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Psychophysiological correlates
of primary insomnia

OBJECTIVE Psychophysiological abnormalities indicative of hyperarousal
have been observed in insomniacs leading to the hypothesis that pri-
mary insomnia is the result of a disorder of a 24-hour/day excessive
arousal. The aim of this study was to test this hypothesis. METHOD
Psychophysiological differences between 16 patients with primary in-
somnia according to DSM-IV and 16 controls (matched for age, sex
and education) were assessed through all-night polysomnography and
the Multiple Sleep Latency Tests (MSLT) performed during the day.
The Athens Insomnia Scale (AlIS) and the Hyperarousal Scale (HS) were
utilized to assess subjective severity of insomnia and hyperarousal,
respectively. Motor activity was recorded continuously for seven days
through wrist actigraphs, and daytime functioning was assessed based
on the Selective Reminding Test (SRT) and the Continuous Attention
Test (CAT). RESULTS In the patient's group motor activity level was
found higher during the night, sleep efficiency lower, and the EEG
desynchronisation in slow wave sleep was higher. Diurnal measures
of arousal were found also to be increased in the patients. The score
on the HS was higher in insomniacs than in the controls and it was
significantly correlated with the severity of insomnia evaluated with
the AIS. Sleep latency in all MSLT sessions was no shorter in patients
despite their non-satisfying sleep at night. Impaired daytime function-
ing in insomniacs was confirmed, as the number of presentations
necessary to memorize all items of the SRT was greater in the patient
group than in the control group. Further, the degree of learning dis-
turbance correlated with insomnia severity as scored on the AIS. No
correlation between the SRT and polysomnographic parameters were
observed. CONCLUSIONS (a) A 24-hour increase of arousal is confirmed
in primary insomnia, (b) poor sleep alone is not the basis of com-
plaints of impaired daytime functioning among insomniacs, (c) the
Athens Insomnia Scale is a sensitive clinical tool which can be used
to improve the description of insomnia populations.
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Some physiological abnormalities were noticed in in-
somniacs long ago. Probably the first experimental data
were published by Monroe,” who observed higher rectal
temperature in poor sleepers, a greater number of vaso-
constrictions per minute and higher skin resistance. It is
interesting that these differences were not limited to sleep
but were also observed during waking. Many data con-
firm the absence of daytime sleepiness.? Hyperarousal
has also been confirmed in other studies. The whole body
metabolic rate is increased.’ Positive correlation between
total time awake and secretion of urinary free cortisol and

catecholamines has been found.? It has even been pro-
posed that primary insomnia may be just one of many
symptoms of another disorder of the 24-hour cycle.® This
study aimed to verify the hypothesis of 24-hour exces-
sive arousal in primary insomnia.

MATERIAL AND METHOD

Sixteen patients, 7 men and 9 women, aged 21-55 years
(mean: 40.8+11.3), with primary insomnia according to DSM-
IV, lasting 8 months—25 years (mean: 6.4=+7 years), were re-
cruited from our Sleep Disorders Clinic. Only those patients
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were accepted who were not on drugs or who managed to dis-
continue medication for at least two weeks before the begin-
ning of the study procedures. The control group consisted of
16 good sleepers chosen from hospital staff and was pair
matched according to sex, age and education.

Motor activity was continuously recorded for 7 days with a
wrist actigraph monitor (Gaehwiler Electronic). The mean ac-
tivity level, i.e. the mean number of movements across 5 min-
ute periods, was calculated for diurnal and nocturnal periods.”
On the evening of the 6th day MMPI, Hamilton and Beck scales
were filled in. On the 6th night, apart from polysomnography
(PSG), pulsoxymetry was performed. The results of this adap-
tation night were not further analyzed.

During the 7th night, standard PSG data® as well as elec-
troencephalograms (EEG) from 23 EEG channels were record-
ed, according to the 10-20 system, with the referential elec-
trode positioned between Cz and Fz. Sleep stages were scored
visually. Complexity of EEG (Q), a global measure of spatial
synchronization, was calculated for the whole field of all the
EEG channels.??” The next morning a test for the presence of
benzodiazepines in urine was performed and was negative in
all subjects. Between sessions of the Multiple Sleep Latency Test
(MSLT), the Athens Insomnia Scale’*?* and the Hyperarousal
Scale’ were filled in, and the Selective Reminding Test” was
performed. The Continuous Attention Test (CAT)* was also
performed by each subject. The CAT items consist of 240 ran-
dom presentations of 5x4 squares. The direct repetitions of the
same pattern are the target stimuli. The probability of the tar-
get appearance is 16%. The subjects were asked to press a
button at the moment of detection of the target stimulus and
reaction time was measured. The items from the standard CAT
test were also used as stimuli in event related potentials record-
ing. The results of the event related potentials study will be re-
ported in a separate paper. Comparison of data was performed
using the SPSS package.!”*

RESULTS

Patients with insomnia had higher scores on the Athens
Insomnia Scale (patients’ mean: 12.75+4.09, controls’
mean: 3.50+1.63; U=0.5, P<0.00001).

On the MMPI, insomniacs obtained higher scores than
the controls for hypochondria (55.93+8.94 vs 49.00+
6.65, t=-2.489, df=30, P=0.019), depression (57.31+
10.44 vs 45.43+7.79, t=-3.645, df=30, P=0.001), hyste-
ria (68.62+8.77 vs 50.50+6.34, t=-3.001, df=30, P=
0.005) and psychasthenia (51.18+9.23 vs 42.50+5.86,
t=-2.999, df=30, P=0.005) scales (fig. 1). The Hamilton
score was 6.4+2 .4 in insomniacs and 0.5+1.0 in controls
(U=2.5, P<0.001) and the Beck score was 6.8+4.6 in in-
somniacs and 2.2+3.6 in controls (U=42.5, P=0.001).

Patients had also higher scores on the Hyperarousal
Scale (patients’ mean: 65.0+7.54, controls’ mean:
55.12+8.74, U=49.0, P=0.003). Scores on the Hyper-
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Figure 1. MMPI profile in patients and controls, compared to the data
of Kales et al (1983).7

arousal Scale and the Athens Insomnia Scale were sig-
nificantly correlated (patients: p=0.49, P=0.05, controls:
p=0.59, P=0.01) (fig. 2). Sleep latency in all MSLT ses-
sions was no shorter in patients than in controls (fig. 3).
The mean activity level of patients as recorded by the
actigraphs was higher during the night (patients’ mean:
2.50+2.56, controls’ mean: 1.54+1.02, U=59.5, P=
0.04) (fig. 4).

Patients did not differ in the number of remembered
items during the first presentation of the Selective Remind-
ing Test; the number of presentations necessary to mem-
orize all items, however, was greater in patients than in
the control group (patients’ mean: 10.06+4.31, controls’
mean: 6.56+2.25, U=68.5, P=0.02). The number of rep-
etitions necessary to memorize all items correlated with the
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Figure 2. Correlation between the Athens Insomnia Scale and the Hy-
perarousal Scale.
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Figure 3. Multiple Sleep Latency Test (MSLT) in patients and controls.

results of the Athens Insomnia Scale in patients (p=0.57,
P=0.02), but not in controls (p=-0.01, not significant).
No correlations were observed between results of the Se-
lective Reminding Test and results of the PSG. Patients
had no more omissions in the CAT than controls, but
their score of false target detections was greater and this
difference was close to significance level (patients’ mean:
2.81+ 3.10, controls’ mean: 2.16+4.19, U=80.5, P=
0.07). The patients’ reaction time was shorter than that
of the controls (patients’ mean: 514.60+69.24 msec,
controls’ mean: 577.44+78.25 msec, U=65.0, P=0.02).

The PSG data are shown in table 1. Wake time after
sleep onset was higher and the sleep efficiency index was
lower in the insomniac group. In the insomniac group the
complexity of the EEG () was greater in slow wave sleep
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(stage 3+4) (3.348+0.308 in insomniacs and 3.171=+
0.304 in controls, U=76.0, P=0.05).

DISCUSSION

The MMPI profile in the insomniac group of this study
was similar to the findings of Kales et al.”’ The most sig-
nificant difference concerned the depression score, ap-
parently because the patients in this study did not meet
the clinical criteria of depression: all their scores in MMPI
were below 70 points, their mean Hamilton score was
6.4+2.4 and their mean Beck score was 6.8+4.6.

The motor activity level of patients was higher during
the night and sleep efficiency was lower. In slow wave
sleep the linear descriptor of EEG complexity (Q2) was high-
er in the patients’ group, which means that their slow wave
sleep EEG was more desynchronized. Diurnal measures
of arousal were also increased. The score on the Hyper-
arousal Scale was higher in insomniacs and it significant-
ly correlated with the score on the Athens Insomnia Scale.
Sleep latency in all MSLT sessions was no shorter in patien-
ts, so that in the day they were not more sleepy than
healthy subjects, in spite of nonsatisfying sleep at night.

Impaired functioning in many areas is among the di-
agnostic criteria of primary insomnia; research data,
however, concerning daytime performance are inconsis-
tent. For example, Adam et al?’ reported no difference in
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Figure 4. Examples of a week’s actigraphy of one patient and one control subject. In each row a 24-hour period of motor activity is plotted. The

circadian decrease of motor activity is clearly visible. The patient’s motor activity is greater during both the night and the day.
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Table 1. Sleep parameters in insomniacs and controls.

Insomniacs (n=16) Controls (n=16)

Sleep parameters

Mean e SD Mean e SD
Total dark time (min) 470.47 + 28.82 455.37 + 35.77
Sleep period time (min) 391.16 + 48.93 412.56 + 37.97
Total sleep time (min) 433.43 + 36.50 436.14 + 44.60
Sleep efficiency index 90.06 + 6.88%** 94.73 + 4.85
Sleep latency (min) 24.31 + 16.38 18.04 + 12.89
Latency of REM (min) 93.97 + 19.23 98.20 + 42.28
Latency of stage 3 (min) 47.08 + 24.99 37.54 + 21.73
Latency of stage 4 (min) 76.37 + 49.06 69.68 + 63.13
Total duration of stage 1 (%) 5.80 + 3.26 417 + 2.73
Total duration of stage 2 (%) 48.97 + 8.11 50.76 + 4.67
Total duration of stages 3+4 (%) 15.08 + 4.53 17.40 + 6.41
Total duration of REM (%) 20.19 + 4.64 22.39 + 5.57
Wake time after sleep onset (%) 7.63 + 7.11%* 3.10 + 4.94
Wake time after final awakening (min) 12.72 + 15.92* 1.18 + 12.13

*U=73.5, P=0.04, ** U=68.5, P=0.025, *** U=64.5, P=0.015

reaction time between good and poor sleepers, but in the
study of Hauri® insomniacs performed worse than con-
trols on reaction time and in the insomniac group in this
study the reaction time was shorter than in controls. Per-
haps the scoring of insomnia severity with a valid scale
is needed for comparison of data from different centers.
The mean number of presentations necessary to memo-
rize all items of the Selective Reminding Test was greater
in patients than in the control group, indicating that their
learning ability was disturbed. The degree of learning dis-
turbance correlated with the score on the Athens Insom-
nia Scale but no association between the Selective Re-
minding Test and the results of PSG was observed.

The hypothesis on 24-hour hyperarousal in primary in-
somnia was confirmed in the present study. It can be al-
so concluded that poor sleep alone is not the basis of such
secondary manifestations as impaired daytime function-
ing. Moreover, the Athens Insomnia Scale was judged to
be a sensitive clinical psychometric tool which can be used
to refine the description of insomnia populations.
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JKOINOX Xe adnvikoUg acBeveig €xovv naparnpnBei PYuxXxoELOIONOYIKEG AVOUANES EVEEIKTIKEG LITEPEYPN-

yopong. Ta svupripara avtd €xovv odnyricel omv vnébson 611 n npwronabrig adnvia sivar anotédsopa 24mpng

Siarapaxnig g eypriyopong. H napotoa peAgn anookonei ortov éneyxo g vnébsong avirig. YAIKO-MEGOO-

AOX E€erdornkav o1 81apopés oe puxo@uoloNoyIKEG Sokipaoieg petalt 16 acbevav pe npwronabn avnvia

kal 16 paptvpwv avrioroixng nAkiag, @UBAOL Kal eknaAibsvong npog 1ovg acBbeveis. AcBeveig ka1 pdpTLPEG vIO-

BAriBnoav ce vnvonoNvVypaA@IRN PHENEIN KAOSAN tn Si1dpKela tng VOKIAg Kal moNAanAn Sokipacia AavBdvoviog

xpdvou tov vnvov (MSLT) kard tn Sidpkela ing npépag. H ekriunon tou vnokesipevikot 8abpot tng avnviag

Kal Tng vnepeypriyopong gyive péom tng Kifparkag Avnviag ABnvav (AIS) kar tng Kafpakag Ynepeypriyopong

(HS), avriotoixa. [a v eni entd npépeg cuvexni KAtaypa@ni thg COUATIKAG KIVNTIKATNTAS Xpnaolponoindnkav
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axnypdgol kaprnoV. To sninedo nueprioiag ASIToLPYIKSINTAG PEIPHROnKe pe tn Aokipacia Emnskukig Mvnpo-
vikng Avdranong (SRT) rair tn Aoxripacia Zvvexovg [Ipocoxrig (CAT). AITOTEAEXMATA Oi1 ndoxovieg and
abdnvia, oe oUyKpIon e TOLG PAPTLPEG, sppdvicav Katd tn Sidpreia tng viktag avnpévn Kivniikn Spactnpid-
nta, pEIOpPvn endpKeld ToL BIvoL Kadl EVIOVOTEPO NAEKIPOEYKEPANOYPAPIKG AMTOCLYXPOVIOUS Katd Tov Brivo
Bpabéwv rupdiov. O Babudg eypriyopong 1ov acBevav Bpébnke avEnpévog kal katd tn Sidpreia tng npEpag.
H BaBponoyia tng KAfpakag Ynepeypriyopong rfitav vpnAdtepn otnv opdda twv acbsvdv kal napovoiaze ora-
TIOTIKAG ONPAVIIKN ovoxErion pe t Babuonoyia tng Kifpakag Avnviag ABnvedv orto obvono tov Seiyparog. O
AavBavmv Xpovog tov Brvov ot 6neg tig Soripacieg MSLT Sev Si1€pepe petal acBesvdv ka1 paptépmv, pono-
Va1 o1 acBeveig avépepav St Segv ritav 1kavonoinpévol and 1o VUKIEPIVS Bnvo tovs. H npepricia Asitovpyiks-
nia 1oV acbevdv nrav peiopévn, onmg €6€18e n Aokipacia EmAskurrig Mvnpovirrig Avdknanong, o BaBudg
8¢ Tng peimong avtig napovoiaze cvox£tion pe tn BaBponoyia ing Kaipakag Avnviag ABnvadv, 6x1 Spmwg pe Tny
endpkela tov Bnvou Kai 11§ dANeg vnvononvypa@ikeég napapsrpovs. XYMIEPAXMATA (a) Ta anotenéopara
emBeBaidvouvv vap&n PuXOELGCIONOYIKNAG LIIEPEYPriyopong kaBdno 1o 24mpo onv npwronadn adnvia, (8) n
Siarapaxn tov Vukrepivos Unvouv kabeavrn Sev anotenel Tnv aitia yia peiopévn npepnola Asitovpyikointa, ()
n KiAfpaka Abniviag ABnvav eival svaiocOnto KAIVIKG YUXOPETPIKG epyansio Kal prnopei va xpnoiponoinBei svuxe-
PAG yia TNV KANUIEPN KATAVANOoN IOV XAPAKINPIOTIKAOV ToL NANBLopos tov acbsv@dv pe adnvia.

...............................................................................................................................................................

A€8e1g svpenpiov: Aiatapaxn Asitovpyirdtntag, Eykepanoypdenua vnvov, [ToAdanAn Sokipacia AavBdvovtog xpdvouv
vnvov, INpwronabrig atnvia, Ynepeyprivopon
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