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mpaired Declarative Memory Consolidation During
leep in Patients With Primary Insomnia: Influence of
leep Architecture and Nocturnal Cortisol Release

utta Backhaus, Klaus Junghanns, Jan Born, Kornelia Hohaus, Frauke Faasch, and Fritz Hohagen

ackground: A central cognitive function of sleep is to consolidate newly acquired memories for long-term storage. Here, we
nvestigated whether the overnight consolidation of declarative memory in patients with chronic sleep disturbances is impaired, owing
o less slow wave sleep (SWS) and an increased cortisol release.

ethods: Polysomnographic recordings, serum cortisol concentrations, and overnight memory consolidation in 16 patients with
rimary insomnia were compared with those of 13 healthy control subjects.
esults: Patients displayed distinctly less overnight consolidation of declarative memory (p � .05), which was significantly correlated
ith SWS in the control subjects (r � .69) but with rapid eye movement (REM) sleep in the patients (r � .56), who had a diminished
mount of SWS (p � .05). Increased cortisol levels in the middle of the night were associated with impaired retrieval of declarative
emory after sleep for both control subjects (r � �.52) and patients (r � �.46).
onclusions: Primary insomnia is associated with a diminished sleep-related consolidation of declarative memory. Efficient overnight
onsolidation of declarative memory is associated with high amounts of SWS and low serum cortisol levels during the early part of the

ight. Where SWS is decreased, REM sleep might play a partly compensatory role in the consolidation of declarative memory.
ey Words: Sleep, primary insomnia, memory consolidation,
eclarative memory, cortisol

number of recent studies provide compelling evidence that
sleep plays an essential role in the consolidation of memory
(for review see Ficca and Salzarulo 2004; Gais and Born

004a; Maquet 2001; Peigneux et al 2001; Rauchs et al 2005; Smith
001; Stickgold et al 2001; Walker and Stickgold 2004). Thus, sleep
fter a learning period enhances both procedural memories for
kills (e.g., Fischer et al 2002; Kuriyama et al 2004; Plihal and Born
997; Smith and MacNeill 1994; Walker et al 2002, 2003, 2005) and
eclarative memories (i.e., for episodes and facts) (Gais and Born
004a). Previous studies provide evidence that nightly declarative
emory consolidation benefits primarily from periods of early
octurnal sleep, during which slow wave sleep (SWS) is predomi-
ant (Plihal and Born 1997, 1999a; Yaroush et al 1971).

Cortisol modulates hippocampus-dependent declarative mem-
ry functions (see, for example, de Quervain et al 2000; Kirschbaum
t al 1996; Lupien et al 1997; Newcomer et al 1999; for review, see
et et al 2005). Intravenous infusion of small doses of cortisol
uring SWS-rich early nocturnal sleep, when the endogenous
ortisol release is usually at a minimum, completely blocked any
onsolidation of declarative memory during sleep (Plihal and Born
999). An effective inhibition of the glucocorticoid feedback on
ippocampal networks seems to be a prerequisite for sleep-associ-
ted consolidation of declarative memory (Plihal et al 1999).

Because sleep is important for the consolidation of memory,
isturbed sleep should consequently result in its impairment. Pri-
ary insomnia is a suitable model to investigate such consequences
f disturbed sleep, because this disorder is characterized by a
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reduced amount of SWS as well as by an increased amount of stage
1 sleep and nocturnal wake time (meta-analyses by Benca et al
1992; Hudson et al 1992). Notably, according to the criteria of
DSM-IV (American Psychiatric Association 1994) primary insomnia
is not associated with other psychiatric disorders. Thus, it enables
the investigation of the consequences of sleep disturbances for
memory consolidation without any interference from other psychi-
atric disorders, such as depression, that might influence memory
consolidation.

Patients with primary insomnia perceive their lives as more
stressful and experience more pre-sleep arousal than do good
sleepers (Morin et al 2003). Neuroendocrinological studies indicate
a disinhibited activity of the hypothalamo-pituitary-adrenocortical
stress system in these patients, particularly in the evening and early
night (Rodenbeck et al 2002; Vgontzas et al 2001), although this was
not consistently found (Riemann et al 2002). In an earlier study, we
demonstrated a significant decrease of awakening salivary cortisol
in primary insomnia patients that was correlated with sleep distur-
bances and probably associated with enhanced cortisol secretion
during the preceding night (Backhaus et al 2004).

The examination of memory functions in these patients
yielded mixed results (for an overview see Sateia et al 2000). For
the most part, no differences or else only slight ones were found
between patients with primary insomnia and healthy control
subjects. However, in all these studies with insomnia patients,
the encoding and the recall of material were tested on the same
day; to our knowledge, none examined the effects of overnight-
sleep on the consolidation of newly acquired material.

Given the decrease in SWS, accompanied by a disinhibited
release of cortisol during the early night in primary insomnia
patients, we hypothesized that these patients would display a
specific impairment of the sleep-dependent consolidation of
memories. There ought to be pronounced impairment of declar-
ative memory consolidation, which was found in some previous
studies to depend particularly on SWS (Gais and Born 2004a,
2004b; Molle et al 2004; Peigneux et al 2004; Plihal and Born
1997, 1999a; Yaroush et al 1971) and which relies, in addition,
upon low serum cortisol concentrations (Plihal and Born 1999b),

especially during the first half of the night.

BIOL PSYCHIATRY 2006;60:1324–1330
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ethods and Materials

ubjects
Sixteen patients with primary insomnia (8 men) and 13 age-

atched healthy control subjects (5 men) participated in the study.
atients were consecutively recruited from the Outpatient Sleep
isorders Clinic of the University of Luebeck, and control subjects
ere recruited by advertisement. All patients who met the criteria

or primary insomnia according to the DSM-IV were asked to
articipate in the study. The DSM-IV criteria for primary insomnia
re sleep disturbances that cause patients to feel consequences like
iredness during the daytime. Furthermore, to fulfill the criteria for
rimary insomnia according to DSM-IV, patients must not have any
ther current psychiatric disorder. Other than the primary insomnia
n the patients, neither patients nor control subjects had a current
sychiatric disorder according to DSM-IV Axis I and Axis II. More-
ver, any somatic disorder that might affect sleep also was ruled out
n both groups. Patients and control subjects underwent a thorough
hysical and psychiatric assessment, including the Structured Clin-
cal Interview for the Diagnosis of Psychiatric Disorders according to
SM-IV (SCID), and a battery of routine clinical tests encompassing
lectrocardiography, electroencephalography, assay of thyroid hor-
ones, blood cell count, and urine analysis. Female participants took
art within the first 9 days of their menstrual cycle. Estrogen, as well as
rogesterone, was measured to confirm the cycle phase. All subjects
ad a regular sleep-wake rhythm and none were shift workers. They
id not take any psychoactive drugs or medications that might affect
leep, and all had a body mass index within the normal range.

The study was approved by the local ethics committee and
as conducted according to the Declaration of Helsinki. After a

omplete description of the study to the subjects, their written
nformed consent was obtained.

rocedure and Tasks
Each subject spent two nights in the sleep laboratory. The first

ight served to adapt the subjects to the experimental sleep
onditions and to exclude sleep apnea and periodic leg move-
ents. On the afternoon of day 2, an indwelling catheter was

nserted into an antecubital vein to draw blood for assessment of
ortisol every 15 min during bedtime. All subjects had 8 hours of

igure 1. Overnight declarative memory consolidation: number of correctly
ecalled words on the word-pair associates task at learning (in the evening
efore retention sleep) and at delayed retrieval testing (in the morning after

etention sleep) (means � SEM).
edtime beginning between 10:00 PM and 11:00 PM, adapted to
their regular bedtime at home. Before bedtime, subjects learned
a declarative and a procedural memory task.

The declarative memory task was a word-pair associates task
consisting of 40 word pairs of German nouns that were standard-
ized with respect to word frequency, length, emotionality, mean-
ingfulness, and concreteness (Plihal and Born 1997). Two additional
word pairs at the beginning and again at the end of the test served
to buffer primacy and recency effects and were not included in the
analysis. Each word pair was presented visually for 5 sec. Immedi-
ately after presentation of all word pairs, the subjects were to recall
orally the second word upon presentation of the first (cued recall).
The list was presented repeatedly in different order until the subject
had correctly recalled at least 24 words (60% criterion).

To test procedural memory, a mirror-tracing task was used
(Plihal and Born 1997). The subject had to move an electronic stylus
as fast and as accurately as possible along the black line of a figure
that they could see only through a mirror. Subjects first traced
repeatedly a star-like figure until they had reached a criterion of fewer
than six errors (deviating from the black line) per run. Thereafter, they
were to trace six different figures, for which the average drawing time
per figure (total time), the number of errors (error count), and the error
time (time spent off the black line) were calculated.

The following morning, retrieval of the word-pair associates task
and the mirror-tracing task was tested: Subjects were asked to again
recall orally the second word in a pair upon presentation of the first
(cued recall). Upon completion of this task, they then repeated the
mirror-tracing of the six test figures. Memory testing began 15 min
after awakening in order to avoid any impairing effects of sleep
inertia. After retrieval testing on the declarative and procedural
memory tasks, subjects underwent an extensive standardized test
battery to control for effects of alertness and vigilance (Zimmer-
mann and Fimm 1993). This test battery consisted of the following
tasks: an alertness task tested simple reaction time to visual stimuli,
some of which were presented with a preceding auditory signal; a
“Go/No Go” task demanded reactions to two of five visual stimuli,
thus testing the subjects’ ability to suppress reactions to irrelevant
stimuli; a simple reaction task and a complex reaction task mea-
sured the ability to change the focus of attention between alternat-
ing stimuli of relevance; and a task assessed their ability to maintain
vigilance to relevant stimuli occurring with low probability among
frequently presented standard stimuli.

Polysomnographic Recordings and Sleep Questionnaire
Electroencephalogram (EEG) electrodes were positioned at C3

referenced against A2 and at C4 referenced against A1 as defined by

Table 1. Non-Declarative Memory Task (mirror-tracing) (means � SD)

Controls
(n � 13)

Patients
(n � 12) z

Mann–Whitney
U Test p

Total Time (in sec)
Learning 111.2 � 53.9 104.5 � 32.2 �.11 .94
Retrieval 83.1 � 40.4 70.6 � 17.8 �.71 .50

Error Count
Learning 19.1 � 16.4 12.9 � 10.0 �.65 .54
Retrieval 8.6 � 9.7 5.0 � 3.1 �.41 .69

Error Time (in sec)
Learning 9.1 � 9.3 6.8 � 5.6 �.33 .77
Retrieval 4.6 � 6.7 2.6 � 2.3 .00 1.00

Number of Trials
to Criterion 3.1 � 2.1 3.4 � 1.9 �.63 .55

Total time: average drawing time per figure; error count: the number of

errors; error time: time spent off the black line.

www.sobp.org/journal
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he international 10-20 system. Electromyographic activity was
ecorded by submental electrodes. Vertical and horizontal eye
ovements were recorded by two horizontal electrodes and one

ertical electrode. Furthermore, electromyographic recordings of
he legs and three recordings of breathing (chest and abdominal
xcursions, nose-mouth airflow) together with oxygen monitoring
ere performed on the first night to rule out sleep apnea or periodic

eg movements. No subject who had clinically relevant sleep apneas
� 5/hour) or nocturnal periodic leg movements with EEG-arousal
� 5/h) was enrolled in the study. Only data from the second
experimental) night were analyzed to compare the sleep EEG
arameters of patients with those of control subjects. Sleep stages
ere scored according to standardized criteria (Rechtschaffen and
ales 1968) by experienced staff blind to the experimental condi-

ion. Sleep EEG analyses included the following parameters: sleep
nset latency is defined as the time in minutes from lights-off to the
irst epoch of stage 2 sleep; sleep period time is the time in minutes
rom sleep onset latency to the last awakening during bedtime; total
leep time is the time in minutes of all epochs of sleep. The different
leep stages (stage 1, stage 2, stage 3, stage 4, SWS as the sum of
tages 3 and 4, and rapid eye movement [REM] sleep) and the
ightly wake time were calculated in minutes and in percent of
edtime. Sleep efficiency means the percentage of sleep during
edtime; REM latency is defined as the time in minutes from sleep

Table 2. Test Battery of Alertness and Vigilance (means

Controls
(n � 13)

Simple Alertness Task
Reaction time (msec) 245.1 � 43.9
Number of correct responses 77.2 � 1.0

“Go/No Go” Task
Reaction time (msec) 524.7 � 74.5
Number of correct responses 23.6 � .5

Simple Reaction Task
Reaction time (msec) 826.0 � 150.8
Number of correct responses 93.9 � 3.5

Complex Reaction Task
Reaction time (msec) 762.3 � 128.7
Number of correct responses 29.5 � 1.7

Vigilance Task
Reaction time (msec) 605.7 � 72.6
Number of correct answers 32.9 � 2.8

Table 3. Sleep EEG Parameters and Sleep Questionnair

Controls
(n � 13)

Bedtime (min) 473.1 � 12.4
Sleep Period Time (min) 457.4 � 12.1
Total Sleep Time (min) 439.8 � 17.5
Sleep Efficiency (%) 92.94 � 2.50
Sleep Onset Latency (min) 14.96 � 10.14
REM Latency (min) 109.04 � 38.77
Wake Time % 6.01 � 2.61
Stage 1% 6.12 � 4.27
Stage 2% 50.79 � 12.23
SWS (Stages 3 � 4)% 18.7 � 14.1
Stage REM % 18.33 � 5.58
Pittsburgh Sleep Quality Index 2.2 � 1.7

Means � SD, sleep stages in percent of bedtime.

EEG, electroencephalogram; REM, rapid eye movement (s

ww.sobp.org/journal
onset to the first REM sleep period. Furthermore, the power density
in the .75–4 Hz range was calculated.

To estimate sleep quality, the Pittsburgh Sleep Quality Index
(PSQI) (Buysse et al 1989) was used, with proven good test-retest
reliability and validity in patients with primary insomnia and in
healthy control subjects (Backhaus et al 2002a). Values � 5
indicate a clinically relevant decrease in sleep quality.

Cortisol
Blood samples were centrifuged immediately after collection,

and serum was stored at �80°C until analysis by radioimmuno-
assay (Diagnostic Products, Herrman Biermann, Bad Nauheim,
Germany; sensitivity: .2 �g/dL; intra-assay coefficient of varia-
tion: � 5%; inter-assay coefficient of variation: � 6.5%).

Data Reduction and Statistical Analyses
Overnight consolidation of the word-pair associates and the

overnight gain in mirror-tracing were calculated such that posi-
tive values represented an increase in declarative memory (en-
hanced number of recalled word pairs) and procedural memory
(enhanced speed, reduced error time, and reduced error count),
respectively. Thus, overnight declarative memory consolidation
was defined as morning retrieval values minus evening recall

)

Patients
(n � 16) z

Mann–Whitney
U Test p

248.5 � 35.6 �.31 .78
73.9 � 10.8 �.28 .81

554.5 � 60.2 �1.65 .10
23.4 � 1.0 �.41 .75

826.2 � 202.8 �.26 .81
95.3 � 2.4 �1.00 .33

766.7 � 184.4 �.22 .85
29.9 � 1.0 �.39 .71

629.0 � 118.4 �.09 .95
33.3 � 1.5 �.07 .95

Patients
(n � 16) t [df � 27] p

472.3 � 7.8 .23 .82
445.2 � 26.7 1.53 .14
390.3 � 43.4 3.85 �.001
82.63 � 8.86 4.05 �.001
20.34 � 23.60 �.77 .45
93.22 � 44.66 1.01 .32
16.73 � 8.85 �4.21 �.001

6.71 � 2.17 �.49 .63
48.94 � 8.88 .47 .64

9.9 � 7.6 2.13 .04
17.58 � 5.06 .38 .71

11.9 � 3.5 �9.13 �.001
� SD
e

leep); SWS, slow wave sleep.
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alues, whereas overnight procedural memory gain was defined
s evening recall values minus morning retrieval values.

Group differences were analyzed by analyses of variance (ANO-
As), including a group factor (insomnia patients vs. control sub-

ects) and, depending on the parameter, a time factor representing
he different times of assessment (two time points for the declarative
emory task, and 16 each for cortisol during the first- and the

econd half of the night). Technical problems caused missing data
or mirror-tracing in four patients. The ANOVA across both groups
n the cortisol values were calculated separately for the first- and the
econd half of the night, because: 1) the hypothesis referred
xclusively to the association between hippocampus-dependent
eclarative memory consolidation and cortisol concentrations dur-
ng the first half of the night, and 2) data on serum cortisol values for
he second half of the night were missing for six patients and three
ontrol subjects. Post hoc t-tests were used to specify main and
nteraction effects of the ANOVA. The mirror-tracing task, the
lertness test battery, and the power density in the .75–4 Hz range
ere calculated with nonparametric tests (Mann–Whitney U test and
ilcoxon test), because the variables showed no normal distribu-

ion. Sociodemographic and questionnaire data as well as data not
epeatedly measured were analyzed with two-tailed t-tests for
ndependent samples and chi-square tests, if appropriate. Owing to
he age-dependence of memory processes, sleep EEG, and cortisol
elease, partial correlations between the variables were calculated
ontrolling for age. An explorative regression analysis was calcu-
ated to explore the influence of different independent variables on
eclarative memory consolidation. The variables that correlated
ignificantly with the consolidation of word pairs in the correlation
nalyses as well as the variable “age” were used as independent
ariables in the regression analysis. A p-value � .05 was set for
ignificance. Data were analyzed with SPSS for Windows, Version 11.
ariability values are expressed as SD unless otherwise specified.

esults

ubjects
There were no statistical differences between patients and

ontrol subjects in age (patients: 41.6 � 1.2 years; control
ubjects: 40.1 � 11.3 years; [t (27) � �.36, p � .73]), body mass
ndex (patients: 23.1 � 2.4; control subjects: 23.6 � 3.5, [t (27) �
49, p � .63]), and years of education (patients: 14.4 � 2.7;
ontrol subjects: 14.9 � 3.6; [t (27) � .59, p � .69]). Mean
uration of insomnia among patients was 9.2 � 8.1 years.

emory Tasks
Groups did not perform differently on the word-pair associ-

igure 2. Serum cortisol concentrations during the night in patients and
ontrol subjects (means � SEM).
tes task in the learning phase in the evening before sleep, either
with regard to the number of learning trials needed to reach the
60% criterion (patients: 1.9 � .4; control subjects: 1.6 � .6; [t (27) �
�1.58, p � .13]), or with regard to the number of words correctly
recalled in the last criterion trial [t (27) � .23, p � .82]. By contrast,
their retrieval performance after the retention period after sleep
differed significantly, with control subjects showing an overnight
increase in recall and the patients showing an overnight recall
decrease [t (27) � 2.25 , p � .03]. The ANOVA for the paired
associates task revealed a significant group � time interaction
effect [F (1,27) � 9.54, p � .005] (Figure 1).

On the mirror-tracing task, patients and control subjects differed
neither with regard to learning before sleep nor in their retrieval
after sleep (Table 1). Performance improved in both groups after
sleep (i.e., they needed less time to draw the figures; Wilcoxon test:
control subjects, z � �3.2, p � � .01; patients, z � �3.1, p � � .01)
and made fewer errors (error time: control subjects, z � �3.1, p �
� .01; patients, z � �2.9, p � � .01; error count: control subjects,
z � �3.1, p � � .01; patients, z � �2.9, p � � .01). However, none
of these parameters was differentially affected in either group (see
Table 1 for exact values and statistics).

Patients and control subjects did not differ in their perfor-
mance of any task in the extensive standardized test battery of
alertness and vigilance (TAP, Table 2), indicating that there were
no differences in their respective alertness and vigilance.

Sleep EEG and Sleep Questionnaire
Patients had a significantly lower amount of SWS, significantly

more wake time after sleep onset, and a decreased total sleep
time as well as decreased sleep efficiency (Table 3). Groups did
not differ with regard to the time spent in REM sleep and in stage
2 sleep. Patients and control subjects did not differ in their power
density in the .75–4 Hz range (patients: 127.8 � 61.7 �V2/Hz;
control subjects: 163.1 � 130.0 �V2/Hz; Mann–Whitney U Test:
z � �12, p � .93). On the Pittsburgh Sleep Quality Index,
patients estimated a significantly lower quality of sleep than did
control subjects (Table 3).

Cortisol
Cortisol concentrations in both groups did not differ for either

the first half of the night or for the second ([F (1) � .27, p � .60]
for the group effect, and [F (15,13) � .46, p � .922] for time �
group interaction effect of the first half of the night; [F (1) � .49,
p � .49] for the group effect, and [F (15,4) � .83, p � .64] for the
second half of the night; see Figure 2 for exact values).

Correlation Analyses
Partial correlation analyses (controlling for age) performed sep-

arately for control subjects and patients revealed a significant pos-
itive correlation between SWS and declarative memory consolida-
tion (word-pair associates) among control subjects but not among
insomnia patients (Figure 3). In contrast to the control subjects,
declarative memory consolidation in the patients correlated signifi-
cantly with the amount of REM sleep (Figure 3). There was no
significant correlation in either group between total sleep time and
declarative memory consolidation (p � .05). Correlation analyses of
cortisol concentrations for the 1st, 2nd, 3rd, and 4th hours of the first
half of the night revealed that higher values for declarative memory
consolidation were significantly correlated in both groups with low
serum cortisol levels at the end of the first half of the night, (i.e.,
during the last hour of the first half of the night; Figure 3).

The explorative regression analysis with the overnight con-
solidation of word pairs as dependent variable and age, SWS,

REM sleep, and cortisol at the 4th hour of the night as indepen-

www.sobp.org/journal
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igure 3. Partial correlation analyses (controlling for age) between consolidation of word pairs (indicated by the difference in recall at learning and retrieval
esting) and SWS and REM sleep (in percentages of bedtime) and serum cortisol concentrations during the last hour of the first half of the night.
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ent variables showed significant 	 coefficients for SWS, REM,
nd age (	: �.43, p � .003 for age; 	: .39, p � .025 for SWS; 	:
32, p � .024 for REM sleep) and a nearly significant 	 coefficient
or cortisol (	: �.28, p � .056) on the overnight consolidation of
he word-pair associates task.

iscussion

This study investigated the overnight sleep-dependent consoli-
ation of both declarative and non-declarative memory in patients
ith primary insomnia. The results indicate a deficit of hippocam-
us-dependent declarative memory consolidation in these patients
s opposed to healthy sleepers. Whereas in the healthy subjects
eclarative memory consolidation was positively correlated with
WS, the insomnia patients with a significantly lower amount of
WS showed no such association. By contrast, there was a signifi-
ant correlation between declarative memory consolidation and
EM sleep among the patients. Previous studies provide evidence
hat SWS contributes to the consolidation of declarative memory
Gais and Born 2004a, 2004b; Molle et al 2004; Peigneux et al 2004;
lihal and Born 1997, 1999; Yaroush et al 1971). However, the
ignificant correlation of declarative memory consolidation with the
mount of REM sleep in the insomnia patients suggests that REM
leep also might benefit the consolidation of declarative memory,
lthough to a lesser degree than SWS in the control subjects.
nother study also found an association between REM sleep and
onsolidation of declarative memory (Rauchs et al 2004). Because
he correlation between REM sleep and declarative memory con-
olidation was observed in the present study only in the insomnia
atients, REM sleep might play a partly compensatory role in
eclarative memory consolidation in conditions where the propor-
ion of SWS is low. This would be of considerable relevance also for
ealthy elderly subjects, who, compared with young healthy sub-

ects, display a strong decrease in SWS (Van Cauter et al 2000).
owever, because the majority of studies on sleep and memory
ave been conducted in young healthy subjects with naturally high
mounts of SWS, this issue cannot yet be resolved. A replication of
ur findings in a larger sample and across different age groups
ould further substantiate our suggestion of a partly compensatory

ole in declarative memory consolidation of REM sleep where the
mount of SWS is low.

Previous studies found either only slightly disturbed memory
erformance in insomnia patients when testing encoding and
etrieval on the same day or none at all (e.g., Sateia et al 2000).
he present data are in line with those results, because patients
nd control subjects had the same performance level in the
emory tasks before sleep. This finding is important, because it

ules out that among insomnia patients impaired declarative mem-
ry recall after retention sleep originated from a poor encoding of
he word-pair associates. On the basis of these data, it is justifiable
o conclude that the impaired retrieval of the word-pair associates
y our patients reflects primarily a relevant impairment of the
onsolidation of declarative memory during retention sleep.

In both healthy subjects and insomnia patients, enhanced corti-
ol release during the last hour of the first half of the night was
ssociated with disturbed consolidation of declarative memory. In
ight of evidence that the glucocorticoid feedback to hippocampal
etworks blocks sleep-associated consolidation of declarative mem-
ry (Plihal et al 1999), it has to be considered that suppression of
ortisol release during the early night might contribute to the
onsolidation of memory during sleep. The association between
nhanced cortisol levels and diminished overnight consolidation of

eclarative memory was found, despite the rather low overall
variability in serum cortisol concentrations during early sleep, when
these concentrations reach an absolute minimum. This indicates
that even slight increases in pituitary-adrenal activity during this
sleep period are paralleled by substantial decreases in declarative
memory consolidation. However, in insomnia patients, serum cor-
tisol concentrations during sleep did not differ significantly from
those of control subjects for either the first or for the second half of
the night. This result fits those of a previous study (Riemann et al
2002) but contrasts with others (Rodenbeck et al 2002; Vgontzas et
al 2001). In the present study, the lack of a significant increase in
sleep-associated cortisol release in the insomnia patients as op-
posed to control subjects indicates that cortisol release does not play
a primary role in mediating the differences between the two groups
in the overnight consolidation of declarative memory. In light of the
missing group differences with regard to the nocturnal cortisol
release, the differences in sleep architecture (especially the de-
creased SWS) seems to be of particular importance in explaining the
different consolidation of declarative memory by patients and
control subjects.

The sample size our study was larger than in other studies that
investigated nocturnal cortisol release in insomnia patients (Ri-
emann et al 2002; Rodenbeck et al 2002; Vgontzas et al 2001).
Nonetheless, it has to be considered that this sample size still is
associated with some risk of false negative results as to error count
for retrieval in the mirror-tracing task, the number of correct
responses for simple reaction time and simple alertness in the
extensive alertness test battery, and the number of trials required to
reach the criterion in the declarative memory task. However, with
regard to declarative memory it must be emphasized that patients
and control subjects showed practically identical performances on
the last trial before sleep. Further studies using other tasks are
needed to investigate whether the deficit is in fact selective for
declarative memory or whether there are also differences in proce-
dural memory consolidation or in alertness. Another interesting and
important extension of this study would be to use a more extensive
EEG recording overnight, allowing the detection of local changes in
connection with memory consolidation. Thus Huber et al (2004)
showed that procedural motor learning is related to local increase in
slow wave activity, and Gais et al (2002) found an association of
declarative learning with sleep spindles, especially at the vertex (Cz)
electrode position during the subsequent night.

In conclusion, the central and novel result of this study is that
memory consolidation in insomnia patients is impaired for hip-
pocampus-dependent declarative memory materials. These patients
often complain about memory problems, which they attribute to
their disturbed sleep at night. Focusing on the role of sleep in the
consolidation of memory, this study demonstrates that primary
insomnia is indeed accompanied by distinct cognitive dysfunction
that substantially disables these patients in their everyday life. In
light of the high prevalence of primary insomnia of almost 20%
(Backhaus et al 2002b; Leger et al 2000), our results are of con-
siderable clinical relevance. Of the effective pharmacological (Now-
ell et al 1997) and non-pharmacological treatments (e.g., Irwin et al
2006; Morin et al 1994) for insomnia, particularly the non-pharma-
cological treatments have positive long-term effects on sleep qual-
ity, persisting over years (Backhaus et al 2001). Therefore it seems
worthwhile to investigate whether sleep-related declarative memory
consolidation improves after a successful insomnia therapy.
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