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Study Objectives: Although reports of sleep disturbances are common among individuals with posttraumatic stress disorder (PTSD), results of polysomno-
graphic (PSG) studies have inconsistently documented abnormalities and have therefore suggested “sleep state misperception.” The authors’ study objectives
were to compare sleep parameters measured objectively and subjectively in the laboratory and at home in civilians with and without trauma exposure and PTSD.
Design: Cross-sectional study.

Setting: PSG recordings in a sleep laboratory and actigraphic recordings in participants” homes.

Participants: One hundred three urban-residing African Americans with and without trauma exposure and PTSD who participated in a larger study.
Interventions: N/A.

Measurements: Sleep parameters (total sleep time [TST], sleep onset latency [SOL], and wake after sleep onset [WASQ]) were assessed us-
ing laboratory PSG and home actigraphy. A sleep diary was completed in the morning after PSG and actigraphy recordings. Habitual TST, SOL,
and WASO were assessed using a sleep questionnaire. The Clinician Administered PTSD Scale was administered to assess participants’ trauma
exposure and PTSD diagnostic status.

Results: Participants, regardless of their trauma exposure/PTSD status, underestimated WASO in the diary and questionnaire relative to actigraphy
and overestimated SOL in the diary relative to PSG. Among participants with current PTSD, TST diary estimates did not differ from the actigraphy
measure in contrast with those without current PTSD who overestimated TST. No other significant group differences in discrepancies between sub-
jective and objective sleep measures were found.

Conclusions: Discrepancies between subjectively and objectively measured sleep parameters were not associated with trauma exposure or
PTSD. This challenges prior assertions that individuals with PTSD overreport their sleep disturbances.
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INTRODUCTION

Sleep disturbance such as trouble falling and staying asleep
(insomnia) and nightmares about a traumatic event are com-
mon symptoms of posttraumatic stress disorder (PTSD) and
comprise 2 of its diagnostic criteria.! Despite the frequent re-
ports of sleep disturbances in PTSD, studies using objective
sleep recordings have been inconsistent in documenting ob-
jective indices of impaired sleep initiation and maintenance.
Some polysomnographic (PSG) studies found indications of
sleep impairment (e.g., decreased sleep efficiency, increased
wake time after sleep onset [WASO], and the number of
awakenings) in individuals with PTSD whereas others failed
to find substantial differences in these indices between indi-
viduals with and without PTSD.? The latter set of observations
led Lavie® to conclude that “the subjective reports are out of
proportion to the frequency and severity of objective sleep-
laboratory findings” in a review article published in the New
England Journal of Medicine.
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Overestimations of sleep disturbances (e.g., underestima-
tion of total sleep time [TST] and overestimation of sleep
onset latency [SOL]) compared with laboratory or home
PSG have been reported with insomnia.*’ However, stud-
ies have indicated that there is variability in the accuracy of
sleep state perception among people with insomnia.*¢ For
example, Means and colleagues® found that 37% of their par-
ticipants with insomnia exhibited “slight to moderate under-
estimates” of their TST relative to both laboratory and home
PSG, whereas another 37% “accurately predicted” TST in
both settings.

Only a few studies of PTSD have directly examined rela-
tive associations and absolute differences between subjec-
tively (i.e., diary and questionnaire) and objectively (i.e.,
laboratory-based PSG and actigraphy) measured sleep pa-
rameters. A summary of research methods and main findings
of these studies are presented in Table 1. In the 2 laboratory
PSG studies, patients with PTSD overestimated sleep dis-
turbance in a morning sleep diary and a retrospective sleep
questionnaire,®® whereas in an actigraphic study conducted
in participants’ homes, women with PTSD underestimated
WASO and SOL in a morning sleep diary."® The environ-
mental setting may have influenced sleep state perception.
However, it is not entirely clear whether differences among
studies were due to sleep environments or other methodo-
logic differences such as PSG versus actigraphy and different
PTSD populations (male versus female, civilian versus vet-
eran). Healthy control participants in the actigraphic study'®
also underestimated sleep disturbances to a similar degree as
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Table 1—Summary of studies examining objectively and subjectively measured sleep in PTSD

Objective Subjective
Study PTSD group Control group measure measure Main findings
Differences between objectively and subjectively measured sleep
Hurwitz et al. Combat veterans | Noncombat-exposed | Lab PSG Morning diary? + PTSD group underestimated TST.
(1998)° (n=18) veterans (n = 10) + Both groups overestimated latency to stage 1.
Woodward et al. | Inpatient Lab PSG Questionnaire given | « Reported habitual SOL was 40 min longer than
(1996)° veterans (n = 25) 6 wk prior to PSG PSG SOL.
Calhoun et al. Women with Women without Actigraphy Morning diary? + Both groups underestimated sleep
(2007) mixed trauma PTSD or MDD disturbances.
(n=30) * The groups did not differ in the degree of
underestimation.
Associations between objectively and subjectively measured sleep
Fins et al. Recently injured | Recently injured PSGin Morning diary? + TST: r=0.56 (all participants), r= 0.64 (PTSD
(1999)" patients patients hospital bed group)
+ WASO: r=0.67 (PTSD)
* No. of awakenings: r = 0.47 (all)
Woodward et al. | Inpatient Lab PSG Questionnaire given | * TIB: p=0.49
(1996)° veterans (n = 25) 6 wk prior to PSG +SOL: p=0.53
Dagan and Veterans (n = 24) Lab PSG Sleep related items | « No significant correlations between sleep
Lavie (1991)" in the SCL-90, IES, related items and PSG SE or SOL.
and the list of DSM-
[l PTSD symptoms
Dagan et al. Veterans (n = 16) Actigraphy Morning diary? + Sleep diary SOL was correlated with
(1997) actigraphy sleep duration (r = 0.30), SE
(r=0.46), no. of sleep-wake transitions
(r=0.47), and activities (r=0.43).
Calhoun et al. Women with Women without Actigraphy | Morning diary?, * Actigraphy and diary
(2007) mixed trauma PTSD or MDD PSQl °TIB: r=0.71
(n=30) oTST: r=0.42
°SOL: r=0.33
+ Overall, PSQI scores were not correlated with
actigraphy.
Klein et al. Motor vehicle Motor vehicle Actigraphy Questionnaire + Questionnaire insomnia scores and actigraphy SE
(2003) collision patients | collision patients at 1wk, o1 wk (r=-0.24 [all participants], r = -0.57
(n=26) (n=76); elective 3and 12 [PTSD group])
surgery patient mo after > 12 mo (r=-0.31[all], PTSD group was also
(n=19) collision significant)
* No other significant correlations.

total sleep time; WASO, wake after sleep onset.

3Given concurrently with objective sleep measures. |IES, Impact of Event Scale; MDD, major depressive disorder; PSG, polysomnography; PSQlI, Pittsburgh
Sleep Quality Index; PTSD, posttraumatic stress disorder; SCL, symptom checklist; SE, sleep efficiency; SOL, sleep onset latency; TIB, time in bed; TST,

women with PTSD, and the laboratory PSG study® has found
overestimation of SOL in control participants. These findings
challenge the assertion that PTSD patient’s reports of sleep
disturbances are characteristically “out of proportion.”

In the aforementioned studies, sleep parameters measured
by actigraphy and PSG were correlated with sleep parameters
measured by sleep diaries,'®!" but overall, not with measures
from the more retrospective sleep questionnaires.'®'* Although
correlations do not indicate accuracy of estimation, these find-
ings suggest that morning sleep diaries may better estimate ac-
tual sleep than sleep questionnaires.

To better understand relationships between subjectively
and objectively measured sleep in PTSD, we analyzed data
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from our study that recorded subjective and objective sleep
of African Americans with and without trauma exposure
and PTSD in both participants’ homes with actigraphy and
in a sleep laboratory with PSG. This group is of interest
as some studies suggest that African Americans and other
minorities in the United States have higher lifetime preva-
lence rates of PTSD'>!® than Whites, and African Ameri-
cans have also been found to have greater sleep impairments
compared with other racial groups.'”'® Given prior findings,
we hypothesized that participants would overestimate sleep
disturbances relative to PSG and underestimate sleep dis-
turbances relative to actigraphy regardless of their trauma
exposure/PTSD status.
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Table 2—Participants’ characteristics

PTSD current
n=25
Mean (SD)
Age 23.8 (5.4)
BMI 27.0(5.2)
Current CAPS total score 41.8 (16.0)

n
Sex (female/male) 16/9

Household Income
< $29,999
$30,000 - $49,999
$50,000 - $74,999
$75,000 - $99,999
> $100,000

Psychiatric disorders
Current anxiety disorder
Past anxiety disorder
Current major depressive episode
Past major depressive episode
Past alcohol abuse or dependence
Past substance abuse or dependence
Past hallucination
Past bulimia

—_

W N WO —

oo NP PENOOSO

Types of index trauma
Natural disaster
Fire/explosion
Transportation accident
Non-sexual violent crime
Sexual trauma
Sudden, unexpected death of someone close
Othere

—_
N oo - OO

PTSD lifetime Trauma positive ~ Trauma negative
n=24 n=31 n=23
Mean (SD) Mean (SD) Mean (SD) F
25.3 (4.9) 21.7(34) 226 (5.0) 3.10°
26.6 (6.2) 26.1(4.8) 25.5(4.4) 0.38
124 (7.1) 4.3 (4.8) N/A 99.47°
n n n x* or exact test
12112 18/13 8/15 =467
11 8 6 P=0.55
3 5 4
5 9 2
2 4 5
2 5 6
1 2 0 P=0.02
1 0 0 P=046
1 1 0 P=072
7 7 3 P=055
2 0 0 P=0.02
3 0 2 P=0.20
0 1 0 P=1.0
0 1 0 P=10
1 1 N/A
1 1 N/A
0 8 N/A
16 16 N/A
5 3 N/A
0 0 N/A
1 2 N/A

3P < 0.05. °P < 0.001. “Other category includes war zone experience, witnessing self-injurious behaviors, nontraffic accident, and unwanted abortion.
BMI, body mass index; CAPS, Clinician-Administered PTSD Scale; N/A, not applicable; SD, standard deviation.

METHODS

Participants

Participants were 103 African Americans (age 18-35 yr)
who completed laboratory PSG and/or actigraphy recording as
part of a larger study examining associations between trauma,
PTSD, nocturnal blood pressure, and sleep. Participants were
recruited from the Washington, DC metropolitan area through
flyers and word of mouth. During the initial screening, potential
participants were excluded if they were found to have a body
mass index > 40, chronic medical conditions (such as severe
asthma, cancer, diabetes mellitus, and emphysema) or severe
mental disorders (psychotic disorders, bipolar disorder, severe
recurrent depression) that required consistent use of medica-
tions and/or can affect blood pressure, excessive use of caffeine
(> 5 cups of coffee per day or its equivalent), heavy smoking
(> 20 cigarettes per day) and drinking (> 14 drinks/wk in men,
> 7 drinks/wk in women), use of antihypertensive medication,
and regular night shift work or unusual sleep-wake schedules.
Additional exclusion criteria were sleep breathing and move-
ment disorders (screened through the first night PSG), current
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alcohol or drug abuse or dependence (screened through a struc-
tured clinical interview), and positive urine toxicology for illicit
drugs. Participants’ characteristics are presented in Table 2.

Measures

Objective sleep measures

Participants underwent 2 consecutive overnight polysom-
nographic (PSG) recordings in the Howard University Clini-
cal Research Unit (CRU). Recordings were conducted using
an Embla (Denver, CO) titanium portable unit. PSG collection
included a standard electroencephalogram montage with bilat-
eral frontal, central, and occipital leads, 2 electrooculograms,
and chin electromyograms and limb electromyograms and re-
spiratory monitors on the first night only. Study staff, who were
blinded to participants’ PTSD diagnostic status, visually scored
sleep records on a computer monitor applying standard crite-
ria.' All scorers had demonstrated > 90% concordance for scor-
ing epochs with reference records. Participants were instructed
to go to bed and arise close to their habitual bedtime and rise
time. First-night recordings were used to exclude significant
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sleep breathing and movement disorders. Participants with an
apnea-hypopnea index or periodic limb movement during sleep
index greater than 10 were excluded. We analyzed data from the
second-night recordings.

Participants completed 2 consecutive days of actigraphic
monitoring while engaging in regular activities and sleeping
at home. Participants wore an Ambulatory Monitoring Micro
Mini-Motionlogger Actigraph (Ardsley, NY) on the wrist of
their nondominant hand. Data recorded in the actigraphy unit
were downloaded to a computer, and sleep-wake analysis ap-
plying the Sadeh algorithm was conducted using Ambulatory
Monitoring Action W-2 software. Actigraphy has been vali-
dated against PSG with agreement rates for sleep-wake iden-
tification of higher than 90%2*'; however, low sensitivity for
detecting wake during sleep has been reported.”> Because par-
ticipants wore ambulatory blood pressure and Holter monitor-
ing devices during the first day, data from the second day were
used in the analysis.

During PSG and actigraphy monitoring, participants record-
ed bedtimes and rise times in a morning sleep diary, and these
records were used for determining time in bed.

Subjective sleep measures

Participants completed a sleep questionnaire designed to
measure sleep patterns and disturbances during the past month.
Information gathered through the questionnaire included ha-
bitual bedtime and rising times and SOL on weekdays and
weekends, and the number of awakenings per night and aver-
age length of each awakening. The questionnaire items were
modeled after typical sleep diary questions®?* to assess sleep
for typical nights during the past month. WASO (the number of
awakening multiplied by the average length of awakening) and
weekday and weekend TSTs (SOL and WASO subtracted from
time in bed) were estimated based on the information reported
in the questionnaire. Weekday estimates of SOL and TST were
used as PSG and actigraphy recordings were done on weekdays.

Participants completed sleep diaries in the morning after
PSG and actigraphic recordings. Information reported in the
sleep diaries included bedtime, rising time, SOL, the number
of awakenings, and length of each awakening. TST and WASO
were estimated based on participants’ reports on their diaries.

Clinical interviews

The Clinician Administered PTSD Scale (CAPS)* is a
structured clinical interview designed to produce dichotomous
lifetime and current PTSD diagnostic status and continuous
symptom severity. In the current study, the most distressing
potentially traumatic event (the index event) reported by a par-
ticipant was assessed at the beginning of the interview to deter-
mine whether it met the diagnostic criteria for a traumatic event
(Criterion A)." If the index event met the criteria, the frequency
and intensity of each of 17 PTSD symptoms associated with
the index event were rated on 5-point scales ranging from 0
(Never [frequency], Not at all [intensity]) to 4 (Daily or almost
daily, Extremely). A symptom was considered present when the
participant reported at least the frequency rating of 1 and the
intensity rating of 2 for the symptom.*

Current and lifetime diagnoses of mood disorders, psychotic
disorders, anxiety disorders other than PTSD, substance abuse
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and dependence, and eating disorders were assessed using the
Structured Clinical Interview for the Diagnostic and Statisti-
cal Manual of Mental Disorders, Fourth Edition (SCID).* All
CAPS and SCID interviews were conducted by trained staff
members (psychology graduate students, medical students, and
clinical psychology postdoctoral fellows), and a licensed psy-
chiatrist reviewed all cases. Practice interviews were completed
prior to data collection until the trainee and the trainer reached
the 90% agreement rate on practice cases.

Other self-report measures

The PTSD Checklist-Civilian Version (PCL) in conjunction
with the Life Event Checklist (LEC)* were administered during
the initial meeting to obtain preliminary information regarding
participants’ trauma exposure and current PTSD symptoms. The
LEC includes a list of 16 types of potentially traumatic experi-
ences (e.g., transportation accident, assault with a weapon, sexual
assault). Participants were asked to indicate whether they had ex-
perienced or witnessed any of these events as an adult or a child
and which of those experiences distressed them the most. The
PCL is a self-report measure designed to assess manifestations of
PTSD symptoms in the past 1-mo period. The PCL consists of 17
items corresponding to the 17 Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-IV) symptoms of
PTSD. Participants were instructed to rate each of the symptoms
associated with the experience identified by the LEC on a 5-point
scale ranging from 1 (Not at all) to 5 (Extremely).

Procedures

The following procedures were approved by the institutional
review board at Howard University. Potential participants were
given a brief description of the study and screened for eligi-
bility through a brief interview over the phone or in person.
Eligible individuals were invited to the initial study session at
Howard University with a researcher who further described the
study and obtained a written informed consent. During the ses-
sion, participants completed a self-report survey packet, which
included a demographic questionnaire, a sleep questionnaire,
the LEC, and PCL.

One hundred eighty-four participants (54%) who completed
the self-report survey were invited to the laboratory phase of
the study. The subset of participants was selected based on their
responses to the LEC and PCL to have adequate representation
of individuals in 4 trauma exposure/PTSD categories: PTSD
current, PTSD lifetime, trauma positive, and trauma negative
(see subsequent paragraphs for the definitions of these catego-
ries). One hundred fifty-one of the invited participants (82%)
completed the clinical interview. Based on results of the CAPS,
participants were categorized into 1 of the 4 groups. The trau-
ma-negative group includes participants who did not report
any life events meeting the DSM-IV criteria for a traumatic
event. The PTSD-current group included 15 participants who
met the full current PTSD diagnostic criteria and 10 who met
subthreshold criteria (meeting the criteria for at least 2 of the 3
symptom clusters). Studies have shown that participants with
subthreshold PTSD were not significantly different from those
who met the full PTSD criteria in terms of social and occupa-
tional functioning, treatment-seeking behaviors, and the num-
ber of suicide attempts.?”*
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Participants who met the full criteria for PTSD in the past but
did not currently meet full or subthreshold criteria were catego-
rized into the PTSD-lifetime group. The trauma-positive group
included trauma-exposed participants who did not meet full
lifetime PTSD or full or subthreshold current PTSD criteria.

After completing the clinical interview, physical examina-
tion, and urine screening, participants completed 2 consecu-
tive overnight PSG recordings at the Clinical Research Unit.
Approximately 1 wk after the PSG recordings, they completed
2 consecutive 24-hr recordings of actigraphy. One participant
was excluded for an apnea-hypopnea index > 10. Participants
received $25 for completing the self-report survey, another $25
for the clinical interview, $125 for each PSG recording, and
another $125 for completing 1 day of ambulatory blood pres-
sure and Holter monitoring and 2 days of actigraphy recording.

Data Analysis

SPSS (IBM, Armonk, NY) was used to conduct data analyses.
An alpha level of 0.05 was used in all analyses. Differences in
participants’ characteristics between groups were examined using
1-way analyses of variance (ANOVAs) for continuous variables,
chi-square tests for categorical variables, and Fisher exact tests
for categorical variables with small sample sizes in some cells.
Pearson product moment correlation coefficients were computed
to examine the associations between objectively and subjectively
measured sleep parameters. A series of 2 (sleep measures: subjec-
tive versus objective) x 4 (groups) mixed ANOVAs or analyses
of covariance (ANCOVAs) with sleep measures as the repeated
measure were conducted to examine differences between objec-
tively and subjectively measured sleep parameters (i.e., a main
effect of sleep measures) and whether objective-subjective mea-
sure discrepancies differed between groups (i.e., an interaction
effect of sleep measures and groups). We found that age and
past alcohol abuse or dependence were different between groups
and were correlated with some of the sleep parameters; there-
fore, these variables were included as covariates in the analyses
of those sleep parameters. We also computed Pearson product
moment correlation coefficients to examine whether sex should
be included as a covariate because prior studies showed that sex
was associated with sleep measures.?*® When a significant main
effect of groups was found in an ANCOVA, post hoc pairwise
comparisons of estimated marginal means were performed using
least significant difference (LSD). When a significant interaction
effect was found, simple effect tests comparing subjective and
objective measures within each group were performed. Effect
sizes (1°) were computed,’! with #? = 0.010, 0.059, and 0.138
considered small, medium, and large, respectively.*?

Post hoc power analyses using G*power 3* indicated that
the analyses were underpowered to detect small sleep measures
xgroups interaction effects (power ranging from 16 to 69%),
but they were adequately powered to detect medium interaction
effects (power ranging from 74 to 100%, only 3 analyses were
less than 80%).

RESULTS

Participants’ Characteristics
Participants’ characteristics for each trauma exposure/PTSD
group are presented in Table 2. A 1-way ANOVA and post hoc
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test using LSD indicated that the PTSD-lifetime group was
significantly older than the trauma-positive (P = 0.004) and the
trauma-negative (P = 0.05) groups. Fisher exact tests indicated
disproportionate distribution of diagnoses of current anxiety
disorder cases (P = 0.02) and past alcohol abuse or depen-
dence (P = 0.02) among the groups (highest rates with current
PTSD). In addition, age and past alcohol abuse or dependence
were significantly correlated with some of the dependent vari-
ables in the main analyses. Specifically, age was correlated
with WASO measured by PSG (» = 0.21, P = 0.04) and the
sleep questionnaire (» = 0.27, P = 0.006), and TST measured
by the sleep questionnaire (» = -0.26, P = 0.01) and the sleep
diary concurrent with PSG (r = -0.25, P = 0.02). Past alcohol
abuse or dependence was correlated with WASO measured by
the sleep questionnaire (» = 0.24, P =0.02). Sex was correlated
with TST and WASO measured by actigrapy (r = 0.26, P =
0.01 for both). Therefore, age, sex, and past alcohol abuse or
dependence were included as covariates in the analyses of the
correlated sleep parameters.

Correlations Between Objectively and Subjectively Measured
Sleep Parameters

These correlations are presented in Table 3. The sleep ques-
tionnaire was not significantly correlated with the objective
measures for any sleep parameters. In the PTSD-current group,
the sleep diary was significantly correlated with PSG and actig-
raphy for all sleep parameters except SOL measured by actig-
raphy. Overall, correlations between actigraphy and the diary
were low for SOL. TST measured by the diary was significantly
correlated with both PSG and actigraphy in all of the groups ex-
cept PTSD lifetime. For WASO, correlations between the diary
and PSG were significant or marginally significant in all of the
groups except trauma positive.

Objective Measures and Morning Sleep Diaries

Table 4 presents means and standard deviations of TST,
SOL, and WASO measured by PSG, actigraphy, and morning
diaries for each group, as well as results of 2 (sleep measures:
sleep diary versus objective measure) x 4 (groups) mixed
ANOVAs or ANCOVAs. An ANOVA comparing WASO mea-
sured by actigraphy and the diary revealed a significant main
effect of measures, indicating underestimation of WASO
relative to actigraphy. However, there were no significant
interactions, which indicate that the extent of underestima-
tion of WASO did not differ between groups. For SOL, we
also found a significant main effect of measures, but not an
interaction. Participants overestimated SOL relative to PSG.
A significant interaction effect was found in the ANCOVA
comparing TST measured by actigraphy and the diary. Post
hoc simple effect tests comparing actigraphy and diary TST
within each group indicated that participants in the PTSD-
lifetime, trauma-positive, and trauma-negative groups over-
estimated TST, whereas in PTSD-current participants, TST
measured by actigraphy and the diary were not significantly
different (Figure 1).

We performed the same ANOVAs and ANCOVAs, exclud-
ing participants meeting only the current subthreshold PTSD
criteria from the PTSD-current group. This did not result in any
changes in which effects were significant.
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Table 3—Correlation coefficients between subjectively and objectively measured sleep parameters
Diary Questionnaire
Group Measure Parameter n r n r
PTSD current PSG TST 19 0.73° 24 -0.35
SOL 21 0.862 24 0.26
WASO 22 0.75 24 0.01
Actigraphy TST 16 0.73 19 0.1
SOL 16 0.10 19 -0.08
WASO 18 0.59° 19 0.23
PTSD lifetime PSG TST 15 0.832 18 -0.27
SOL 15 -0.04 18 0.12
WASO 16 0.48¢ 19 0.03
Actigraphy TST 17 0.26 20 -0.20
SOL 17 0.13 20 -0.09
WASO 19 -0.03 21 0.36
Trauma positive PSG TST 21 0.882 24 0.23
SOL 23 0.46° 26 0.14
WASO 25 0.12 25 -0.19
Actigraphy TST 25 0.59° 25 0.21
SOL 25 -0.10 28 0.03
WASO 26 0.712 26 0.03
Trauma negative PSG TST 22 0.79 21 0.01
SOL 22 0.55° 22 -0.13
WASO 22 0.50° 21 -0.25
Actigraphy TST 17 0.902 20 0.05
SOL 17 0.05 20 0.01
WASO 18 0.06 20 0.23
Correlation coefficients presented are between sleep parameters measured by PSG and actigraphy and the corresponding parameters measured by the
diary and questionnaire. 2P < 0.001.*P < 0.01. °P < 0.05. °P = 0.06. PSG, polysomnography; PTSD, posttraumatic stress disorder; SOL, sleep onset latency;
TST, total sleep time; WASO, wake after sleep onset.

Objective Measures and the Sleep Questionnaire

Means and standard deviations of TST, SOL, and WASO
measured by PSG, actigraphy, and the sleep questionnaire for
each group, as well as results of 2 (sleep measures: sleep ques-
tionnaire versus objective measure) X 4 (groups) mixed ANO-
VAs and ANCOVAs are presented in Table 5. An ANCOVA
comparing WASO measured by actigraphy and the question-
naire showed a significant main effect of measure, indicating
that participants underestimated WASO relative to actigraphy.
An ANCOVA comparing PSG and the sleep questionnaire
showed a significant main effect of groups on TST. Post hoc
analyses using LSD revealed that the PTSD-current group had
shorter TST compared with the PTSD-lifetime (P = 0.006)
and that the trauma-positive group had shorter TST compared
with the PTSD-lifetime (P = 0.005) and the trauma-negative
(P =0.04) groups. Although the interaction was not significant
in the ANOVA comparing SOL measured by PSG and the ques-
tionnaire, the effect size was medium (#° = 0.070). Examination
of the mean SOL within each group indicated that the discrep-
ancies between PSG and the questionnaire were greatest in the
trauma-negative group (14.7 min underestimation) and smallest
in the PTSD-current group (7.1 min overestimation).
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We repeated the same ANOVAs and ANCOVAs, excluding
participants meeting only the current subthreshold PTSD cri-
teria from the PTSD-current group. An ANCOVA comparing
WASO measured by PSG and the questionnaire revealed a sig-
nificant main effect of group, F(3,73) = 4.64, P = 0.005. Post
hoc analyses using LSD indicated that the PTSD-current group
had more WASO in comparison with the other 3 groups (PTSD
lifetime, P = 0.008; trauma positive, P <0.001; trauma negative,
P = 0.009). There were no other significant changes from the
original analyses.

DISCUSSION

This study compared sleep parameters measured by objec-
tive (i.e., PSG and actigraphy) and subjective (i.c., diary and
questionnaire) assessments in urban-residing African Ameri-
cans with and without trauma exposure and PTSD. The current
study expands on prior studies by using both laboratory PSG
and home actigraphy and including participants in 4 different
trauma exposure/PTSD categories.

We hypothesized that participants would underestimate sleep
disturbance relative to actigraphy regardless of their trauma ex-
posure/PTSD status. Consistent with this hypothesis, we found
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Group

Table 4—Means, standard deviations, and results of ANOVA/ANCOVA comparing PSG and actigraphy to sleep diaries

deviations. Sample sizes varied in each analysis due to missing values.

Measure (A) Group(B) AxB
Parameter Measure PTSD current PTSD lifetime ~ Trauma positive Trauma negative F F F
TST (min) n=19 15 21 22 F(1,72) F(3,72) F(3,72)
Lab PSG 364.6 (55.8) 390.8 (90.1) 378.1(93.1) 403.7 (82.3) 0.06 1.25 0.29
Diary 346.2 (70.5) 381.6 (113.5) 372.9 (118.6) 402.2 (90.5) 7?<0.001 0.046 0.012
n=16 17 25 17 F(1,70) F(3,70) F(3,70)
Actigraphy 367.5 (102.0) 360.3 (60.5) 346.5 (91.2) 373.1(136.2) 20.6° 0.50 3.34°
Diary 363.4 (111.5) 424.7 (101.4) 421.4 (94.8) 430.6 (135.9) 7?=0.199 0.020 0.097°
SOL (min) n=21 15 23 22 F(1,77) F(3,77) F(3,77)
Lab PSG 24.4(30.9) 14.6 (13.6) 31.3(38.7) 33.5 (47.3) 5.57° 0.33 1.53
Diary 38.7 (37.5) 35.3(39.1) 30.0 (28.8) 37.1(34.5) 7?=0.063° 0.013 0.053
n=16 17 25 17 F(1,71) F(3,71) F(3,71)
Actigraphy 26.8 (32.1) 34.9 (52.2) 26.4(22.2) 33.9 (41.6) 2.61 0.53 0.42
Diary 24.5(29.1) 29.1(27.1) 20.5 (15.9) 16.5 (12.0) 7?=0.035 0.022 0.017
WASO (min) n=22 16 25 22 F(1,80) F(3,80) F(3,80)
Lab PSG 35.4 (44.1) 34.3(29.0) 20.8 (17.6) 24.7(19.3) 0.27 1.00 047
Diary 21.1(35.1) 12.8 (23.7) 7.1(11.9) 13.7 (21.1) 7?=0.003 0.035 0.017
n=18 19 26 18 F(1,76) F(3,76) F(3,76)
Actigraphy 66.5 (37.2) 68.0 (52.7) 78.9 (74.1) 60.4 (63.0) 81.30° 0.41 1.20
Diary 13.2 (18.5) 9.7 (18.9) 3.9(11.9) 7.0(12.1) n?=0.476 0.015 0.021

3P < (.05. °P < 0.001. “Medium effect size. ‘Large effect size. ANCOVA, analysis of covariance; ANOVA, analysis of variance; PSG, polysomnography; PTSD,
posttraumatic stress disorder; SOL, sleep onset latency; TST, total sleep time; WASO, wake after sleep onset. The parenthetical values indicate standard

that participants underestimated WASO in both the diary and
questionnaire relative to actigraphy, which likely reflects limited
awareness and memory of awakenings during sleep. Consider-
ing the lack of discrepancies for WASO between PSG and the
subjective measures, other explanations could include effects of
actigraphy limitations for detecting wake* and/or home sleep
environments. It is therefore possible that the current study un-
derestimated the difference between reported and actual WASO.
Results regarding SOL and TST did not support the hypothesis.
Participants’ estimates of SOL did not significantly differ from
actigraphy measure, and for TST, discrepancies between actigra-
phy and the diary were different between groups (i.e., an interac-
tion between measures and groups). Specifically, TST measured
by the diary did not significantly diverge from the actigraphy
measure (4-min difference) in the PTSD- current group, but par-
ticipants in the other groups, in contrast, overestimated TST (on
average, 64, 75, and 58 min of overestimation in PTSD-lifetime,
trauma-positive, and trauma-negative groups, respectively). In-
dividuals with PTSD did not misperceive their sleep state, but
rather they appeared to have a more accurate perception, which
is contrary to the prior statement in the literature that “patients are
generally unaware of the true nature of their sleep disturbances.”
We speculated that nighttime hypervigilance at home in partici-
pants with current PTSD might have heightened their aware-
ness of their own sleep state. Considering that such differences
between individuals with and without current PTSD were not
found in laboratory TST, it is possible that people with current
PTSD are more vigilant in monitoring their sleep at home than
in the laboratory, where they might feel safer monitored by staft.’
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Figure 1—Interaction effect between measure and group on total sleep
time. **P < 0.01, **P < 0.001.

However, it is not clear whether the laboratory versus home dif-
ferences were due to setting or the use of PSG versus actigraphy.
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Table 5—Means, standard deviations, and results of ANOVA/ANCOVA comparing PSG and actigraphy to a sleep questionnaire
Group Measure (A) Group (B) AxB
Parameter Measure PTSD current PTSD lifetime ~ Trauma positive Trauma negative F F F
TST (min) n=24 18 24 21 F(1,82) F(3,82) F(3,82)
Lab PSG 382.2 (69.0) 406.5 (72.2) 353.7 (114.2) 408.1 (81.7) 0.69 4167 1.05
Questionnaire 335.4 (138.1) 411.6 (50.4) 384.5(89.7) 397.1(122.4) 7?=0.008 0.115° 0.036
n=19 20 25 20 F(1,78) F(3,78) F(3,78)
Actigraphy 358.8 (98.8) 352.1(77.3) 358.2 (91.0) 350.2 (146.5) 2.98 1.63 1.28
Questionnaire 340.6 (134.4) 424.4 (70.1) 373.1 (103.3) 395.1 (125.0) 7?=0.034 0.054 0.044
SOL (min) n=24 18 26 22 F(1,86) F(3,86) F(3,86)
Lab PSG 26.7 (30.1) 13.6 (12.6) 36.5 (44.4) 33.5(47.3) 0.27 1.45 2.16
Questionnaire 33.8(19.4) 23.6 (12.9) 25.3 (16.5) 18.8 (17.2) 7?=0.003 0.048 0.070°
n=19 20 28 20 F(1,83) F(3,83) F(3,83)
Actigraphy 24.2 (30.3) 36.7 (48.1) 27.0 (21.6) 37.3(41.9) 0.47 0.25 1.30
Questionnaire 32.8(20.7) 29.8 (24.9) 29.4 (32.6) 20.0 (17.8) 7?=0.005 0.009 0.045
WASO (min) n=24 19 25 21 F(1,83) F(3,83) F(3,83)
Lab PSG 33.7 (42.6) 32.3 (27.6) 20.8 (17.6) 24.8 (20.2) 0.22 1.63 0.18
Questionnaire 36.4 (45.0) 25.8 (29.8) 13.2(14.2) 25.3(39.5) 7?=0.002 0.052 0.006
n=19 21 26 20 F(1,79) F(3,79) F(3,79)
Actigraphy 65.7 (36.3) 65.3 (50.9) 68.0 (49.0) 59.3 (61.7) 15.36° 0.07 0.92
Questionnaire 26.9 (35.5) 23.9(27.3) 16.9 (17.2) 27.7 (42.1) n?=0.139¢ 0.003 0.025
?P <0.01.°P <0.001. ‘Medium effect size. ‘Large effect size. ANCOVA, analysis of covariance; ANOVA, analysis of variance; PSG, polysomnography; PTSD,
posttraumatic stress disorder; SOL, sleep onset latency; TST, total sleep time; WASO, wake after sleep onset. The parenthetical values indicate standard
deviations. Sample sizes varied in each analysis due to missing values.

We also hypothesized that participants would overestimate
sleep disturbance relative to PSG regardless of groups. Overall,
results were not consistent with this hypothesis except for SOL
measured by the diary. Participants, regardless of their PTSD/
trauma exposure status, overestimated SOL in the diary. For
SOL measured by the questionnaire, the trauma-negative and
-positive groups underestimated SOL whereas PTSD-current
and -lifetime groups overestimated SOL. Although the effect
size of this measure by group interaction was medium, the
objective-subjective discrepancy of the PTSD-current group
(7.1 min) was the smallest among the groups. When TST mea-
sured by PSG and the questionnaire were compared, partici-
pants in the PTSD-current group considerably underestimated
TST (46.8 min) compared with the other groups, although this
interaction was not statistically significant. As participants es-
timated their habitual TST at home in the questionnaire, it may
be another indication of PTSD participant’s hypervigilance at
home that could be attenuated in a sleep laboratory setting.’

Results did not substantially change when we excluded
participants who only met the subthreshold PTSD criteria,
which suggest that individuals meeting the full and subthresh-
old PTSD diagnostic criteria may not be different in terms of
abilities to estimate their own sleep states. However, the results
should not be considered conclusive as these exploratory analy-
ses were conducted with small numbers of participants in the
PTSD-current subgroups.

Overall, ANOVA/ANCOVAs indicated that discrepancies
between the sleep questionnaire and objective measures were
no less than for the sleep diary. Analyses, however, revealed
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that objective sleep measures were not correlated with the sleep
questionnaire, which is consistent with the prior findings.'*!"
As correlation coefficients reflect the degree of covariation of 2
variables, the lack of correlation does not necessarily indicate
substantial differences between the questionnaire and the ob-
jective measures. Nevertheless, results of sleep questionnaires
should be interpreted with caution, especially when used in
correlational analyses. On the other hand, sleep diary measures
were correlated with the objective measures, especially with the
PSG in both the PTSD-current and the trauma-negative groups.
Given the results of both ANOVA/ANCOVAs and correlations,
sleep diaries appear to be appropriate tools for estimating TST
in both individuals with and without PTSD.

Although the study expanded on prior studies, it has limita-
tions. Because the parent study was not designed to investigate
the specific focus of this report, PSG and actigraphy were not
conducted in both laboratory and home, which did not allow us
to determine whether the differences between PSG and actig-
raphy results were due to differences in objective measures or
sleep environments. PSG and actigraphy data used in the analy-
ses were collected only over 1 night. Therefore, chance occur-
rences of the night might have affected the results. Our analyses
were also not adequately powered to detect small size interac-
tion effects. Although this study included both male and female
participants having been exposed to a wide variety of traumatic
events, it included only a nonclinical sample of civilian, urban-
residing African Americans. In addition, PTSD symptom sever-
ity of most PTSD-current participants was in a mild-moderate
range.** These participant characteristics may limit the general-
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izability of the findings. Treatment-seeking patients with more
severe PTSD may be more inclined to overreport their sleep
disturbances.

Despite these limitations, the information obtained in this
study adds to the existing literature on objectively and subjec-
tively measured sleep in PTSD. Overall, our findings did not
reveal overestimation of sleep disturbances by individuals with
PTSD, which is consistent with prior findings and challenges
the assertion that individuals with PTSD overreport their sleep
disturbances. In fact, our data indicate that PTSD is associated
with more accurate estimations of total sleep duration in a home
environment. Future studies should explore effects of different
sleep settings (e.g., home and laboratory) using both PSG and
actigraphy.
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