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Objective: To characterize specifi c types of sleep problems 
experienced by adults with HIV.
Method: The design was cross-sectional involving sleep ques-
tionnaires, diaries, and wrist actigraphy. The convenience 
sample included 290 adults living with HIV, 22-77 years of age. 
Measures included self-report for sleep onset latency, and 
wrist actigraphy estimates of total sleep time at night, wake 
after sleep onset, and daytime sleep.
Results: Nearly half (45%) of the sample slept < 6 h per night. 
Diffi culty falling asleep was reported by 34%, and 56% had 
fragmented sleep according to actigraphy; 20% had both prob-
lems, and 30% were good sleepers. Participants reporting 
diffi culty falling asleep had actigraphy and clinical measures 
similar to the good sleepers, but subjectively they experienced 
greater sleep disturbance and symptom burden (particularly 
anxiety and morning fatigue) and reported more use of sleep 
medication. Participants with fragmented sleep reported low 
levels of sleep disturbance and symptom burden similar to the 

good sleepers, despite actigraphy measures indicating they 
obtained less sleep both at night and during the day. Sleep 
fragmentation was also associated with sociodemographic 
factors and slightly lower CD4+ T-cell counts. Participants re-
porting both sleep problems had actigraphy and clinical pro-
fi les similar to those who had only fragmented sleep, but their 
symptom experience was similar to participants with only sleep 
initiation diffi culties.
Conclusions: Findings support the need for targeting ef-
forts to improve sleep for the majority of adults living with 
HIV/AIDS and tailoring interventions to the specifi c type of 
sleep problem regardless of the person’s clinical and demo-
graphic profi le.
keywords: HIV/AIDS, sleep, insomnia, actigraphy, symptom 
burden
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Sleep problems affect about 30% of the population in the 
United States and are associated with higher healthcare utili-

zation and use of sleep medication, as well as poor work perfor-
mance and mood disorders.1 Adults living with a chronic illness 
are at higher risk for sleep problems, and depending on the defi -
nition, sleep problems are experienced by 30% to 100% of HIV-
positive adults.2-9 It is unclear what type of sleep problem adults 
with HIV experience, or whether their sleep disturbance is re-
lated to the infection itself or to the medical treatment and side 
effects of medications. Sleep disturbance is not only prevalent, 
but also one of the more intense and distressful symptoms ex-
perienced in this population.8-10 In HIV infection, poor sleep has 
been associated with disease progression, medication therapy, 
employment status, and lack of knowledge about behaviors that 
promote good sleep.11-14 The specifi c type of sleep disturbance 
experienced by this population needs to be better understood 
in order to provide the most effective intervention to improve 
symptoms, daytime functioning, and quality of life.8,15-18

Fragmented sleep occurs in chronic health conditions and may 
not even be perceived by the patient.19,20 With this type of sleep 
loss, it is rare to fi nd complaints of initiation insomnia, but com-
plaints of daytime sleepiness or fatigue are common and can lead 
to diffi culty concentrating, poor cognitive functioning, depres-
sive symptoms, and inability to be productive during the day. 

These daytime sequelae may be more diffi cult to assess and treat 
in a chronic illness population with high medical disability.17,21

Despite many studies on the epidemiology and covariates of 
sleep disturbance in HIV-infected adults, little is known about 
the specifi c types of sleep problems experienced in this popula-
tion. Therefore, the purpose of this paper is to describe total 
sleep time as well as problems with falling asleep and staying 
asleep in the HIV/AIDS adult population. The extent to which 

BRIEF SUMMARY
Current knowledge/Study Rationale: Depending on the defi nition, 
a sleep problem is experienced by 30% to 100% of HIV-positive adults, 
and it remains unclear whether the problem is related to the infection 
itself, to HIV-specifi c treatment, or side effects of medications. The spe-
cifi c sleep problem needs to be better understood in order to provide the 
most effective intervention to improve sleep and quality of life.
Study Impact: Nearly half of this sample obtained less than 6 hours of 
sleep, without any effect on daytime function or mood. The least preva-
lent problem was diffi culty falling asleep, but it was associated with more 
severe symptom experience. Since environment and sleep hygiene 
played a larger role in sleep problems than body weight or HIV clinical 
characteristics, reliance solely on medication to improve sleep should 
be discouraged and cognitive behavioral therapy should be considered, 
particularly in patient populations already burdened with multiple medi-
cations to manage their chronic illness.

D
o
w

n
lo

ad
ed

 f
ro

m
 j

cs
m

.a
as

m
.o

rg
 b

y
 4

9
.1

4
5
.2

2
4
.1

8
6
 o

n
 M

ar
ch

 2
5
, 
2
0
2
2
. 
F

o
r 

p
er

so
n
al

 u
se

 o
n
ly

. 
N

o
 o

th
er

 u
se

s 
w

it
h
o
u
t 

p
er

m
is

si
o
n
. 

C
o
p
y
ri

g
h
t 

2
0
2
2
 A

m
er

ic
an

 A
ca

d
em

y
 o

f 
S

le
ep

 M
ed

ic
in

e.
 A

ll
 r

ig
h
ts

 r
es

er
v
ed

. 



68Journal of Clinical Sleep Medicine, Vol. 8, No. 1, 2012

KA Lee, C Gay, CJ Portillo et al
not available, bedtime was deemed missing. The Cole-Kripke al-
gorithm was used to calculate total sleep time (minutes), number 
of awakenings, and percent time spent awake after falling asleep 
using an automatic sleep scoring program (Action4 Software 
Program, Ambulatory Monitoring Inc., Ardsley, NY) to reduce 
any researcher scoring bias. The mean for 3 nights of complete 
data was used for analysis of nighttime sleep. To estimate day-
time sleep, the time after final awakening to the next bedtime 
was marked, and sleep diary notations of nap times were noted. 
Daytime minutes of sleep were calculated after excluding any 
time when the monitor was off the participant’s wrist. The mean 
for 3 complete days was used for analysis of daytime sleep.

Subjective Sleep
To estimate general perception of sleep problems, 2 self-re-

port measures were administered: the Pittsburgh Sleep Quality 
Index (PSQI) and a sleep diary. The PSQI was used to describe 
their sleep history.25 The PSQI asks participants how often they 
experience sleep related problems on a scale of 0 (not during 
the past month) to 3 (≥ 3 times a week) and has adequate va-
lidity with laboratory polysomnography. Scores can range 
from 0 to 21, and scores > 5 indicate substantial sleep distur-
bance.25 Specific questions address the time it usually takes to 
fall asleep at night and how much sleep the respondent usually 
gets each night.

A sleep diary was completed each evening that included a 
brief description of activity, meals, alcohol and caffeine con-
sumption, tobacco use, and stressors and symptoms experienced 
during the day. Each morning, participants recorded their bed-
time, wake time, the amount of time it took to fall asleep, and 
whether they took anything to help them sleep. The sleep diary 
was also used in cases where participants neglected to press the 
event marker on the actigraph monitor to indicate lights out and 
final awakening times. The average of the 3 nights’ diary entries 
was used for analyses that involved sleep onset latency.

Symptom Experience
The Memorial Symptom Assessment Scale (MSAS) as-

sesses 32 symptoms with regard to presence (yes/no) as well 
as frequency, severity, and distress.26 The number of individual 
MSAS symptoms experienced was used to estimate symptom 
burden and ranged from 0 to 32. Within the MSAS are 7 symp-
toms related to sleep problems: lack of energy, difficulty sleep-
ing, difficulty concentrating, feeling drowsy, feeling irritable, 
feeling nervous, and worrying. The symptom experience of this 
sample was previously reported in more detail.10

In addition to the MSAS “lack of energy” item, the sleep di-
ary described above asked 4 specific items that were descriptors 
of fatigue (tired, sleepy, drowsy, fatigued) on a scale of 0 (not 
at all) to 10 (extremely) in the evening before bedtime and in 
the morning upon awakening. These items were derived from 
the 18-item Lee Fatigue Scale.27 The 18-item version has well-
established validity and high internal consistency reliability in 
previous studies with cancer28 and other HIV samples,8 and the 
current brief 4-item version had a Cronbach α coefficient of 
0.84 for the first evening diary entry and an intraclass correla-
tion (ICC) of 0.81 for consistency between the 3 evenings. The 
Cronbach α coefficient was 0.91 for the first morning diary en-
try, and the ICC was 0.80 for the 3 mornings.

the type of sleep problem is associated with disease and treat-
ment characteristics as well as symptoms experienced during 
the day was also explored.

METHODS

Participants and Procedures
After approval of the study protocol by the Committee on 

Human Research, 350 adults living with HIV in the San Fran-
cisco Bay Area were recruited and enrolled using posted flyers 
at HIV-related clinical and community sites. The flyer indicated 
recruitment for a study about “symptoms and genetics” and 
was not specific to any particular symptom. Written informed 
consent was obtained prior to participation. Eligibility criteria 
included English-speaking adults at least 18 years of age, diag-
nosed with HIV for ≥ 3 months, not working nightshift sched-
ules, and not pregnant within the prior 3 months. Study visits 
were conducted at the university’s outpatient Clinical Research 
Center. After excluding subjects who tested positive on urine 
sample screening for illicit drugs (n = 31), subjects who could 
not provide a specimen (n = 1), and subjects with missing ques-
tionnaire or sleep diary data (n = 5) or actigraphy data (n = 27), 
the analysis for this sample included 290 adults with data for 
actigraphy and self-report measures.

In addition to completing demographic and symptom ques-
tionnaires, the assessment included wearing a wrist actigraph 
monitor for 72 continuous hours during weekdays, and anthro-
pometric measures of height, weight, and circumference of 
neck, waist, hips, and thighs. Participants provided a urine sam-
ple for toxicology screening using RediCup (Redwood Toxicol-
ogy Laboratory, Inc, Santa Rosa CA, USA) and a copy of their 
most recent laboratory results for CD4+ T-cell count and viral 
load. Anti-retroviral therapy (ART) was determined by review 
of the participant’s report of current medications. This analysis 
includes self-report and actigraphy measures of their sleep in 
relation to demographic and clinical characteristics.

Measures

Objective Nocturnal and Daytime Sleep
Sleep and activity were estimated with a noninvasive bat-

tery-operated wrist actigraph microprocessor that senses mo-
tion with a piezoelectric beam that detects movement and 
acceleration (Mini Motionlogger Actigraph, AAM-32 Am-
bulatory Monitoring, Inc. Ardsley, NY). Actigraphy provides 
continuous movement counts, and data were sampled in 30-sec 
epochs using zero-crossing mode. The actigraphy monitor was 
worn continuously on the non-dominant wrist for 72 h on 3 
consecutive weekdays between Monday and Friday to control 
for potential weekend variability and reduce subject burden in 
this patient population. Wrist actigraphy has been validated 
with EEG measures of sleep and wake time for healthy and 
disturbed sleepers.22-24

Bedtime and final wake times were determined by one of two 
approaches: (a) participant’s pressing the event marker on the 
actigraph for “lights out” and “lights on,” or (b) diary entry of 
clock times that matched with a 50% change in movement dur-
ing the same 10-min block of time on actigraphy. If these were 
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for many years; 70% were currently receiving anti-retroviral 
therapy (ART); 51% had received an AIDS diagnosis; and 
most were unemployed (86%) or receiving medical disability 
assistance (75%).

Sleep Quantity
The sample’s total sleep time across the 3 nights ranged from 

< 2 to > 11 h/night (mean = 6.2 ± 1.6 h). Almost half of the sam-
ple (45%, n = 131) averaged < 6 h of sleep per night; another 
42% (n = 121) slept ≥ 6 h, but less than 8 h; and 13% (n = 38) 
slept an average ≥ 8 h per night (Table 2).

“Long sleepers” are typically defined as adults sleeping ≥ 9 
h, but in this sample, only 9 participants met this criterion, and 
they did not differ from the 29 participants sleeping 8-9 h per 
night on other variables of interest. Therefore, these 2 groups 
were collapsed into a single group of participants sleeping ≥ 
8 h per night for the purpose of this analysis. The primary dif-
ference between participants sleeping ≥ 8 h and the groups ob-
taining less sleep at night was that the longer sleepers reported 
more depressive symptoms on the CES-D. Long sleepers also 
spent more time in bed at night, had better sleep efficiency, 
and slept more during the day, although their perceived sleep 
quality on the PSQI did not differ from the other groups. Long 
sleepers were more likely to be Caucasian and college educat-
ed, but were otherwise similar to participants sleeping less on 
demographic and clinical variables.

In contrast to the long sleepers, participants sleeping < 6 h/
night spent less time in bed, had lower sleep efficiency, and 
slept less during the day than longer sleepers, but did not report 
significantly more sleep disturbance or worse symptom experi-
ence. However, short sleep was associated with lower CD4+ T-
cell counts (398 ± 256 vs. 494 ± 269, t275 = 3.03, p = 0.003) and 
higher viral load values (2.09 ± 1.99 vs. 1.58 ± 1.91, t269 = 2.14, 
p = 0.033). Short sleepers were also more likely to be African 
American, have less education, and have lower income.

Problems Falling Asleep
Difficulty falling asleep, defined as an average SOL > 30 

min, was reported by 100 participants (34% of the sample). 
Only 15% of the participants (n = 42) averaged < 10 min to fall 
asleep by their diary recording over the 3 nights. Self-reported 
SOL was highly variable (range 1 to 160 min) and not nor-
mally distributed (30.2 ± 26.4, median = 21.7). Diary report 
of SOL was correlated with the usual amount of time to fall 
asleep reported on the PSQI (Spearman r = 0.60, p < 0.001), 
indicating that the 3 nights of monitoring were typical of the 
participants’ usual sleep onset latency during the prior month. 
Self-reported SOL was also weakly correlated with actigra-
phy estimates of SOL (Spearman r = 0.13, p = 0.025), WASO 
(Spearman r = 0.13, p = 0.024) and time in bed (Spearman 
r = 0.22, p < 0.001). Diary reports of time to fall asleep were 
unrelated to total sleep time at night and daytime napping. 
Self-reported SOL was also unrelated to reported use of alco-
hol, caffeine, and tobacco, as well as measures of BMI, neck 
circumference, or waist circumference.

Problems Maintaining Sleep
Wake after sleep onset (WASO) was calculated from 

wrist actigraphy as the percentage of time spent awake af-

The Center for Epidemiological Studies-Depression Scale 
(CES-D) was used to assess frequency of depressive symp-
toms during the past week. The 20-item CES-D score can 
range from 0 to 60, with higher scores indicative of more fre-
quent symptoms of depression; scores ≥ 16 indicate the need 
for further clinical evaluation for major depression. The CES-
D has well-established concurrent and construct validity.29 In 
this study, internal consistency reliability (Cronbach α coef-
ficient) was 0.88.

The Profile of Moods States (POMS) 9-item subscale for 
Tension-Anxiety was used to assess severity of anxiety in the 
past week. Scores can range from 0 to 36, with higher scores 
indicating a more severe level of anxiety. The POMS has well-
established concurrent and construct validity.30 In this study, the 
subscale was internally consistent, with a Cronbach α coeffi-
cient of 0.86.

Statistical Analysis
Descriptive statistics were used to summarize demographic 

and clinical characteristics. The 72 h of continuous actigraphy 
data were analyzed for each individual using Action4 software 
(Ambulatory Monitoring, Inc. Ardsley, NY). This software al-
lows for automatic sleep scoring as described in the methods 
section. These data were entered into SPSS, Version 15.0 soft-
ware (SPSS, Inc, Chicago IL, USA) for group analyses. ANO-
VA with Scheffe post hoc testing was used to compare short 
sleepers (< 6 h total nocturnal sleep by actigraphy measures) 
with typical sleepers (6.0-7.9 h) and long sleepers (≥ 8 h).

Actigraphy recording of wake after sleep onset (WASO) 
was averaged over the 3 nights, and WASO > 15% was used to 
dichotomize the sample. In the uncontrolled home, without a 
sleep technician to document lights out time, pressing the ac-
tigraphy event marker to indicate lights can be unreliable and 
invalid on any given night. Therefore, the participant’s diary 
report of time to fall asleep was averaged over the 3 nights, 
and sleep onset latency (SOL) > 30 min was used to dichoto-
mize the sample. Group differences in types of sleep problems 
were assessed with χ2 tests of independence for categorical 
variables and either one-way ANOVA or independent t-tests 
for continuous variables. Post hoc testing compared each 
sleep problem group to the reference group of good sleep-
ers using either pairwise χ2 tests adjusted for the number of 
comparisons (categorical variables) or Dunnett test (continu-
ous variables). Transformations were conducted to normalize 
skewed distributions. Spearman correlation coefficients (r) 
were use to estimate associations between continuous vari-
ables with non-normal distributions. Significance was set at 
p < 0.05 for all analyses.

RESULTS

Sample Characteristics
Demographic and clinical characteristics for the 290 par-

ticipants included in this analysis are presented in Table 1. 
The sample was ethnically diverse and predominantly male, 
reflecting the local population of adults living with HIV infec-
tion. Over half (59%) of the women in the sample were Af-
rican American. Most participants had been living with HIV 
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Table 1—Demographic and clinical characteristics by type of sleep problem

Characteristic

Total
Sample
(n = 290)

Good
Sleep

(n = 88)

Falling 
Asleep Only

(n = 41)

Staying 
Asleep Only

(n = 102)

Both Sleep 
Problems
(n = 59)

Statisticsa

(when p < 0.20)

Demographic
Age (years) 45.0 ± 8.4 44.3 ± 9.7 45.3 ± 8.7 44.9 ± 7.3 45.8 ± 7.9 ns
Gender ns

Male 194 (67%) 63 (72%) 27 (66%) 64 (63%) 40 (68%)
Female 74 (25%) 21 (24%) 13 (32%) 26 (25%) 14 (24%)
Transgender 22 (8%) 4 (4%) 1 (2%) 12 (12%) 5 (8%)

Race χ2(6) = 17.6, p = 0.007
African American 111 (38%) 25 (28%) 10 (24%) 47 (46%)* 29 (49%)*
Caucasian 118 (41%) 46 (52%) 23 (56%) 32 (31%)* 17 (29%)*
Other 61 (21%) 17 (19%) 8 (20%) 23 (23%) 13 (22%)

Education χ2(3) = 9.93, p = 0.019
High school or less 227 (78%) 61 (69%) 29 (71%) 87 (85%)* 50 (85%)*
More than high school 63 (22%) 27 (31%) 12 (29%) 15 (15%)* 9 (15%)*

Employment Status χ2(3) = 9.50, p = 0.023
Not employed 244 (84%) 67 (76%) 34 (83%) 87 (85%) 56 (95%)*
Employed or student 46 (16%) 21 (24%) 7 (17%) 15 (15%) 3 (5%)*

Household Income χ2(3) = 6.10, p = 0.107
< $1,000/month 200 (69%) 56 (64%) 24 (59%) 74 (73%) 46 (78%)
$1,000/month or more 90 (31%) 32 (36%) 17 (41%) 28 (27%) 13 (22%)

Clinical
CD4+ T-cell count (cells/mm3)b 450 ± 267 497 ± 296 467 ± 220 427 ± 262 412 ± 256 F3,272 = 1.61, p = 0.187

< 200 cells/mm3 48 (17%) 14 (17%) 2 (5%) 22 (22%) 10 (18%) χ2(3) = 5.65, p = 0.130
≥ 200 cells/mm3 228 (83%) 69 (83%) 36 (95%) 76 (78%) 47 (82%)

Viral Load (log10 copies/mL)b 1.80 ± 1.96 1.51 ± 1.91 1.88 ± 2.06 1.93 ± 1.96 2.00 ± 1.97 ns
Undetectable (< 50 copies/mL) 136 (50%) 49 (59%) 19 (50%) 44 (46%) 24 (45%) ns
Detectable (≥ 50 copies/mL) 134 (50%) 34 (41%) 19 (50%) 52 (54%) 29 (55%)

Anti-Retroviral Therapy (ART) χ2(3) = 7.16, p = 0.067
Not on treatment 86 (30%) 18 (20%) 12 (29%) 32 (31%) 24 (41%)*
On treatment 204 (70%) 70 (80%) 29 (71%) 70 (69%) 35 (59%)*

AIDS Diagnosis ns
No 141 (49%) 41 (47%) 18 (44%) 53 (52%) 29 (49%)
Yes 149 (51%) 47 (53%) 23 (56%) 49 (48%) 30 (51%)

Years since HIV Diagnosis 12.1 ± 6.9 12.1 ± 6.4 12.7 ± 7.3 12.1 ± 7.0 11.7 ± 7.1 ns
BMI

Male 26.0 ± 4.8 25.2 ± 4.0 27.0 ± 7.1 26.1 ± 4.0 26.4 ± 5.2 ns
Female 29.0 ± 6.4 29.1 ± 5.7 25.6 ± 2.8 30.0 ± 6.7 30.3 ± 8.3 F3,70 = 1.74, p = 0.166
Transgender 29.1 ± 6.9 24.0 ± 6.6 32.0 ± 0.0 30.4 ± 6.7 29.4 ± 7.9 ns

Neck circumference (cm)
Male 38.4 ± 2.7 37.8 ± 2.6 38.6 ± 3.3 38.8 ± 2.4 38.7 ± 2.8 F3,189 = 1.59, p = 0.194
Female 34.5 ± 3.0 34.3 ± 3.2 33.2 ± 1.4 35.0 ± 2.9 34.9 ± 3.9 ns
Transgender 37.9 ± 3.6 34.1 ± 2.7 40.2 ± 0.0 38.8 ± 3.7 38.5 ± 2.2 F3,18 = 2.27, p = 0.115

Waist circumference (cm)
Male 93.6 ± 12.3 91.5 ± 10.7 96.2 ± 16.8 93.2 ± 11.8 95.7 ± 11.9 ns
Female 93.3 ± 14.2 92.9 ± 14.2 83.9 ± 7.0 97.5 ± 13.0 95.1 ± 17.9 F3,70 = 2.98, p = 0.037
Transgender 95.6 ± 13.7 83.7 ± 12.4 97.3 ± 0.0 99.5 ± 13.5 95.5 ± 13.5 ns

aAnalyses included an omnibus ANOVA and Dunnett post hoc tests comparing each sleep problem group to the good sleep group. bLower sample sizes due 
to missing laboratory data. *Post hoc testing indicates this group significantly differs (p ≤ 0.05) from good sleep group.D
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Group Comparisons
Although there was a weak association between difficulty 

falling asleep and difficulty maintaining sleep (Spearman r = 
0.13, p = 0.024), the 2 sleep problems were largely indepen-
dent. As such, the sample was divided into 4 groups based on 
the presence or absence of the 2 sleep problems. There were 41 
(14%) who had difficulty falling asleep only, defined as taking 
> 30 min to fall asleep on average as reported in the sleep diary. 
There were 102 (35%) who only had a problem maintaining 
sleep, averaging > 15% WASO recorded by actigraphy. There 
were an additional 59 participants (20%) who had both types 
of sleep problems. The reference group consisted of 88 par-
ticipants (30%) who had neither problem and were considered 
“good sleepers” for group analyses.

The groups were compared and results are reported in Tables 
1 and 3. The groups differed on demographic factors, such as 
race, education, income, and employment status, but did not 

ter falling asleep and could range from 0 (no awake time 
after sleep onset) to 100% (awake the entire night). Frag-
mented sleep or difficulty maintaining sleep was common 
in this sample, with 56% (n = 161) having WASO above 
15%. The 3-night mean WASO ranged from 0.63% to 78.9% 
(mean = 20.9% ± 14.8%, median = 17.5%), and was weakly 
correlated with habitual sleep efficiency on the PSQI (Spear-
man r = −0.15, p = 0.016), suggesting that the WASO ob-
served during the 3-day monitoring period was somewhat 
consistent with the participants’ self-report of their typical 
amount of sleep fragmentation. WASO was inversely corre-
lated with actigraphy measures of total sleep time at night 
(Spearman r = −0.71, p < 0.001) and daytime sleep quantity 
(Spearman r = −0.23, p < 0.001). There was no relationship 
between WASO and self-reported use of tobacco, alcohol or 
caffeine, or measures of BMI, neck circumference, or waist 
circumference.

Table 2—Sleep characteristics and symptom experience by sleep quantity

Variable

Short Sleep
(< 6 h)

(n = 131)

Typical Sleep
(6 – 7.9 h)
(n = 121)

Long Sleep 
(≥ 8 h)
(n = 38)

Statisticsa

(when p < 0.20)
Demographic

Race χ2(4) = 24.9, p < 0.001
African American 66 (50%)** 37 (30%)* 8 (21%)*
Caucasian 34 (26%)** 60 (50%)* 24 (63%)*
Other 31 (24%) 24 (20%) 6 (16%)

Education χ2(2) = 11.1, p = 0.004
High school or less 113 (86%)* 90 (74%) 24 (63%)*
More than high school 18 (14%)* 31 (26%) 14 (37%)*

Household Income χ2(2) = 9.16, p = 0.010
< $1,000/month 102 (78%)* 76 (63%) 22 (58%)*
$1,000/month or more 29 (22%)* 45 (37%) 16 (42%)*

Clinical
CD4+ T-cell count (cells/mm3)b 398 ± 256* 502 ± 273* 470 ± 259 F2,273 = 4.62, p = 0.011
Viral Load (log10 copies/mL)b 2.09 ± 1.99 1.56 ± 1.89 1.61 ± 2.00 F2,267 = 2.29, p = 0.103

Perceived Sleep Disturbance
PSQI Global score 7.7 ± 3.8 7.3 ± 3.7 7.2 ± 3.3 ns

Actigraphy
Time in bed (minutes) 452 ± 78** 511 ± 59** 593 ± 70** F2,287 = 65.6, p < 0.001
Total sleep time (minutes) 284 ± 58** 416 ± 34** 526 ± 46** F2,287 = 473, p < 0.001
Sleep efficiency (% of TIB) 63.9 ± 14.6** 82.1 ± 9.1** 89.0 ± 6.02** F2,287 = 110, p < 0.001
Wake after sleep onset (%)b 30.6 ± 14.9** 14.2 ± 8.7** 8.5 ± 6.1** F2,287 = 91.1, p < 0.001
Day sleep (minutes)b 44 ± 51* 58 ± 57 86 ± 80* F2,280 = 6.8, p = 0.001

Symptom Experience
Number of symptoms (MSAS) 9.5 ± 5.8 8.2 ± 5.7 10.8 ± 6.6 F2,277 = 3.2, p = 0.043
Depression (CES-D)b 16.0 ± 10.2* 16.3 ± 10.7* 21.2 ± 11.3** F2,285 = 3.1, p = 0.023
Anxiety (POMS subscale)b 8.3 ± 7.0 8.7 ± 6.9 10.3 ± 7.7 ns
Fatigue (sleep diary)

Morning 3.4 ± 2.3 3.7 ± 2.3 3.7 ± 2.1 ns
Evening 5.3 ± 2.3 5.1 ± 2.2 5.5 ± 2.1 ns
Evening-Morning difference 1.9 ± 1.9 1.5 ± 1.9 1.7 ± 1.8 ns

aAnalyses for comparing the 3 groups included χ2 for demographic variables and an omnibus ANOVA and Scheffe post hoc tests for continuous variables. 
bSquare root transformation used to normalize distribution. *Post hoc testing indicates this group significantly differs (p ≤ 0.005) from one of the other groups. 
**Post hoc testing indicates this group significantly differs (p ≤ 0.005) from both of the other groups.
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adults in this group obtained < 6 h of sleep per night, and nearly 
one-third (29%) obtained ≥ 8 h of sleep at night. This group 
also reported the highest symptom burden, the most symptoms 
of anxiety and depression, and the highest ratings of morning 
fatigue. The demographic and clinical characteristics of this 
group were similar to the good sleepers. Women with difficulty 
falling asleep had slightly lower waist circumference than good 
sleepers, but there was no group differences on anthropometric 
measures among men or the small sample of transgender adults.

Trouble staying asleep only: Participants who had trou-
ble maintaining sleep, but no trouble initially falling asleep 
(n = 102) represented the largest proportion of the sample 
(35%). On average, this group obtained the least amount of 
sleep (5.3 h), although on the PSQI they reported usually ob-

differ by gender, age, or self-reported use of tobacco, alcohol, 
or caffeine. There were small clinical differences between the 
groups, and significant differences on measures of sleep and 
symptom experience. As shown in Table 3, all 4 groups had a 
mean PSQI score > 5 indicating significant sleep disturbance. 
Each sleep problem group was compared to the good sleepers 
and can be summarized as follows:

Trouble falling asleep only: Participants who reported trou-
ble falling asleep but had no difficulty staying asleep (n = 41) 
reported significant sleep disturbance on the self-report mea-
sures, despite obtaining the most sleep of the 4 groups, both 
at night (7.3 ± 1.1 h) and during the day (1.3 ± 1.3 h). In fact, 
this was the only group that obtained more sleep according to 
actigraphy than they reported on the PSQI. Only 10% of the 

Table 3—Sleep characteristics and symptom experience by type of sleep problem

Variable

Total
Sample
(n = 290)

Good
Sleep

(n = 88)

Falling
Asleep Only

(n = 41)

Staying
Asleep Only

(n = 102)

Both Sleep 
Problems
(n = 59)

Statisticsa

(when p < 0.20)
Perceived Sleep Disturbance

PSQI
Global score 7.4 ± 3.7 6.2 ± 3.2 8.8 ± 3.4* 7.2 ± 3.7 8.8 ± 3.9* F3,285 = 8.8, p < 0.001
Global scores > 5 189 (65%) 43 (49%) 36 (88%)* 66 (65%) 44 (75%)* χ2(3) = 21.9, p < 0.001
Subscales

Sleep quality 1.09 ± 0.74 0.94 ± 0.69 1.29 ± 0.68* 1.02 ± 0.80 1.31 ± 0.70* F3,284 = 4.2, p = 0.006
Sleep onset latency 1.43 ± 0.97 1.08 ± 0.85 1.93 ± 0.96* 1.20 ± 0.89 2.02 ± 0.88* F3,277 = 19.3, p < 0.001
Sleep efficiency 0.66 ± 0.92 0.47 ± 0.75 0.55 ± 0.90 0.70 ± 0.89 0.97 ± 1.12* F3,281 = 3.8, p = 0.011
Sleep duration 0.80 ± 1.10 0.52 ± 0.90 0.90 ± 1.14 0.80 ± 1.11 1.15 ± 1.24* F3,269 = 3.8, p = 0.010
Sleep disturbance 1.60 ± 0.65 1.47 ± 0.57 1.68 ± 0.57 1.60 ± 0.69 1.75 ± 0.71* F3,285 = 2.5, p = 0.059
Medication 0.89 ± 1.22 0.69 ± 1.15 1.29 ± 1.29* 1.00 ± 1.27 0.71 ± 1.15 F3,282 = 3.0, p = 0.033
Daytime dysfunction 1.07 ± 0.74 1.11 ± 0.76 1.20 ± 0.64 0.94 ± 0.75 1.18 ± 0.76 F3,279 = 1.9, p = 0.134

Usual hours of sleep 7.1 ± 1.5 7.3 ± 1.4 7.1 ± 1.3 7.1 ± 1.6 6.6 ± 1.7* F3,281 = 2.6, p = 0.052
Usual minutes to fall asleep 26.2 ± 23.6 18.5 ± 13.2 40.7 ± 30.1* 18.0 ± 12.9 41.9 ± 31.4* F3,277 = 26.1, p < 0.001
Usual sleep efficiency 84.1 ± 15.1 88.0 ± 12.6 82.6 ± 15.3 84.5 ± 15.0 78.4 ± 16.8* F3,269 = 4.8, p = 0.003

Take sleep medication (diary) 72 (25%) 15 (17%) 18 (45%)* 28 (28%) 11 (19%) χ2
(3) = 13.0, p = 0.005

Actigraphy
Time in bed (min) 495 ± 84 488 ± 85 504 ± 56 484 ± 90 517 ± 85 F3,286 = 2.3, p = 0.078
Total sleep time (min) 371 ± 99 429 ± 86 436 ± 66 317 ± 85* 332 ± 83* F3,286 = 42.1, p < 0.001

Sleep < 6 h/night 131 (45%) 17 (19%) 4 (10%) 73 (72%)* 37 (63%)* χ2(3) = 80.5, p < 0.001
Sleep ≥ 8 h/night 38 (13%) 22 (25%) 12 (29%) 4 (4%)* 0 (0%)* χ2(3) = 36.8, p < 0.001

Sleep efficiency (% of TIB) 74.8 ± 15.4 87.6 ± 7.7 86.3 ± 7.0 65.3 ± 13.3* 63.8 ± 11.7* F3,286 = 105, p < 0.001
Wake after sleep onset (%)b 20.9 ± 14.8 8.5 ± 6.2 9.3 ± 5.6 30.2 ± 12.9* 31.2 ± 11.4* F3,286 = 168, p < 0.001
Day sleep (minutes)b 55 ± 59 68 ± 64 77 ± 75 43 ± 53* 43 ± 39* F3,279 = 6.3, p < 0.001

Nap ≥ 60 min/day 93 (33%) 34 (40%) 20 (50%) 24 (24%)* 15 (26%) χ2(3) = 12.1, p = 0.007
Nap ≥ 120 min/day 40 (14%) 18 (21%) 9 (23%) 9 (9%)* 4 (7%)* χ2(3) = 10.5, p = 0.015

Symptom Experience
Number of symptoms (MSAS) 9.2 ± 5.9 8.6 ± 5.4 11.0 ± 6.2 8.4 ± 5.7 10.2 ± 6.5 F3,276 = 2.8, p = 0.038
Depression (CES-D)b 16.8 ± 10.6 16.3 ± 11.5 18.8 ± 9.1 15.8 ± 10.8 17.9 ± 9.9 F3,284 = 1.8, p = 0.150
Anxiety (POMS subscale)b 8.7 ± 7.0 8.3 ± 7.2 11.7 ± 7.4* 7.5 ± 6.7 9.3 ± 6.7 F3,279 = 4.3, p = 0.006
Fatigue (sleep diary)

Morning 3.6 ± 2.3 3.7 ± 2.4 4.3 ± 2.3 3.2 ± 2.1 3.6 ± 2.5 F3,284 = 2.5, p = 0.062
Evening 5.2 ± 2.2 5.5 ± 2.1 5.5 ± 2.1 5.0 ± 2.3 5.2 ± 2.4 ns
Evening-Morning difference 1.7 ± 1.9 1.8 ± 1.9 1.2 ± 1.8 1.8 ± 1.9 1.6 ± 2.1 ns

aAnalyses included an omnibus ANOVA and Dunnett post hoc tests comparing each sleep problem group to the good sleep group. bSquare root transformation 
used to normalize distribution. *Post hoc testing indicates this group significantly differs (p ≤ 0.05) from good sleep group.
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Considering the high rates of medical disability and un-

employment in this sample, it was surprising that only a third 
took a nap for more than one hour during the day. It was also 
interesting that napping was most common in the group with 
problems falling sleep (50%) and least common (24%) among 
participants with only fragmented sleep, since they tended to 
obtain less sleep during the night. The prevalence of napping 
was similar to that reported for a community sample of women 
in which 31% reported naps,16 and similar to Darko and col-
leagues’ sample of men with AIDS in which 50% reported nap-
ping.33 Rather than only 6 to 7 hours of sleep, however, the men 
in that sample reported an average of 9 hours sleep at night.33

One dimension of sleep rarely included in published reports 
is amount of actual sleep obtained during the night regardless 
of difficulty falling asleep or staying asleep. Only nine par-
ticipants met criterion of more than 9 hours sleep. When these 
nine adults were combined with participants sleeping 8 hours 
or longer, this group actually had significantly better sleep effi-
ciency compared to participants getting less sleep, but they had 
no difference in subjective sleep quality on the PSQI. Nearly 
half of this sample obtained less than 6 hours of sleep on av-
erage across the three nights of monitoring, and they were in 
bed later and arose earlier and slept less during the day, with-
out any significant differences in daytime function or mood. 
In fact, participants who slept less than 6 hours actually had 
slightly lower morning fatigue ratings as well as fewer anxiety 
and depressive symptoms compared to participants who slept 6 
hours or more. The group who slept less than 6 hours per night 
had significantly lower CD4+ T-cell counts and higher viral 
load values, but it remains unclear how these clinical variables 
affect or are affected by sleep disturbance. While at least 7 
hours of sleep is recommended for most healthy adults, future 
research should examine in more detail how health and clini-
cal outcomes, as well as daytime functioning, are impacted by 
less than 6 hours of sleep in chronic illness populations such as 
adults living with HIV/AIDS.

Sleep fragmentation was associated with short sleep times, 
but difficulty falling asleep was not. Given the association be-
tween short sleep duration and adverse clinical outcomes such 
as poor immune function and higher viral load, interventions 
are needed to better identify and address sleep fragmentation 
among adults living with HIV. Most studies of sleep fragmenta-
tion examine the role of BMI and waist or neck circumference 
without attention to sociodemographic factors. In this sample of 
adults with HIV infection, we did not find strong associations 
between self-reported snoring or fragmented sleep and anthro-
pometric measures typically associated with sleep disordered 
breathing. The sociodemographic correlates of both short sleep 
duration and sleep fragmentation would suggest that environ-
mental and sleep hygiene factors may play a larger role than 
body weight in this population and be a more critical aspect of 
an effective intervention.

One limitation of this study design was the self-report mea-
sures for symptom experience, including problems falling 
asleep and the mental health symptoms of anxiety and depres-
sion. Future research should include more objective clinical as-
sessments of adults who complain about their sleep. It may be 
that adults with fragmented sleep are less aware of their sleep 
loss and its effects on their daytime function or have more dif-

taining 7.1 h of sleep. While their sleep efficiency was low 
(65%), they reported less sleep disturbance on the self-report 
measures than participants with trouble falling asleep, and they 
had the lowest symptom burden (total number of symptoms, 
as well as symptoms of depression, anxiety, and fatigue) of 
all 4 groups. Participants who only had trouble staying asleep 
were more likely to be African American and less likely to be 
Caucasian, and tended to have less education and lower in-
comes than the good sleepers. While the differences were not 
statistically significant, their CD4+ T-cell counts were some-
what lower and their viral load counts were slightly higher 
than the good sleepers, and they were slightly less likely to be 
receiving anti-retroviral therapy.

Trouble falling and staying asleep: Participants who had 
trouble both falling and staying asleep (20%, n = 59) obtained 
an average of 5.5 ± 1.4 h of sleep at night and 0.7 ± 0.6 h of 
sleep during the day, and had an average sleep efficiency of only 
64%. In contrast to the previous group, participants with both 
sleep problems reported more sleep disturbance on the self-re-
port measures and also reported more symptom burden (overall 
as well as symptoms of depression and anxiety specifically). 
This group reported a surprisingly low rate of sleep medica-
tion use (19%) given the severity of their sleep problems. This 
group was more likely to be African American and less likely 
to be Caucasian, less likely to be employed, and tended to have 
less education and income than the good sleepers. This group 
had the lowest CD4+ T-cell count and the highest viral load 
values, and was significantly less likely to be on anti-retroviral 
therapy compared to the group of good sleepers.

DISCUSSION

This study utilized a cross-sectional convenience sample of 
adults with HIV/AIDS to describe the types of sleep problems 
they experience and the potential impact on daytime sleep and 
function. Their sleep was very poor considering the minimal 
monitoring with an actigraph in their own home environment. 
The mean PSQI global score was above 6 even for the good 
sleepers living with HIV. This is still better sleep than recently 
reported in another sample of slightly younger adults with HIV, 
where the mean PSQI score was 12.3 and all subjects were 
above the cut-point of 5.31 The majority of subjects in that study 
were African American.

Total sleep time at night in our sample ranged from less than 
2 to more than 11 hours, and sleep efficiency ranged from 18% 
to 98%. One-third of the sample reported trouble falling asleep 
(SOL > 30 min), and more than half of the sample had severely 
fragmented sleep (WASO > 15%). Participants with fragmented 
sleep had objectively worse sleep (72% had < 6 h of sleep per 
night by actigraphy, with an overall sleep efficiency of 65%), 
although the group with trouble falling asleep reported more 
sleep disturbance and more severe symptom burden. Despite 
their nighttime sleep fragmentation, the group with WASO > 
15% slept less during the day than the group with good sleep 
or the group reporting only problems falling asleep at bedtime. 
Using the PSQI self-report measure, other researchers also re-
port a range of 2 to 12 hours, with a mean of 5 to 6 hours sleep 
and sleep efficiency better than 85% in their samples of HIV-
infected adults.9,32
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to complain about their sleep, and since their sleep efficiency 
was similar to the group of good sleepers, interventions may 
be better focused on strategies to relieve anxiety and restrict 
time spent in bed in order to shorten sleep onset latency.35,36 
Rather than relying solely on medication to improve sleep, 
cognitive behavioral therapy should also be considered, par-
ticularly in populations already burdened with medications 
used to manage their chronic illness.37
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ficulty with self-report measures. It may also be the case that 
adults who report problems initiating sleep are highly focused 
on their sleep and so aware of their sleep problem that they take 
sleep medication expecting relief, but then spend more time in 
bed at night and napping during the day.34 Consistent with the 
findings of this study, Phillips and colleagues reported that their 
sample spent about 8 hours in bed and obtained about 6 hours 
sleep by self-report.32

Another limitation of this study was that the amount of sleep 
was objectively assessed with movement counts using wrist ac-
tigraphy, and this measure may have overestimated the amount 
of sleep actually obtained. If this is the case, then the poor 
sleep efficiency and low total sleep time would be even worse. 
Of interest was the finding that good sleepers and those only 
reporting problems falling asleep reported an average of 7.2 
hours sleep on the PSQI and actigraphy findings were similar, 
while the group with fragmented sleep had a large discrepancy 
between their self-reported sleep time (6.9 h) and actigraphy 
(5.4 h). Self-report measures of sleep time may be less valid 
for adults with problems maintaining sleep, and more research 
needs to be done with this particular type of sleep problem in 
populations living with a chronic illness.

Finally, the least prevalent type of sleep problem experienced 
by this sample was difficulty falling asleep, but it was associ-
ated with the most severe symptom experience. Sleep onset la-
tency was determined with a subjective sleep diary measure and 
then used to identify subjects having difficulty falling asleep. In 
contrast, sleep fragmentation was determined objectively using 
actigraphy to classify subjects with fragmented sleep. We can-
not exclude the possibility that the greater sleep disturbance and 
symptom burden in those with sleep onset difficulties could be 
a function of our identification by self-report, while the lower 
sleep disturbance and symptom burden in those with sleep frag-
mentation could be a function of our identification by objective 
measures. Subjective reports of sleep problems would be ex-
pected to be more closely associated with self-reported symp-
toms than objective measures of sleep problems.

Participants who only experienced difficulty falling asleep 
did not differ by age, but were more likely to take sleep medi-
cation. In this cross-sectional design with a non-random con-
venience sample, the low prevalence may not be reflective 
of the rate of initiation insomnia in the general population of 
adults living with HIV/AIDS. It would also be difficult to con-
clude whether the sleep medication was helping, or whether 
long sleep onset latency would have been even worse without 
the medication.

Further research is needed to explore the effects of the sleep 
medication taken at night on daytime function, including time 
spent napping. The group that only experienced problems 
falling asleep also reported more fatigue in the morning upon 
awakening, but were not any more fatigued in the evening than 
the good sleepers. Compared to good sleepers and those who 
only experienced fragmented sleep, the group with difficulty 
falling asleep reported more symptoms, including symptoms 
related to depression and anxiety. Their self-report measures 
were closely aligned with the objective actigraphy findings, 
indicating that they were more accurate in their perceptions 
of sleep than the group with fragmented sleep. Participants 
with difficulty falling asleep were also the group most likely 
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