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Study Objectives: Examine the psychometric properties of the PSQl in two U.S. college samples.

Methods: Study | assessed convergent and divergent validity in 866 undergraduates who completed a sleep diary, PSQI, and other sleep and psychosocial
measures. Study Il assessed PSQI insomnia diagnostic accuracy in a separate sample of 147 healthy undergraduates with and without insomnia.

Results: The PSQI global score had only moderate convergent validity with sleep diary sleep efficiency (prospective global measure of sleep continuity; r =
0.53), the Insomnia Severity Index (r = 0.63), and fatigue (r = 0.44). The PSQI global score demonstrated good divergent validity with measures of excessive
daytime sleepiness (r = 0.18), circadian preference (r = -0.08), alcohol (r = 0.08) and marijuana (r = 0.05) abuse scales, and poor divergent validity with
depression (r = 0.48), anxiety (r = 0.40), and perceived stress (r = 0.33). Examination of other analogous PSQI and sleep diary components showed low to
moderate convergent validity: sleep latency (r= 0.70), wake after sleep onset (r = 0.37), sleep duration (r= 0.51), and sleep efficiency (r = -0.32). Diagnostic
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accuracy of the PSQI to detect insomnia was very high (area under the curve = 0.999). Sensitivity and specificity were maximized at a cutoff of 6.
Conclusions: The PSQI demonstrated moderate convergent validity compared to measures of insomnia and fatigue and good divergent validity with
measures of daytime sleepiness, circadian phase preference, and alcohol and marijuana use. The PSQI demonstrated considerable overlap with depression,
anxiety, and perceived stress. Therefore, caution should be used with interpretation.
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INTRODUCTION

The Pittsburgh Sleep Quality Index (PSQI)' is a self-report
questionnaire that is widely used by clinicians and researchers
to broadly assess several dimensions of sleep.! The PSQI has
been validated in numerous populations and languages®* as
well as many medical populations such as patients with insom-
nia, patients with traumatic brain injury, patients with cancer,
patients receiving bone marrow and renal transplants, nurs-
ing home residents, and pregnant women.>'' Although pre-
viously validated in young adults' and international college
populations,*!* to our knowledge no studies have specifically
examined the psychometric properties of the PSQI in a U.S.
college sample.

For many college students, the transition from high school
poses many new challenges, such as roommates/dorm life,
scheduling difficulties, active social lives, work obligations,
and a new level of independence. This transition may provide
the necessary stress for development or exacerbation of a sleep
disorder, such as insomnia, which is highly prevalent in this
population.”® The consequences of poor sleep in this population
are increasingly salient, as several recent studies have shown
poor sleep, defined broadly, is associated with poor physical
and psychological health outcomes such as mood disturbances
and decreased cognitive performance.'*"' Further, poor sleep
has been associated with worse academic performance,*
which can result in dropout or underemployment. Therefore,
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BRIEF SUMMARY

Current Knowledge/Study Rationale: The Pittsburgh Sleep
Quality Index (PSQl) is a self-report questionnaire that is widely
used by clinicians and researchers to broadly assess several
dimensions of sleep, but it has never been validated in U.S. college
students. The current study aimed to assess which aspects of sleep
and psychosocial factors the PSQI can accurately measure in U.S.
college students, examine the diagnostic accuracy of the PSQI for
Insomnia Disorder, and provide recommendations about the uses
and limitations of the PSQI in this population.

Study Impact: If the PSQl is to be used in a college population

as an insomnia screening tool, a cutoff score = 6 is recommended
in order to maintain high sensitivity of the test and maximize the
diagnostic accuracy. The PSQI may be a good screening tool, but is
not a substitute for sleep disorder diagnoses established through a
clinical interview performed by an experienced sleep clinician—and
users of the PSQI in populations with a history of psychiatric illness
should exercise caution in interpretation.

determining the validity of measures to accurately screen and
identify sleep disturbance and sleep disorders in this popula-
tion is a public health imperative.

Furthermore, the PSQI is a broad subjective measure that
purports to assess several domains of sleep, such as sleepi-
ness, sleep quality, insomnia symptoms, and sleep medication
use, but few studies?' have examined accuracy with which
the PSQI measures these specific sleep constructs. A previous
study in a middle-aged adult sample demonstrated the PSQI is
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Table 1—Sample characteristics for study | and study II.

Study | n (%) or
Characteristic mean * SD
Age 20.4 (4.1)
Sex
Male 217 (25.1%)
Female 622 (71.8%)
Race/Ethnicity
Black or African American 107 (12.4%)
White 582 (67.2%)
Asian 48 (5.5%)
Hispanic 86 (9.9%)
Other 41 (5.0%)
Sleep Diary
Sleep Latency (minutes) 21.5(21.0)
Wake after Sleep Onset (minutes) 7.1(10.4)
Total Sleep Time (hours) 748 (1.1)
Sleep Efficiency (%) 90.8 (6.1)
Insomnia Severity Index 7.2(5.1)
Epworth Sleepiness Scale 8.6 (3.7)
Multidimensional Fatigue Inventory — General Fatigue 11.7 (3.5)
Morningness-Eveningness Questionnaire 16.0 (4.4)
Quick Inventory of Depressive Symptoms 6.6 (3.9)
State-Trait Anxiety Inventory 39.4 (10.5)
Perceived Stress Scale 18.1(7.3)
Alcohol Use Disorder Identification Test 4.2 (4.7)
Marijuana Problems Scale 1.0 (2.9)
Study Il n (%) or
Characteristic mean * SD
Age 20.2 (2.6)
Sex
Male 60 (40.8%)
Female 87 (59.2%)
Race
Black or African American 17 (11.6%)
White 96 (65.3%)
Asian 5(3.4%)
Biracial or Other 29 (19.8%)
Ethnicity
Hispanic/Latino 43 (29.3%)
Not Hispanic/Latino 102 (69.4%)
Insomnia Diagnosis
Insomnia 68 (46.3%)
No Insomnia 79 (53.7%)
Pittsburgh Sleep Quality Index global score 6.34 (4.5)
Insomnia Group 10.65 (2.79)
No Insomnia Group 2.63 (1.29)

weakly correlated with a measure of sleepiness, and uncorre-
lated with objective measures of sleep.”! A study of Taiwanese
college students found higher PSQI scores in individuals re-
porting symptoms of insomnia and poor sleep quality than in
those reporting daytime sleepiness.' The current study aimed
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to assess which aspects of sleep and psychosocial factors the
PSQI can accurately measure in U.S. college students, exam-
ine the diagnostic accuracy of the PSQI for Insomnia Disorder,
and provide recommendations about the uses and limitations
of the PSQI in this population.

STUDY |

The aim of Study I was to explore the psychometric proper-
ties of the PSQI in a large undergraduate sample, particularly
examining convergent validity with one week of sleep diaries
and several well-validated self-reported measures of sleep
and daytime functioning (insomnia and fatigue). Divergent
validity was examined with several well-validated self-report
measures of sleep and psychosocial factors (sleepiness, circa-
dian preference, depression, anxiety, perceived stress, alcohol
abuse, and marijuana abuse).

Methods
Sample

A total of 1,039 undergraduate students volunteered to com-
plete study questionnaires in exchange for credit in psychology
courses. One hundred seventy-three participants were ex-
cluded for missing sleep diary or PSQI data. The final sample
size was 866 students with an average age of 20.4 years (stan-
dard deviation [SD] 4.1) and 74.1% were females (3% did not
provide gender information). Sample characteristics are pre-
sented in Table 1. The racial and ethnic diversity of the sample
was similar to the overall student population: 67.4% Non-His-
panic White, 12.4% African American/Black, 10% Hispanic,
5.6% Asian/Pacific Islander, and 4.8% Other. This study was
approved by the university institutional review board, and in-
formed consent was obtained for all participants.

Measurement

PITTSBURGH SLEEP QUALITY INDEX (PSQI): The PSQI
version used in the current study was a 19-item self-report
retrospective questionnaire of the past 7 days designed to
measure 7 domains called component scores: subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleep medications, and daytime dys-
function. Component scores range from 0 (no difficulty) to 3
(severe difficulty), and, when summed, produce a global score
ranging from O to 21. Scores > 5 indicate significant sleep
disturbance. In the original validation study, this cutoff score
successfully identified 84% of patients with sleep initiation/
maintenance disorders, 89% of patients with disorders of ex-
cessive daytime sleepiness, and 97% of patients with depres-
sion.! Good psychometric properties have been established.'
The Cronbach o for the PSQI in the current sample has previ-
ously been reported as 0.83,”> which is identical to the value
reported in the original validation study.'

SLEEP DIARY: Participants were asked to complete a sleep di-
ary each morning upon awakening for 7 days, after which the
following questionnaires were completed. The sleep diary is a
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subjective measure that asks participants to give an estimate
of their sleep on the previous night (e.g., bed time, sleep onset
latency, wake time). These variables allow for the calculation
of additional sleep metrics like sleep latency (SL), sleep effi-
ciency (SE), total sleep time (TST), and wake after sleep onset
(WASO). Overall, sleep diaries have shown to correlate mod-
erately well with both polysomnography and actigraphy, two
well-validated objective measures of sleep.”** The Consensus
Sleep Diary* was not used, because it had not been developed
at the time this data was collected, but the version of the sleep
diary used in the current study was similar in most ways to the
Consensus Sleep Diary. For a more detailed description of the
sleep diary used in the current study, please see other publica-
tions that used the same diary.'>2¢-%7

INSOMNIA SEVERITY INDEX (ISI): The ISI? is a self-report
measure designed to assess perceived severity of insomnia
over the past two weeks. The measure consists of 7 items on
a 5-point Likert scale ranging from 0 (not at all satisfied) to
4 (very much satisfied). Total scores range from 0 to 28, with
higher scores representing greater perceived insomnia severity.
In the current study, the ISI yielded a Cronbach a of 0.86.

MULTIDIMENSIONAL FATIGUE INVENTORY — GENERAL
FATIGUE SCALE (MFI): The MFI* is a self-report measure
designed to assess fatigue across several dimensions in the
past week. Total score calculation is not recommended, so the
General Fatigue subscale was used in the current study to rep-
resent overall fatigue. The General Fatigue subscale consists
of 4 items on a 5-point Likert scale ranging from 1 (yes, that
is true) to 5 (no, that is not true). Total scores range from 4 to
20, with higher scores indicating greater fatigue. In the cur-
rent study, the General Fatigue subscale of the MFI yielded a
Cronbach o of 0.76.

EPWORTH SLEEPINESS SCALE (ESS): The ESS¥ is a self-
report measure designed to assess the level of daytime sleep-
iness in recent times. The measure consists of § items on a
4-point Likert scale on which respondents rate their chance of
dozing in a given situation, from 0 (would never) to 3 (high
chance). Total scores range from 0 to 24, with higher scores
representing greater sleepiness. Scores over 10 suggest sig-
nificant daytime sleepiness, and scores over 15 suggest patho-
logical sleepiness associated with conditions like sleep-related
breathing disorders or narcolepsy. In the current study, the ESS
yielded a Cronbach a of 0.68.

MORNINGNESS-EVENINGNESS QUESTIONNAIRE (MEQ):
A shortened version of the MEQ, described elsewhere,’! was
adapted from the original 19-item MEQ?? and was used in order
to reduce participant burden. The MEQ is a self-report measure
designed to assess circadian preference, with scores ranging
from 6 to 32. Higher scores indicate higher levels of morning-
ness, and lower scores indicate higher levels of eveningness. In
the current study, the MEQ yielded a Cronbach a of 0.68.

QUICK INVENTORY OF DEPRESSIVE SYMPTOMS (QIDS):
The QIDS* is a self-report measure designed to assess
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depressive symptoms in the past week. The QIDS is a brief
version of the 30-item Inventory of Depressive Symptomatol-
ogy.** The measure consists of 16 items on a 4-point Likert
scale. Total scores range from 0 to 48, with higher scores
indicating greater endorsement of depressive symptoms. A
score > 11 indicates clinically significant depression.** In the
current study, the QIDS yielded a Cronbach a of 0.71.

STATE-TRAIT ANXIETY INVENTORY (STAI): The STAI* is
a self-report measure designed to assess general anxiety symp-
toms. The measure consists of 20 statements presented on a
4-point scale. Total scores range from 20 to 80, with higher
scores indicating greater endorsement of anxiety symptoms. A
score of > 59 indicates clinically significant anxiety.” In the
current study, the STAI yielded a Cronbach o of 0.92.

PERCEIVED STRESS SCALE (PSS): The PSS* is a self-report
measure that assesses several domains of stress including un-
predictability, lack of control, burden overload, and stressful
life circumstances in the past month. The measure consists of
14 items on a 5-point Likert scale ranging from 0 (never) to 4
(very often). Total scores range from 0 to 56, with higher scores
representing greater perceived stress. In the current study, the
PSS yielded a Cronbach o 0.88.

ALCOHOL USE DISORDERS IDENTIFICATION TEST
(AUDIT): The AUDITY is a self-report screening instrument
used to detect alcohol consumption that has become harm-
ful to health. The measure consists of 10 items (yes/no and
multiple choice) on a 5-point Likert scale ranging from 0 to
4. Total scores range from 0 to 40, with higher scores repre-
senting greater harmful alcohol use. A score of > 8 indicates
problematic alcohol use. In the current study, the STAI yielded
a Cronbach a of 0.83.

MARIJUANA PROBLEMS SCALE (MPS): The MPS* is a self-
report measure that assesses negative consequences of exces-
sive marijuana use across several domains over the past 90
days. The measure consists of 20 items on a 3-point scale rang-
ing from 0 (no problem) to 2 (serious problem). Total scores
range from 0 to 40, with higher scores representing greater
marijuana-related consequences. In the current study, the MPS
yielded a Cronbach a of 0.90.

Procedure and Analyses

Participants completed the above measures as part of a larger
epidemiological study of health in college students. Following
informed consent, participants were asked to complete a sleep
diary for 7 days. At the end of the week, they returned the sleep
diary to study personnel and then completed all other study
questionnaires, to ensure the questionnaires were assessing a
similar period to the sleep diaries.

Convergent validity (the degree of concordance between the
PSQI and another measure of sleep) was assessed by calcu-
lating correlation coefficients between the PSQI and weekly
averages from the sleep diary for SL, SE, WASO, and TST.
Convergent validity was also assessed by calculating cor-
relation coefficients between the PSQI and the ISI and MFI.
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Table 2—Caorrelations between PSQI components and convergent validity measures.

Sleep Diary ISI® MFI®
PSQI Component Mean (SD) sSoL® WASO® TST® SE®
1. Sleep Quality 1.06 (0.61) 0.24* 0.29* -0.17* -0.34* 0.56** 0.36*
2. Sleep Latency 1.05 (0.93) 0.70* 0.30** -0.07* -0.53* 0.39* 0.18*
3. Sleep Duration 0.47 (0.76) 0.02 0.08* 0.51* -0.22** 0.24* 0.17*
4. Sleep Efficiency 0.52 (0.80) 0.23* 0.21* -0.05 -0.32** 0.25" 0.18*
5. Sleep Disturbances 1.16 (0.49) 0.19** 0.37* -0.02 -0.21* 0.33** 0.22*
6. Sleep Medication 0.24 (0.71) 0.13* 0.15* 0.00 -0.15** 0.22* 0.15*
7. Daytime Dysfunction 1.15(0.76) 0.08* 0.15* -0.14** -0.17* 0.46™ 0.44*
Global Score 5.64 (2.79) 0.44** 0.37* -0.26* -0.52* 0.63** 0.44*

3|ndicates correlation coefficient was calculated using Spearman p. ®Indicates correlation coefficient was calculated using Pearson r. *p < 0.05, **p < 0.01.
PSQl, Pittsburgh Sleep Quality Index; SOL, sleep onset latency; WASO, wake time after sleep onset; TST, total sleep time (i.e., duration); SE, sleep
efficiency; IS, Insomnia Severity Index; MFI, Multidimensional Fatigue Inventory-General Fatigue.

Table 3—Correlations between PSQI components and divergent validity measures.

Self-Report Psychosocial and Sleep Questionnaires

PSQI Component ESS® MEQ® QiDps®
1. Sleep Quality 0.13* -0.08* 0.37*
2. Sleep Latency 0.00 -0.10** 0.26**
3. Sleep Duration 0.12** -0.03 0.13**
4. Sleep Efficiency 0.02 -0.05 0.18*
5. Sleep Disturbances 0.10** 0.07 0.36**
6. Sleep Medication 0.04 0.04 0.18**
7. Daytime Dysfunction 0.32** -0.13** 0.43**
Global Score 0.18* -0.08* 0.48**

STAI® PSS® AUDIT® MPS®
0.32* 0.28* 0.05 0.04
0.19™ 0.12* 0.00 0.03
0.11* 0.11* -0.00 -0.02
0.15* 0.09* 0.04 0.08
0.27* 0.26* 0.00 0.06
0.16™ 0.11* 0.11* 0.06
0.37* 0.35* 0.10* 0.01
0.40* 0.33* 0.08* 0.05

a|ndicates correlation coefficient was calculated using Spearman p. ®Indicates correlation coefficient was calculated using Pearson r. *p < 0.05, **p < 0.01.
PSQlI, Pittsburgh Sleep Quality Index; QIDS, Quick Inventory of Depressive Symptoms; STAI, State-Trait Anxiety Inventory; PSS, Perceived Stress Scale;
AUDIT, Alcohol Use Disorders Identification Test; MPS, Marijuana Problems Scale; ESS, Epworth Sleepiness Scale; MEQ, Morningness-Eveningness

Questionnaire.

Divergent validity (the degree of concordance between the
PSQI and non-sleep measures) was assessed by calculating
correlation coefficients between the PSQI and the ESS, MEQ,
QIDS, STALI PSS, AUDIT, and MPS.

We conducted a one-way ANOVA with post hoc (Tukey
HSD) to identify differences between extreme morning (n = 7),
middle (n = 389), and extreme evening (n = 88) chronotypes
on the PSQIL.%!

Results

As shown in Table 2, the PSQI global score mean was 5.64 (SD
2.79). There were no significant gender differences in PSQI
global score in this sample (mean difference = 0.31, £, = 1.40,
d=0.10). Significant correlations (ps < 0.05) were demonstrated
between the PSQI global score and sleep diary parameters/con-
vergent validity sleep questionnaires. The PSQI global score
demonstrated low to moderate correlations with all sleep diary
parameters (rs = 0.26—0.52), the ISI (» = 0.63), and the MFI
(r=0.44). The PSQI components demonstrated low to moderate
correlations with the analogous sleep diary parameters, ranging
from r = 0.32 (sleep efficiency) to » = 0.70 (sleep latency). The
PSQI components demonstrated mostly low correlations with
the ISI (rs = 0.22—0.56) and the MFTI (s = 0.15-0.36).
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See Table 3 for divergent validity calculations. The PSQI
global score correlated most with the QIDS (= 0.48) and least
with the MPS (r = 0.05). The PSQI components demonstrated
consistently low correlations with the ESS (rs = 0.00-0.32),
MEQ (rs = 0.03-0.13), QIDS (rs = 0.13-0.43), STAI
(rs = 0.11-0.37), and PSS (rs = 0.11-0.35), suggesting some
overlap between the PSQI components and non-analogous
sleep measures as well as the psychosocial factors of depres-
sion, anxiety, and perceived stress. The AUDIT (rs = 0.00—0.10)
and the MPS (s = 0.01-0.08) demonstrated little to no corre-
lation with the PSQI components or global score, suggesting
minimal overlap between the PSQI and substance abuse and
good divergent validity with these constructs.

The omnibus ANOVA comparing chronotypes on the PSQI
global score was significant, F, ,, = 3.34, p = 0.036. Post hoc
tests revealed extreme evening chronotypes (mean = 6.27)
had significantly higher scores on the PSQI than middle types
(mean = 5.44), p = 0.034, Cohen’s d = 0.30, but morning types
(mean = 6.29) did not differ significantly from middle (d =0.27)
or evening types (d < 0.01; ps > 0.05). Notably, effect sizes for
both extreme types compared to middle types were similar and
itis likely that a statistically significant difference was not found
between morning and middle types due to small cell sizes.
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Table 4—Calculation of true and false negatives and
positives.

DSM-5 Insomnia

No Yes
o | No True Negatives (TN) False Negatives (FN)
2| Yes False Positives (FP) True Positives (TP)

STUDY Il

The aim of Study II was to extend the evaluation of the psy-
chometric properties of the PSQI to a clinical sample of under-
graduates diagnosed with insomnia and undergraduate normal
sleepers in order to assess the diagnostic accuracy of the PSQI
as an insomnia screening tool.

Methods

Sample

A total of 153 healthy college students (71 with insomnia, 82
normal sleepers) volunteered to participate in the parent study
in exchange for $105. Six participants were excluded from the
current analyses for missing data on the PSQI. The final sam-
ple size for the current analyses was n = 147 (87 female) with
an average age of 20.2 years (SD = 2.6). Sample characteris-
tics are presented in Table 1. The racial and ethnic diversity
was as follows: 65.3% Non-Hispanic White, 11.6% African
American/Black, 3.4% Asian/Pacific Islander, 19.8% Biracial
or Other, and 29.3% Hispanic. This study was approved by the
university institutional review board, and informed consent
was obtained for all participants.

Measurement

PSQI: The PSQI (described above) used in Study II was a 19-
item self-rated retrospective questionnaire of the past month.
Cronbach o in Study II was 0.87.

STRUCTURED CLINICAL INTERVIEW SCHEDULE FOR
DSM-5 SLEEP DISORDERS: Participants were interviewed by
trained master’s level psychology student interviewers using
a Structured Clinical Interview Schedule to assess for current
sleep disorders as defined by the Diagnostic and Statistical
Manual, fifth edition (DSM-5).* Interviewers were supervised
by a licensed clinical psychologist board certified in both Sleep
Medicine and Behavioral Sleep Medicine (DJT). For the pur-
poses of this study, only participants who were classified as
either meeting criteria for Insomnia Disorder or not meeting
criteria for any sleep disorder (“normal sleepers”) were in-
cluded for analyses.

Procedure and Analyses

All participants completed a variety of questionnaires includ-
ing the PSQI and then underwent structured clinical interviews
for sleep disorders to ensure insomnia diagnoses, and psychiat-
ric interviews, physical examinations, and drug testing to en-
sure comorbid health problems were not potential confounds.

1125

Table 5—Sensitivity, specificity, and Youden’s index of
PSQI compared to DSM-5 insomnia disorder diagnosis.

PSQI Cutoff  Sensitivity Specificity ~ Youden’s Index (J)
24 1.00 0.73 0.73
=5 1.00 0.92 0.92
26 0.99 1.00 0.99
27 0.94 1.00 0.94

*Original validation study cutoff value.! PSQI, Pittsburgh Sleep Quality
Index.

The ability of the PSQI to differentiate between individuals
with and without insomnia was calculated using analyses of sen-
sitivity, specificity, the receiver operating characteristic (ROC)
curve, and Youden Index. These analyses were performed using
DSM-5 insomnia diagnosis as the “gold standard” against which
the PSQI was compared.** DSM-5 diagnostic criteria for Insom-
nia Disorder includes > 3 nights per week of difficulties with
sleep onset latency, wake after sleep onset, or terminal wakeful-
ness, a daytime complaint (e.g., fatigue, difficulty concentrat-
ing), significant distress, and a duration > three months.*

See Table 4 for explanation of true negatives (TN), false
negatives (FN), false positives (FP), and true positives (TP).
Sensitivity, the probability the PSQI can correctly detect in-
dividuals with insomnia, was calculated by TP / (TP + FN).
Specificity, the probability the PSQI can correctly identify in-
dividuals without insomnia, was calculated by TN / (TN + FP).
The ROC curve plots sensitivity (y axis) and 1 — specificity
(x axis) and produces the area under the curve (AUC) metric
to help assess a test’s diagnostic accuracy.* The Youden index
is a summary statistic of the ROC curve used to determine
the optimal cutoff value by optimizing the test’s differentiat-
ing ability when sensitivity and specificity are valued equally.”
Analyses were performed using SPSS 20 (IBM).

Results

Table S presents the sensitivity and specificity of the PSQI
and Youden Index scores at various cutoff points compared
to the “gold standard” of DSM-5 Insomnia Disorder diagnosis.
The AUC was 0.999, suggesting the PSQI has extremely high
sensitivity and specificity in its detection of insomnia diagno-
sis. The Youden Index score was maximized (0.99) at a cutoff
score of 6, which is slightly higher than the original validation
study cutoff of 5.!

DISCUSSION

Examination of the relationship between the PSQI and sleep
diaries/other self-report questionnaires suggests the PSQI is
only moderately related to most sleep diary components and
measures of insomnia and fatigue. Examination of the rela-
tionship between the PSQI and other sleep and psychoso-
cial factors (i.e., sleepiness, circadian preference, depression,
anxiety, perceived stress, alcohol abuse, marijuana abuse)
suggests although the PSQI has good divergent validity with
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the Morningness-Eveningness Scale, Alcohol Use Disorders
Identification Test and the Marijuana Problems Scale, it sub-
stantially overlaps in measurement with the Epworth Sleepi-
ness Scale, Quick Inventory of Depressive Symptoms, the
State-Trait Anxiety Inventory, and the Perceived Stress Scale.
The results of this study indicate PSQI component scores may
provide useful information about sleep in college students,
although caution should be used when interpreting the PSQI
global score as a measure of sleep disturbance because of
the broad, multifaceted nature of the components that make
up this score. Although the sleep diary and the PSQI purport
to measure similar dimensions of sleep, correlations between
analogous metrics on these measures indicate only low to mod-
erate concordance. Results examining sensitivity, specificity,
and diagnostic accuracy of Insomnia Disorder by the PSQI
suggest this measure performs well as an insomnia screening
tool in this population, but users are cautioned that this mea-
sure should not be used as a diagnostic tool for insomnia due
to the substantial overlap with other constructs.

The average PSQI global score for the sample in Study I was
mean = 5.64 (SD = 2.79). Compared to the original validation
study, this was higher than controls (mean = 2.67, SD = 1.70),
slightly lower than patients with disorders of excessive sleepi-
ness (mean = 6.53, SD = 2.98) and significantly lower than
patients with disorders of initiating and maintaining sleep
(mean = 10.38, SD = 4.57).! The average PSQI global score
mean in Study I was likely higher than controls and lower
than individuals reporting sleep complaints because this was
a sample that contained individuals with insomnia and other
sleep disorders as well as individuals reporting no sleep symp-
toms. The average PSQI global score in Study II for individu-
als with insomnia (mean = 10.65, SD = 2.79) and for controls
(mean =2.63, SD = 1.29) were similar to the original validation
study (see above). This suggests the PSQI performed similarly
in this population compared to the middle-aged adults exam-
ined in the original validation study.!

Although the correlations of the PSQI with analogous
sleep diary variables were significant, the magnitudes were at
best moderate.*> They were, however, somewhat higher than
those found by another study who reported similar values in
young adults (e.g., sleep disturbances » = 0.07, sleep efficiency
r = 0.01)."> This lack of strong correlation at first glance ap-
pears concerning, considering both measures purport to assess
aspects of the same construct (e.g., sleep quality). However,
the PSQI is a broad measure that assesses many dimensions
of sleep (e.g., “sleep medication”; “daytime dysfunction”) not
captured by the sleep diary. Furthermore, the PSQI uses sin-
gle-time-point retrospective estimate, which has known issues
of bias such as systematic overestimation.* Finally, previous
studies have found younger individuals’ PSQI global scores
do not correlate as highly with analogous sleep diary metrics
compared to older individuals.'

The PSQI was compared to validated measures of other the-
matically related sleep constructs in order to determine if it dem-
onstrated convergent validity. The ISI demonstrated moderate
convergent validity with the PSQI global score (» = 0.63) and
Subjective Sleep Quality component (» = 0.56), and low conver-
gent validity (rs = 0.22—0.46) with the other PSQI components.
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Therefore, if one was interested in specifically assessing insom-
nia, it would be wiser to choose the smaller 7-item ISI over the
19-item PSQI. Similarly, the MFI demonstrated low convergent
validity with the PSQI global score (r = 0.44), Sleep Quality
(r = 0.36), and Daytime Dysfunction (» = 0.44) components.
This would suggest the PSQI was not very sensitive to com-
plaints of fatigue. Thus, one would be better served using fa-
tigue specific instruments to assess this domain.

The ESS demonstrated low correlations with the PSQI com-
ponents, the highest being the Daytime Dysfunction compo-
nent (» = 0.32). It appears the PSQI is slightly less sensitive
to conditions that produce excess daytime sleepiness, such as
narcolepsy and sleep-related breathing disorders, compared to
insomnia or fatigue. This is unsurprising, given that sleepi-
ness and fatigue are distinct constructs and a large degree of
overlap would not be expected.*® For instance, previous studies
have shown that insomnia, which is arguably primarily what
the PSQI is measuring, is highly correlated with daytime fa-
tigue but not with excessive daytime sleepiness.**

Unsurprisingly, the global PSQI had very low correla-
tions with the MEQ, suggesting the PSQI does not pick up on
non-pathological circadian rhythm differences. Contrasting
extreme chronotypes with middle chronotypes revealed mod-
erate differences in subjective sleep quality. Specifically, this
relationship appears to be U-shaped, with middle chronotypes
reporting the best subjective sleep quality and extreme types
reporting worse approximately equivalent sleep quality. How-
ever, the morning-type results should be interpreted cautiously
as, consistent with previous literature, the prevalence of ex-
treme morning types was extremely small in this population.

The PSQI had significant overlap with the QIDS, STAI, and
PSS, suggesting that it is sensitive to depression, anxiety, and
perceived stress. This is unsurprising given previous findings
of high correlations between the PSQI and psychological symp-
toms.?! The QIDS has several questions that assess sleep, but
even after these items were removed, correlations remained
moderate. It is likely that an underlying factor (e.g., hyper-
arousal) produces endorsement of both sleep and psychosocial
complaints, as these factors are known to frequently present
in comorbid fashion and interact with one another.* Use of
the PSQI as a screening tool should come with the awareness
that this relationship exists, and that high endorsement on the
PSQI may reflect high psychological distress. Conversely, the
PSQI demonstrated low correlations with the AUDIT and the
MPS, suggesting substance abuse is not highly related to sleep
complaints as measured by the PSQI in this population. This
may be due in part to the relative ubiquitous use of alcohol and
marijuana in this population as compared to other groups.*¢

The results of Study II demonstrated the PSQI very accurately
identified individuals with and without insomnia. The PSQI per-
formed substantially better at identifying DSM-5 diagnosed in-
somnia in this U.S. college population than it did in a previous
study attempting to identify DSM-IV diagnosed insomnia in a
sample of Nigerian college students.”® This may be because the
current study performed extensive assessment procedures (e.g.,
self-report measures, clinical interviews, history and physicals,
lab assessments) to select otherwise healthy people (e.g., no other
underlying sleep, psychiatric, or medical disorders) with and
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without insomnia, whereas the other study did not rule out co-
morbidities. If Study II had not used such rigorous assessments
and had not excluded people with symptoms of underlying sleep
disorders (e.g., apnea, circadian rhythm sleep disorders, sleep
deprivation), sleep medication usage, or subclinical insomnia,
the PSQI likely would not have performed as well.

The results of Study II indicate the optimal sensitivity and
specificity for insomnia detection was at a cutoff score of 6.
This cutoff could be adjusted depending on the intended use of
the PSQI, as sensitivity and specificity are still very high at sur-
rounding cutoff scores. For example, those secking to screen
for any individuals with potential insomnia complaints may
choose the original validation study cutoff of 5 to maximize
sensitivity and sacrifice a small amount of specificity.

The PSQI has both strengths and limitations in college stu-
dents. The PSQI appears to be best able to detect insomnia
symptoms and fatigue complaints. The PSQI serves as an ac-
curate diagnostic screening tool for insomnia in this popula-
tion (healthy college students with no comorbidities). However,
the PSQI should not be used alone to diagnose insomnia—a
comprehensive sleep evaluation including clinical interview is
optimal to successfully assign sleep disorder diagnoses. Previ-
ous studies*’*® have demonstrated PSQI scores are more biased
in psychiatric populations compared to non-psychiatric popula-
tions, and urge cautious interpretation when using the PSQI in
individuals with a history of mental illness. Further, the PSQI
is less sensitive to daytime sleepiness complaints and circadian
preference, which can significantly impact assessment and
treatment of insomnia and other potentially comorbid sleep dis-
orders. Finally, the PSQI detects depression, anxiety, and per-
ceived stress, and should therefore be used in conjunction with
measures of these constructs as part of a holistic assessment.

The results of this study are limited by several factors. The
version of the PSQI used in this study asked about the previous
7 days, whereas the originally published PSQI asked about the
previous month.! This time period was chosen to mirror the
time period for sleep diary data collection and to mimic the
short assessment periods commonly found in physicians’ and
other general practice. Although this limitation does impact the
interpretation of results because longer periods of assessment
have been demonstrated to provide greater accuracy with re-
spect to highly variable factors like sleep, it appears that a week
duration may be sufficient to capture this variability.**° Addi-
tionally, with regard to time frame, the various measures used
in this study did not all assess similar time periods. This affects
the comparability of these measures and may understate the
relationships that exist between them. Second, the samples in-
cluded for these studies were from a single institution, and may
not be generalizable to students at institutions in other regions
or with other racial/ethnic and/or socioeconomic make-ups.
Third, the sample used in Study II was healthy and did not have
other diagnoses, which limits generalizability to individuals
with comorbid sleep, psychological, and medical conditions. It
is likely that the diagnostic accuracy of the PSQI would be sub-
stantially reduced among individuals with these comorbidities.

The heterogeneous nature of sleep complaints in this popu-
lation indicates a need for precise and thorough measurement
tools. Although college students may report sleep habits that
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appear disordered compared to middle-aged adults, these hab-
its may be more normative in this population. The PSQI may
be a good screening tool, but is not a substitute for sleep dis-
order diagnoses established through a clinical interview per-
formed by an experienced sleep clinician. The reasons for this
are multi-fold, but are primarily because (a) the PSQI assesses
many different sleep disorders domains (e.g., sleep duration,
sleep disturbances, use of sleep medications, daytime dys-
function), (b) the PSQI is moderately sensitive to complaints
of insomnia, fatigue, and subjective distress (i.c., depression,
anxiety, and perceived stress), and (c) an interview can disen-
tangle the possible effects of negative affect bias on subjective
sleep distress reporting.

If the PSQI is to be used in a college population as an in-
somnia screening tool, a cutoff score > 6 is recommended in
order to maintain high sensitivity of the test and maximize the
diagnostic accuracy. The PSQI may not accurately reflect day-
time sleepiness, circadian preference, or alcohol or marijuana
substance abuse problems and it is recommended that other
validated tools should be used to assess the latter constructs.
Users of the PSQI in populations with a history of psychiatric
illness should exercise caution in interpretation. Finally, future
research should examine or develop measurement tools that
account for college student’s unique sleep habits and should
examine the psychometrics of the PSQI in populations with
comorbid sleep and psychological conditions.

ABBREVIATIONS

AUC, area under the curve

AUDIT, Alcohol Use Disorders Identification Test
DSM, Diagnostic and Statistical Manual

ESS, Epworth Sleepiness Scale

FN, false negatives

FP, false positives

ISI, Insomnia Severity Index

MEQ, Morningness-Eveningness Questionnaire
MFI, Multidimensional Fatigue Inventory

MPS, Marijuana Problems Scale

PSQI, Pittsburgh Sleep Quality Index

PSS, Perceived Stress Scale

QIDS, Quick Inventory of Depressive Symptoms
ROC, receiver operating characteristic

SD, standard deviation

SE, sleep efficiency

SL, sleep latency

STAI, State-Trait Anxiety Inventory

TN, true negatives

TP, true positives

TST, total sleep time

WASO, wake after sleep onset
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