample of adult, oriented nonintubated ICU patients.31 We expected
that home sleepers would score signiﬁcantly higher scores
(reﬂecting better sleep) than ICU patients on the RCSQ. The second
aim was to gather further evidence of the RCSQ's concurrent validity by asking home sleepers to rate how refreshed they felt on
awakening. The degree to which people perceive their sleep as
refreshing is considered a valid measure of sleep quality commonly
used by the discipline of sleep medicine,32,33 but this has not previously been used in association with the RCSQ.
Perhaps owing to the ease of use of the RCSQ, it has also been
used in other patient groups, such as lactating mothers,34 hospitalised elders,35 patients with AIDS,36 hospitalised patients with
mental health disorders,37 and also relatives of palliative care patients at home.38 However, the validity of the RCSQ was not discussed in the aforementioned studies performed outside the ICU.
The RCSQ has successfully been used for repeated measurements
by the same respondents, either by patients39 or by patientenurse
pairs.10
3. Method
In this cross-sectional descriptive study, a paper-based survey
was conducted between May and September 2016 on Finnish
people sleeping at home. They evaluated their previous night's
sleep using the RCSQ for a duration of 7 nights as that period would
give an estimation of the quality of sleep affected by work, school,
or other related daily variations. The results were compared with
the one-night RCSQ sleep evaluation of nonintubated alert and
oriented adult ICU patients with no neurological trauma or surgery
and no diagnosed sleep disorders, collected in an earlier survey
study.31 A form of snowball sampling was used to recruit home
sleepers via students and personnel of a university and polytechnic's nursing science departments. The inclusion criteria were
an adult older than 18 years and capable of answering the survey
independently. Participating students and staff, were also requested to pass on the questionnaires to interested family and friends.
Students and personnel who chose to participate in the study
picked from the delivery box in the institution as many questionnaires as they assumed to use themselves and additional questionnaires to pass on. In total, 260 questionnaires were distributed.
The participants were requested to send the completed questionnaire to the researcher via a prepaid envelope.
The Finnish version of the RCSQ, translated and validated in an
earlier study,31 was used. The participants were asked to rate their
sleep quality for the previous night using the RCSQ domainsdsleep
depth, falling asleep, number of awakenings, percentage of time
awake, and overall quality of sleepdfor a week (seven nights). The
participants also rated how refreshed they felt on awakening,
which was also measured on a visual analogue scale of
0e100 mm.40 Demographic characteristics including gender, age,
weekday, workday/day off, awakening spontaneously or not, use of
sleep medication, and normal/abnormal sleeping conditions were
collected as background variables.
The data of nonintubated adult ICU patients were collected from
one 16-bed medicalesurgical ICU in a university hospital. Patients
who potentially qualiﬁed to participate were selected by a
researcher and an ICU charge nurse and approached by a researcher
in the morning after at least one full night in the ICU. Patients who
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The participant information letter that accompanied the questionnaire informed potential participants about the voluntary nature of participation and the anonymity of questionnaire responses.
Consent was inferred by return of the questionnaire. Ethical
approval from the Ethics Board of Helsinki University Hospital and
ofﬁcial permission from the hospital authorities were provided for
the study on ICU patients. An ofﬁcial permit to recruit the participants was obtained from authorities of the University of Turku and
the Laurea polytechnic.

consented to be included, signed a consent form after receiving
both written and verbal information about the study and their
involvement. They subsequently rated their previous night's sleep
quality using the RCSQ.31 The data were used for the analysis of
group differentiation. Gender, age, and use of sleep medication
were common demographic characteristics across both ICU and
home sleeper participants.
Data were analysed statistically using IBM SPSS Statistics,
version 22.0 (IBM Corp., Armonk, NY). Participant characteristics
were reported using frequencies, mean, and standard deviation. In
line with the RCSQ instructions, a sleep index was calculated as a
mean of the ﬁve RCSQ items. Means of the 7 nights' evaluations of
each RCSQ item were calculated for each participant to describe the
home sleepers' quality of sleep. Mean ages between patient and
home sleeper groups were compared using the two-sample t-test.
The chi-square test was used to test difference in gender
distribution.
Correlations between the RCSQ domains and refreshed feeling
were calculated using the Spearman correlation coefﬁcient. An
age- and gender-adjusted analysis of covariance was used to
analyse the differences between the sleep evaluations of home
sleepers
and
the
previously
collected
ICU
patients'
evaluations31 as age and gender were the potential confounding
factors in both groups. Inverse normal transformation (Blom's
method41) RCSQ values were used in analysis of covariance owing
to non-normally distributed RCSQ data. Linear mixed model with
random intercept for participants was used to compare feeling
refreshed between workdays and days off and between awakening spontaneously and not among home sleepers. Internal
consistency of the RCSQ was measured using the calculation of
Cronbach's alpha of the whole data and also separately for the
home sleepers and the ICU participants. The level of statistical
signiﬁcance was set at p <0.05. The study was executed and reported in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) checklist for
observational studies.

4. Results
The mean age of the 114 participating ICU patients was 59 years
(standard deviation [SD] ¼ 14, range ¼ 25e87), and 37% were
women31 (Table 1). The mean sleep index was 54 mm (SD ¼
28.8 mm). Of the RCSQ sleep domains, ICU patients rated falling
asleep in the evening the highest (mean ¼ 63, SD ¼ 32.3 mm) and
sleep depth the lowest (mean ¼ 44, SD ¼ 33.6 mm) (Table 2, Fig. 1).
By coincidence, 114 surveys were returned from home sleeping
participants. The mean age of the home sleeping participants was
48 years (SD ¼ 15.4, range ¼ 18e80 years), with 61% women
(Table 1).
In total, there were 798 nights of sleep reported via the surveys.
Missing values were very few, except for the item pertaining to
falling asleep again if woken during the night. Most of the participants who left it unanswered (n ¼ 54) had evaluated the number
of awakenings as none or very few, so they may have concluded
that the item did not apply to them. The participants appeared to
complete the sleep evaluations with consideration as the responses
to each question varied widely per participant amongst the 7
nights. The mean range of the participant's responses to each
question within the seven nights was 41 mm (SD ¼ 23.2 mm) out of
a possible 100 mm.
Sleeping conditions at home were noted by the participants as
‘normal’ on 89% of the nights, indicating there were few nights
when their sleeping conditions differed from normal, such as not

Table 1
Characteristics of the ICU patients and the home sleepers.
Characteristic

ICU patients, n ¼ 114
%

Gender, female/male
Age, years
Used sleep medication
Work/day off
Woke spontaneously/was woken
Normal sleep circumstances

Home sleepers, n ¼ 114

Mean

SD

Minimum

Maximum

59

14.1

25

87

37/63

%

p

Mean

SD

Minimum

Maximum

48

15.4

18

80

61/39

25

<0.001
<0.001

2
47/53
53/47
89

SD, standard deviation; ICU, intensive care unit.

Table 2
Sleep estimations of ICU patients and the persons sleeping at home, measured with RCSQ and the feeling refreshed item on the scale (range ¼ 0e100 mm).
Sleep domain (0e100 mm)

Sleep depth
Falling asleep
Number of awakenings
Percentage of time awake
Sleep quality
Sleep index
Feeling refreshed (0e100)

ICU patients' estimations (n ¼ 114)

Home sleepers' estimations (n ¼ 114)

Mean/median, mm

SD, mm

Mean/median, mm

SD, mm

44/35
63/74
52/48
60/70
50/53
54/55

33.6
32.3
31.9
33.2
35.3
28.8

75/78
77/79
78/78
73/77
73/73
76/78
65/65

14.9
14.0
13.8
20.9
14.9
13.5
16.6

p*

<0.001
0.023
<0.001
0.014
<0.001
<0.001

ICU, intensive care unit; SD, standard deviation; RCSQ, Richards-Campbell Sleep Questionnaire.
*Age- and gender-adjusted analysis of covariance; inverse normal transformation RCSQ values were used owing to non-normally distributed RCSQ data.
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Fig. 1. RCSQ evaluation of the sleep quality by the ICU patients and the home sleepers: scale ¼ 0 mm (poorest sleep) to 100 mm (best sleep). ICU, intensive care unit; RCSQ,
Richards-Campbell Sleep Questionnaire.

sleeping at home (6%), sleeping with someone other than the usual
bed companion (1%), or sleeping alone when this was unusual for
them (4%). Approximately half of the days were participants' work
or school days (47%, n ¼ 761). On 27% (n ¼ 353) of those days, the
participants woke up spontaneously, whereas on a day off, 76%
(n ¼ 408) woke up spontaneously. The participants took sleep
medication in the evening on only 14 nights (2%, n ¼ 749).
Measured using the RCSQ, the home sleepers' mean sleep index
was 76 (SD ¼ 13.5). Of the ﬁve sleep domains, the amount of sleep
(mean ¼ 78 mm, SD ¼ 13.8 mm) and falling asleep again (mean ¼
73 mm, SD ¼ 20.9 mm) were rated the highest and the general
estimation of the sleep quality was the lowest (mean ¼ 73 mm, SD ¼
14.9 mm) (Fig. 1). Gender did not associate with the sleep index or
any of the RCSQ sleep domains. Age had weak, but statistically signiﬁcant, correlations with the amount of sleep (r ¼ 0.24, p ¼ 0.011),
number of awakenings (r ¼ 0.20, p ¼ 0.034), sleep quality
(r ¼ 0.28, p ¼ 0.003), and mean sleep index (r ¼ 0.26, p ¼ 0.005).
Regarding the comparison of home sleepers' evaluations with ICU
patients' sleep evaluations, participants sleeping at home self-reported
their sleep as signiﬁcantly better on all domains than oriented, nonintubated adult participants (Table 1). The percentage of time awake
was estimated the highest of all the sleep domains by home sleepers,
whereas ICU patients estimated falling asleep the highest. The variation between different sleep domains was much smaller in home
sleepers' evaluations (65e78 mm) than in ICU patients' evaluations
(44e63 mm). Patients were signiﬁcantly older (mean ¼ 59 years, SD ¼
14.1, range ¼ 25e87 years) than the home sleepers (mean ¼ 48 years,
SD ¼ 15.4, range ¼ 18e80 years) (p < 0.001). There was a signiﬁcantly
greater proportion of men in the patient group (63% vs. 39%, p < 0.001),
as generally occurring in the ICU population.42
The home sleepers felt signiﬁcantly more refreshed on a day off
(mean ¼ 70 vs. 59, p < 0.001) and if they woke up spontaneously
(mean ¼ 72 vs. 58, p < 0.001). Participants feeling refreshed as they
woke up (the additional item) correlated signiﬁcantly with all the
sleep domains of the RCSQ (Table 3).
The internal consistency of the RCSQ measured using Cronbach's
alpha was very good both in patients' (0.92) and in home sleepers' (0.87)
group. The Cronbach's alpha for both data sets combined was 0.89.
5. Discussion
The ﬁrst aim of this study was to contribute to the evidence of
the construct validity of the RCSQ, speciﬁcally by group

differentiation, by comparing the sleep evaluations of adults
sleeping at home with ICU patients' evaluations. The validity of the
data was dependent on the honesty and reﬂection/perceptions of
the individual and was therefore limited by these factors as is the
case with the RCSQ used elsewhere. However, as expected, persons
sleeping at home reported much better sleep than ICU patients,
which indicates good discriminative property of the RCSQ. In
addition, the wider range between different sleep domains in ICU
patients' evaluations compared with home sleepers' evaluations
supports the discriminative properties of the RCSQ. The RCSQ has
not been reported to have been used in a general population before,
only in people outside the hospital with extraordinary circumstances; lactating mothers (n ¼ 98) in the ﬁrst 6 weeks postpartum,34 and relatives caring for dying patients at home.38 Thus,
these current results add to the research evidence on the RCSQ's
broad application. Hill et al.34 did not report the actual RCSQ results
of the lactating mother's sleep quality, hence limiting comparisons.
The sleep of the relatives (n ¼ 75) caring for dying patients at home
was poorer than the home sleepers' sleep in this study in all domains, which also indicates good discriminative property of the
RCSQ. The relatives rated sleep depth the poorest of the ﬁve domains (mean ¼ 58 mm, SD ¼ 27.9 mm), as did the ICU patients in
our study, and female relatives experienced signiﬁcantly poorer
sleep quality than male relatives.38
The speciﬁc sleeping concern for ICU patients is known to be
light and fractional sleep when measured via PSG, the gold standard of sleep evaluation.18,43 Our results using the RCSQ support
this ﬁnding and that of other previous studies,9,26,27 wherein ICU
patients feel they can fall asleep somewhat easily; however, their
sleep is light and awakenings are frequent.

Table 3
Correlations of different sleep domains of the RCSQ with the item feeling refreshed
at awakening in home sleepers' estimations (n ¼ 114).
RCSQ sleep domain

Refreshed feeling
Spearman correlation

P

Sleep depth
Fall asleep
Sleep amount
Fall asleep again
Sleep quality
Sleep index

0.70
0.60
0.61
0.51
0.72
0.70

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

RCSQ, Richards-Campbell Sleep Questionnaire.
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Our second aim was to explore the concurrent validity of the
RCSQ by measuring how refreshing the sleep of the home sleepers
had been. Strong correlation of the additional item of feeling
refreshed on awakening and the sleep quality measured using the
RCSQ provides a new way to examine concurrent validity that is
more readily achievable than using PSG. Richards et al.7 demonstrated in their original RCSQ development study good correlation
between the RCSQ items and PSG. The item “feeling refreshed on
awakening” is commonly used in evaluation of sleep difﬁculties in
healthy people.32 Additional research is needed to analyse if it would
translate to ICU patients as they are known to experience fatigue
during ICU care,44 which may affect their ability to evaluate their
feeling of being refreshed by the previous night's sleep. Alternatively, as the single item “sleep quality” correlated highest with the
item “ feeling refreshed on awakening” , it may be worth studying if
it would qualify as a single item to reﬂect sleep quality of ICU
patients.A limitation of this study conducted in Finland is that the
sample size was relatively small. However, an attempt was made to
capture the natural variation in sleep patterns by asking for a week
of reﬂections on each night's sleep for the home sleepers. By coincidence, the sample number of home sleepers was exactly the same
as the previous sample of ICU patients. However, the samples
differed by age and gender, which was taken into account in analyses. In addition, the questionnaires of seven nights from each
participant sleeping at home were noted and taken into account
during data analysis. Another limitation concerns the lack of
objective sleep measures in this study. The use of polysomnography
(PSG) would have further validated the results. However, PSG is
burdensome, and its use in ICU patients has acknowledged challenges regarding technical issues and scoring reliability, among
others.45 Thus, it was not an option in this study. Nonetheless, this
should be considered for future research.
The third limitation relates to background data collection. Data
on potential confounding factors, such as the presence of chronic
illnesses, use of medications known to affect sleep quality, or shift
work scheduling, could have been collected to further compare the
two groups. Various extrinsic and intrinsic factors affect sleep both
at home and in the ICU. However, the purpose of this study was not
to compare sleep at home and in an ICU but to explore the validity
of the RCSQ, and the sample size of more than 100 in each group
was representative of this purpose. A future study could examine
the factors inﬂuencing sleep deprivation as this was beyond the
scope of the present study.
In previous research, mean scores of sleep quality at home have
been reported to be 7.00,46 7.03,47 7.06,48 and 6.8149 on a Sleep in
the ICU Questionnaire 46 scale of 1 to 10 when the respondents
rated their sleep at home retrospectively during the ICU stay.
Derived from that, a cut-off point of 70 has been used to determine
good and poor sleep.22 However, in our study, home sleepers' mean
sleep quality (73) and sleep index (76) were higher when measured
using the RCSQ. Hence, further research is needed to establish the
cut-off point for good and poor sleep.
The RCSQ seems to perform well with healthy home sleepers;
hence, its performance in patients requiring home care or sleeping
in hospital wards should also be investigated. Furthermore, evidence of the RCSQ's sensitivity to measure the impact of sleep
promotion interventions would strengthen its value as an ICU patients' sleep evaluation tool.
6. Conclusion
The RCSQ accurately measures quality of sleep in alert people
both in the ICU and at home. This is the ﬁrst study that has positively evaluated its construct validity by way of known-group
technique using home sleepers and ICU patients and concurrent
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validity using the single-item score of feeling refreshed, thus adding to the validity discussion around the RCSQ. The measure, feeling
refreshed, showed strong correlation with the RCSQ, thus adding a
further dimension to sleep research. The RCSQ can be used for sleep
evaluation in ICUs to promote wellbeing and recovery.
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