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HLA DQB1*0602 is found in most individuals with hypocretin-deficient narcolepsy, a disorder characterized
by a severe disruption of sleep and wake. Population studies indicate that DQB1*0602 may also be associated
with normal phenotypic variation of rapid eye movement (REM) sleep. Disruption of REM sleep has been
linked to specific symptoms of insomnia. We here examine the relationship of sleep and DQB1*0602 in older
individuals (n=46) with primary insomnia, using objective (polysomnography, wrist actigraphy) and
subjective (logs, scales) measures. DQB1*0602 positivity was similarly distributed in the older individuals
with insomnia (24%) as in the general population (25%). Most sleep variables were statistically
indistinguishable between DQB1*0602 positive and negative subjects except that those with the allele
reported that they were significantly less well rested than those without it. When sleep efficiencies were
lower than 70%, DQB1*0602 positive subjects reported being less well rested at the same sleep efficiency than
those without the allele. Examination of EEG during REM sleep also revealed that DQB1*0602 positive subjects
had EEG shifted towards faster frequencies compared with negative subjects. Thus, DQB1*0602 positivity is
associated with both a shift in EEG power spectrum to faster frequencies during REM sleep and a diminution
of restedness given the same sleep quantity.
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1. Introduction

More than 95% of individuals with hypocretin (orexin)-deficient
narcolepsy, a disease characterized by significant disruption of sleep/
wake and REM sleep regulation, carry the human leukocyte antigen
(HLA) DQB1*0602 allele, as compared to 25% of the general population
(Bourgin et al., 2008). It has been suggested that DQB1*0602 is an
important factor in the autoimmune attack hypothesized to be
responsible for the destruction of hypocretin-expressing neurons in
the lateral hypothalamus (Bourgin et al., 2008). In a population-based
study of individuals without narcolepsy, DQB1*0602 positivity was
associatedwith a shortened REMsleep latency (Mignot et al., 1998) and
more frequent direct transitions between wake and REM sleep during
naps in men (Mignot et al., 2006). It is possible that subtle phenotypic
variations in REM sleepmay result from changes in hypocretin function
that are mediated through DQB1*0602.
Assessment of insomnia is frequently characterized by a dichotomy
between subjective and objective measures of sleep quantity and
quality. Differences in REM sleep have been hypothesized to be possible
causes of this dichotomy, positing that greater amounts of REM sleep
lead to amisperception of a greater amount of nocturnalwakefulness in
both individuals with insomnia and good sleeping controls (Feige et al.,
2008). More beta activity in the electroencephalogram (EEG) also has
been correlated with lesser concordance between subjective and
objective estimates of sleep time (Perlis et al., 2001).

Given the link between DQB1*0602 and REM sleep, as well as
between characteristics of REM sleep and insomnia, we tested the
hypothesis that DQB1*0602 positivity changes the dynamics of REM
sleep and leads to worse insomnia symptoms. To examine this, we
studied relevant data from a group of older individuals with primary
insomnia.

2. Methods

2.1. Subjects

We analyzed data for individuals 55 years or older who had been diagnosed as
having primary insomnia. Subjects were recruited specifically for participation in this
study from the general community in the Bay Area. Other types of insomnia, sleep
dness in older insomniacs with HLA DQB1*0602,
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Table 1
Baseline data for subjects with the DQB1*0602 allele (0602+, n=11) or without the
allele (0602−, n=35) are presented as mean±S.D. t-Tests or χ2 tests, as appropriate,
were used to determine P-values. Abbreviations as in text. Only 34 of 35 0602−
subjects had available data for the EXIT and MEQ; all other data sets are complete.

0602+ 0602− P-value

Age (y) 66.3±7.73 63.1±7.17 0.21
Sex (% female) 63.6% 74.3% 0.70
Education (y) 17.0±1.90 16.1±2.47 0.26
MMSE 28.5±1.04 28.7±1.38 0.53
EXIT 2.09±1.81 3.15±2.19 0.16
GDS 3.82±2.75 4.14±3.12 0.76
PSWQ 39.2±8.18 47.4±14.8 0.09
STAI (trait) 35.5±7.83 34.4±7.96 0.69
ESS 7.36±3.01 6.97±4.44 0.79
PCS 51.9±5.20 51.8±8.05 0.96
MCS 53.7±3.90 50.3±8.88 0.08
MEQ 67.5±6.06 61.6±9.84 0.07

Table 2
Basic sleep log-, actigraph-, and polysomnography (PSG)-derived sleep characteristics
for subjects with (0602+, n=11) or without (0602−, n=35) the DQB1*0602 allele.
Sleep logs and actigraphywere averaged over 2 weeks (except only 1 week for “rested”)
of at-home collection, while PSG data were averaged over two nights (one subject from
each group had only one usable night of PSG collected). Data were averaged within
subjects then between subjects and are presented as mean±S.D. P-values were
determined using unpaired t-tests corrected for multiple comparisons (seven in sleep
log data, five in actigraphy data, and 18 in PSG data). SE: sleep efficiency; WASO: wake
after sleep onset; ISA: intrasleep awakening; NREM: non-rapid eye movement sleep;
REM: rapid eyemovement sleep; S1: stage 1, NREM; S2: stage 2, NREM; S3/4: combined
stages 3 and 4, NREM; RDI: Respiratory Disturbance Index.

0602+ 0602− P-value

Sleep log-derived Time in bed 517±40.6 502±63.2 0.49
Total sleep time 351±52.3 341±51.8 0.56
SE 68.3±8.98 68.7±11.5 0.92
WASO 73.2±25.4 66.1±45.0 0.62
Sleep latency 31.7±26.9 33.0±28.2 0.89
“Rested” 3.16±0.858 3.96±1.02 0.02*

Actigraph-derived Time in bed 521±37.1 499±60.2 0.25
Total sleep time 436±57.0 395±54.8 0.04
SE 83.6±7.35 79.4±7.33 0.11
WASO 54.2±22.5 63.7±32.4 0.37
Sleep latency 14.2±15.4 21.9±14.8 0.14

Polysomnography-derived Total sleep time 340±70.3 353±51.5 0.51
Sleep latency 18.9±13.9 17.4±20.9 0.83
SE 77.7±15.1 82.6±8.06 0.33
WASO 98.0±63.7 74.9±35.6 0.27
ISA, N2 min 7.00±3.77 6.04±2.43 0.32
All transitions 186±54.4 186±45.9 0.99
Transitions, NREM
to REM

20.5±7.75 20.1±7.10 0.89

Transitions, REM
to NREM

16.1±6.30 15.8±6.29 0.88

REM (min) 61.2±18.0 58.8±17.8 0.69
REM (%) 17.3±4.08 16.3±3.93 0.51
REM latency
(min)

69.1±25.1 84.1±37.9 0.23

S1 (min) 156±55.2 178±46.3 0.19
S1 (%) 45.7±11.9 50.6±9.72 0.17
S2 (min) 112±36.6 110±34.2 0.85
S2 (%) 34.3±12.0 31.6±9.51 0.44
S3/4 (min) 10.0±14.9 5.49±8.67 0.36
S3/4 (%) 2.77±3.96 1.50±2.24 0.33
O2 saturation (%) 87.8±7.82 88.5±6.21 0.75
RDI 3.79±2.30 3.14±2.69 0.48

* pb0.05
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apnea (respiratory distress index, N10), use of sleep-active medication (except
occasional use of anti-histamines), periodic limb movement disorder (periodic limb
movements with arousals, N10), dementia (mini-mental state exam, MMSE, b25)
(Folstein et al., 1975), poor executive function (executive interview, EXIT, N15) (Royall
et al., 1992), and depression (Geriatric Depression Scale, GDS,≥7 triggered an in-depth
evaluation to exclude major depression) (Yesavage et al., 1982) were all excluded.
Subjects did not report a history of hypagogic hallucinations or sleep paralysis. Non-
exclusionary information collected during screening included the Penn State Worry
Questionnaire (PSWQ) (Meyer et al., 1990), State-Trait Anxiety Inventory (STAI)
(Spielberger et al., 1983), Epworth Sleepiness Scale (ESS) (Johns, 1991), Morningness–
Eveningess Questionnaire (MEQ) (Horne and Östberg, 1976), and 36-Item Short Form
Survey Instrument (SF-36) (Ware and Sherbourne, 1992) scored for both physical
(PCS) and mental composite scores (MCS). A blood sample was taken at baseline and
DNA was extracted from the sample using the QIAamp DNA Blood Kit (QIAGEN,
Germantown MD). The presence of the HLA DQB1*0602 allele was determined using
standard single allele specific primer–polymerase chain reaction procedures (Mignot
et al., 2006).

2.2. Protocol

During the first week of study, subjects slept ad libitum at home and completed
daily sleep logs and a single-item restedness scale (“not at all rested” to “very rested”
with a 7-point range, higher scores indicating feeling more rested) in the morning
following each night's sleep episode. The following week, subjects continued to sleep
ad libitum at home and wore a wrist actigraph (Actiwatch-L, Mini-Mitter, Bend OR) in
addition to completing sleep logs. A wrist actigraph collects three-dimensional arm
movement data; such data are a useful proxy for determining sleep and wake (Ancoli-
Israel et al., 2003). Actigraphy data collected in 30-s epochs were analyzed with
Actiware-Sleep (v.3.1, Mini-Mitter, Bend OR) to derive sleep efficiency (total sleep time
divided by time in bed), using the high sensitivity scoring option (found to be most
appropriate for the disturbed sleep of insomnia patients) (Kushida et al., 2001).

Subjects also had a two-night stay in a sleep research laboratory during which sleep
state was determined using electromyography (EMG, chin), electro-oculography (EOG,
above the right outer canthus and below the left outer canthus), and electroenceph-
alography (EEG, scalp sites C3, C4, O1, O2, A1, and A2, according to the International
10–20 System of Electrode Placement). This sleep recording typically (74%) took place
within amonth of the actigraphy data collection and all occurred within 3 months. Data
from leg EMG, breathing bands, pulse oximetry, and nasal cannulation were also used
for the determination of Periodic Limb Movement Index and Respiratory Disturbance
Index. EMG, EOG, and EEG data were collected using an Alice4 polysomnograph
(Respironics, Murrysville PA). These data were scored into sleep states (wake, stage 1
non-REM, stage 2 non-REM, stage 3 non-REM, stage 4 non-REM, and REM) using a 30-s
window by a single expert polysomnograph technician applying standard criteria
(Rechtschaffen and Kales, 1968). Spectral analysis of EEG data was done using PRANA
software (PhiTools, Strasbourg France). Data in each 30-s bin were Fourier transformed
(2-s Hanning window) with Welch averaging and automatic artifact removal so as to
derive the power spectra in 0.5 Hz resolution. Power spectra from C3-A2, C4-A1, O1-A2,
and O2-A1 derivations were calculated. Data were further binned into spectral
frequencies of delta (0.5–4.5 Hz), theta (4.5–8.5 Hz), alpha (8.5–12.5 Hz), sigma (12.5–
15.5 Hz), beta (15.5–22.5 Hz), and gamma (22.5–35 Hz). The power in each frequency
for each 30-s data bin was normalized to total power (generating so-called “relative
power”). Data were then grouped according to sleep state (non-REM, REM, or wake)
and averaged over fifths of the night. Data were then averaged between the two
recording nights within subjects. For visualization, data were then averaged across
subjects.

2.3. Statistical methods

Between-group comparisons were made using Student's t-tests (Excel
v.11.8231.8221, Microsoft, Redmond WA) or Fisher exact tests (java script located at
graphpad.com/quickcalcs/contingency1.cfm). Analysis of variance (ANOVA, SAS v.9.1,
Cary NC) was used for multilayered group comparisons. The threshold for significance
in these comparisons involving six frequency bands was 0.0083 (Bonferroni correction
of α/n where the overall test α was set at 0.05). Linear regression analyses were
performed using Origin (v.6.1, OriginLab, Northampton MA). Data are presented as
mean±S.D. Subjects were paid for their time and signed a consent form that was
approved by, as were all procedures, the Stanford University Institutional Review
Board. This protocol conforms to the ethical standards outlined in the Declaration of
Helsinki.

3. Results

Of the 46 individuals fromwhomwewere able to obtain genotyping,
11 (24%) were positive for the DQB1*0602 allele and the remaining 35
were negative. Baseline demographic, cognitive, and psychiatric
variables were statistically indistinguishable between individuals
positive and negative for the allele (Table 1). There was no significant
difference in the Respiratory Disturbance Index (screened to be ≤10)
Please cite this article as: Zeitzer, J.M., et al., Faster REM sleep EEG
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between the two groups (Table 2), norwas there a significant difference
in the overnight mean oxygen saturation (Table 2). The two groups
were also similarly sleepy during the daytime, according to the Epworth
Sleepiness Scale (Table 1).

According to prospectively recorded sleep logs, the subjects with
or without the DQB1*0602 allele were similar for most sleep
and worse restedness in older insomniacs with HLA DQB1*0602,
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Fig. 2. Frequency shift in REM sleep varies by genotype. Relative power in individuals
with (black) or without (grey) the DQB1*0602 allele varies such that those with the
allele have more, faster frequencies during REM sleep. Data were averaged over two
nights within and then between subjects. Average±S.D. is shown. The asterisk
indicates significance by t-test at Pb0.00833.
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characteristics, including minutes in bed, minutes asleep, sleep
efficiency, minutes of wakefulness after sleep onset, and minutes to
fall asleep (Table 2). Despite similar subjective sleep characteristics,
DQB1*0602 positive subjects reported that they were significantly
less well rested in the morning (3.16±0.858) than those without the
allele (3.96±1.02, t-test, Pb0.05). To determine if this difference in
subjective assessment of restedness was consistent across similar
sleep efficiencies in those positive or negative for the DQB1*0602
allele, we plotted the subjective sleep efficiency value for each night
(calculated from the sleep log) against the subjective rating of
restedness after that same night. These data were then fit with a linear
regression model (Pb0.0001 for both genotypes). We found that, at
sleep efficiencies lower than 70%, the curves were significantly
different from one another (non-overlapping 95% confidence inter-
vals) (Fig. 1). Thus, given the same subjective sleep efficiency, when
reporting sleeping less than 70% of their time in bed, individuals who
were DQB1*0602 positive reported lower restedness ratings than
individuals negative for DQB1*0602.

As all standard polysomnography (PSG), sleep log, and actigraphy
data indicated that there were no differences between the sleep of
individuals with the DQB1*0602 allele and those without (see
Table 2), we examined the C3-A2 derivation to see if there might be
differences specifically in the REM sleep EEG that would not be
noticed with traditional sleep/wake scoring. ANOVA indicated that
there was no significant effect of fifth of night (PsN0.07) for any of the
six frequency bands, but that there was a significant effect of genotype
in the theta (Pb0.0001), alpha (Pb0.005), sigma (Pb0.01), beta
(Pb0.0005), and gamma (Pb0.0001) bands; there was no effect of
genotype in the delta band (P=0.10). For visual presentation (Fig. 2),
as there was no effect of time of night, we collapsed across the entire
night averaging all of the data that was derived from REM sleep. As is
evident in this figure, there is a frequency shift such that faster
frequencies are over-represented in individuals with the DQB1*0602
allele. In REM sleep, there is significantly more relative sigma, beta,
and gamma power and significantly less relative theta and alpha
power in individuals with the DQB1*0602 allele.

While our a priori hypothesis was to examine differences in REM
sleep, we also advantageously examined the power spectra in non-
REM sleep. As expected during non-REM sleep, each of the six
frequency bins had a significant change over the course of the night
(Psb0.0002, ANOVA). There were no statistically significant time of
night by genotype interactions (PsN0.33, ANOVA) and while trending
in the correct direction, with more relative power in the faster
Fig. 1. Subjective restedness by sleep efficiency varies by genotype. Subjective sleep
efficiency correlates strongly with subjective restedness after a night of sleep and this
relationship varies by the presence (black) or absence (grey) of DQB1*0602 such that,
below 70%, the relationship is different in the two genotypes. Linear regressions shown
with 95% confidence intervals.
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frequencies in the subjects with DQB1*0602, the differences by
genotype were not consistently different with delta (P=0.048),
sigma (P=0.078), and gamma (P=0.027) bands not reaching
threshold for statistical significance.

4. Discussion

While in need of replication in a larger data set, our study is the
first to show that a genetic polymorphism may help explain both
interindividual differences in the perception of sleep quality and basic
EEG physiology in older individuals with insomnia. We show that
those older individuals with insomnia who are carriers of the
DQB1*0602 allele have a shift to faster EEG frequencies during REM
sleep and feel less well rested given the same amount of sleep as those
who do not carry this allele. The results from non-REM sleep are less
consistent, although there may be a similar shift to faster EEG
frequencies. These data are consistent with the idea of a general
hyperarousal during sleep in individuals with insomnia (Riemann
et al., 2010). Alternatively, it may be that neural activity between
disparate brain regions during sleep is less well coordinated. If sleep
were treated as a local phenomenon (Huber et al., 2004), in thosewith
DQB1*0602 and possibly diminished hypocretin neuron function,
local pockets of sleep around the cortex would be less well temporally
coordinated with one another (i.e., there would be more intermixed
sleep and wake). This could help explain why individuals with same
amount of “sleep” (the determination of which is from a single EEG
derivation) could have a different sense of refreshment after sleep,
with those having more coordinated sleep activity awakening more
refreshed. This could also impact particular functions of sleep, such as
memory consolidation, in individuals with insomnia (Nissen et al.,
2006). This hypothesis would, however, need to be tested in
individuals with insomnia using dense EEG arrays.

Unlike previously published findings from a population study
(Mignot et al., 1998), we did not detect a difference in REM latency
between HLA DQB1*0602 positive and negative individuals. We did
observe a trend towards a shorter REM latency in individuals with
HLA DQB1*0602 (see Table 2, 15 minutes shorter in DQB1*0602
positive), consistent with the previous study, but the variance is so
large that only a difference of 40.7 minutes is detectable in our sample
size (cf., an 18-minute difference is reported in the population study
of 490 individuals (Mignot et al., 1998)). Thus, a similar difference in
and worse restedness in older insomniacs with HLA DQB1*0602,

http://dx.doi.org/10.1016/j.psychres.2011.01.007


4 J.M. Zeitzer et al. / Psychiatry Research xxx (2011) xxx–xxx
REM latency may exist between HLA DQB1*0602 positive and
negative older individuals with insomnia, but a larger study would
be required to detect such a difference.

In the sleep of young, healthy individuals, it may be difficult to
observe phenotypic differences based on non-pathological genotypic
differences since sleep is generated by multiple, likely highly over-
lapping neuromodulatory systems (España and Scammell, 2004). In
examining healthy older individuals in whom some of these systems
may be damaged and have lower amplitude, onemight be able to detect
the otherwise compensated changes in sleep physiology. In fact, we
have previously shown that, in individuals with Alzheimer's disease,
cerebrospinal fluid (CSF) hypocretin-1 concentrations are in the
“normal” range (i.e., non-narcoleptic), but those at the lower end of
normal concentrations nap while those on the higher end of normal do
not (Friedman et al., 2007).

Our data agree with that of both Feige et al. (2008) and Perlis et al.
(2001) that intrusion of wakefulness into REM may fundamentally
alter one's perception of sleep quality. Given the relationship between
DQB1*0602 and hypocretin cell loss in narcolepsy, we hypothesize
that, in older individuals who are DQB1*0602 positive, an alteration of
hypocretin cell function is responsible for this state instability,
although exploration of this remains for future study.
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