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Background and Study Objective: Telomere length provides an estimate of cellular aging and is influenced by oxidative stress and health
behaviors such as diet and exercise. This article describes relationships between telomere length and sleep parameters that included total sleep
time (TST), wake after sleep onset (WASO), and self-reported sleep quality in a sample of adults with chronic iliness.

Design and Participants: Cross-sectional study of 283 adults (74% male, 42% Caucasian) infected with human immunodeficiency virus (HIV)
while living in the San Francisco Bay area, CA, USA. Ages ranged from 22-77 y.

Measurements and Results: TST and WASO were estimated with wrist actigraphy across 72 h; self-reported sleep quality was assessed with
the Pittsburgh Sleep Quality Index. Relative telomere length (RTL) in leukocytes was estimated by quantitative polymerase chain reaction assays.
Shorter RTL was associated with older age, and RTL was shorter in males than females. RTL was unrelated to HIV disease characteristics. RTL
was not associated with WASO or self-reported sleep quality. Participants with at least 7 h sleep had longer RTL than those with less than 7 h, even
after controlling for the effects of age, sex, race, education, body mass index, metabolic hormones (i.e., leptin, ghrelin, adiponectin, and resistin),
depression and anxiety, and sleep quality.

Conclusion: Results suggest that sleep duration is associated with preserving telomere length in a population of human immunodeficiency virus-

infected adults. Getting at least 7 hours of sleep at night may either protect telomeres from damage or restore them on a nightly basis.
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INTRODUCTION

Telomeres are repetitive DNA sequences that cap the ends
of chromosomes and protect their integrity.! Leukocyte telo-
mere length is a useful biological marker of the aging process
as telomere repeats are lost with cell division. Telomere length
is a product of one’s genetic constitution and environmental
exposures to stress. Even stress experienced in utero has been
associated with shortened telomeres in young adults.” Telo-
meres shorten with each year of life as a function of oxidative
stress, but shortening can be exacerbated by obesity, smoking,
and poor health.> Measures to moderate the effects of oxida-
tive stress on telomere length include healthy diet and regular
physical exercise.’

Sleep has been evaluated as a correlate of telomere length,
but findings have been contradictory. Telomere length was not
associated with sleep duration in a sample of healthy women
after controlling for body mass index (BMI), activity, stress,
and smoking.> However, sleep duration was estimated with
only one self-report item for average hours of sleep during the
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prior 6 w, and the sample consisted of healthy women under
the stressful condition of having a sister in treatment for breast
cancer. Another study based on self-reported sleep duration
found that sleeping an average of more than 7 h per night was
associated with longer telomeres among older men, but not
among older women.* In a study of healthy midlife women, the
Pittsburgh Sleep Quality Index (PSQI) was used to assess sleep
quality, and shorter telomere length was associated with self-
reported poorer sleep quality.’ Time in bed, sleep onset latency,
and sleep duration were not associated with telomere length in
that large sample of healthy women; BMI was the only signifi-
cant predictor of telomere length after controlling for age, race,
and income.’ However, these two studies did not include other
indicators of dietary behavior, such as waist and hip circumfer-
ences, intake of caffeine or alcohol, smoking, or plasma values
of metabolic hormones involved in dietary intake (e.g., leptin,
ghrelin, adiponectin, and resistin), even though such factors are
related to both sleep and BMIL.®® There were also no measures
of depression or anxiety, which are often associated with poor
sleep quality and BMI.

Human immunodeficiency virus (HIV) infection is a type
of chronic illness that initially activates the immune system
and cell turnover processes before the immunosuppression
phase seen in acquired immunodeficiency syndrome (AIDS).
Studies of telomere length in the HIV-infected population have
been ongoing since the 1990s and have focused on telomere
length and rate of disease progression’!" or effects of antiretro-
viral therapy.'? In a small sample of young HIV-infected adults
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(31-41 y of age), telomere length was associated with CD4 cell
count, and the 16 patients with CD4 cell counts less than
200 cells/mm?® had significantly shorter telomeres compared
with healthy age-matched controls.'® However, the relationship
between telomere length and sleep parameters in HIV-infected
adults has not been examined. The potential influence from
dietary factors known to be associated with both sleep param-
eters and telomere length was not addressed.

The purpose of this study was to describe the relation-
ship between telomere length and sleep parameters using both
subjective and objective sleep measures in a sample of HIV-
infected men and women. Based on findings from earlier studies
of healthy women, we hypothesized that both sleep duration and
sleep quality would account for a significant amount of the vari-
ance in telomere length even after controlling for age, sex, race,
income, education, clinical HIV status, symptoms of anxiety or
depression, anthropometric measures, and metabolic hormones.

METHODS

Participants and Procedures

The Committee on Human Research at the University of
California, San Francisco (UCSF) approved the study protocol,
and 350 adults living with HIV in the San Francisco Bay
area were recruited and enrolled using posted flyers at HIV-
related clinical and community sites. Written informed consent
was obtained prior to study participation. Eligibility criteria
included English-speaking adults at least 18 y of age in whom
HIV had been diagnosed for a minimum of 3 mo and who were
not working nightshift schedules or pregnant within the prior
3 mo. Study visits were conducted at the UCSF outpatient
Clinical Research Center (CRC). Participants provided a urine
sample for toxicology screening using RediCup® (Redwood
Toxicology Laboratory, Inc, Santa Rosa, CA, USA).

After excluding 32 participants who tested positive on urine
sample screening for illicit drugs or who could not provide a
specimen, 29 participants had missing data at random from
actigraphy, and six participants had missing data for telomere
length. The analysis for this study includes 283 adults with
complete data for actigraphy and telomere length. A description
of the complete sample’s demographic, symptom, and clinical
data is reported elsewhere.'*

Measures

In addition to completing demographic and sleep question-
naires, participants wore a wrist actigraph monitor for 72 h
continuously during weekdays, and anthropometric measures
were obtained for calculation of BMI and waist/hip ratio.
Blood pressure was also recorded and a fasting blood sample
was obtained to measure plasma levels of leptin, ghrelin, adipo-
nectin, and resistin. Daily diaries were used to record caffeine,
alcohol, and tobacco intake, and use of sleep aids, as well as
bedtimes, wake times, and daytime naps. Number of comorbid
health conditions was assessed by self-report. A copy of the
participants’ most recent laboratory results for CD4+ T-cell
count and viral load was obtained from their medical record,
and antiretroviral therapy (ART) and other medication usage
was determined by review of the participants’ self-report of
current medications.
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Relative Telomere Length

Mean relative telomere length (RTL) is measured as the ratio
of telomeric product/single copy gene (T/S) obtained using a
quantitative polymerase chain reaction (qPCR). The qPCR
assay amplifies the telomere repeats; therefore, the longer the
telomeres are in each sample, the more qPCR products will
be generated in qPCR reactions using primers specific for the
telomeric DNA. The single copy gene serves to normalize the
number of genome equivalents (i.e., cells) represented in a
given biospecimen genomic DNA sample.

Briefly, two separate qPCR experiments were performed
for each sample (i.e., T and S). Using methods previously
detailed,'"!'7 telomeric sequence was amplified using primers
tellb and tel2b and the human beta-globin gene (HBG)
served as the single copy gene, which was amplified using
primers hbgl and hbg2 (Invitrogen Inc., Life Technologies,
Carlsbad, California). A standard curve using a reference
DNA was constructed for each qPCR experiment to enable
estimates of participants’ telomere lengths and single copy
gene quantities.

All samples were measured in quintuplicate and the mean of
at least three valid replicates was used in subsequent analyses.
Outlier estimates (defined as > 0.3 standard deviation units)
were excluded. If three replicates could not be retained, the
qPCR sample was repeated. For each reaction, 4 ng of input
DNA template was used. For each qPCR experiment, one intra-
plate and one interplate control sample was included to assess
for intraplate and interplate variability. The coefficient of varia-
tion across all gPCR experiments was 2.4% (range 1.1-4.9%)
for the telomere qPCR target and 1.2% (range 0.6-2.7%) for the
single copy gene (HBG) qPCR target.

Metabolic Hormones

For selected plasma biomarker measures of energy metabo-
lism (leptin, ghrelin, adiponectin, and resistin), blood samples
were centrifuged and plasma was stored at -80°C until samples
were assayed using the Luminex xMAP multiplex platform
by Millipore, Inc (BioMarker Services, Millipore, St. Charles,
MO). Samples were assayed in duplicate, and the mean of the
two assays were used for subsequent analyses. The within and
between assay coefficients of variation were acceptable for
leptin (< 10% and < 20%), ghrelin (< 10% and < 20%), adipo-
nectin (< 10% and < 15%), and resistin (< 10% and < 15%).

Objective Sleep

Objective sleep duration (total sleep time, TST) and quality
(wake after sleep onset, WASO) were estimated with a nonin-
vasive battery-operated wrist actigraph microprocessor that
detects acceleration and motion with a piezoelectric beam
(Mini Motionlogger Actigraph, AAM-32 Ambulatory Moni-
toring, Inc., Ardsley, NY, USA). Actigraphy provides contin-
uous movement counts and data were sampled in 30-sec epochs
using zero-crossing mode. The actigraphy monitor was worn
continuously on the nondominant wrist for 72 h on 3 consecu-
tive weekdays between Monday and Friday to control for
potential weekend variability and reduce participant burden
in this patient population. Wrist actigraphy has been validated
with polysomnography measures of sleep and wake time for
healthy and disturbed sleepers.'*%
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Bedtime and final wake times were determined by one or two
approaches: participants pressing the event marker on the acti-
graph for “lights out” and “lights on”; or diary entry of clock
times that matched with a 50% change in movement during
the same 10-min block of time on actigraphy. If these times
were not available, the sleep onset time was deemed missing
for that night and the mean value for 2 nights was used. The
Cole-Kripke algorithm was used to calculate TST in min and
percent time spent awake after falling asleep (WASO) using an
automatic sleep scoring program (Action4® Software Program,
Ambulatory Monitoring Inc.) to reduce researcher scoring bias.
The mean for 3 nights of complete data was used for TST and
WASO. To estimate daytime sleep, the time after final awak-
ening to the next bedtime was examined and sleep diary nota-
tions of nap times were noted. Daytime min 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 min of daytime sleep.

Subjective Sleep

The PSQI was used to estimate general perception of sleep
quality and self-reported sleep duration.?’ The PSQI asks
participants how often they experienced seven categories
of sleep related problems, each on a scale of 0 (not during
the past month) to 3 (three or more times a week) and has
adequate validity with laboratory polysomnography. Scores
can range from 0 to 21, and scores greater than 5 indicate
substantial sleep disturbance.?! Specific questions address
such things as usual bedtime and waking up time, hours of
actual sleep, and an overall rating of sleep quality from 0
(very good) to 3 (very bad). Based on the responses, an esti-
mate of habitual sleep efficiency is also calculated. The seven
component scores representing overall sleep quality were
internally consistent with a Cronbach alpha coefficient of
0.67 in this sample.

Anxiety and Depressive Symptoms

The Profile of Mood States (POMS) nine-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.? In this study, the
subscale was internally consistent with a Cronbach alpha coef-
ficient of 0.86.

The Center for Epidemiological Studies-Depression Scale
(CES-D) was used to assess frequency of depressive symptoms
during the past week. The 20-item CES-D score can range from
0 to 60, with higher scores indicating more frequent symptoms
of depression. The CES-D has well-established concurrent and
construct validity.” In this study, internal consistency reliability
(Cronbach alpha coefficient) was 0.88.

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® soft-
ware (Ambulatory Monitoring, Inc.). This software allows
for automatic sleep scoring using Cole-Kripke algorithm for
adults. These data were entered and analyzed using IBM SPSS
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Statistics Version 20 software (SPSS, Inc, Chicago IL, USA) for
group analyses. Actigraphy data for TST and WASO were aver-
aged over the 3 nights of monitoring. The average total sleep
time in 24 h was also computed from the 72 h of actigraphy
data. Fasting metabolic hormone values were transformed
(square root) to meet statistical assumptions. Demographic and
clinical group differences in RTL length were evaluated using
independent sample #-tests or analysis of variance. Associations
between RTL length and continuous variables were assessed
using Pearson correlations (), and Spearman correlations (740)
were used for ordinal variables (education and PSQI sleep
quality item). Significance for all statistical tests was set at
P < 0.05 for all analyses.

Hierarchical linear regression analysis was used to determine
the unique contribution of sleep duration to RTL after control-
ling for salient demographic and clinical characteristics. Poten-
tially confounding demographic and clinical variables related to
sleep or RTL in prior research were included in the model: age,
sex, race, education, anthropometrics, metabolic hormones,
and depression and anxiety symptoms as well as medications
to treat these symptoms. Two-way interactions were also evalu-
ated and those with P < 0.10 were included in the final model.
Sleep parameters significantly associated with RTL in bivariate
analyses were also included in the model. Given the associa-
tion between sleep quality and RTL in prior research, objective
actigraphy and self-report measures of sleep quality were also
evaluated in the final model.

RESULTS

Sample Characteristics

Two participant outliers (one male and one female) had RTL
values more than 5 standard deviation units above the mean
RTL value for their sex; the RTL distribution was normal-
ized by truncating them to the next highest value for their sex.
RTL values by demographic and clinical characteristics for
the 283 participants included in this analysis are presented in
Tables 1 and 2. The sample was ethnically diverse and predom-
inantly male, reflecting the local population of adults living
with HIV infection. Most participants had been living with
HIV for many years, 70% were currently receiving ART, 51%
had received an AIDS diagnosis at some point in the past, and
most were unemployed (86%) or receiving medical disability
assistance (75%). Their overall symptom experience has been
reported elsewhere.'* Anthropometric measures and metabolic
hormones are known to differ by sex and are thus reported sepa-
rately for males and females in Table 3.

Sleep

Sample sleep characteristics are presented in Table 4.
TST by actigraphy recording across the 3 nights averaged
6.2 £ 1.6 h. As previously reported,* short sleep duration
was associated with lower CD4+ T-cell count and higher viral
load, and short sleepers were also more likely to be African
American, have less education, and have lower income. TST
was correlated with self-reported sleep duration on the PSQI
(r = 0.30, P < 0.001), although self-reported sleep duration
(7.1 + 1.5 h) was generally higher than the actigraphy estimate
(P <0.001). TST was not related to PSQI total score, habitual

Telomere Length and Sleep Duration—Lee et al



Table 1—Relative telomere length by sample demographic characteristics
(n=283)
Mean * SD Relative
or telomere
Demographic characteristic frequency (%) length (T/S)?
Age (y), mean + SD 449+84
Range 22t0 77
<45y 129 (46%) 1.02+£0.33°
245y 154 (54%) 0.94 +0.30
Sex
Male 210 (74%) 0.95+0.29°
Female 73 (26%) 1.05+0.38
Race
White/Caucasian 118 (42%) 0.94+£0.29
Black/African-American 106 (37%) 1.00 £ 0.33
Hispanic/Mixed/Other 59 (21%) 0.99 +0.30
Education
High school or less 123 (44%) 1.02 £ 0.32¢
Education beyond high school 160 (56%) 0.94 £0.31
Have a partner
No 182 (64%) 0.96 +0.34
Yes 101 (36%) 1.00+£0.33
Income
< $1,000/mo 193 (68%) 0.98 £0.30
> $1,000/mo 90 (32%) 0.97+0.34
“Relative telomere length had a mean of 0.98 + 0.32, and ranged from
0.24 to 1.95 for men and 0.31 to 2.03 for women. "Age: t = 2.36, P = 0.019;
correlation between age and RTL: r = -0.179, P = 0.003. °Sex: t = 2.04,
P =0.045. ‘Education: t = 2.25, P = 0.025. SD, standard deviation; T/S,
telomeric product/single copy gene.

sleep efficiency, or the sleep quality item. Three-night mean
WASO was 20.9 + 14.8%. WASO was correlated with PSQI
total score (r = 0.12, P = 0.041) and PSQI habitual sleep effi-
ciency score (r = 0.15, P = 0.015), but was not related to the
PSQI sleep quality or duration items.

There were no significant differences in actigraphy sleep
parameters between the women and men in this sample.
However, women’s PSQI responses indicated significantly
worse sleep efficiency (79.5% =+ 15.6%) compared to men
(85.5% = 14.7%) in this sample (¢ = 2.79, P = 0.006). There
were no sex differences in PSQI total scores or the PSQI sleep
duration or sleep quality items.

Leukocyte Relative Telomere Length

RTL had a mean T/S ratio of 0.98 + 0.32 (median 0.96, range
0.24-2.03 T/S ratio). In bivariate analyses, RTL was inversely
related to age (r = -0.179, P = 0.003) and education (¢ = 2.25,
P = 0.025) such that older adults and more educated adults
had shorter RTL. RTL was also significantly shorter for men
compared to women (¢ = 2.04, P =0.045). RTL was not associ-
ated with race, income, having a partner, or having children.

RTL was unrelated to any HIV clinical characteristics
including CD4 cell count, viral load, time since diagnosis,
or antiretroviral therapy. Symptoms of depression or anxiety
were also unrelated to RTL. In bivariate analyses, RTL was
not associated with smoking, intake of alcohol or caffeine, or
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Table 2—Relative telomere length by sample clinical characteristics
(n=283)
Relative
telomere
Clinical characteristic Frequency (%) length (T/S)
HIV/AIDS variables
ART treatment
On ART 201 (71%) 0.98£0.33
Not taking ART 82 (29%) 0.96 £0.29
CD4 T-cell count (cells/mm?) (n = 270)
<200 45 (17%) 0.91+0.32
=200 225 (83%) 0.99 £0.31
Viral load (copies/mL) (n = 264)
Detectable 128 (48%) 0.96 £ 0.31
Nondetectable 136 (52%) 0.98 £0.30
Time since HIV diagnosis
<12y 134 (47%) 0.97 £0.32
=12y 149 (53%) 0.98 £0.31
AIDS diagnosis
Yes 145 (51%) 0.96 £0.33
No 138 (49%) 0.99 £0.31
Health problems other than HIV (n = 264)
No 103 (39%) 0.98 £0.32
Yes 161 (61%) 0.98 £0.31
Mental health variables
Tension-anxiety (n = 275)
Low (POMS < 8.6) 158 (57%) 0.97 £0.33
High (POMS = 8.6) 17 (43%) 0.99 £0.31
Taking an anxiolytic
No 143 (51%) 1.01+0.342
Yes 140 (49%) 0.94 £0.29
Depressive symptoms (n = 281)
Low (CES-D < 16) 144 (51%) 0.98 £0.31
High (CES-D = 16) 137 (49%) 0.97 £0.32
Taking an antidepressant
No 172 (61%) 1.00+0.3
Yes 111 (39%) 0.94 £0.27
sAnxiolytic: t = 1.90, P = 0.058. AIDS, acquired immunodeficiency
syndrome; ART, anti-retroviral therapy; CESD, Center for Epidemiologic
Studies - Depression Scale; HIV, human immunodeficiency virus; POMS,
Profile of Mood States; RTL, relative telomere length; T/S, telomeric
product/single copy gene.

hypertension. For the full sample of men and women, waist/
hip ratio was related to RTL, but BMI was not (Table 3). When
examined separately, however, RTL was negatively correlated
with BMI and waist/hip ratio among males, but not among
females. Sex differences were also observed in associations
between RTL and metabolic hormones; RTL was associated
with leptin, adiponectin, and resistin among females, but not
among males (Table 3).

RTL was not strongly correlated with TST as a contin-
uous linear measure (» = 0.115, P = 0.052) or as a self-
report measure from the PSQI item (» = 0.102, P = 0.089).
However, as indicated in Table 4, participants who had at
least 7 h of sleep by actigraphy had significantly longer RTL
than participants who had less than 7 h of sleep (¢ = 2.19,
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P = 0.030). Similar patterns of longer telo-
meres for longer sleepers were observed
among men and women, although these
differences did not reach significance for the
men (mean difference = 0.078, P = 0.072) or
women (mean difference = 0.103, P = 0.276).
Furthermore, when sleep duration was split
into four categories (see Figure 1), sleeping
at least 6 h per night was a more sensitive
threshold for longer telomeres among women
(mean difference = 0.164, P =0.072), but not
men (mean difference = 0.015, P = 0.705).
For the full sample, RTL was not significantly
related to sleep quality as estimated by actig-
raphy WASO (»=-0.104, P = 0.079), PSQI total
score (7 = -0.070), or PSQI sleep quality item
(rho = -0.065) in bivariate analyses. However,
when examined separately for men and women,
notable sex differences in the relationship
between RTL and self-reported sleep quality
became apparent. A higher PSQI total score
(worse sleep quality) was associated with shorter
RTL among men (» =-0.139, P = 0.043), but not
among women (r = -0.050, P = 0.677). Further-
more, a higher score on the PSQI sleep quality
item was associated with a shorter telomere
among men (r = -0.137, P = 0.048) but slightly
longer telomeres among women (r = 0.124,

(n = 283)

deviation.

Table 3—Relative telomere length by anthropometric and metabolic variables reported by sex

Mean+SD  Correlation with RTL
Anthropometric measures
Body mass index (kg/cm?) 2699+556 r=-0.023,P=0.704
Females (n = 73) 29.13 £6.29 r=0.193, P=0.102
Males (n =210) 2624 +510 r=-0.197,P=0.004
Waist/hip ratio 090+0.08 r=-0.139, P=0.020
Females (n = 73) 0.86 +0.08 r=0.071,P =0.548
Males (n =210) 091+0.08 r=-0.180, P =0.009
Metabolic hormones
Leptin, fasting plasma (ng/mL) (n = 281) 10.26 £13.29  r=0.113, P =0.059
Females (n = 73) 21.0£17.9 r=0.249, P = 0.034
Males (n = 208) 6.48+£850 r=-0.089, P=0.203
Ghrelin, fasting plasma (pg/mL) (n = 274) 1381+1056  r=0.099, P =0.1012
Females (n =72) 1125 + 951 r=0.151, P = 0.206°
Males (n = 202) 1472 £1079  r=0.110, P =0.120°
Adiponectin, fasting plasma (ng/mL) (n =281)  14.41+940 r=-0.022, P=0.716°
Females (n =73) 1843+9.36  r=-0.241, P =0.040°
Males (n = 208) 13.00 £9.03 r=0.019, P =0.790°
Resistin, fasting plasma (ng/mL) (n = 281) 18.72+£18.92 r=0.108,P=0.0712
Females (n = 73) 19.22 £15.86 r=0.233, P =0.048°
Males (n = 208) 18.54 £19.92  r=0.049, P = 0.484°

2Analyses based on square root transformed values. RTL, relative telomere length; SD, standard

P = 0.303), although the association was not
significant in the small sample of women. Associations between
WASO and RTL were not significant for both men and women.

Multivariable Regression Model

To determine whether the bivariate relationship between
RTL and sleep duration > 7 h (B = 0.129, r = 2.19, P = 0.030)
was influenced by other factors associated with sleep and
RTL, potentially confounding demographic variables, clinical
factors, and metabolic indicators were entered into a two-step
multiple regression analysis. WASO (< or > 25%) was also
included in the model to control for the confounding effect of
poor sleep quality on sleep duration. In the final model, the
interaction of age and sex was a significant predictor of RTL
with age having a more negative influence on RTL for women
than for men. Fasting plasma adiponectin levels, BMI, and
the interaction of BMI by sex were also significant predictors
of the variance in RTL. As shown in Table 5, the relationship
between RTL and sleep duration > 7 h was enhanced (§ =0.189,
t = 2.86, P =0.005) in the overall model, even when control-
ling for sleep quality. The overall model was significant and
accounted for 21.6% of the variance in RTL (£, = 3.34,
P <0.001). Longer RTL was explained by five significant vari-
ables after controlling for other potential factors: younger age
among women, lower BMI, the interaction of lower BMI and
male sex, lower plasma adiponectin levels, and sleep duration
of 7 h or more per night.

Alternative Sleep Parameters
Although dichotomized sleep duration (TST > 7 h) was the
only significant sleep parameter in bivariate analyses, after
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Figure 1—Objective sleep duration and relative telomere length in men
and women (n = 283). Sleeping an average of 7 h or more per night was
associated with longer telomeres. The differences were not significant
when analyzed separately for men (mean difference = 0.078, P = 0.072)
and women (mean difference = 0.103, P = 0.276). For this small sample
of women, sleeping at least 6 hours may be a more sensitive threshold
for longer telomeres (mean difference = 0.164, P = 0.072). Error bars
indicate + 1 standard error.

controlling for potentially confounding variables, the contin-
uous measure of sleep duration (TST) was also a significant
predictor of RTL. When the continuous measure of TST was
in the model in place of the dichotomous 7-h variable, the
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Table 4—Relative telomere length by sample sleep characteristics
Relative
telomere

Sleep characteristic Frequency (%) length (T/S)

Actigraphy sleep quality (%, n = 283)

WASO < 25% 182 (64%) 0.99+£0.33

WASO 2 25% 101 (36%) 0.96 +0.29
Actigraphy sleep duration (n = 283)

TST <7 hinight 195 (69%) 0.95+0.312

TST =7 h/night 88 (31%) 1.04 £0.32
Actigraphy daytime nap > 60 min (n = 276)

No 186 (67%) 0.98 £0.33

Yes 90 (33%) 0.97 +£0.27
PSQlI total score® (n = 282)

<5 97 (34%) 0.97 £0.30

>5 185 (66%) 0.98 +£0.32
PSQI seep quality iem (n = 281)

Very bad (3) 12 (4%) 0.87 £0.29

Fairly bad (2) 57 (20%) 0.97 £0.39

Fairly good (1) 157 (56%) 0.99+0.31

Very good (0) 55 (20%) 0.96 +£0.25
PSQI sleep duration (n = 278)

<7 h/night 114 (41%) 0.97 £0.34

27 hinight 164 (59%) 0.98 £0.30
Use sleep aid (n = 280)

No 210 (75%) 0.99+0.33

Yes 70 (25%) 0.93+0.28

None of the sleep parameters differed by sex. 2Actigraphy sleep duration

(TST): t = 2.19, P = 0.030 °PSQI total score, mean + SD: 7.43 + 3.68.

PSQl, Pittsburgh Sleep Quality Index; T/S, telomeric product/single copy

gene; TST, total sleep time; WASO, wake after sleep onset.

coefficient was = 0.175 (P = 0.022) and sleep quality remained
unrelated to RTL.

Similarly, the results observed in the final model were unaf-
fected by the selected measures of sleep quality. Sleep duration
remained significant and sleep quality remained non-significant
regardless of what value was used to dichotomize WASO or
using the continuous measure of sleep quality (WASO%). If
the PSQI sleep quality item was included in the multivariable
model instead of WASO, its  coefficient was -0.014 (P=0.827)
and the contribution of sleep duration to RTL remained signifi-
cant (f = 0.169, P=0.007). Despite the sex differences in asso-
ciations between PSQI sleep quality and RTL (Figure 2), the
interaction was not significant (P = 0.127) and its inclusion
in the model did not strengthen the association between sleep
quality and RTL (B = -0.073, P = 0.339); nor did inclusion in
the model attenuate the association between sleep duration and
RTL (B =0.165, P=0.008).

Sex and Race Differences

Given sex differences on a number of metabolic covari-
ates, the regression model in Table 5 was repeated for men and
women separately. The dichotomized sleep duration regression
coefficient was significant for women (B = 0.266, P = 0.028),
but not men (B = 0.148, P = 0.078), and a similar pattern was
observed when continuous sleep duration was used (women:
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Men Women
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PSQlI Sleep Quality

Figure 2—Subjective sleep quality and relative telomere length in men
and women (n = 281). Good = very/fairly good; Bad = vary/fairly bad.
Good sleep quality was associated with longer telomeres among men
(mean difference = 0.112, P = 0.016), but slightly (not significantly)
shorter telomeres among women (mean difference = 0.185, P = 0.072).
Error bars indicate + 1 standard error.

B =0.320, P=10.020; men: p = 0.112, P = 0.244). Sleep quality
was not significant for men ( = 0.076, P = 0.364) or women
(B = -0.024, P = 0.851) when using WASO dichotomized
at > 25%, nor when using the PSQI sleep quality item (men:
B=-0.098, P=0.241; women: B =0.116, P = 0.324).

To determine whether the association between sleep duration
and RTL was similar for Caucasian and non-Caucasian samples,
the final regression model was repeated by race. The regression
coefficients for dichotomized sleep duration > 7 h were similar,
but slightly stronger for Caucasian ( = 0.216, P = 0.038) than
for non-Caucasian (f = 0.152, P = 0.081) adults in the sample.
Sleep quality was not associated with RTL in racial subgroup
analyses regardless of the selected measure of sleep quality.

DISCUSSION

This study used a cross-sectional convenience sample of
men and women living with HIV/AIDS to describe the rela-
tionship between RTL and sleep duration and quality using both
objective actigraphy and PSQI self-report measures. Even after
controlling for demographic and clinical variables that included
HIV-disease factors and BMI and metabolic hormones, longer
sleep duration (TST) by objective actigraphy estimates was a
significant factor in preserving RTL. In contrast, sleep quality
measured by objective actigraphy estimates (WASO) or by
subjective sleep quality was not significant in accounting for
variance in RTL.

RTL and Demographic Factors

Findings in this sample of adults with a chronic illness
support findings from prior studies that demonstrate RTL
associations with age and sex.”>? In fact, the interaction of
age with sex was the strongest predictor of RTL, reinforcing
the understanding that telomere length is a marker of cellular
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Table 5—Multiple regression analysis of variables associated with relative telomere length (n = 263)
Final model B SEB B t P value
Potential confounders

Age -0.001 0.003 -0.014 0.189 0.850

Sex (male = 0, female = 1) -0.498 0.530 -0.692 0.940 0.348

Age x sex interaction -0.015 0.005 -0.992 2.910 0.004

Race (non-Caucasian = 0, Caucasian = 1) -0.039 0.043 -0.061 0.904 0.367

Education (> high school = 1) -0.025 0.040 -0.039 0.631 0.529

BMI -0.014 0.005 -0.244 2.559 0.011

BMI x sex interaction 0.016 0.007 0.672 2.163 0.032

Waist/hip ratio -0.646 0.335 -0.166 1.930 0.055

Waist/hip ratio x sex interaction 0.951 0.586 1.134 1.624 0.106

Plasma leptin? 0.023 0.017 0.128 1.383 0.168

Plasma ghrelin® 0.003 0.001 0.113 1.773 0.077

Plasma adiponectin® -0.001 0.001 -0.163 2.365 0.019

Plasma resistin? 0.001 <0.001 0.089 1.459 0.146

Depressed (CES-D = 16) -0.074 0.044 -0.117 1.676 0.095

Take antidepressant -0.071 0.057 -0.111 1.241 0.216

Anxious (POMS > 8.6) 0.086 0.046 0.135 1.881 0.061

Take anxiety medication -0.030 0.056 -0.047 0.529 0.597

Use sleep aid -0.005 0.047 -0.007 0.107 0.915

Measure of sleep®

Sleep duration =7 h 0.128 0.045 0.189 2.855 0.005

Poor sleep quality (WASO = 25%) 0.032 0.043 0.048 0.728 0.468
Interactions with P < 0.10 were retained in the final model. R? = 0.216 (Fy, ,4 = 3.34, P < 0.001). Square root transformed values were used. “If the sleep
quality item from the Pittsburgh Sleep Quality Index is included in the model instead of WASO, its § = -0.014, P = 0.827 and the contribution of sleep duration
to RTL remains significant (8 = 0.169, P = 0.007). BMI, body mass index; CES-D, Center for Epidemiologic Studies - Depression Scale; POMS, Profile of
Mood States; WASO, wake after sleep onset.

aging even in a sample of adults living with HIV disease and
comorbidities,”” and highlighting that the influence of age on
RTL likely differs for men and women. As expected, we found
a significant sex difference in RTL, with women having longer
RTL (1.05) than men (0.95) in bivariate analyses. Diez Roux et
al.”® reported lower RTL values, but a similar sex difference in
their sample of healthy men (0.75) and women (0.85) who were
approximately 20 y older than our sample.

Race was unrelated to RTL. Diez Roux et al.?® reported that
African Americans and Hispanics had shorter RTL than Cauca-
sians, but differences were not seen until older age, and our
sample of HIV-infected adults was an average of 20 y younger.
In contrast, Needham et al.* reported that African American
adults had longer telomeres than Caucasians after controlling
for age and sex. We also confirm prior research showing that
RTL was unrelated to income®?**% and partner status** in
samples of healthy adults. We found a counterintuitive asso-
ciation between higher education and shorter RTL in bivariate
analyses, and although this association contradicts prior find-
ings,”® it disappeared after accounting for the confounding
effects of sex and race.

RTL and Clinical Factors

Although prior studies have reported associations between
RTL and depression®** and anxiety,** no such associations
were evident in our sample. Other studies have found no rela-
tionship between RTL and depression or anxiety,****” or only
found associations among specific age groups.*** In addi-
tion, a recent study” has suggested that the RTL-depression
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association needs to be evaluated within a psychosocial-behav-
ioral context because factors such as sleep, among others, can
moderate the relationship.

Clinical factors related to HIV status, number of comorbid
conditions, and medication for sleep, depression, or anxiety
also were not associated with RTL. Although prior studies have
reported that adults with HIV have shorter RTL than healthy
controls,*** studies of RTL and HIV clinical variables among
adults with HIV have yielded inconsistent results. Malan-Muller
et al.*? found no associations between RTL and HIV variables in
their study of women with HIV, whereas Pathai et al.*' reported
an association between RTL and CD4+ T-cell counts, but only
among patients on ART with undetectable viral load. In a study
of children with HIV, Cote et al.** found that detectable viral
load was associated with shorter RTL. Imam et al.* found an
association between RTL and duration of HIV infection, but no
effect of ART on RTL and no difference in RTL between HIV-
infected childbearing women and uninfected controls. Finally,
Pommier et al."® reported that HIV-infected adults had shorter
telomeres than age-matched controls, but only for HIV patients
with CD4+ counts below 200 cells/mm?®. Such disparate find-
ings may reflect differences in sampling or in how clinical indi-
cators of HIV status were analyzed.

Although diet habits, fat intake, metabolic hormones, and
BMI have been linked to shortened RTL in prior studies,**4
to our knowledge, metabolic hormones such as leptin, ghrelin,
adiponectin, and resistin have not been evaluated in studies of
sleep duration and RTL. Our finding that adiponectin plasma
levels predict RTL is consistent with a study of Arab men and
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women,* although other studies did not observe an associa-

tion.*” Although metabolic hormones could potentially explain
the relationship between RTL and BMI as well as sleep dura-
tion, hormone values differed by sex in our sample, and some
of the bivariate relationships with RTL differed in the oppo-
site direction for men and women. However, our multivari-
able model demonstrates that the association between RTL
and BMI persists even when accounting for sex and metabolic
hormones. Furthermore, sleep duration remains a significant
factor in explaining RTL, even with age, sex, BMI, and meta-
bolic hormones in the overall model.

The relationship between BMI and RTL is complex, particu-
larly when a study sample includes both men and women. BMI
was not related to RTL in our sample until the effects of sex
and the interaction of sex and BMI were controlled. Shorter
RTL was associated with higher BMI in some samples of
women.*>* In a younger sample of women (mean age, 32 y),
BMI was only associated with RTL among the women who
reported intimate partner violence.'” Jackowska et al.* found no
relationship between BMI and RTL for either men or women
in their healthy British sample. In our HIV sample, the interac-
tion between BMI and sex was critical in the regression model
for a better understanding of this relationship, and thus, further
research related to this interaction is warranted.

RTL and Sleep Duration

Given established associations between sleep duration and
demographic and clinical factors, as well as the complexity
associated with sex differences in metabolic factors, multiple
regression was used to determine the relative contribution of
sleep duration to RTL while controlling for relevant covariates.
The relationship between RTL and sleep duration of at least 7 h
per night remained significant and unchanged after controlling
for age, sex, BMI, waist/hip ratio, metabolic hormones, and
other common correlates of sleep duration including symptoms
of anxiety and depression, medication usage, and self-reported
or objective sleep quality. This finding was also replicated when
we used continuous total sleep time as the predictor in place of
the dichotomous 7-h sleep duration.

In the bivariate analysis, the 7-h cutoff point for TST was
significantly associated with RTL, whereas the continuous TST
variable was less convincing. A weaker relationship between
RTL and continuous measures of sleep duration (either self-
report PSQI or actigraphy) may result because sleep duration
effects are not linear and excessively long total sleep time can
be as deleterious as excessively short sleep time. Employment
and work hours may also be a factor in sleep duration for other
study samples, and it is important to keep in mind that most
of our sample was unemployed and not sleep restricted due to
work schedules. Our finding of an association between RTL
and sleep duration > 7 h is consistent with recent findings of a
trend for healthy older men, although no relationship was seen
for women.* In contrast, we observed a dose-response type of
relationship between RTL and sleep duration for women but not
men (Figure 1).

RTL and Sleep Quality
Sleep quality was assessed using both objective actigraphy
WASO values and self-report measures. We found no association
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between RTL and WASO values. The association between short
RTL and self-report measures of poor sleep quality was evident
for men in our sample, but not for women. Sex differences in
self-reported sleep quality have been well established®-! and
may help explain the differing results between men and women
in this study. Others have also reported no association between
RTL and sleep by self-report measures in healthy women** and
studies that use objective sleep measures should be encouraged
in future research on this topic.

Study Limitations and Recommendations

This study of telomere length and sleep in a cross-sectional
sample of HIV-positive adults has some limitations to consider
when interpreting the findings. First, although sleep was objec-
tively assessed with movement counts using wrist actigraphy,
we did not assess sleep stages or sleep architecture with poly-
somnography, we only sampled from 3 consecutive weekdays
at one time point, and we did not examine the potential for extra
sleep some adults obtain on weekends. We assessed daytime
sleep and total 24-h sleep, and found no relationship to RTL.
However, most of our sample was on disability and weekdays
were not as likely to vary from weekends or days off. Unlike
sleep quality, which can fluctuate over time for various reasons,
sleep duration is a fairly stable personal characteristic*® and
thus may be more likely to correlate with RTL, a measure of
cumulative life stress and cellular aging. Another limitation of
this study was the one-time measure of RTL, which may fluc-
tuate over time. We did not include a measure of telomerase
activity,” which is an even more dynamic measure of cellular
aging, and future studies should consider the timing of these
measures before and after sleep studies in controlled laboratory
settings. Finally, these results from our sample of HIV-positive
adults need to be replicated in other samples of healthy adults
and adults living with other types of chronic illness.
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