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SUMMARY
This study investigates the extent to which sleep characteristics serve as
predictor variables for inflammatory, hypothalamic–pituitary–adrenal and
autonomic systems markers. Twenty-nine participants with a diagnosis of
insomnia disorder based on the Diagnostic Statistical Manual of Mental
Disorders, Fifth Edition (age 25.3 � 1.6 years, insomnia duration
6.6 � 0.8 years) and 19 healthy control sleepers (age 25.4 � 1.4 years)
underwent a 2-week at-home evaluation keeping a sleep diary and
wearing an actigraph, followed by a visit to the Research Center to
measure blood pressure, and collect blood and urine samples. The
actigraphy- and diary-based variables of sleep duration, sleep-onset
latency, wake after sleep onset and sleep fragmentation/number of night-
time awakenings were averaged and entered as dependent variables in
regression analyses. Composite scores were calculated for the auto-
nomic (blood pressure, norepinephrine), inflammatory (monocyte counts,
interleukin-6, C-reactive protein) and hypothalamic–pituitary–adrenal
systems (cortisol), and used as predictor variables in regression
models. Compared with controls, individuals with insomnia had a shorter
sleep duration (P < 0.05), and a higher hypothalamic–pituitary–adrenal
and inflammatory composite score (P < 0.05). The higher inflammatory
score was mainly due to higher circulating monocytes (P < 0.05), rather
than differences in interleukin-6 or C-reactive protein. In persistent
insomnia disorder, cortisol is upregulated and associated with actigra-
phy- and diary-based wake after sleep onset, suggesting that wake after
sleep onset may serve as a marker to identify individuals at increased
risks for disorders associated with a hyperactive hypothalamic–pituitary–
adrenal system. The absence of autonomic and pro-inflammatory
changes (interleukin-6, C-reactive protein), despite a substantial
decrease in actigraphic sleep duration, may relate to a higher resilience
to the adverse biological consequences of insomnia in this young age
group.

INTRODUCTION

Sleep is critical for the regulation and maintenance of
physiological systems, and sleep deficiency, i.e. the pres-
ence of poor sleep duration, poor sleep quality or insomnia
symptoms (Buxton et al., 2012), has been shown to have
substantial effects on overall health (Mullington et al., 2010).
Insomnia disorder is defined as difficulties initiating sleep,

difficulties maintaining sleep or early-morning awakening with
inability to return to sleep, occurring at least three times per

week, and causing clinically significant distress or impairment
in social, occupational or other areas of functioning (Amer-
ican Psychiatric Association, 2013). Symptoms of insomnia
are the most common sleep complaint in medical practice,
with 60% of the adult population reporting symptoms at least
a few nights a week (National Sleep Foundation, 2002). At
the diagnosis level, insomnia is present in an estimated 10%
of adults (Ohayon and Reynolds, 2009). Despite the high
prevalence of insomnia in the population, our understanding
of the biological consequences of the disorder with respect to
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inflammatory, autonomic and hypothalamus–pituitary–adre-
nal (HPA) systems markers is limited and not always
consistent. Changes in the inflammatory system have
been indicated by findings of increased levels of interleukin
(IL)-6 (Burgos et al., 2006; Vgontzas et al., 2002), but not
C-reactive protein (CRP; Laugsand et al., 2012). Changes in
the sympatho-adrenal system, as indicated by elevated blood
pressure levels (Fernandez-Mendoza et al., 2012; Lanfranchi
et al., 2009), increased incidence of hypertension (Fernan-
dez-Mendoza et al., 2012), and increased circulating norepi-
nephrine levels (Irwin et al., 2003) have been reported in
several studies. The HPA stress system marker, as mea-
sured by cortisol levels in serum or plasma, has been found
increased in insomnia in some studies (Rodenbeck et al.,
2002; Vgontzas et al., 2001), but not others (Riemann et al.,
2002; Varkevisser et al., 2005). Also, no differences could be
found between insomnia and healthy controls when HPA
activity was assessed through the dexamethasone–cortico-
tropin-releasing hormone challenge test (Lattova et al.,
2011).
Inconsistent findings with respect to stress-related systems

markers are likely due to the fact that insomnia is a symptom-
atically heterogeneous disease. Individuals meeting diagnos-
tic criteria for insomnia may present with different degrees of
difficulties falling asleep or difficulties maintaining sleep (or
some combination of these). Variations of sleep characteris-
tics may constitute a critical factor that determines the type of
stress-related systems changes and the degree of change. In
this light, it has been shown that insomnia characterized by low
sleep efficiency [determined by polysomnography (PSG)] was
associated with higher cortisol levels compared with insomnia
with higher PSG-derived sleep efficiency (Vgontzas et al.,
2001). In addition, insomnia with low sleep duration based on
PSG has been shown to have a higher blood pressure or
incidence of hypertension, compared with those with normal
sleep duration (Fernandez-Mendoza and Vgontzas, 2013;
Vgontzas et al., 2013). These findings suggest that objective
sleep characteristics are related to the degree of the biological
impact of the disorder (Vgontzas et al., 2013).
However, given the high night-to-night variability in insom-

nia disorder, PSG has not been recommended for the
diagnosis or severity assessment of insomnia, as PSG
recording periods of typically 1 up to 3 nights may not reliably
capture the presence and/or average degree of insomnia
sleep abnormalities (Buysse et al., 2006). Longer recording
periods through the use of actigraphy may present a more
reliable estimation of sleep characteristics in insomnia. The
use of actigraphy in insomnia has been shown to have strong
correspondence with PSG in some (but not all) measures,
including sleep duration and wake after sleep onset (WASO),
and has been recommended in conjunction with comple-
mentary assessment methods, such as sleep diaries, to
increase validity (Sadeh, 2011).
The current study investigated: (1) whether markers of the

HPA, inflammatory and autonomic system differ between
individuals with insomnia disorder and healthy sleepers; and

(2) whether objective actigraphy-based sleep characteristics
sampled over a 2-week period, i.e. sleep duration, sleep-
onset latency, WASO and sleep fragmentation serve as
predictor variables of these markers.
Identification of predictive sleep variables may help to

identify those individuals who are at higher risk for elevated
inflammatory, autonomic and HPA systems markers. These
findings could be used to target specific sleep parameters or
systems markers in order to prevent future health problems
related to ongoing changes in those systems.

MATERIALS AND METHODS

Participants

This study was approved by the Institutional Review Board for
the Protection of Human Subjects at the Beth Israel Deacon-
ess Medical Center (BIDMC). Participants were recruited via
internet postings, Boston subway advertisement, local news-
papers, and flyers distributed at colleges/universities, libraries,
supermarkets, health clubs and other locations.
Twenty-nine participants with a diagnosis of insomnia

disorder (based on DSM-V criteria; American Psychiatric
Association, 2013) between the ages of 18 and 55 years and
without any co-morbid medical or psychiatric disorders, and
19 control participants with good sleep quantity and quality
were included in the study (see Table 1 for sample demo-
graphics). To limit the inference with stress-related systems
markers, we excluded participants with any Axis I disorder in
the last 6 months and any medical disorders, including sleep
disorders other than insomnia (determined by interviews and
questionnaires, see below). Participants were excluded if
they were taking any medication (except contraceptives) or
undergoing any medical treatment during the study. Addi-
tionally, subjects needed a statement from a primary care
physician indicating that they had no medical conditions
interfering with or explaining insomnia disorder.

Study protocol

Participants provided written informed consent for participa-
tion, and came to BIDMC for the initial screening visit.
Participant sleep–wake habits and medical history were
assessed using the SF-36 questionnaire (Ware et al., 2000),
Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989),
Patient Health Questionnaire (Kroenke et al., 2001) and the
Structured Clinical Interview for Axis I Disorders (First et al.,
2004). The Structured Interview for Sleep Disorders assisted
in the diagnostic assessment (Schramm et al., 1993). To
comply with DSM-V criteria, troubles with falling asleep or
awakening in the middle of the night or early morning had to
occur at least three times per week (determined by PSQI).
Participants also completed the Life Orientation Test-Revised
(optimism assessment; Scheier and Carver, 1992) and the
State Trait Anxiety Inventory (Spielberger et al., 1970) to
describe any well-known differences in mood states.
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Once meeting eligibility criteria, participants received an
actigraph to wear over a 2-week recording phase in order to
objectively estimate various sleep parameters, and subjects
filled out a diary to record their daily sleep–wake habits for a
2-week recording phase. The study concluded with a second
visit to the Clinical Research Center, where the subjects were
asked to arrive fasted at 10:00 hours, and to bring in a
sample of their first morning urine void. The participants then
sat in a quiet temperature-controlled room (25 °C) and
relaxed for 1 h. Blood pressure was then measured in a
seated position at 11:15 hours, and a blood sample was
collected at 11:30 hours. In addition, vital signs including
height, weight and body composition measures were col-
lected from each participant.

Measurements

Actigraphy

An actigraph was worn on the non-dominant hand for a 2-
week recording period (Mini Mitter Actiwatch� 64; Respir-
onics, Bend, OR, USA). Data were sampled at an epoch
length of 1 min. The following sleep indices were calcu-
lated using Actiware-Sleep 3.4 algorithms (Mini-Motionlog-
ger; Ambulatory Monitoring, Ardsley, NY, USA): sleep
duration; sleep-onset latency; WASO; and sleep fragmen-
tation index. This index represents a combined measure of
how active the participant was during sleep [the percentage
of the sleep period the individual was mobile (% mobile)]
and the degree to which sleep periods were interrupted
with this activity (the no. of 1-min units of immobility/no. of
immobile bouts).
Sleep diary-derived parameters of time into bed, lights out

and time out of bed were used to ascertain and set the
analysis interval of actigraphy recordings. If actigraphy-

based sleep duration and sleep diary-based sleep duration
were discrepant by more than 2 h, the day was excluded
from further processing. This equated to exclusion of 8.9% of
the recording days. This exclusion procedure was based on
a desire to minimize any recording or recollection errors of
bedtimes, which have been used to guide actigraphy
analysis start and end times; this procedure has been
previously used (Mezick et al., 2009). Daily actigraphy data
were averaged across the 2-week recording period. Actigra-
phy-based sleep duration, sleep-onset latency, WASO and
sleep fragmentation index were used in regression models to
predict markers of the three stress-related domains (auto-
nomic, inflammatory, HPA). Five participants (two with
insomnia) did not have an actigraphy recording due to
technical problems.

Sleep diary

Participants kept a sleep diary to be filled out every morning
and evening over a 2-week recording period. As for actigra-
phy, the following sleep indices were averaged across the 2-
week recording period and used as predictors in regression
models: diary-based sleep duration; sleep-onset latency;
WASO; and number of awakenings.

Blood and urine collection

A fasting blood sample was taken at 11:30 hours, 1 h after
participants relaxed in a temperature-controlled room
(25 °C). Blood was collected on ice in K3-EDTA or Corvac
tubes, and was immediately centrifuged. Urine was collected
from the first morning urine void. Overnight urine collections
have been shown to have good correlation with 24-h urine
collections (Peaston et al., 1996). Samples were stored until
assayed at �80 °C.

Table 1 Sample demographics

Insomnia Controls P-value

N 29 19
Gender (female : male) 19 : 10 13 : 6 1.00
Race (black : white : asian : multi) 3 : 24 : 0 : 2 0 : 18 : 1 : 0 0.17
Ethnicity (non-Hispanic : Hispanic) 27 : 2 16 : 3 0.37
Age (years) 25.3 � 1.6 25.4 � 1.4 0.97
Body mass index (kg m�2) 23.2 � 0.5 23.2 � 0.8 0.98
PSQI score 11.2 � 0.7 1.9 � 0.3 <0.05
Insomnia duration (years) 6.4 � 0.8 N/A
Insomnia duration range (years) 2–18 N/A
Estimated sleep duration (h) 5.8 � 0.2 7.9 � 0.1 <0.05
Estimated sleep need (h) 8.1 � 0.2 7.9 � 0.2 0.65
Life Orientation Test-Revised 15.3 � 0.8 19.0 � 1.0 < 0.05
State Trait Anxiety Inventory 14.0 � 1.5 8.8 � 1.8 0.06

PSQI, Pittsburgh Sleep Quality Index.
P-values for categorical variables are based on Chi-square statistics, for all other variables on F-statistics.
Bold lines indicate significant differences between groups (P<0.05).
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HPA marker

Cortisol was assessed in serum through the Harvard Cata-
lyst Central Laboratory using an LC-MC platform. Intra- and
inter-assay coefficients of variations were 4 and 10.1%,
respectively.

Inflammatory markers

Monocytes were counted at the BIDMC laboratory using an
Advia 2120 system (Siemens Medical Solutions, USA, Inc.,
Malvern, PA). IL-6 was measured in plasma using a high-
sensitivity enzyme immunosorbent assay (ELISA; Quantiki-
ne� HS; R&D Systems, Minneapolis, MN, USA). The
detection limit for this assay is 0.094 pg mL�1. Our average
intra-assay coefficient of variation was 4.0%; the manufac-
turer’s inter-assay coefficient of variation is 7.2%. High-
sensitivity CRP was measured in serum using an immuno-
chemiluminometric assay (Labcorp.com).

Autonomic markers

Standard oscillometric blood pressure measurements were
collected in a seated position five times over a 15-min period
using the automated Dinamap system (GE Medical SIT,
Milwaukee, WI, USA). Measures were averaged to create a
single systolic and diastolic value. Norepinephrine was
measured in urine by the Harvard Catalyst Central Labora-
tory using a radioimmunoassay (IBL America, Minneapolis,
MN, USA), and concentrations were calculated as per mg
urinary creatinine (Labcorp.com). Intra- and inter-assay
coefficients of variations were 4 and 10.1%, respectively.

Statistical analysis

IBM SPSS Statistics 21 software (IBM Corporation, Armonk,
NY) was used to analyse the data. Actigraphy-based sleep

variables entering regression analysis were restricted to the
four variables: sleep duration, sleep-onset latency, WASO
and sleep fragmentation, in order to keep the number of
predictor variables in a reasonable ratio with sample size. In
addition, the same variables derived from the sleep diary
were used as predictors in subsequent regression analysis in
order to investigate differences in predictive power between
actigraphy- and diary-based sleep variables.
To reduce the number of biological systems markers

used in regression analysis, markers were clustered into
three composite systems variables (autonomic, inflamma-
tory, HPA) using z-score transformation. Single markers
were first standardized by computing z-scores (i.e. with an
average mean of 0 and a standard deviation of 1) before
they were averaged to composite variables for the three
systems. Composite variables were based on the average
value of the following z-transformed measures: (1) auto-
nomic: systolic blood pressure, diastolic blood pressure
and urinary overnight norepinephrine; (2) inflammatory:
monocyte counts, plasma IL-6, serum CRP; and (3) HPA:
serum cortisol. IL-6 and CRP were log-transformed before
they were z-transformed, due to their deviation from normal
distribution.
These three composites were compared between partic-

ipants with insomnia and healthy controls using univariate
tests. Within the insomnia group, each of the composites
(inflammatory, autonomic, HPA) was entered in separate
stepwise regression models as outcome variables to be
predicted by the actigraphy- or diary-based sleep parame-
ters (sleep duration, sleep-onset latency, WASO, sleep
fragmentation index/number of night-time awakenings).
Collinearity statistics were computed to ensure that collin-
earity between predictor variables was in the acceptable
range as indicated by the tolerance value variance inflation
factor. Thus, six regression models were run, each includ-
ing the four actigraphy- or the four diary-based sleep
variables to predict one of the three composite variables.

Table 2 (A) Actigraphy-based sleep estimates (averages across 2-week recording), (B) Diary-based sleep estimates (averages across 2-
week recording)

Insomnia Controls P-value

(A)
Sleep duration (h : min) 6 : 07 � 0 : 13 6 : 53 � 0 : 15 <0.05
Sleep-onset latency (min) 27 � 4 17 � 3 0.13
WASO (min) 30 � 3 37 � 4 0.22
Sleep fragmentation index 15.5 � 1.4 16.8 � 1.2 0.52

(B)
Time into bed (h : min) 0 : 44 � 0 : 19 0 : 17 � 0 : 22 0.38
Time out of bed (h : min) 8 : 45 � 0 : 14 8 : 57 � 0 : 23 0.67
Sleep duration (h : min) 6 : 05 � 0 : 13 7 : 45 � 0 : 12 <0.05
Sleep-onset latency (min) 41 � 4 18 � 3 <0.05
WASO (min) 24 � 5 4 � 1 <0.05
Number of nightly awakenings 1.6 � 0.2 0.5 � 0.1 <0.05

WASO, wake after sleep onset.
Bold lines indicate significant differences between groups (P<0.05).
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The alpha value of significance was set to P < 0.05 (two-
tailed).

RESULTS

Demographics of the insomnia disorder and the control group
are shown in Table 1. With respect to actigraphy-based sleep
parameters averaged over a 2-week recording period, the
insomnia group had a significantly shorter sleep duration
compared with the control group (Table 2A). With respect to
self-assessed diary-based sleep parameters averaged over a
2-week recording period, sleep duration, as well as sleep-
onset latency, WASO and number of night-time awakenings
significantly differed between groups (Table 2B).
With respect to stress-related systems markers, the

insomnia group had a significantly higher inflammatory and
HPA composite score when compared with the control group,
while the autonomic composite score did not reach signif-
icance (Fig. 1). Table 3 shows the individual variables that
constituted the autonomic, HPA and inflammatory composite
scores. While all of the variables are higher in the insomnia

group, significance was reached for the number of circulating
monocytes and serum cortisol levels.
Regression analyses were performed to examine whether

any of the actigraphy-based sleep variables (sleep duration,
sleep-onset latency, WASO, sleep fragmentation) served as
statistical predictors of the autonomic, HPA and inflammatory
composite scores within the insomnia group. WASO was a
significant predictor variable of HPA activity (Fig. 2;
Table 4A). In accordance, diary-based WASO was a signif-
icant predictor variable of HPA activity (Table 4B). After
controlling for variations in life orientation (optimism) and
anxiety among individuals with insomnia [which were higher
in the insomnia group compared with controls (Table 1)],
results remained significant, suggesting that the mood-
related variables were not driving the relationship between
HPA activity and WASO. In additional analyses, we inves-
tigated the association between the composite scores and
actigraphy-based sleep efficiency, which can be viewed as a
global sleep disturbance index. The resulting correlation
coefficients range from moderate to high: total sleep time
(R = 0.62, P < 0.05); sleep-onset latency (R = �0.46,
P < 0.05); WASO (R = �0.56, P < 0.05); fragmentation
index (R = �0.81, P < 0.05). Regression analyses showed
that sleep efficiency is a significant predictor of the HPA
composite (B = �0.05, Std. Err = 0.02, P < 0.05), but not the
inflammatory or autonomic composite score (both P > 0.05).
In bivariate correlations, sleep efficiency showed a
significant, but weaker (compared with WASO) correlation
with the HPA score (R = �0.39, P < 0.05), but not with the
inflammatory (R = �0.19, P = 0.34) or autonomic score
(R = �0.14, P = 0.50).

DISCUSSION

Our findings demonstrate that individuals with insomnia
disorder who were characterized by actigraphy-assessed
shorter sleep duration than healthy controls showed an
upregulation of inflammatory and HPA systems markers.
HPA upregulation (as indicated by increased cortisol levels)

Figure 1. Autonomic, hypothalamic–pituitary–adrenal (HPA) and
inflammatory composite scores in insomnia disorder and healthy
controls. *P < 0.05.

Table 3 Differences of single variables that constitute the autonomic, HPA and inflammatory composites

Insomnia Controls P-value

Autonomic
Systolic blood pressure (mmHg) 109.81 � 1.97 105.93 � 1.92 0.19
Diastolic blood pressure (mmHg) 67.59 � 1.22 65.79 � 1.47 0.35
Norepinephrine (lg mg�1 creatine) 0.29 � 0.04 0.24 � 0.03 0.27

Inflammatory
Monocytes (K lL�1) 0.38 � 0.02 0.28 � 0.02 <0.05
IL-6 (pg mL�1) 0.92 � 0.24 0.58 � 0.14 0.22
CRP (mg dL�1) 2.11 � 0.77 0.69 � 0.18 0.24

HPA
Cortisol (mg dL�1) 12.20 � 1.13 9.19 � 0.72 <0.05

CRP, C-reactive protein; HPA, hypothalamic–pituitary–adrenal; IL, interleukin.
Bold lines indicate significant differences between groups (P<0.05).
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was significantly associated with WASO, either assessed
objectively with actigraphy or subjectively with sleep diary
across a 2-week recording period. Additional analysis
showed that sleep efficiency, which can be viewed as a
measure of a more global sleep disturbance index, was also
significantly associated with HPA upregulation, though to a
weaker extent than WASO. In accordance with our findings,
increased cortisol levels in insomnia disorder have been
reported previously (Rodenbeck et al., 2002; Vgontzas et al.,
2001). Furthermore, it has been shown that individuals
characterized by PSG-derived low sleep efficiency (total
sleep time <70% of time in bed) had increased cortisol levels,
while those with high sleep efficiency were not different from
healthy controls (Vgontzas et al., 2001, 2013). Also, a higher
PSG-derived WASO in individuals with insomnia disorder has
been shown to be associated with higher night-time cortisol
levels (Rodenbeck et al., 2002). Together with our finding, it
appears that sleep parameters of sleep efficiency or WASO,
as assessed objectively either by PSG or actigraphy, or

subjectively by self-report over a 2-week recording period,
may drive an elevation in cortisol levels. Thus, individuals
with insomnia disorder who are characterized by a normal
WASO or normal sleep efficiency may not present with higher
cortisol levels, as has been observed in some studies
(Lattova et al., 2011; Riemann et al., 2002). With respect to
the clinical significance of this finding, chronically abnormal
cortisol levels may put one at increased risk for various
diseases known to occur frequently with insomnia, including
mood disorders (Handwerger, 2009) and pain disorders.
Though not significantly related to any actigraphy- or diary-

assessed sleep parameters, the inflammatory composite
score was significantly higher in participants with insomnia
disorder compared with healthy controls. When examining
the single inflammatory markers that constituted the com-
posite score (circulating monocytes, CRP and IL-6), a
significant difference was only found for the monocyte
counts. Over the last years, deficient sleep (e.g. short sleep
duration, low sleep quality, symptoms of insomnia; Buxton
et al., 2012) has been identified as one of the initiating
triggers of elevations in inflammatory markers. Evidence from
experimental and a few epidemiological studies have
observed elevated inflammatory markers in association with
reduced sleep duration, including circulating monocytes,
neutrophils, IL-1b, IL-6, tumour necrosis factor-a and CRP
(Mullington et al., 2010). With respect to insomnia disorder,
inflammatory profiles have been rarely studied, but the two
studies performed so far reported an elevation of IL-6 levels
(Burgos et al., 2006; Vgontzas et al., 2002). Such elevation
of IL-6 could not be detected in the current study, despite the
fact that sleep duration (as objectively determined by actig-
raphy over a 2-week recording period) was substantially
lower – on average 46 min daily compared with healthy
controls. Sleep duration has been recently proposed as a
marker that determines the severity of the biological conse-
quences of insomnia (Vgontzas et al., 2013). Discrepancies

Table 4 (A) Predicting stress-related systems marker through actigraphy-based sleep characteristics in insomnia (B) Predicting stress-
related systems marker through diary-based sleep characteristics in insomnia

Autonomic Inflammatory HPA

R* B SE P-value R* B SE P-value R* B SE P-value

(A)
Sleep duration 0.02 �0.25 0.21 0.25 �0.04 �0.07 0.16 0.70 0.12 0.08 0.17 0.65
Sleep latency 0.19 0.00 0.00 0.28 0.26 0.44 0.34 0.21 0.21 0.27 0.17 0.12
WASO 0.07 1.21 0.87 0.18 0.26 0.84 0.67 0.23 0.56 1.40 0.43 <0.05
Sleep fragmentation �0.10 �0.08 0.05 0.14 0.15 �0.02 0.04 0.58 0.36 �0.05 0.24 0.85

(B)
Sleep duration 0.10 0.09 0.14 0.53 �0.06 0.05 0.13 0.72 �0.05 0.10 0.16 0.55
Sleep latency 0.08 0.26 0.43 0.55 0.23 0.55 0.39 0.17 0.30 0.24 0.15 0.12
WASO �0.12 �0.07 0.42 0.87 0.07 �0.19 0.38 0.62 0.62 1.27 0.31 <0.05
Sleep fragmentation �0.15 �0.05 0.16 0.74 0.17 0.17 0.15 0.27 0.35 �0.07 0.45 0.71

HPA, hypothalamic–pituitary–adrenal; WASO, wake after sleep onset.
*R = Pearson’s correlation coefficient between sleep predictor variables and dependent composite scores (unadjusted).
Bold lines indicate significant differences between groups (P<0.05).

Figure 2. Amount of wake after sleep onset (WASO) is associated
with increased hypothalamic–pituitary–adrenal (HPA) activity
(assessed by cortisol levels) in insomnia disorder.
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between our and recent findings with respect to the IL-6
marker may relate to the fact that our insomnia sample,
though characterized by short sleep duration, is of relatively
young age (25 years on average), and therefore may be
more resilient to the effects of adverse conditions compared
with older adults (Cole et al., 2011).
With respect to autonomic system markers, the composite

score (blood pressure, norepinephrine), though higher in the
insomnia group, did not reach significance. In contrast,
various autonomic indices, including heart rate variability,
blood pressure and norepinephrine levels, have been found
increased in insomnia disorder (Bonnet and Arand, 2010;
Lanfranchi et al., 2009), in particular in those individuals
characterized by PSG-defined short sleep duration (Vgont-
zas et al., 2013). Though our insomnia sample had signifi-
cantly lower sleep duration, their autonomic composite score
did not differ from healthy controls and was unrelated to sleep
duration within the insomnia group. Again, we assume that
due to the young age of our insomnia sample, abnormalities
of autonomic functions may not have emerged yet due to a
higher age-related resilience to challenges.
Our findings of increasedHPAsystemmarkers in individuals

with insomnia disorder with objectively assessed shorter sleep
duration are in accordance with findings of other investigative
groups (reviewed in Vgontzas et al., 2013). However, we did
not find that sleep duration, per se, was correlated with any of
the stress-related systems markers, nor did we find that any
other investigated sleep parameters (sleep-onset latency,
WASO, sleep fragmentation index, sleep efficiency) were
associated with autonomic or inflammatory systems markers.
This may be due to study limitations as listed below, but it may
also be related to the method of sleep assessment, i.e.
actigraphy in the current study, compared with PSG in several
other studies (Fernandez-Mendoza and Vgontzas, 2013;
Vgontzas et al., 2013). We believe that actigraphic recording
periods for at least 1 week are important to reliably assess
night-to-night variability in insomnia disorder, as well as to
objectively verify diagnostic frequency requirements of sleep
abnormalities of greater than three times per week (American
Psychiatric Association, 2013); PSG recording periods are
shorter (1–3 days), which may not capture the range of night-
to-night variability in sleep of individualswith insomnia disorder
(Buysse et al., 2006, 2010).

LIMITATIONS

Markers of the autonomic, inflammatory and HPA composite
score were assessed only once (first morning urine void for
norepinephrine measures, 11:15 hours for five averaged
blood pressuremeasures, 11:30 hours for blood draw). Single
time point assessment is particularly problematic for markers
with strong circadian and sleep-dependent components, such
as cortisol. Thus: (1) we may have missed cortisol changes at
other time points during the day; and (2) differences inmorning
cortisol levels may have been confounded by different circa-
dian sleep times between participants. However, average

bedtimes for the insomnia and control groups do not suggest a
major difference in circadian sleep phase between groups
(Table 2). In addition, we intended to minimize variability in
cortisol and variables by having participants overnight-fasted
and rested in a temperature-controlled room for approximately
1 h prior to collection of blood pressuremeasurements and the
blood sample. Though participants were asked to arrive at the
lab after following an overnight fasting period, we acknowledge
that we have no way to verify the degree to which participants
adhered to this instruction. This informed our decision to delay
blood sampling until 11:30 hours, as this allowed us to monitor
fasting status, albeit for a relatively short period of time.
However, there remains a possibility that measures in blood
and urine may have been confounded by fasting status. In
addition, sleep disorders other than insomnia (e.g. apnoea,
periodic limbmovement disorders) were excluded on the basis
of screening questionnaires only, rather than PSG.
Our study sample is of a young age, and therefore may not

be representative of sleep and biomarker abnormalities that
we may find in older adults. However, while insomnia
disorder increases in prevalence with age (Ohayon, 2002),
it is recognized as a significant problem in younger adults
(Buysse et al., 2008) and frequently starts in young adult-
hood (Roth et al., 2011).
Another limitation of the study may result from the sleep–

wake habits of our control group. Though control participants
were carefully screened by questionnaires/interviews to
ensure good quantity and quality sleep, actigraphy-assessed
sleep duration was <7 h (6 h and 53 min), and both
fragmentation index and WASO were relatively high. These
suboptimal sleep characteristics may be related to the fact
that participants were young (average age 25 years) and
mostly recruited from colleges, where poor sleep habits have
been observed relative to an active social scene on campus
and stresses of classes and jobs (Taylor et al., 2013). Still,
individuals with insomnia disorder in this study had an
objectively shorter sleep duration compared with a control
group with suboptimal sleep habits. Another concern would
be that the short sleep duration in the insomnia sample may
have limited heterogeneity and compromised correlations
with biological markers. However, actigraphy-derived sleep
duration in our insomnia group was normally distributed,
spanning over a wide range from 2 h and 26 min to 7 h and
43 min, which should have allowed the detection of an
association to biological markers.
Another limitation of the study is its small sample size and

resulting power issues. While this study alone will not give a
definitive answer, it may (together with findings from different
investigative groups) build the ground work for larger inves-
tigations in the area of sleep and biomarker abnormalities in
insomnia.

CONCLUSION

The findings of this study demonstrate that in individuals
with insomnia disorder, the degree of sleep maintenance
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difficulties (as assessed by actigraphy- or sleep diary-
defined WASO over a 2-week period) serves as a predictive
variable of HPA systems activation (assessed by cortisol
levels). Thus, WASO may help to identify individuals with
insomnia disorder who are at higher risk of developing
disorders associated with a hyperactive HPA system,
guiding the referral to behavioural or pharmacological
interventions specifically designed to target sleep mainte-
nance difficulties. Yet, autonomic indices of blood pressure
and norepinephrine, as well as levels of the inflammatory
indices IL-6 and CRP were unchanged from healthy controls
and unrelated to any sleep characteristics, which we believe
may relate to a higher resilience to the biological impact of
challenges in this young age group.
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