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Sleep quality and daytime sleepiness are salient and clinical-
ly relevant dimensions of sleep-wake function. Poor sleep 

quality and insomnia symptoms have been associated with 
worse health, increased health care costs and utilization, absen-
teeism from work, and increased risk for psychiatric disorders, 
including depression.1 Daytime sleepiness has been associated 
with increased risk of motor vehicle accidents, worse physical 
health, and increased mortality risk.2 Although sleep and sleepi-
ness can be measured by objective means such as polysomnog-
raphy (PSG) and the multiple sleep latency test (MSLT), these 
methods are often impractical as clinical screening or research 
tools. Self-report questionnaires are most commonly used to 
assess sleep quality and daytime sleepiness. Many different in-
struments have been developed to measure sleep quality, insom-

nia, and daytime sleepiness (for review, see3), but 2 of the most 
widely-used are the Pittsburgh Sleep Quality Index (PSQI)4 and 
the Epworth Sleepiness Scale (ESS).5,6 A search of the ISI Web 
of Knowledge Citation Index in January 2008 identified over 
900 publications citing the PSQI, and over 1500 citing the ESS. 
Despite their widespread use, however, relatively little attention 
has been paid to how the PSQI and ESS relate to each other, or 
to other clinical and sleep measures.

The PSQI is a 19-item self-rated questionnaire for evaluating 
subjective sleep quality over the previous month. The 19 ques-
tions are combined into 7 clinically-derived component scores, 
each weighted equally from 0-3. The 7 component scores are 
added to obtain a global score ranging from 0-21, with higher 
scores indicating worse sleep quality. The clinical and psycho-
metric properties of the PSQI have been formally evaluated by 
several research groups.4,7-9 The PSQI has a sensitivity of 89.6% 
and specificity of 86.5% for identifying cases with sleep disor-
der, using a cut-off score of 5. Validity is further supported by 
similar differences between groups using PSQI or polysomno-
graphic sleep measures. The PSQI has been translated into 48 
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dwelling adults (mean age 59.5 years, 47.1% women, 41.2% African 
Americans) as part of a study investigating novel cardiovascular risk 
factors. Correlations, cluster analysis, principal components analysis, 
MANOVA, ANOVA, and regressions were used to characterize the re-
lationships between the PSQI, ESS, and other study variables
Results: Mean PSQI score was 6.3 (3.4), and mean ESS score was 
8.2 (3.9). PSQI and ESS correlated weakly with each other (r = 0.16, 
p = 0.03), but segregated from each other on principal components 
analysis. Groups of participants categorized by either cluster analy-
sis of PSQI and ESS scores, or by scores above or below traditional 
cut-off values, differed from each other on psychological/stress symp-

toms and quantitative and qualitative sleep diary measures, but not on 
actigraphic or polysomnographic measures. Specifically, higher PSQI 
scores were associated with female sex, greater psychological dis-
tress, and greater sleep disturbance on sleep diaries.
Conclusions: The PSQI and ESS measure orthogonal dimensions of 
sleep-wake symptoms, but neither is related to objective sleep mea-
sures. The PSQI is more closely related to psychological symptom rat-
ings and sleep diary measures than the ESS. These instruments are 
not likely to be useful as screening measures for polysomnographic 
sleep abnormalities.
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languages and has been used in a wide range of population-
based and clinical studies.

The ESS consists of 8 self-rated items, each scored from 0-3, 
that measure a subject’s habitual “likelihood of dozing or fall-
ing asleep” in common situations of daily living. No specific 
time frame is specified. The ESS score represents the sum of 
individual items, and ranges from 0-24. Values >10 are con-
sidered to indicate significant sleepiness. The ESS is sensitive 
to change in clinical status, as evidenced by improvements fol-
lowing treatment of sleep apnea with continuous positive air-
way pressure (CPAP).10 Psychometric analyses of the ESS sup-
port its internal consistency and unidimensionality, although 
factor analyses have indicated some variation in the number 
of identifiable factors.11-13 The ESS has been translated into 52 
languages and has also been used in a wide range of population-
based and clinical studies.

Despite their widespread use, we found few published studies 
that systematically examined whether the PSQI and ESS mea-
sure orthogonal dimensions of sleep-wake function. No signifi-
cant correlation was found between PSQI and ESS in a small 
study of patients with sporadic adult-onset ataxia,14 a study of 
patients with Parkinson disease and healthy controls,15 a study 
of insomnia and control subjects,16 or a study of hypersomno-
lence in truck drivers.17 We found no other data on how scores 
for each scale relate to each other; how, in aggregate, they re-
late to other important clinical measures; or whether distinctive 
subgroups can be identified by the combination of PSQI and 
ESS scores. For example, it would be reasonable to hypothesize 
that low scores on both instruments would be associated with 
the most “normal” clinical features, that high scores on both 
would be associated with the most “abnormal” clinical features, 
and that high scores on one instrument (but not the other) would 
be associated with different types of clinical features.

The current analyses address these issues in a sex and race-
balanced community sample of middle-aged men and women. 
Specifically, goals for the present paper were: (1) To character-
ize the distributions of PSQI and ESS scores, and their relation-
ship to each other; and (2) To determine whether subgroups of 
participants characterized by PSQI and ESS scores differed in 
terms of demographic, clinical, sleep, and other physiological 
characteristics.

METHODS

Overview

The PSQI, ESS, and other self-report and physiological data 
were collected from a community sample of mid-life men and 
women, including approximately equal numbers of Caucasians 
and African Americans. Participants were initially recruited as 
part of a larger epidemiological study, Heart Strategies Con-
centrating on Risk Evaluation (HeartSCORE), a single-site 
prospective community-based participatory research cohort 
study investigating the mechanisms accountable for population 
disparities in cardiovascular risk and attempting to decrease 
this risk via a community-based intervention. HeartSCORE 
assessed biological markers, psychological factors, and health 
behaviors relevant to cardiovascular disease and classified in-
dividuals into Framingham Risk groups, a classification which 

is based on smoking, cholesterol, blood pressure, age group, 
and sex.18 The current sleep study protocol (SleepSCORE) was 
an independently funded study that recruited participants and 
used data from the parent HeartSCORE study. SleepSCORE in-
cluded 10 days of sleep diary and actigraphy data; retrospective 
clinical questionnaires regarding sleep-wake, psychological, 
psychosocial, and stress-related experiences and symptoms; 
two 24-hour period of ambulatory blood pressure monitoring 
and urine collection for catecholamines; and 2 nights of home 
PSG. Both HeartSCORE and SleepSCORE studies were ap-
proved by the University of Pittsburgh Biomedical Institutional 
Review Board, and all participants provided written informed 
consent.

Participants

Participants for the current study were recruited from the 
larger HeartSCORE sample, as described above. Eligibility cri-
teria for HeartSCORE included age 45 to 75 years, residence in 
the greater Pittsburgh metropolitan area, and absence of comor-
bid conditions expected to limit life expectancy to < 5 years. 
Exclusion criteria for the sleep study included pregnancy; use 
of continuous positive airway pressure treatment for sleep dis-
ordered breathing; medication for sleep problems on a regular 
basis; night work; medication for diabetes; and prior diagnosis 
of stroke, myocardial infarction, or interventional cardiology 
procedures. For these analyses we included the first 187 partici-
pants out of a targeted enrollment of 225. By design, we recruit-
ed approximately equal numbers of men and women, Cauca-
sians and African Americans, and those with high/moderate vs. 
low Framingham Risk equation scores from the parent study. 
Participants were compensated $200 for study completion.

Measures

The PSQI and ESS, described above, constituted the major 
outcome variables for this study. We examined potential clinical 
and physiological correlates of PSQI and ESS scores grouped 
into 8 domains, designed to ensure a multimodal assessment of 
sleep-wake function, as well as a broad range of psychological 
and physiological characteristics relevant to cardiovascular risk 
and sleep:

Demographic and clinical variables included age, sex, race, 
and body mass index (BMI). Coronary heart disease (Framing-
ham) risk categories were defined on the basis of participant 
age, cholesterol, blood pressure, and diabetes and smoking sta-
tus.18

Self-report measures were collected to characterize par-
ticipants’ sleep, psychological symptoms, and stress. Specific 
constructs and measures were selected on the basis of previ-
ous research suggesting their role as potential risk factors for 
cardiovascular disease; examination of these risk factors was 
one of the major aims of SleepSCORE. Self-report measures 
included the Ford Insomnia Response to Stress Test (FIRST),19 
a dispositional questionnaire assessing the tendency to sleep 
poorly at times of stress; the Perceived Stress Scale (PSS),20 
a measure of perceived stress in the last month; the Ongoing 
Stress Scale,21 a measure of the number of ongoing stressors 
that lasted longer than 12 months and were rated as very stress-
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ful; the Center for Epidemiological Studies Depression (CESD) 
scale,22 which was scored without the sleep item to prevent 
spurious associations; the Spielberger Trait Anxiety Inventory 
(STAI)23; the Spielberger Trait Anger Scale23; the Life Orienta-
tion Test (LOT), a measure of optimism24; 27 items from the 
Cook-Medley Hostility Inventory,25 which measure cynical at-
titudes, angry affect, and aggressive responding and have been 
associated with cardiovascular risk; and the Unfair Treatment 
Scale,26 which measures exposure to a range of unpleasant, rude 
circumstances in the past several weeks.

The Pittsburgh Sleep Diary27 was also collected for 10 con-
secutive days and nights as a prospective, ecologically valid 
measure of sleep self-report. Two domains of sleep diary vari-
ables were considered in these analyses: quantitative sleep pa-
rameters (sleep latency, total sleep time, wake after sleep onset 
[WASO], sleep efficiency) and qualitative variables (sleep qual-
ity, feeling rested, and overall feeling in the morning).

Wrist actigraphy was used to provide an objective longitudi-
nal assessment of rest-activity patterns, from which sleep-wake 
patterns can be inferred. Actigraphy data were collected in one-
minute epochs using Actiwatch 64 devices (Respironics, Inc.) 
for 10 consecutive days. Sleep-wake times from participants’ 
sleep diaries were entered to calculate summary actigraphy 
variables using validated MiniMitter software algorithms. We 
chose 2 specific variables, total sleep time and fragmentation 
index, to represent sleep amount and sleep continuity in these 
analyses.

Home PSG was collected with Compumedics Siesta moni-
tors for 2 consecutive nights, concurrent with actigraphy and 
sleep diary. The PSG montage included bilateral central and 
occipital electroencephalogram (EEG) channels, bilateral 
electrooculograms (EOG), bipolar submentalis electromyo-
grams (EMG), and one channel of electrocardiogram (EKG). 
Additional channels for sleep disordered breathing were re-
corded on the first night, including nasal pressure, oral-nasal 
thermistors, inductance plethysmography, and fingertip oxim-
etry. Periodic limb movements were assessed using bilateral 
anterior tibialis EMG. PSG technologists scored sleep records 
in 20-second epochs using standard sleep stage scoring crite-
ria28 and American Academy of Sleep Medicine29 definitions 
for apnea and hypopnea events. PSG outcomes included sub-
domains of sleep continuity (total sleep time, sleep latency, 
WASO, number of awakenings, sleep efficiency), sleep archi-
tecture (percentages of stage 1, stage 2, stage 3+4, and REM), 
and sleep disorders (apnea-hypopnea index, desaturation in-
dex, periodic limb movement arousal index). In order to be 
considered usable, each PSG had to include ≥ 4 hours of con-
current data for sleep staging (EEG, EOG, EMG) and sleep 
disordered breathing (oximetry plus one additional channel). 
If a study did not meet these criteria, a repeat night was sched-
uled. Based on these criteria, usable PSG data were ultimately 
obtained in 98.9% of study participants.

Statistical Analysis

The aims of our analyses, and therefore our statistical meth-
ods, were primarily descriptive and exploratory in nature. For 
Aim 1, descriptive statistics were used to characterize PSQI and 
ESS scores in the sample, and Pearson correlation coefficient 

was used to examine the relationship between these scores. 
We conducted an exploratory factor analysis using the seven 
component scores of the PSQI and the 8 items of the ESS to 
determine whether the two instruments measure orthogonal di-
mensions. Specifically, we conducted a principal components 
analysis with Varimax rotation, and examined components with 
eigenvalues greater than 1.0. Variables with factor loadings 
>0.40 were considered to load on a particular factor

For Aim 2, we used 2 methods to characterize subgroups 
within the overall sample on the basis of their conjoint PSQI-
ESS scores. First, we conducted an exploratory cluster analysis 
using PSQI and ESS scores to empirically identify 4 subject 
groups, using K-means cluster analysis. This analysis makes 
no a priori assumptions about specific PSQI or ESS scores that 
define subgroups. Second, we used the published cut-off scores 
for each instrument (> 5 on the PSQI, > 10 on the ESS) to define 
4 subgroups that had elevated scores on each, normal scores 

Figure 1—Frequency distributions of the PSQI (A) and ESS (B).
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RESULTS

The sample of 187 subjects had a mean age of 59.5 (SD 
7.2) and included 88 (47.1%) women and 77 (41.2%) African 
Americans. Mean PSQI score for the sample was 6.3 (SD 3.4, 
median 6), and mean ESS score was 8.2 (SD 3.9, median 8). 
Frequency histograms for the PSQI and ESS (Figure 1) show 
approximately normal distributions for each, with slight right 
skewness. Ninety-five subjects (50.8%) had PSQI scores > 5, 
indicating poor sleep quality, and 48 subjects (25.7%) had ESS 
scores > 10, indicating daytime sleepiness. A scatter plot of 
PSQI and ESS scores (Figure 2) shows a weak relationship 
between the 2 scales. The Pearson correlation coefficient was 
0.16 (p = 0.03), indicating less than 3% shared variance be-
tween the instruments. The “Daytime Dysfunction” component 
of the PSQI may measure a similar construct to the ESS, as 
suggested by a correlation coefficient of 0.34 (p < 0.001). When 
the Daytime Dysfunction component was subtracted from the 
PSQI global score, the correlation coefficient between PSQI 
and ESS was 0.10 (p = 0.16). Principal components analysis for 
the 7 component scores of the PSQI and the 8 items of the ESS 
further supported the independence of these measures. Five fac-
tors had eigenvalues greater than 1.0 and accounted for 61% of 
the cumulative variance. There was no overlap of PSQI compo-
nents and ESS questions on these components when consider-
ing values of 0.5 or greater for individual items (Table 1).

K-means cluster analysis of PSQI and ESS scores converged 
on a 4-cluster solution. The 4 groups of subjects could broadly 
be characterized by high/low PSQI and ESS scores (Figure 2; 
Table 2). Thus, Cluster 1 (n = 73) was characterized by low 
PSQI and ESS scores; Cluster 2 (n = 37) had low PSQI and 
high ESS scores; Cluster 3 (n = 54) had high PSQI and low ESS 
scores; and Cluster 4 (n = 23) had high PSQI and ESS scores. 
ANOVAs indicated significant differences between clusters for 
both PSQI and ESS scores, and post hoc tests showed each clus-
ter to be significantly different from each other cluster on both 
the PSQI and ESS. Analyses based on the 4 empirically defined 
groups from cluster analysis showed no significant differences 

on each, or one elevated and one normal score. This analysis 
provides a clinical frame of reference for understanding po-
tential subgroups. For both methods, we contrasted the resul-
tant groups on clinical and sleep domains identified above. We 
examined the PSQI and ESS groups according to sex, gender, 
and Framingham risk score using chi-square tests. Groups were 
then compared using multivariate analysis of variance for each 
domain after controlling for sex, race, and Framingham risk 
groups. When the MANOVA result was significant, we con-
ducted individual ANOVAs on each individual measure within 
the domain, again controlling for sex, race, and Framingham 
risk. Significant ANOVA results were followed by post hoc 
contrasts using Tukey’s b test to determine which groups were 
different from each other. As discussed below, results using 
the cluster analysis-defined groups and clinical cut-off-defined 
groups were quite similar. Therefore, we present results of the 
cluster analysis-defined groups in greater detail, since they were 
defined empirically based on data in this participant sample.

As a final analysis to address Aim 2, we also conducted regres-
sion analyses using the PSQI, ESS, and their cross-product as in-
dependent variables, and each of the individual clinical and labo-
ratory measures as dependent variables. This analysis permits a 
direct examination of whether the PSQI, ESS, or some nonlinear 
combination of the 2 are related to the dependent variables.

We addressed the issue of multiple comparisons by conduct-
ing omnibus multivariate tests (MANOVA) followed by uni-
variate tests (ANOVAs). MANOVAS were conducted for 7 of 
the outcome domains: Self-report measures, quantitative sleep 
diaryparameters, qualitative sleep diaryvariables, wrist actigra-
phy, and PSG measures of sleep continuity, sleep architecture, 
and sleep disorders (apnea, PLMs). To further correct for mul-
tiple comparisons, the α level for the 7 MANOVAs was set at 
0.05/7 = 0.007. Given the exploratory nature of the follow-up 
ANOVAs, we simply report the unadjusted p values. Because 
the regression analyses were conducted on each of the 40 de-
pendent measures rather than multivariate measures, we adopt-
ed a more conservative α value of 0.01.

DJ Buysse, ML Hall, PJ Strollo et al
Table 1—Principal Components Analysis of Psqi Components and Ess Items1

Component / Item			   Component Number
	 1	 2	 3	 4	 5
PSQI Sleep Duration	 —	 —	 0.811	 —	 —
PSQI Sleep Disturbances	 —	 0.732	 —	 —	 —
PSQI Sleep Latency	 —	 0.678	 —	 —	 —
PSQI Daytime Dysfunction	 —	 0.522	 —	 —	 —
PSQI Habitual Sleep Efficiency	 —	 —	 0.795	 —	 —
PSQI Sleep Quality	 —	 0.608	 —	 —	 —
PSQI Medications to Sleep	 —	 —	 —	 —	 0.905
ESS Item 1 (Sitting reading)	 —	 —	 —	 0.693	 —
ESS Item 2 (Watching TV)	 —	 —	 —	 0.849	 —
ESS Item 3 (Inactive in public)	 0.612	 —	 —	 —	 —
ESS Item 4 (Car passenger)	 0.680	 —	 —	 —	 —
ESS Item 5 (Lying down)	 0.636	 —	 —	 —	 —
ESS Item 6 (Sitting talking)	 0.677	 —	 —	 —	 —
ESS Item 7 (Sitting quietly)	 0.539	 —	 —	 —	 —
ESS Item 8 (Car in traffic)	 0.714	 —	 —	 —	 —

1Values shown are weightings on five rotated components (factors) from principal components analysis with eigenvalues >1.0. Only compo-
nent weightings >0.5 are shown.
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(35.8%) had PSQI score > 5 but ESS score ≤ 10; and 28 sub-
jects (15.0%) had both PSQI > 5 and ESS > 10. Analyses using 
clinical cut-off scores were very similar to those using cluster 
analysis. Considering the 4 cut-off defined PSQI/ESS groups 
together, we again observed a significant effect for sex (χ2 = 
14.08 p = 0.003), but not for race or Framingham risk groups. In 
particular, chi-square analyses indicated a significant sex effect 
for PSQI (higher proportion of women in high PSQI groups; χ2 
= 7.42, p = 0.006), but not for ESS. We also examined differ-
ences among PSQI/ESS groups, as defined by traditional cut-off 
scores, on clinical and physiological domains, and again found 
very similar results to those using empirically defined clusters. 
Significant differences among groups were found for self-report 
psychological symptom measures (Ford Insomnia Response to 
Stress Test, Perceived Stress Scale, Spielberger Anxiety Scale, 
Pessimism Scale of the Life Optimism Test), and for both quan-
titative and qualitative sleep diary measures, but not for actig-
raphy or PSG domains of sleep disorders (apnea, periodic limb 
movements), sleep continuity, or sleep architecture.

Finally, we performed regression analyses to examine re-
lationships between PSQI, ESS, and their interaction on the 
dependent measures of this study. These analyses make use of 
PSQI and ESS scores as continuous variables, rather than as 
categorical ones. The results of these analyses were once again 
quite similar to those using the clinical PSQI/ESS groups. PSQI 
scores were significantly related (p < 0.004) to all self-report 
symptom measures except ongoing stress, depression, and un-

in age or body mass index. Chi-square analysis for sex distri-
bution indicated a significant difference between groups (χ2 = 
17.5, p = 0.001), with women overrepresented in the clusters 
with high PSQI scores. There was no significant difference in 
race among the 4 clusters (χ2 = 6.4, p = 0.10), or in the distribu-
tion of Framingham risk categories (χ2 = 4.0, p = 0.27).

MANOVAs for other clinical and sleep outcomes, using 
groups defined by cluster analysis and controlling for gender, 
race, and Framingham risk group, are presented in Table 2. 
Only those domains that showed significant differences among 
groups are shown. The 4 groups differed significantly from 
each other on self-report clinical measures, quantitative sleep 
diary measures, and qualitative sleep diary measures. In partic-
ular, the groups differed on 5/10 clinical self-report measures, 
with the most “normal” scores being associated with the low 
PSQI/low ESS cluster. Likewise, the low PSQI/low ESS group 
had the most positive qualitative sleep ratings and the least 
disturbed quantitative sleep measures on the sleep diary. The 
4 cluster-defined groups did not significantly differ from each 
other on measures derived from actigraphy, PSG sleep continu-
ity, architecture, or apnea/PLMs. For instance, mean AHI in the 
4 groups was 13.6 ± 16.4 (Cluster 1), 16.0 ± 14.7 (Cluster 2), 
12.3 ± 14.7 (Cluster 3), and 12.7 ± 13.8 (Cluster 4).

We also divided the sample into 4 groups on the basis of com-
monly used PSQI and ESS cut-off scores. Seventy-two subjects 
(38.5%) had PSQI score ≤ 5 and ESS score ≤ 10; 20 subjects 
(10.7%) had PSQI score ≤ 5 but ESS score > 10; 67 subjects 
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Figure 2—Scatterplot of PSQI and ESS scores. Different symbol shading and sizes correspond to the number of subjects at a particular PSQI-
ESS score.
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ferences were found among PSQI/ESS subgroups in terms of 
actigraphy or PSG outcomes. We conclude that the PSQI and 
ESS, two of the most widely used self-report measures of sleep 
and sleepiness, capture orthogonal dimensions of sleep-wake 
experience, and that both of these dimensions are distinct from 
what is measured with actigraphy and PSG.

In some sense, it may seem obvious that the PSQI and the 
ESS should only weakly correlate with each other: The PSQI 
primarily assesses nighttime sleep quality, and the ESS the ten-
dency to doze in various situations during the day. However, 
one could also argue that responses to these 2 scales would be 
affected by the individual’s overall bias toward more or less 
symptom reporting. Indeed, the PSQI global score and ESS of-
ten correlate with self-report measures of depression, anxiety, 
stress, and fatigue,7,9,30,31 which supports such a hypothesis. The 
current findings and previous reports, however, suggest that in-
dividuals’ reports of sleep-related and sleepiness-related symp-
toms are distinct. For instance, the “Daytime Dysfunction” 
component of the PSQI generally has lower item-total correla-
tions than other components,4,9,30,32 and empirical examination 
of the factor structure of the PSQI identified distinct factors for 
perceived sleep quality, sleep efficiency, and daily disturbances 

fair treatment, and to all qualitative and quantitative sleep diary 
measures except total sleep time. PSQI scores were not related 
to measures from actigraphy or polysomnography. Neither ESS 
scores nor the interaction of PSQI and ESS scores were signifi-
cantly related to any of the outcomes at the p <0.01 level.

DISCUSSION

This study is the first to examine relationships between the 
PSQI and ESS in a community sample of middle-aged and older 
adults. The 2 scales were only weakly correlated with each oth-
er, and deleting the “Daytime Dysfunction” component of the 
PSQI made the correlation nonsignificant. Exploratory factor 
analysis suggested that the 2 scales are essentially orthogonal. 
Previously published cut-off scores and cluster analysis were 
used to define subgroups of individuals based on their combi-
nation of PSQI and ESS scores. These subgroups differed from 
each other in quantitative and qualitative sleep diary reports, as 
well as a number of psychological self-report measures. Most 
of these observed differences were associated with PSQI scores, 
rather than ESS scores or the combination of PSQI and ESS 
scores. Regression analyses confirmed this observation. No dif-

DJ Buysse, ML Hall, PJ Strollo et al
Table 2—Comparison of Psqi / Ess Subgroups Using Empirically-Defined Clusters

Domain / Variable	 PSQI / ESS Clusters2	 Statistical Results1

	 Cluster 1	 Cluster 2	 Cluster 3	 Cluster 4	 MANOVA, 
	 N = 73	 N = 37	 N = 54	 N = 23	 ANOVA, or χ2

PSQI and ESS
	 PSQI	 3.6 (1.3)a	 5.4 (1.6)b	 8.1 (2.0)c	 12.2 (2.3)d	 < 0.001
	 ESS	 6.8 (2.4)a	 13.0 (2.2)b	 5.5 (2.3)c	 11.5 (3.4)d	 < 0.001
Demographics
	 Age	 60.1	 60.1	 59.0	 58.2	 n.s.
	 Sex (N, Female / Male)	 23/50	 16/21	 37/17	 12/11	 χ2 = 0.001
	 Race (N, African American / White)	 26/47	 12/25	 25/29	 14/9	 n.s.
	 Body Mass Index	 29.7	 28.3	 29.2	 31.2	 n.s.
Self-report					     MANOVA < 0.001
	 Ford Insomnia Response to Stress Test	 16.4 (5.4)a	 20.1 (7.0)b	 20.5 (5.9)b	 22.6 (5.6)b	 < 0.0001
	 Perceived Stress Scale	 3.2 (2.1)a	 3.9 (2.5)a	 4.0 (2.8)a	 5.3 (2.4)b	 0.007
	 Ongoing Stress Scale	 0.33 (.82)	 0.46 (.90)	 0.44 (.92)	 0.43 (.90)	 n.s
	 Center for Epidemiologic Studies
	   Depression (less sleep item) 3	 9.3 (9.2)	 9.6 (10.0)	 9.2 (9.3)	 12.6 (9.5)	 n.s
	 Spielberger Anxiety 3	 4.6 (4.2)a	 6.4 (5.0)a,b	 6.7 (6.0)a,b	 8.6 (4.7)b	 0.008
	 Spielberger Anger 3	 4.8 (3.6)	 5.7 (4.2)	 5.5 (4.7)	 6.4 (2.7)	 n.s.
	 Life Optimism Test	 17.9 (3.4)	 18.0 (3.9)	 15.7 (4.7)	 15.9 (4.2)	 0.008
	 Cook-Medley Hostility Inventory Total	 7.8 (4.4)a	 7.8 (4.3)a	 9.3 (4.2)a,b	 10.3 (3.6)b	 0.014
	 Unfair Treatment Scale	 7.3 (4.1)	 7.5 (4.7)	 7.2 (4.3)	 9.9 (6.1)	 n.s.
Sleep Diary Quantitative					     MANOVA < 0.001
	 Latency (min) 3	 15.0 (9.3)a	 13.7 (8.5)a	 26.4 (17.2)b	 30.0 (20.1)b	 < 0.0001
	 Total Sleep Time (hours)	 7.4 (0.9)	 7.2 (0.9)	 7.3 (1.0)	 7.1 (1.3)	 n.s.
	 Wake After Sleep Onset (min)	 15.9 (19.1)a	 21.7 (17.8)a,b	 20.0 (16.1)a,b	 36.9 (35.6)b	 0.004
	 Sleep Efficiency (%)	 92.7 (5.4)a	 92.1 (5.7)a,b	 89.3 (4.7)b,c	 82.7 (15.1)c	 < 0.0001
Sleep Diary Qualitative					     MANOVA < 0.001
	 Rested	 2.61 (0.52)a	 2.24 (0.49)b	 2.18 (0.40)b,c	 2.01 (0.61)c	 < 0.001
	 How Feel	 2.51 (0.50)a	 2.24 (0.55)b	 2.10 (0.53)b	 1.83 (0.49)b	 < 0.001
	 Sleep quality	 2.56 (0.46)a	 2.24 (0.50)b	 2.14 (0.43)b,c	 1.92 (0.52)c	 < 0.001

1n.s. = Not significant (p > 0.05). p values are for ANOVA unless otherwise specified. ANOVA results reported only within outcome domains 
with significant MANOVA result.
2Post hoc comparisons (Tukey’s b test) reported only for variables with significant ANOVA result. Group values followed by the same super-
script do not differ from each other.
3Statistical analysis conducted on transformed data. Values in table are shown in original units.
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The PSQI was more strongly related than the ESS to self-re-
port measures of psychological symptoms and stress. As noted 
above, correlations with psychological symptoms have previ-
ously been reported for both the PSQI and the ESS, but the 
strength of these associations has generally been stronger for 
the PSQI. The reason for this difference is not clear. It seems 
plausible that symptoms of impaired sleep quality, depression, 
anxiety, and stress might be linked to each other by some form of 
underlying “hyperarousal,” as hypothesized in the pathophysi-
ology of insomnia.39 For instance, we have previously shown 
significant relationships between disturbed sleep, altered sym-
pathovagal tone, and symptoms of stress in healthy adults and 
individuals with depression and insomnia.40-42 It seem less plau-
sible that hyperarousal would manifest as daytime sleepiness. 
Alternatively, the observed associations with PSQI could be 
explained by sensitivity to negative experiences, and sleepiness 
may not be experienced in the same negative way.

PSQI/ESS subgroups were related to sex, weakly related to 
race, but not related to age. The absence of age differences likely 
related to the relatively homogeneous sample recruited. Sex dif-
ferences have been reported inconsistently for both the PSQI4,7,9 
and the ESS6,43 in previous studies. The increased prevalence of 
insomnia in women compared to men is consistent with our ob-
servation of elevated PSQI scores in women, although the ac-
tual sources of this difference are unknown. Unlike a previous 
epidemiological study, we did not find that a higher proportion 
of men had elevated ESS scores,43 but substantial differences in 

(which includes the “Daytime Dysfunction” component).8 By 
contrast, previous studies of the ESS have supported its unidi-
mensional structure,5,11,12 with different items contributing in a 
hierarchical fashion.11,33-35

Participant groups based on the combination of PSQI and ESS 
scores did not differ from each other on objective measures of 
rest-activity patterns, measured by actigraphy, or sleep, measured 
by polysomnography. This is consistent with previous studies, 
which have shown weak or inconsistent associations between the 
PSQI or ESS and objective measures. For instance, mean values 
for habitual sleep patterns derived from the PSQI typically differ 
from those measured by PSG, and PSQI-PSG correlations are 
weak.4,7,32,36 In a similar way, early studies reported significant 
correlations between the ESS and the multiple sleep latency test 
(MSLT),6,33 but other studies have shown weaker correlations 
with PSG, the MSLT, or the maintenance of wakefulness test 
(MWT).31,37,38 This relative lack of association may, in part, be 
explained by the fact that the PSQI and ESS assess habitual pat-
terns of sleep and sleepiness, whereas PSG, MSLT, and MWT 
assess sleep and sleepiness on a discrete occasion. Furthermore, 
the PSQI evaluates aspects of sleep (e.g., sleep “quality”) that are 
not directly captured with PSG, and we did not obtain an objec-
tive measure of daytime sleepiness that might directly relate to 
the ESS. It would appear, however, that using the PSQI and ESS 
with traditional cut-off scores is not an efficient mechanism for 
identifying community subjects with significant sleep apnea, pe-
riodic limb movements, or disturbed sleep continuity.

Relationships Between the PSQI, ESS, and Clinical/Polysomnographic Measures

Figure 3—Historgram of Psqi-Ess Scores by Empirically Defined Clusters. Scatterplot of PSQI and ESS scores showing the distribution of 
subjects identified with K-means cluster analysis. Different symbols correspond to the four clusters.
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study samples, selection criteria, and procedures may account 
for this.

To our knowledge, only one other study has evaluated sex 
and race differences in PSQI and ESS scores.44 In general, this 
study found small effect sizes associated with sex, and mod-
erate effect sizes associated with race for both the PSQI and 
ESS; we found sex and race differences associated only with 
the PSQI. However, the sample reported by Knutson and col-
leagues was much larger (n = 610) than our own, which may 
account for our failure to find ESS differences. African Ameri-
cans in our sample also reported higher overall levels of stress 
and psychological symptoms and had lower incomes,45 all fac-
tors that have previously been associated with subjective sleep 
complaints and insomnia.1,46 This may help to explain the PSQI 
finding in our study and the Knutson study, but does not explain 
the discrepancy in findings with regard to ESS.

Strengths of the current study include a relatively large com-
munity sample with equal sex and race distributions, and the use 
of multiple self-report and objective outcomes. The mean PSQI 
and ESS scores in our sample were similar to values reported 
in another recent racially-diverse community sample (PSQI = 
5.8 and ESS = 7.3).44 In addition, we found a convergent pat-
tern of results using multiple methods to analyze PSQI and 
ESS relationships with each other, and with other clinical and 
sleep measures. Nevertheless, our findings should be viewed 
as exploratory in nature. The large number of comparisons of 
statistical comparisons may have led to type I errors, although 
the use of multivariate statistics and multiple confirmatory 
approaches mitigates this concern. In addition, we excluded 
potential participants who had more serious medical and psy-
chiatric disorders, which may limit generalizability to clinical 
samples. Finally, we used home PSG rather than laboratory-
based PSG. Although we had a very high success rate and good 
quality for home PSG, it is possible that laboratory studies may 
have yielded different results. Indeed, Edinger and colleagues 
found significant differences in PSG measures when collected 
in the home and laboratory setting among a group of insomnia 
sufferers and control subjects.47

In conclusion, we found that the PSQI and ESS measure or-
thogonal symptom domains, and that subgroups based on these 
two scales are related to other self-report measures of sleep and 
distress, but not to objective measures of rest-activity or sleep. 
It does not appear that clinical groups based on the combina-
tion of these scales provide more information than the scales 
individually.
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