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. Abstract

T

The'investigation of sleep patterns and waking ultradian rhythms in

- performance and mot111ty were exam1ned in groups of nonmedicated hyper- :

kinetic (n = 11) and normal control children {n.= 11). Sleep recordmngs

were undertaken to examine possible events and relationships obscured

by or not present during wakefulness which may provmde evidence of a,

postulated arousal d1sorder in HK ch11dren Children (8-12 years) slept
in the sleep lab for five consecutive nights during which EEG, EOE, EMG,

and SSPR measures were monitored. ODuring the days following the third and

" fourth nights, subjects underwent testing to detect the/possib1e presence .

of ultradian variations in performance (detection ana false positives) and
moti?ity'kglobal body movements and Timb movement during the task, and

1imb movement during off-task periods). Testigg\ras conducted for five

 minutes every 15 minutes (10-minute “rest per1oiz,) over a six-hour per1od

on each day. Phase relationships between the prkvious night's NREM and -
REM cycTes and wakxng ultradian rhythmgﬂzg;;~;;:o examined. Anaiyses of
sleep pattern variables reyealed a_si n1f1cant}y 1onger REM onset Tatency .
(p <=03) and marg1na11y significant (p < .08) greater amounts of movement
time, body movements, and NREM twitches for the HK group relative to

controls. No other sleep parameters differentiated the groups.,'On'&aking

‘attention and motility measures, HK subjects made s1gn1f1cant1y fewer

detect1ons (p < .05) and were more active (p < .01) during off task per1ods
on both days. Limb movement during the task was marginally s1gn1f1cant

(p < .06) on one day {HK > Control). False pesitives and global body
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movements failed to d1fferent1ate the groups The fesa1ts'for waking per-
formance and motility, and sleep were interpreted w1th1n the hyperarousa1/
hypoarousal theory of HK. With regard to u1trad1an rhythm1c1ty in these
waking variables, some subjects in both groups showed evident ultrad1an
peaks which were present across a wide range of‘frequenc1es‘1n-one or more':
var1ab1es., Inconsistent resﬁIts Qere obtained for phase relationships ‘
between wak1nq ultradian rhythms and extrapolated nocturﬁal REM cyc]es,

prompting the conc1us1on~that multiple osc111ators operate dur1ng the sleep

and waking states.

oA
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Chépter 1
REVIEW OF THE LITERATURE

Qf.all. childhood psychiatric disorders, hyperkinésis (HK) has probably
- generated the mostlresearch and resultant controversy in recent years.
Prevalence estimates have ranged from one to 20 percent for all school-age
children {Chess, 1969; ﬁuessy, 1967; Lambert, Sandova1;u&\$éssohe, 1978;
Stewart, Pitts, Craig, & Dieruf, 1966; Wender, 1971), and it is one of the
most commen primary préégﬁting symptoms of children referred for psycho-
logical difficulties (Patterson, Jones, Whittier, & Wright, 1965). Thé
study and treatment of this c¢linical syndrome have been frustrated by
ambiguous, global, and eften imprecise conceptualizations as to definition,
_ etiology, and diagnosis as evidenced in the introduction over the years of

widely discrepant terminology used to idéhtify the syndrome,. including

3
minimal brain dysfunction (MBD), minimal brain damage, hyperactivity, hyper-

kinesis, specific Tearning disabi1ities, etc.. In recent years, there has

béen'a_question 2s to whether an entity known as hypérkiqesis actually exié%s;
since it has been associated increasingly with other psychiatric and pﬂrély

. medical conditions. Based upon clinical and research literature, definition
and diagnosis have primarily relied upon a constellation of "'symptoms éxtending
along a number of behavioral, perceptual-cognitive, and éo;ia1 dimensions.
The ctassical or cdre symptomato]oéy includes excessive and often inappropriate
activity, short attention span, distractibility, impulsivity, excitability,

and poor scholastic performance, despite scoring within the normal range on

various intelligence measures. In addition, several secondary or ancillary

N\



L] B - -

signs such as aggressiveﬁess. low frustration tolerance, and-poor self-
esteem are often present (C]ements._]QBB;.Minde; Weiss, & Mendeléon, 1972;
" Schmitt, Martin, Nellhaus, Cravens, Camp, & Jordan, 1973; ﬁha]en, & Henker,
1976). Although many of these behaviorally-defined deficits also occur

in children throughout normal deve]opméntéJ stages, it is the persistence,
}ntensity, énd ciustering of symptoms which-characterizes HK behavier
(Minde, Lewin, Weiss, Laviguar, Douglas, & Sykes, 19715 Wenderi, 1975).
This has resulted in one hypothesis,}that‘these children may suffer from a

néurofgeve1opmenfa1 lag (Kinsbourne, 1973; Rosenthal, 1973).

{%e ear1iest'aes;riptibns of HK began to appear shortly after the
encephalitis pandemic following World War I. It was thought that the
typical Behavioral sequelae were directly attributable to the post-infectious
consequences, 0f that disease (Hohman, 1922). Since that time, similar
behavioral patterns have been shown to be associated with neurclogical dys-
function resulting from head trauma (Kasanin, 1929}, prematu}ity and pre-
or perinatal birth complications (Knobloch, & Pasamanick, 1966; Rogers,
Lilenfeid, & Pasamanick, 1955), and lead poisoning (Thurston, Middelkamp,

& Mason, 1955). While it became obvious that head trauma and neurological
disease could produce HK behavior, subsequent observations made it clear
that this could not account for 211 of the cases. Genetic transmission,
implying congenital etiplogy, has also been proposed. Evidence supporting

this notion comes from observations of the presence of minor physical

anomalies (Firestone, Lewy, & Douglas, 1976; Rapoport, & Quinn, 1975; Waldrop,

-
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Bei], Mclaughlin, & Halverson, 1978; Waldrop, Pederson, & Bell, 1968),
‘as well as reports of increased prevalence of HK within families (Cantwell,
1975; Morrison, & Stewart, 1973; Omenn, 1973; Safer, 1973). |
The initial relationship of HK to brain damage was supported by reports
of the relatively high incidence of "soft" neurological signs and Border]ine
. abnormalities in EEG activity in this group (Clements,-& Peters, 1962).
However, recent critical evaluation of this research -has suggested that only
a smail subgroup of HK children show an obvious association to overt neuro-
lTogical abnormality (e.qg., Dubey, 1976)}. Thus, a specific organic etiology
has yet to be found, vet a biological deficit is still cons%dered to uﬁaerTy.~:'

this disorder. '

The search for posgu1ated differences in psychophv5101001ca1 processes
in HK has been directed toward the more global concept of arousal. As
previously mentioned, the original assoc;auion with brain injury.was highly
emphasized. Two corollaries were further proposed, namely: 1) that perceﬁt-
ual deficits often observed in *these children were the result of an iﬁpaired
ability to filter irrelevant stimuli and to selectively attend to relevant
environmental s;1mu11; and, 2) that HK was a reaction to excessive sensory
‘stimulation (Strauss, & Kephart, {955; Strauss, & Lehtinen, 1947). This
implies that at a higher cognitive Tevel, there may be a defective attenéiona1
_mechanism (Douglas, 1972; Tarver, & Hallahan, 1974). The inability to filter
and organize sfimu]us input was lookgd upon as “stimulus overload", whi;h-
led in turn, to increased activity. This increased behavioral responsivity

was thought to serve no functional utilitys but merely acted as undirected
i



”

responding to overstimulation. It was argued that the underlying physiolo-
gical basis for this notion was over- or hyperarousal of the various brain
stem and subcortical structures (Laufet. Denhoff, & Solomans, 1957). The
obvious treatment to counter this overwheTming stimulation was an attempt ~
to reduce the amount of environmental stimulation. Cruickshank, Bent:en;
Ratxeburg, and Tannhauser (1961) attempted to confirm this theoretical
approach by showing that over a one vear period, MK children made significan{
performance increments in a reduced stimulus envirgnment. However. these
gains were no greater than thosé for ; similarly treated control‘group.
General lack of support together with Cruickshank et al.'s inconciusive
results have tended to disconfirq this approach. This lack of support ha§
come primarily from studies showing that incfeased stimulation under highly
novel conditiong actuailg Teads to a decrease in HK behavior {(Zuk, 1963).

s

Furthermore, /in a structured classroom situation, the behavior of HK child-
O

ren is not merely random but appears to be inappropriately geal-directed
(Douglas, 1972). ,ﬁ-

An alternative explanation to éccount for HK behavicr has recently
been offered (Zentall, 1975; Zentzll, 1877) in which increased motoric
activity is viewed as stimulus-seeking behavior.f With more movement come
cencemitant increases in visuzl, auditory, proprioceptive, and kinesthetic
stimulation as well. Thus, adequate stimulation involves the gperation of
@ homeostatic mechanism functioning to maintain a level of stimulation at

some optimal level (Berlyne, 1960; Hebb, 1955; Leuba, 1955). The notion



of optimal level of stimulation infers.that stimulus-seeking behavior has
functional value for the child. Within this context, HK has been viewed
as a direct result of under- or hypoarousal. I

Considerable empirical support has been gathered for the optimal
stimulation hypothesis. Differential HX behavior has been shown to result
from 3 variety of Eituations. For instance, on simple tasks, MK children
do not differ from normals. while on compiex structured tasks, KK children
show increased activity and problems of attention (Fope, 1670). Similarly,
tasks gavaivéﬂg'decreased stimufation ér Tittle movement induce greater
moteric attivity, while tasks involving increased stimulation throuch
movement (free time, unstructured play) tend net %o produce greater activity

in 5K children compared %o contrels {Zentall, & Zentall, 1S7€). BK behavior -

-

has teen shown %o be a function of beth amoug;_of stimulation and Tength of

€xpesure to & particylar envircﬁment; Igitigll;, the mere novel the environ-
ment or task, the hetter the pervormance anc "the less *he activity (Reardon,

& Bell, 1€70; Tizard, 1968). Deugias (1S72) has demonstrated that performance
en & continuous pertormance task (CPT) deteriorates rapiciy and motor res:-
lessness 4ncreases with time on task.

Zentall (1675) has recently arcued for z sirong resemblance between the
etfects bf sensary deprivation on normzl humzn gdults anc behavigral des-
cripiions chserved for the EX syncrome.  In typical Sensery deprﬁvétion péra-
c¢igms, subjects zre pileced in an envi?onment where sensery stimuiztion ic
minimized. Perticularly in those situations where-movement is restricted, an

H

inebility to cancentrate, disorgznizaztion of thought and intellectuz] procesces,
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and hallucinatory expeﬁienceﬁlhave_oéten been reported (Freedman, & Greendblatt,
1960; Heron, Doane, & Scott, 1956; Scott, Bexton, Heron, & Doane:-

1959). Zubek (1963) has further shown th&t these imﬁairments'are somewhat
reduced in severity if subjects are allowed to move about. Utilizing
optimaI.Ievel of stimulation théory.:subjects ;wo increase their-activity

level could be viewed as attempting to achieve some homeostatic balance.

The behavioral descriptions .of sensorv deprivation effects are quite similas

to those of HK behavior patterns. .By Togical exten§ion, it could b§ arqued -
that the heightened activity levels observed in KK children undq} Tow stimu-
Tation conditions, function %o offse§ the effects of stimuius deprivation

by increasing the ameount of visual, auditory, kinesthetic, and proérioceptivé

i

stimuiation.

The effects of stimulant drug treatment {primarily méthylphenidate and
dextreamphetamine) on HK behavior have alsc been interpreted within the
hyperarousal /hypoarousal framewcrk. Typically, stimulant administration in

HK c¢hildren serves. to suppress restless and impulsive behavior while facili-

\ . . i
tating attentional abiiities (Campbeil, Dougias, & Mergenstern, 1$71; Conners,

in
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ffects act in 2 paradoxical manner, since in normal adults
stimulents function to increase zrousal and activity and enh;nce perfgnnance
(Sroufe, & Stewart, 1673; Wender, 1971, These drugs might be operating'
c¢ifferentizily on arousal mechanisms in HK children compared tc controls. In
HK children, stimuiants may be acting on inhibitory systems leading to de-
crezsed zrousel and zctivity, whereas, in normzl children, stimulants might

facilitate excitatory systems.



Within the alternative (hypoarousal) model, the e?fects of stimulant

drug treatment on HK behavior may be analogous.in function to activity re-

duction associated with environmental stimulation increases. Both of these
mechanisms might involve facilitation of effective stimulation concomitant
with decreases in HK.béhavior (;énta11, 1975). Stimulant drugs may be seen .
Ss affecting all children in the s;me manner, i.€., an excitatory effect
which in HK children serves to elevate level of arousal to an optimal level
(Rosenthal, 1973; Saiterfield, 1976). Some initial supﬁorf has been provided
for this notion. Studies have recently been reported. in which dextroampheta-

mine effects on electrophysiological, cognitive, and behavioral measures were

A

evaluated in sample grdups of normal children. Rapoport, Buchsbaum, Zéhn,

Weingartner, LudloQ, and Mikkelsen (1978) found that amphetamine decreased

‘activity levels, and improved reaction time, attention on a contindﬁﬁ;’per-

formance task, and performance on a variety of cognitive tasks (iearning,
memory, and Tanguage tests). Similar findings wére obtained on these measures’
when a KK gqroup and a nonﬁaI control group were both given dextroamphetamine
(Weingartner, Rapoport, Buchsbaum, Bunney, Ebert, Mikkelsen, & Caine, 1980).
Furthermere, other studies have demonstrated that barbiturates, which exert

a depressant effect in normal human adults, tend to increase the activity

Tevel of HK chj]dren (Bradley, & Bowen, 1941; Stewart, 1970).

Psvchophvsiological Parameters

The search for psychophysiological measures which might differentiate HK

from normal children has gained increasing popularity over the last decade.



Exﬁe]]ent recent reviews of the psychophysiglogical literature pertaining to
HK have been provided by Ferguson and Péppas (1979), Hastings and Bark]ey
(1978), and Rosenthal and Allen (1978). Many of these investigations have
addressed themselves directly to the hyperarousal/hypoarousal question.-.

The term arousal has had an extremely ambiguous connotation with the resu{t.
that general findings related to this concept have failed to comp]eteﬂi;c]a4.
rify this issue as it relatgs to HK. .

Rosenthal and Allen (1978) have differentiated arousal into two cate-
gories: 1) physio1o§ica1 arousal (cortical and ﬁﬁtbnom{c), which is mediated
by brain stem and sub;COﬁticaI brain structures; and 2) behavioral arousal,
which is synonymous with general activity level and represents a quahtitaii.,:*
tive dimension of overt responding. Investigations of arousal level have
generally focused upon physiological arousé] as the fundamental component
since it provides a basis upon which avert behavioral responding depends.

~ -Cortical arousal. Cortical arousal in HK children has been examined

using ciinical electroencephalographic (EEG) and‘evoked potential measurements.
The frequency of abnormal EEG activity has ranged from approximately 18-47%

of HK children studied. The major ¢linical EEG abnormaTiiy found has been
excessive slow-wave activity, indicative of Tower arousal levels (Capute,
Niedermeyer, & Richardson, 1968; Klinkerfuss, Lange, Weinberg, & Q'Leary,

1865; Knights, & Hinton, 1969; Paine? Werry, & Quay, 1968; Satterfield,
Cantwell, Saul, Lesser, & Podosin, 1973; Satterfield, Cantwell, Saul, & Yusin,
1974; Wikler, Dixon, & Parker, 1970). When specific EEG frequency bandslwere

.%;uﬁ studied, Grunewald-Zuberbier, Grunewald, and Rasche {1975) found more alpha
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and less beta wave -activity (higher amplitude in both) in HK compared to

non-HK "maladjusted" children. Shé;r (1976) also noted decreased activity

in the 40 Hz range in a group of learning-disabled (only some displayed

HK behavior) children. Using powe; spectral analygis téchniques, Montagu

{1975) reported less powér in the 8-10 Hz band in HK compared to normal

children. In addition, more within-hgmisbhere coherence in the 0-8 Hz band§ “\\\

”
{

- was observed, which Montagu érgued was indicative‘of "diminished cortical
pFoceSsing". Similarly, Satterfield, Cantwell, Lesser, and Podosin (1972)
" found more power in the 0-8 H:z rangé in HK children which provided confirm-
~ation of the presence of increased‘s]ow-wave acfivity., * N
Phasic changes in the EEG have also revealed conflicting results in HK
children. Gruuewa]d:iuberbier_et al. (1975) tound increased latencies to
alpha blocking for tone stimuli, shorter durations of the alpha blocking
response to light stimuli, aﬁd faster habituation to tone stimuli. Satterffeld
(1973) corroborated these findings by showing Tonger latency responses to
alpha blocking in HK compared to normal children. Similarly, Milstein,
Stevens, and Sachdev (1969) reported Tonger latencies to alpha attenuation,
but contrary to the ?indings of Grunewald-Zuberbier et al., Tonger dﬁration
of alpha activity were noted to Tight stimuli.

'
Several studies have investigated the effects of stimulant drugs on the
fEG patterns of HK children. Using power spectral analyses, investiga;ions
have shown that drug responders increase their alpha frequency (Shetty, 1971}).
Satterfield et.a]. (1972), who observed no increase in sTow-wave\acfivity in

drug responders, reasoned that stimulant drugs prevented lower arousal from
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?ccurring.. Fira?ly, Surwillo (1977) noted that EEG patterns of his HK samplQ\‘“_/
were very similar to those ;ypical]y exhibited by younger-aged normal chi]dren.
While on stimujant medication, these patterns became normaii;ed. It was sug-
gested that these HK subjects exhibited a maturity-related or developmental,
laq. | o '

The evoked potential has a1§0 been used as a phasic measure of EEM acti-
vity in the study of HK. Results of studies comparing HK with normal child-
fen and exa&ining stimulant drug/non-drug effects,within HK samples have
been somewhat equivocal in nature. This ha&e been largely due to differences
in subject selection, experimental design; and varying definitions as to
outcome. However, general consis;ency has been found in the direction of |
underarousal in subgroups of HK subjects. A number of studies have shown -
that auditory evoked potential (AEP) responses-to tone glick stimuli wefe{ -
significant1y smaller in amplitude and longer in Tétency in untreated HK
than normal children, éKlg:TiE;’§a1tzman, Pass, Borgstedt, & Dainer, 1979;
Satterfield, Lesser, Saul, & Cantwell, 1973; Shouse, & Lubar, 1978). In
a2 study in whiéh subjeéts were required; under certainty and uncertainty
condi%ions, to prédict whether one or two clicks would be presented, HK
subjects demonstrated a larger P300 component in the certainty condition,
while a smalier P200 and larger N250 were noted in the uncertainty
condition compared to controls. The smailer P200 component was inter-
preted as indicative of deficit attention, and the larger N250 as an
fndex of hypoarousal (Prichep, Sutton, & Hakerem, 1976). Buchsbaum and’

Wender (1973)measured inter-AEP variability to a series of tone stimuli and




b
foun& that HK subjects exhibited more variabi]ity on this measure, perhaps
a reflection of the increased slow content of the EEG. '

Using thie visual evoked potential (VEP), Buchsbaum and Wender (1973)
found thdt D children had greater amplitudes and shorter Jatencies to all
VEchémponents at four 1 H2 square-wave light intensities. In addition, MBD
chderen demonstrated'a_faster rate of increase in VEP amplitude with in-
creas{ng stimulus inteﬁgity. In contrast, Hall, Griffin, Moyer, Hopkins,
and Rappaport (i976) found no differences in latency, amplitude, or amplitude/
latency relationship with increasing intensity light stimulus levels in either
attention or inattention conditions. This inconsistency of results has
been interpreted as a failure in the previous studies, other than that by
Ha]T‘ét al. (19761; fo screen for EEG abnormalities in subject samples. An
alternative explanation for these differing findings has been propqsed by
Satterfield and Braley (1977). They found that in normal subjects, EP ampli-
tudes tended to decrease with‘age, whereas iﬁ Bk subjects, the P1-N1 component
increased and the P2-NZ2 component remained the same. ~These éuthors postulated
a delayed maturational factor to account for these resh]ts.

Stimulant medicétion effects on EP measﬁres have also been®evaluated in
HK children. Those investigations in which positive clinical responses were
obtained after drug administration, showed that EP measures were normalized,
i.e., response amplitudes, latencies, and variability of EP components were
more similar to those exhibited by normal control subjects {Buchsbaum, &
Wender, 1973; Conners, 1972; Connefs, 1975; Halliday, Rosenthal, Naylor, &
Calloway, 1976; Priéhep et al., 1976; Saletu, Saletu, & Itil, 1973; Saletu, Saletu,

Simeon, Viamontes, & Itil, ]é?S).
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Autonomic arousal. The majority of studies comparing HK to controfs on

measures of basal or rest1ng heart rate (HR) have reported no group diff r-
ences. on this measure (Bark1ey. & Jackson, 19774 Boydstun. Ackerman, Ste ns.
Clements, Peters, & Oykman, 1968; Ferguson, Simpson, & Tr1tes, 1976; ahn,
Abate, Little, & Wender, 1975), although one ;;Ldy did report a faster rate
(5-6 bpm) in a HK sample compared to controls (Ballard, Boileau, Sleator,-
Massey, & Sprague, 1976). The administration of stimulant medication has
been generally reported to be followed by significant iﬁéreases in HR as has
been reported for methylphenidate (Aman, & Werry, 1975; Ballard et al., 1976;
Boileau, Ballard, Sprague, Sleator, & Massey, 1976; Cohen, Douglas, &
“Morgenstern, ]§71; Knights, & Hinton, 1969; Zahn et af., 1875) and for dex-
troamphetamine {(Zahn et a1.,‘19?5). In three studies, there was a failure

to observe drug effect differences with pemoline (anghts & Viets, 1975) and
methylphenidate (Barkley, & Jackson, 1977; Porges, NaTter, Korb, & Sprague,
1975).

When phasic HR changes in response to stimuli were assessed, smaller
phasic cardiac responses in HK'cbmpared to control subjects were found in a
fixed foreperiod reaction time task (Sroufe, Sonies, West, & Wright, 1973;
Zahn, Little, & Wender, 1978}, a tone discrimination task (Boydstun et al.,
1968), and in a tasé requiring response to nonsignal tanes (Zahn et al.,
1975). No differences between groups were observed by Ferguson et al. (1976).
Following methy1phenid;;e administration, Sroufe et al. (1973) and Porges
et al, (1975) reported increased HR deceferation to noﬁs{gna1 tones, while

Zahn et al. {1975) noted no differences.
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Finger pulse volume responses to a tone stimulus have been found_to-

habituate more slowly in HK <hildren than in controls, and the édministra-
tion of dextroamphetamine in this context increases thé ratq of habituation
" (Conners, 1976; Conners, & Rothschild, 1973).

Ballard et al. (1976) have reported the only study to date of blgpd
pressure differences in nonmedicated HK subjects compared to controls. They
observed higher systolic, diastolic, and mean blood pressure TeveTs in HK
children. A number of studies, however, have assessed st1mu1ant drug
effects on blood pressure. Significant 1ncrease$ in this measure have been
reported following administration of methylphenidate (Aman, & Werry, 1975;
Ballard et al:,'1976; Rapoport, Quinn, Bradbard, Riddle, & Brooks, 1874;
Rie, Rie, Stewart, é Ambuel, 1976). In contrast, no differential  effects
have been observed for pemaline (Conners, Taylor, Meo, Kurtz, & Fournier,
19725 Knights, & Viets, 1975), dextroamphétamine (Arno1d, Wender, McCloskey,
& Snyder, 19723 Conners et 21., 1972; Epstein, Lasagna, Conners, & Rodri-

" guez, 1968), or in one study for methylphenidate (Knights, & Hinton, 1969).

Studies of electredermal activity in HK and normal children have also
reported inconsistént results. A number of .studies have indicated no
differences between groups in basal skin conductance (Boydstun et al., 1968;
Cohen, & Douglas, 1972; Ferguson et al., 1976; .Firestone, & Douglas, 1975:
Montagu, 1975; Satterfield et al., 1972; Spring, Greenberg, Scott, &
Hopwood, 1974; Zahn et al., 1975). However, other reports have found Iowef
basal conductance levels in HK subjects, implying Towered arousal Teve]s

(Kigve, & Bu, 1976 cited in Ferguson, & Pappas, 1979; Satterfield, & Dawson,
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1971; Shouse, & Lubar, 1978). Two studies have noted higher conductance

levels ('Satterfield.g,%om‘au Brashears, Burleigh, & Dawson, 1974; Zahn et al.,
1978). Conners (Yé?é) also found higher skin conductance levels when KK c
subjects were required to jnhibit responding on a task. Stimulant medica-
tion has been followed by reducp1ops (Cohen et a} 1971; Zahn et al., IQTS)

g

increases (Satterfield, & Dawson, 1977), and no change (Spring et al., 1974)
in skin conductance Hevels. ‘
Spontaneous galvanic skin responses (GSR have shown either no differj
ences (Bark]ey, & Jackson, 1977; Spring et al.,\1974; Zahn et al., 19753
Zahn et al., 1978) or fewer and smaller nonspecific responses (Satterfie'ld,~
& Dawson, 1971} in HK.children relative to controls. Stimulant drugs have v
been reported to increase the number of spontanecus electrodeﬁnal fluctua-~
tions (Satterfield, & Dawson, 1971; Spring et al., 1974), but Cohen et al.
: (1921) found no effect on this measure. Surwillb and Quilter (1965) have
" shown spontaneous GSR activity to be a good predictor of vigilance perform-
ance. ‘Since stimulant drugs have béen found to improve vigilance in HK
_ sdbjects (e.g., Sykes, Douglas, Weiss, & Hiﬁde, 1971), these studies suggest
that some HK subjects may be less autonemically labile (Hastings, & Barkley,
19783 Rosenthal, & Allen, 1978).
+ Studies of electrodermal activity in response to specific stimu1i-duriné
a variety of on-task paradigms have also yielded conflicting results. Smaller
H'amp1i;ude phasic responses (Boydstun et al., 1968; Cohen, & Douglas, 1972;
"Dykmaﬁ, Ackerman, ClZments, & Peters, 1971; Ferguson et al., 1976; Satterfield,
& Dawson, 1971; Spring et al., 1974; Zahn et al,, 1975) and decreased




specific GSR-activity td reaction stimuli (Firestone,.& Douglas, 1975; Zahn
et al., 1975) have been reported for HK subjects. Although smalier ampli--
tude GSRs to non-signal stimuli have been reported as well (Spring et al., .
1974; Zahn et al., 1975), Cohen and Douglas (1972) and Ferguson et al. (1976
found no differences between groups. Stimulant ﬁedication was observed t6
have little or no effect on specific GSR activity (Cohen et al., 1971;
Satterfield, & Dawson, 1971; Zahn et al.; 1025).

Data on habituation rate of specific GSRs to tones have also been eqd%-
vocal. Studies utilizing this measure have repor;eq more.rapid (Boydstun
et al., 1968; Klgve, & Bu, 19763 Spring et al., 1974), slower (Conners,1976),
or similar (Ferguson et al., 1976) rates of hébitu;tién in HK chiidren
relative to controls. Stimulant drugs are reported to stow hab{tuatign
rate (Kigve, & Bu, 19765 Spring et al., 1974), but Conners and Rothschild
(1973) found that dextraampﬁetamine incfeased habifuatioﬁ'réte.in a group of
learning-disabled children. -

Pupillomgtric activity has also been investigated as a ﬁeasure of arousal
in HK children. It is knoﬁn that pupillary dilitation and cﬁnsfrittion are
cantrolied by the sympathetic/parasympathetic nervous syétems. Knopp, Arnola,
Andras, and Smeltzer (1973) compared pupillometric activafion béfore and
af;er dextroamphetamine administration in 2 HK group. Several subgroups
within their sample exhibited differential responding on th}Sfarousa1 measure.
-Responses indicative of OQergrousai were shown in éB%, wﬁi1e underarousal

patterns were‘observe& in 36% of HK subjects. Stimulant medication normalized .

responses of both groups to a level approximating that shown for normal
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‘ch11dren Yoss and Moyers (1971) studied KK ch11dren both on and off stimu-
lant drugs and found 25-35% showed underarousal patterns which were 1ncreased
toward normal levels by stimulant drugs. In contrast, Zahn et al. (1978)
ifound a tendency for greater pupil size'on baseline measures, implying sym-
pathetic activation. Nhén pupillary response to a RT task was measured,
dilhtatiqn'occurred;-however, some MSD chi]dfen didlshow frequent spontaneous
constrictions and.decreasing base pupil size. In this study, stimulant drugs
produced an arousal effect. . -

In surmary, evaTuat1on of phys1o1oq1c;1 1nd1ces dur1ng wakefulness has
not produced clear-cut conclusions regarding the state of ar0u5a1.(h¥per-
versus.hypoa%ousa?) in HK children. Many'of the inconsisteﬁ; and conflicting
results are due in large part to differing subject sahpiés, medication status,
anﬁ éxperiﬁental methodﬁ]ogies. Studies which have assessed cortical afou-
sal.suggést that some HK chiidren may be underaroused or exhibit patterns
yhich afe'of an immature nature. Autonomic nervous system activity in HK
children is génera11y ﬁot different on resting, baséline measures. However,
consistent resulté oﬁ the impact of envirommental stimulation seem %o
furnish evidence of undetreactivity or underarousability in some of these
chiidren; Stimﬁ]ant medication is generally arousa1-producipg, energizing,
and has a normaffzing influence on many cortical and autonomic measures. In
some cases, similar effects have also been observed in normal children, thus
addiné'more credence to the supposition that a strictly organic differentia-

tion between HK and normal children. is unlikely (Hastings, & Barkley, 1978).
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. Seﬁera] investigators have‘speculated upon the location or site of
dysfunétion by proposing relatively specific anatomical or functional mpdels.
With fégard tomthe notion of overstimulation or hyperarousal, Laufer, Denhoff
and Solomans (1957j invoked a déficit in diencephalic inhibitory mechanisms to
account for ;he inability of HX children to screen irrelevant stimﬁlus input
and_decrease their acfivity levels. However, the physiological and environ-
menfal stimulation Titerature has generally failed to confirm the concept of
an overarousal disorder in these children. ¢
Decreased activity in the re;icu]ar activating sysiem (Sattérfiéfd, &
Dawson, 1971; Satterfield, Cantwell, &lSatterfier; 1974; Zentall, 1975) or
dysfunction 1in farebrain inhibition (Rosenthal, & Allen, 19§S}<have been
- offered as possible explanations in account;ig for the hvpoarousai data.
The physiclogical evidence of‘TGGEF‘EE;%ica1 (ongoing tonic¢ EEG, phasic.alpha
blocking, EP corre]ates) and autonomic (phasic §kin_conductance and HR,

F
pupiliometric measures) arousal indices, as well as deficit attentional abili-

Ly

ties, are consistent with this position. In addition, the majority of the
§ti;u1ant drug Titeratﬁre has demonstrated the enhancement of generaiized
arousal on hany measures in HK: However, the iﬁconsistent research results
pdinﬁ mafe +o0 decreased arousability which may be task or situation-specific,
than to a generéT reduced arousal. Tevel per se.

Some authors have -proffered deficits in specific neurotransmitter
substances such as serotonin (Coleman, 1971), acetylcholine (Sheer, 1976),

norepinephrine (Wender, 1974), and dopamine {(Arnold et al., 19723 Shayw{fz,

Yager, & Klopper, 1976; Wender, 1971). The evidence in support of any one of

-
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these neurotransmitters has been somewhat limited, often indirect, and as
yet not very combel]ing. The vagueness surrounding many of thgse models
has resulted iq correspondingly imprecise research and c]jnica] predictions,
and presently no parsiminious arousal theory has been offered to account

for the heterogeneity observed in KX children.

Attention and Activity Levels in Hvperkinesis

There is a conﬁensus that the fundamental deficit in HK is cognitivé.
consisting'of an inadequate- ability to focus and maintain (sustain) attention.
In this view, behavioral hyberactivity Hés been considered epiphencmenal
(Douglas, 1972; Tarver, § Kallahan, 1974). This is reflected teo some extent
bv the 'new designatien of attention-deficit disorder in DSM-I1I replacing the
previous diagnostic classification of hyperkinetic reaction cof childhood
(DSM-1I). - . .

Reaction time (RT) and vigilance tasks have been the most commoniy used
measures to évaiﬁate attention in experimental situations. In &.simpie RT
task, subjects execute a behaviorai act (e.g., pressing & respense butten or
reieasing a lever) {n response t¢ the cnset of 2 senéory stimulus (usuaily
visual or auditory in nature). On such tasks, HK children relative fo normal
contrals, typically exhibit Tonger latencies to behavioral response (Barkiey,
1977; Cohen, & Douglas, 1972; Douglas, 1972; Firestone, & Dcuglas, 1875;
Firestone, & Martin, 1679; Grunewald-Zuberbier et al., ]975;'k1orman et 1.,
1979; Porges et al., 1975; Spring; Greenberg, Scott, & Hopwood, 16735 Zehn

et al., 1975) and greater intraindividual variability in response lztency
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(Cohen, & Douglas, 1972; Sroufe et al., 1973). Cohen and Dou§1a$ (1972) and
Spring et al. {1973) have also reported a q1nn1f1cant deterioration in RT
performance across repeatad trials for HK subjects, whereas Sroufe et al.

(1973) failed to Tind any notadle intergroup or across session differenc

[4/)
'I (]

When more complex RT ¢tasks (choice or serial) were evaluated. Svhes, Douglas,

and Morgenstern (1972) reported no differences between Qroups. It has been

arguad that more complen RT *tasks
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ticn across itrizls (Spring et al., 1973) in YK chiléren. The nermalizinc
F ¢ &
etfect of these drugs may net te ccmplete, hewever, since Spring et al. (1673)

found that medicated HK subjects still had infericr RT Jatencies when compared

tc controis.

-4y

Simiiar deficits in attenticnai zbilities have been demonctrated in a

variety of studies recuiring sustzined ztienticn (vi ilance) to detect rarely-
occurring signals zgeinst & background of reqularly occcurring nonsignal
stimuli. Relative to centrol subjects, EX children perform poorly on this

type of task, i.e., meking fewer correct detections of signzle znd more
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false positive responses {errors of commission) to nonsignal stimuli (Ander-

son, Halcomb, & Doyle, 1973; Conners. & Rothschild, 1968; Conners et al.,

1972; Kaspar, Millichap, Backus, Child, & Schulman, 1971; Xeogh, & Margolis,
1976; Klorman et al., 1979; Svkes et al., 1972; Sykes, Douglas, § Morgenstern,
1973; Svkes et al.. 1971). Stimulant drugs have been reported to increase
correct detections and decrease errors of comm ission (Connmers, & Rothschild.
1968: Svhkes et al.. 1877: Syhes et al.. 1870% Werry. & & Aman. 1973). Klorman
et al. {197¢) found a significant decrease in false po ositive respohding. N
while Conners et al. (1872) reperted ne medication effects on vigilance per-
formance. -

3 +hird measure used *o experimentaliy assess attention has been to
docuyment the amount of time HX children spend on varicus activities and the
number of activity changes during free play (Sarkley, 18773 Barkley, & Ulliman,
1€75; Fope, 167Q; Rapeport, abrar<en, Alexander, & Lot%, 1871). KK children
are repertec to spend less time on various activities and tc make mere fre-

quent &ct ivity changes relative L0 contrel children - a pattern sucgest sin

-

decrgased attention span. Stirmulant drug ;reauuent has been found tc have
no effect (E11is, Witt, Reynolds, & Sprague, 1¢74) or to decrease the numter
of activity changes (Barkley, 1677; Rapeport et ai., 1€71).

The term “hyperkinesis" has served te¢ highiight +the more traditional
description of excessive.rest1essness and increased activity levels noted

in meny of these children. Consecuently, the focus of many studies has been

o

irected toward empirical validation of this behavior. Laborateory investi-

gations of activity levels have used & wide variety of methods to gquentify
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this construct. Movement has been evaluated using pedometers, actométers
attached. to subjects' limbs (wrist, leg), grid-marked playrooms, stabi-
lometric cushions, photoelectric cells, ultrasonic sensors, pneumatic pads,
video~taping, radio telemetry,.and behavioral checklists in such settings -
as in the classroom, during experimental laboratory testing, and in free
play (Barkley. 1977+-Barklev, & Ullman, 1975: Davis, Sprague, & Werry, 7969;
Mentagu, & Swarbrick. 1974: Pope, 1970; Rapoport et al., 1971: Sprague, &
Toppe, 1966: UJImaﬁ et al., 1978). However, the divefsity of these ﬁggéures
and the types of activity they measure (from discrete, segmental 1imb move-
ments to gicbal body movements) has made interstudy comparisons somewhat
difficult and the differentiation of HK from normal children correspondinglx
inconsistent. Furthermore, the reliability and validity both across medsures
and within measures across time have compounded difficulties in interpretation
of these inconsistencies (Johnson, 1971; Whalen, & Henker, 1976). K\

In general, the majority of studies have shown that within unstruétured
situations (free play), HK subjects are no more active *han controis, and
drug treatment fails %o inf]uencé this variable in these situations of rela-
tively unrestricted movement (Ellis et al., 1974; Rapoport et al., 1974;
Sleator, & von Neumann, 1974). Inhcontrast, in structurea settings (e.q.,
classroom Tearning and laboratory situations), HK children consistently exhi-
bit increased motor restlessness relative to controls (Juliano, 1974; Sykes
et al., {97]), and stimulant drug treatment has been shown to decrease this
excessive motoric activation (B;rk]ey, 19775 Sprague, Barnes, & Werry, 1970;

Werry, & Aman, 1575). Two recent studies {Barkley, 1977;‘U1]man et al.,
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T978) compared activation levels derived from a number of different movement
measures (grid—marked room, wrist and leg actometers, stabilometric chair),
assessed in varying situations {free play, movie-vieéi:g. structured testing,
and restricted free play). On all activity measures, HK subjects showed
more movement compared to contro]s across all conditions. Activity on all
four measures across all situations was significantly reduced following methyl-
phenidate aq?inistration. This conflicts with previous research'demonstraping
situation-sﬁ;cific, a§ well as measure-specific HK.

In summary, the evidence supports the notion that HK children can be
differentiated from normal children by their inability to focus and maintain
attention and by their excessive motor activafidn in relatively structured

. settings.

Sleep and Hyperkinesis

" The psychophysiological Iitetatﬁre reviewed above implies that a common
feature in some children exhibiting the hyperkinetic behavioral reaction may
be a dysfunction in the arousal-producing mecﬁanisms. Since both sleep and
waking (arousal) mechanisms are highly corre]ated, the study of sleep in_HK -
children may furnish evidence of a postulated arousal dysfunction under con-
ditions free from waking confounding variables such as stress, expectations, ~
and undefined variations in arousal level. In addition, the study of sleep
in this disorder may reveal HK syndrome-related events and relationships

which might be obscured or not present during wakefulness.
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The first published study investigating sieep patterns in HK children
focused upon the amount -of rapid eye movement (REM) sleep (Luisada, 1969).
A common behavioral effect of the deprivation of REM sleep if both animals
and man has been increased activity'as well as irritability (Dement, 1969),
and Luisada postulated tﬁa? HK’children should exhibit measuréb1e variations
in.baseline REM amounts. In this study, the sleep of 11 HK children (hean
age = 9.2 years) was compared to a control group (n = &, meén age = 9.5 years)f
Comparisons were based on only twé sleep measures: REM pgrcentage and per- :
centage of REM awakenings. Significant differences were éhawn for both,
i.e., HK children displayed less REM sleep (20% versus 24%) and more of
their REM periods were disrupféd by ayakenings (21.5% versus 4.5%). Also,
a positive correlation was oSserved-between ﬁhe individuaﬁ degree of quali-
tatively observed HK and percentage of REM awakenings;

Small, Hibi and Feinberg (1971) examined the sleep of three markedly
HK males with minimal p}ain dysfunction SMSD) compared to'seven.ége matched
normal conttpls during baseline (five'cdnsecutive nights) an? medication
beriods (dextroamphetamine; three_consecutivé‘nights, five mg. each.morning;'
three consecutive nights using an optimal dosage of 3_20_mg./day; three
consecutive nights on plgcebo after medicatjon withdrawal). Comparisons '
were made on a number of sleep measures including total sleep time, amounts
and distribution of sleep stages, and events within sleep stages (eye
movements during REM and muscle activify during both REM and NREM sleep).
Significant differences during baseline were found on only four measures,

three of which were related to muscle activity (HK subjects had a greater

]



24

-
-

N r

percentage of 20-sec epochs containing muscle Sbtivity relative to controTs);
and the fourth showing a shorter lafency to sleep onset in HK children.
Medicationtadministration increased sleep onset latency, absolute
and percenqigihémounts of time awake during total bed time, latency to the
first REM berwod. and percentage of slow wave sleep (stages 3 and 4) a§ a
proportion of tbtal NREM sieep. Surprisingly, other sleep pattern measures
were not significantly altered.

In a further investigation of amphetamine effects on the sleep of MBD

children, Feinberg, Hibi, Cavness, Westerman, and Small (1974) studied eight

~ HK males (three of which were from the above reported study} during baseline

(five nights),'wﬁi1e taking stimulant drugs (three qights), and during with-
dréwa] (two or three nigh}s). Sleep was compared to six age matched male
controls who slept four or five consecutive nights in the sleep Tab. No
significant differences among sleep measures were repoéted between MBD and
normal children during baseline or medication conditions. With stimuiant
drug administration, eye movement density and eye movement burst index were
significantly increased, while after stimulant withdrawal, sleep 1atehcy was
reduced and sleep time increased compared to baseline MED group measures.
Haig, Schroeder, and Schroeder (1974) compared fhe sleep of six hyper-
active boys (ages 6.5-12 years) receiv%ng'methy1phenidate treatment (dosages
of 10-61.5 mg/day) with that of six unmedicated normal cﬁntrols'from ]
previous study. In the main portion of the study, subjectsvshent five conse-
cutive nights ih the sleep lab, of which the 1é§t three were recorded poly-

grabhica11y. In an extended part of the study, four of the six hyperactivé
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subjects were recorded three %u]] nights one week subsequent to medication -
withdrawal. These authors observed a significant increase in sleep onset
latency and latency to the first REM period in medicated hxperactive child-
ren compared to controls. No sigqificant;medication/nonmediéation differé
ences with respect to sleep meagufeé‘ﬁéﬁe~noted for this small sample of
chi]déen recorded undexypoth conditiens. |

Nahas and Krynicki (1977) studied the effects of methylphenidate on
the sleep of four HK males (ages 8-9 years) in an eight night ﬁaradigm: two
. adaptation nights (electrodes attached but no recordings); two baseline,
nonmedication recording nights; two experimental nights with medication
administration (20 mg total) occurring on the first and final (21st) days
of medication; and,_two medication witﬁdrawal recording nights immediately
following drug discontinuation. No significant across-medication differences
were observed with regard to total sleep time, sleep stage amounté, latency

to REM onset, movement time, or number of stage changes. In addition to

the above measures, three nights of dzta, one from each recording condition,
were examined for ultradian rhythms known to be present for REM and delta
(stages 3 and 4) sleep (Naitoh, Johnson, Lubin, & Nute, 1973). Nocturnal
ultradian rhythms were found to be present, and as weT1; an inérease in
delta cycle lenéth after drﬁg'withdrawal was noted.

Khan and Rechtschaffen (1978) compared the sleep of five HK males (aged
6 to 8 years) with that of seven no;ma1 children (5 boys and 2 girls aged 6
to 8 years) over three consecutive nights (1 adaptation and 2 experimental

nights). No significant group differences were reported for percentages of



26

“total sleep time or any of fhefstages. however, tﬁe HK group did show decrea-
sed 12-14 Hz sleep spindle.ﬁroductidn relative to control subjects. Spindle
scores doubled in frequency and c]inicél imbrerﬁent were noted following
treatment with methyTphenidéte._ In addition, three older bo¥s‘(12 to 13 .years)

who were previpusly diagnosed as HK but now showed less overt restlessness,

had similar spindle scores to those of similar aged controls.
Lastlys Stahl)y Orr, and Griffiths (1979) investigated the sleep and

i . .
Tevels of growth hormone in five nonmedicated HK children of small

nocturna
stature and in nine normal control subjects over four consecutivé nights.
Growth hormone amounts and peakin§ occurred within the normal range and no
sleep parameters differed significént?y between the two groups.

Considered together, these studies have examined sleep pattéfns in 39
HK ¢hildren.’ All.studies except one (Luisada, 1969) have essentially aqreed
thaf: al baseline sleep {s not remarkably different in HK children relative
to normal controls; and b) stimulant medication given té HK chifdrgn does
not sigﬁificant}y alter their sleep patterns. Ho#ever, a number of Timita-
-tions exist in these studies. Acfoss studies, symptomatology and subject
selection procedures haye varied, ranging from.diagnoses“based solely upon
the presence of restlessness to more complex symptom clusterﬁng,‘somé of
which may'have had a strong organic foundation. Hheh stimulant medication
has been administered, drugs and dosages have differed making interstudy
comparisons difficult. The ability to generalize from these étudies is some-
what Timited due to: a) small samples of both HK and normal controls; b)
in one study the use of extremely Timited measures; c¢) in two studies the

lack of control recordings; and, d) differing design paradigms (e.g., number



of nights recorded, med1catron/nonmedncat1on, etc ) '6ne of tﬁe”objectives
of the present study was to undertake the 1nvest1gat1on of the sleep morpho-
lTogy of a_re]et1ye1y large sample of nonmedicated HK apd-norma] c¢hildren over
a substantial Sase]ine Eecoe45n§ periqd. A more homogeﬁebus_ﬂk sample was
selected, with excessive mptor nestlessness not bein@lpﬁe prihery presanting
symptom, in order that the mbre f;&bice}" HK-chiId-wequ be studied. In
addition, this study aeded,to the‘bre-exi§tfng 1fterature on s1eep‘petterns

in this pediatric age group.

Ultradian Rhvthms

Qver the past decade, tﬁe existence of osci]]aforv phenomena has been
delineated in a number of norma] phys1olog1ca1 and behavioral, as well as
patholog1ca1 funct1ons 1n man during sleep and-wakefulness. These studtes

have opened‘up a new area of research often referred to'és chronobioloay

-

(Halberg, 1964) wh1ch focuses upon the 1nvestlgat1on of vary1ng biological
time structures. The rhythm1c1ty of events recurr1ng more frequently than
once per‘day'(MOre than one cycle in 20 hours) has been termed “ultrad1an“._

Those cycles %Iuctuating apbroximate1y once per daj (one cyele in.20-28

hoursT are. called "circadian®, while those less frequently occurrjng than-

ance pe;.day such as month]y, seasonly, or yearly frequencies have been design-
ated as "1nfrad1an“ rhythms (Halberg, 1964 1969}. Thus the s]eep-wak1ng

cycle in adu]te.woulq be classed as c1rced1an, with the more rapid periodicity
of‘fhe NREM/REM-cyeIe within sleep peing ultradian in nature. Kieitman

{1963; 19§9) fjrst proposed.that'the cyclic occurrence of REM sTeep was a

prime example qffthe existence of a more basic, fundamental Basic Rest-Activity



Cycle (BRAC) which was believed to be continuous throughout the 24 hour

28

period. Rhythms that had been shown in various waking variables have been
observed to recur at about the same rate as the NREM/REM sleep cycle. In
young children ;his cycle length is about 45-60 minutes; in adolescentg
approximately 70-90 minutes, and in adults about 80-120 minutes (Dement, &
Kieitman, 1957 Roffwarg, Muzio, & Dement, 1966).

Investigations of waking ultradian rhythms of physiological, béhaviora],

and pathological variables have to date been limited primarily to study in

adult populations. Inmitial evidence for waking ultradian rhythms was fur-

nished before intra-sieep perioditity_was known. Wada (1922) first described
rhythmic gastric contractions during waking occurring at 90-110 minute inter-
vals.. With the advent of technological sophistication (EEG) and increasingly
detaiTéd behavioral observations enaBTihg a more diréct analysis of sleep
morphalogy, came a striking observation. The polycyclic occurrence of sleep-
waking peribds and the intra-sleep periodicity of sleep stages in neonatal

and infant sléep showed definite "rest-activity" cycieé kAserinsky, & Kleitman,
1953; 1955). From these initial discoveries, numerous nocturnal ultradian ‘

rhythms have since been noted for many variables during sleep -in man and

animals. Recurrent rhythms of about 10-20 cycles/day (72-144 ﬁinutes) have

been shown for rapid eye movement (REM) sleep, non-rapid eye movement (NREM)

sleep, stage 4, phasic eye movement activity, and various EEG frequency

F 4

/ .
bands (Globus, 1970; Kilbert, & Naitoh, 1972; Kripke, 1972; Lavie, 19732;

Lubin, Nute, Naitoh, & Martin, 1973; Naitoh, Johnson, Lubin, & Nute, 1972

Sinha, Smythe, & Zarcone, 1972). A similar range of periodicities during
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sleep has also been observed for measures such as metabolism (Brebbia, &
Altschuler, 1968), brain temperature (Kawamura, Whitmoyer, & Sawyer, 19663
Reite, & Pegram, 1968), gaséric contraction and acid'éecfétion (Lavie,
Kripke, Hiatt; & Harrison, 1978; Kales, §§Tan; 1969), blood pressure
(Coccagna, Mantovani, Brignani, Manzini, & Lugaresi, 1971), genital engor-
gement (Karacan, Hursch, Williams, & Thornby, 1972), and arousal threshold
(Pollak, Weitzman, & Kripke, 1967). In addition, severa1‘endocrine-related
measures have exhibited-cycling characteristics within the ultradian range
during the 24-hour period, including plasma concentrations of prolactin,
ADH, and Tuteinizing hormones (Boyar, Perlow, Hellman, Kopen, & Weitzman,
19725 Mandell, Chaffey, Brif], Mandef], Rodnick, Rubin, & Sheff, 1966;
Rubin, Kales, Adler, Fagan, & Odell, 1672; Weitzman, Schaumberg, & Fishbein,
1966). Growth hormone which is known to reach a secretion peak during
stages 3-4, exhibits a 90-100-minute cycle during the beginning.of sleep
(Parker, Sassin, Mace, Gotlin, & Rossman, 1969; Quabbe, Schilling, & Helge,
1966): VMA (Mandell, Mandell, Rubin, Brill; Rodnick, Sheff, & Chaffey,
1966) and dehydroisc-androsterane (Rosenfeld, Hellman, Roffwarg, Weitzman,
Fukushiama, & Gallagher, 1971) also have shown evidence of episodic secretion
patterns. |

Tﬁis knowledge concerning the presence of episodic phenomeqa during
sleep piqued interest into the interrelationships among BRAC rhythms, diurnal
cycles, and daytime functions: Wada's (1922) first repdrt of wakiné gastric

motility cycles in man has‘recentTy been confirmed in a study by Hi;tt and
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Kripke (1975). Oral éctfvity in humans confined to an ogservation room and
allowed gg 1ibftum access to food, drinks, and cigarettes revealed a pro-
minent 96 minute rhythm (Friedman, & Fisher, 196?).' Osﬁald, Merrington, and
Lewis (197@) replicated Friedman and Fisher's original study confirming the
presence of cyclic oral behavior (90 minutes). Kripke (1972) added further
support to thé notion of cyclic orality by demonstrating peaks in operant
bar presses for water in a situation in which ;ijects were monitored both
behavidral]y and physiologically (EEG). Similar rhythmicity in oral behavior
was also observed in a group of schizophrenics kFriedman, 1968). In a group
of obese subjects, Friedman (1972) showed that regular feeding peaks occurred
more frequently than those for normals (mean period of 78.S minutes) and

" that an individual’s degree of cycle shortening was significantiy cor;eTated
with the degree of obesity; Cyclicity (10-20 cytTes/ﬁay} was aiso sthn for
EEG delta activity and other EEG frequencies. This suggests that a correla-
tion might exist between physiological .and behavicral rhythms.

Similarly, using complex computer data processing‘methods, oscillatory
activity has been noted for heart rate (Orr, & defman,']9f4), body tempera-
ture (Orr, Hoffman,.& Hegge, 1976), respiration rat; (Horne, & Whitehead,
1976), and urine flow reflecting episodic ADH secretion (Lavie, & Kripke,
1977). 9ther physiological measures which include é]ertness as measured by
pupiliometry, (Lavie, 1979@)cerebra]fresponsiaeness measured as evoked poten-
tials (Tanguay, Ornitz, Forsythe, Lee, & Hartman, 1973) and gross body move-

ments (conclude evidence is weak) measured telemetrically (Globus, Phoebus,

Humphries, Boyd; & Sharp, 1973) have shown some evidence of rhythmicity. In
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additio;, a number-qf psychological phenomena such as perceptual illusions
using the spiral aftereffect (lLavie, Levy, & Coolidge, 1975; Lavie, 1976; Lavie,
1977), Ro#schach resp02§es (Globus, 1968), and performance on.a variety of
tasks (e.g., Rosvold-Mirsky CPT, verbal and spatial matching, complex detection
task) have demonstrated a cyclic nature (Globus, Drury, Phoebus, & Boyd,

1971: Klein, & Armitage, 1979; Orr, & Hoffman, 1974; Orr, Hoffman, & Hegge, -
1974; Orr, Hoffman, & Heage, 1976).

The animal literature is not nearly as extensive with regard to the equiva-
lent biorhythms, but some similar findings have been obtained. In virtually
all species for which sleep data are available, most show cyclicity either
within sleep (so~called quiet/active sleep, orthodox/paradoxical, or NREM/REM)
or across states of rest and activity ( Tauber, 1974). UTtradian rhythms of
various sieep variables (NREM/REM, EEG frequencies, muscle tonus, and eye
" movements) have specifically been reported in rhesus monkevs (Kripke, Halberg,
Crowley, & Pegram, 197Q) and in the cat (Sterman, 1972; Sterman, Lucas, &

" Macdonald, 1972). In monkeys a 24 cycle/day (60 minutes) rhythm was observed
in the NREM/REM cycle. In the cat, 2 20 minute NREM/REM rhythm was shown.
Within wakefulness, operant EEG responses for food, operant bar presses for
food, and operant EEG responses for electrical brain stimulation 211 have
showed a similar 20 minu%e rhythm in the cat (Sterman, Lucas, & Macdonald,
1972). Maxim and Storrie (1979) have recently reported the presence of a 40-45
minute fluctuation in bar pressing for rewarding brain stimulation in rhesus
monkeys. Reports have been pub]%shed demonstrating 12-18 cycies/day (80-120
minutes) in ingestion, 1oqomotion, exploration, grooming, and resting in 2

rhesus monkey sample (Bowden, Kripke, & Wyborney, 1978). Also, Maxim, Bowden,



gical concomitants (e.q.. mentation) of sleep. an-important question arose

and Sackett (1876) noted cyclicity (multiples of 35 minutes) in social inter-
action between rhesus monkey pairs and nonsocial {solitary) behaviors such .
as ingestion, exploration, Yocomotion, and self-grooming.

After delineating the basic structure as well as some of the psycholo-

as to whether some analogous phenomenon to REM might 31so be occurring during
wakefulness. Othmer, Hayden. and Segelbaum (1969) studied sybjects in a -
variety of isolation conditions and demonstrated the presence of periods of
rapid eyve movement activity and decreases %n muscle tone recurring cyclically
throughout the Zﬁ-hour Ee;{bd. Thev aiso reported a correlation of eve move-
mént activity with "dramaturgic" daydreams. However, the results were not
supported by formal statistical or spectral analyses. Recently, Kripke and
Sonnenschein (1973; 1978) reported a study in which subjects were asked to
write down their thoughts every five minutes over 2 10-hour peried. The
mentation reports were than randomized and two raters independently scored
them for degree of fantasy content.” The findings indicated & dominant €0-100
minute fantasy rhythm. Lavie and Kripke (1975) have shown further, that these
fantasy cycles correlated more positively with ocular quiescence, suggesting
a shift to internal processes from_external stimulation. This centradicts
Othmer et al.'s (1969) findings relating ocular activity to daydreams.

Only a small number of studies attempted to document the phase reiation-
ships-of these waking oscillations to the preceding.or subsequent REM period
occurrence during sleep. It would seem important in establishing the
existence of 2 fundamental BRAC around the s4-hours to examine phase character-

jstics between waking and sleep rhythms. Destrooper and Broughton (1969)

-
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reported anecdotal evidence for dramatic shifts in mentation descriptions
.
at about the time of morning when a subject's next REM period might have
been expected, had sleep been allowed to continue. Globus (1972) had
subjects perform 1 visual detection task for 150 minutes following morning
arousal and found that errors peaked 90-100 minutes after the mid-point of
the preceding REM period: 1ikely when the next one would be predicted had
sleep progressed.  Similarly, Sterman., Lucas, and Macdonald {1972) demon-
strated that eating behavior and rewarding electrical brain s*imulation in
cats paralielled each other in cveling frequency and were phase-related o
the preceding NREM/REM alternations. Furthermore. the cccurrence of REM

during daviime naps (Globus, 1968) and narcoleptic REM sleep attacks (Fassouant,

[74)
—

Halberg, Genicot, Pepoviciu, & Baldv-Mouiinier, 166S) are both phase-locked
to nocturnal REM perieds. Lastlv, some evidence has been gathered shewing
thaf temporal lecbé and lypical petit mal absence discharges in the waking
state increase rhythmically every S0-100 minutes and occcur in *he same phase
reiation to the NREM/REM cvcie at nfght'(Stevens, Kedamz, Lonsbury, &

Mills, 19715 Jovanovic, 1978). These few studies then, provide initial
support for the existence of 2 common BRAC cperating throughout both sieep

and waking states.

behavioral (sensations, zutonomic varizbles, hormenal levels, motor zctivity,
and complex cegnitive functions) as well as some pathological (narcolepsy,
epilepsy) states exhibit ultradian variztions. These cyclic fluctuations can
be observed across species as well as in man. The significénce of these

oscillations however, has remained rather speculative. In any case, a few
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conceptual suggestions as to function have been offered. Wolff (1967) has
proposed that ultradian rhythms supply é controlling function for early
motor development in the infant. He suggests that initial spontaneous
rhythmical motor activity such as sucking, cryiﬁé. and kicking may be part
of a maturational continuum and that the transitien from simple repetitious
behaviors into integrated action patterns gs but one aspect of development.
These early cyclic behaviors might form the basis for later more complex
hohaviors such as speech which requires increased Jdifferentiation of fine
muscular movements. However, as yet no direct empirical support has been
provided for this position.:. The gariiest appeérance of the BRAC has been
reported t¢ be present in intrayterine human fetuses {Granat, Lavie. Adar. &
Sharf, 167¢: Petre-Quadens, 1868 : Sterman, 1967 Sterman, §& Hoppenbrouwers,
1¢71). Emde, Swedberg, and Suzuki (1878) noted a definite sleep-wake cvcle
(3.5-4 hours) and BRAC (3¢ minutes) in neonates within the first 10 hours
afser deliverv. Furthermere, Stern, Parmalee, and Harris'{iQTS) have shown
*hat in premature infants, the NREM/REM cvcie lengthens as the infant ¢rows
older (30 minutes in prematures to 5 minutes at eight months). 1Investigations
of +he developmen® of the sleep-waking cycle and other rhythms show that with
maturation, these pericdicities increase (Roffwarg, Muzio, & Dement, 1G€€).
This alsc appears to be the case with the postulated underiving BRAC (Kripke,
1674).
Support fér Kleitman's (1969) notion of the existence of thic "basicrest-
activity cycie® is based upen evidence 6f the resemblance of the NREM/REM
cycling frequency and waking measure periodicities, the fact that both reflect

£luctuations in brainstem and cortical arousal and autonomic activity, and in
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some cases, reports of phase relationships betwéeﬁ the occurrence of the NREM/
REM cycle and waking rhythms .(Lavie, 1979). ‘From a developmental perspective,
the sleep-waking cvcle is at first polyphasic throughout the 24-hoyr period.
However, as maturation progresses, this rhythm begins to consolidate into a
sing]é nocturnal sleep period resulting in a Tengthening of the waking daytime
period. The- progression of ultradian rhythms in many variables follows a
similar path, i.e., a leﬁgthening of the periodicity from the nocturnal (70-90
minutes) to the waking state {100-120 minutes) (Kripke. 1974).

Broughton (1978) has proposed that a cyc]icuinterhemispheric alterpation
may be responsible for the subjectivelyv-experienced waking and sleeping
'osciilations between fantasy-intuitive and verbai-intellectual psvchological
processes. These qualitative changes in cognitive processing in wakefulness
are thoucht to be analogous to the fantasy-like reportis obtained from REM
sleep arousals and the more logical expression inherent in reports obtained
rom NREM sleep. He postulates that the continuation of these rhythmic
thought processes intc waking represents the-contiéued cyclic alternation
of left and right.hemispheric activity. This has been supported by a recent
study showing a 96 minﬁte rhythm in both verbal and spatial processing but
180° out of phase to each other (Klein, & Armitage, 1979). Broughton has
further proposed that NREM sleep (stages 3-4) may provide a_primary synchro-
nizing mechanism for the body's biolegical clock which is extremely sensitive
to siress and external environmental time cue disruptions. The psycholegi-
cal and behavioral evidence of these rhythmicities may be manifestations of

the postuiated underlying BRAC.
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From a:psychophysio]pgical‘approach, there is a strong correlation between

the physiologic REM state and the psychological experience of dream mentation.

Morruzzi (1969) has ﬁuggested that REM sleep is part of an_jdStinctual consum-

matory process involved in the satisfaction of basic needé. king ultradian
rhythhs a]sé éppear to be expressions of the consymmatory phase in the regu-
lation of these appetitiye needs. Overt behaviordl acts which include eating,
movement, sexual expressions etc. and ;nternal processes such as hormonal
rhythms and subjective fantasy may be related to a more fundamenta1 ultradian
oscillator system (Kripke, 1974): At a more general level, the survival
value for the individual and the species of a modulated series of continually
waxing and waning behaviors would be more adaptive than each motivational need
seeking expression simultaneously. The cyclic oral and gastric_activit},
genital engorgemeht, and readiness to respond to significant stimuli which
might threaten safety, all would ensure evolutionary adaptation for species
survival (Broughton, 1974; Kripke,.1974).

Recently, some evidence has been proposed showing that the BRAC may
not be the only oscillatory system. Various nocturnal ultradian rhythms do
not parallel each other in occurrence, i.e., these rhythms are not synchronous
with the NREM/REM cycle. For eiamp]e, nocturnal gastric contractions are nét
concurrent with the REM sleep cycle (Lavie, Kripke, Hiatt, & Harrison, 1978),
nor are these gastric cycies related to similar rhythms in fantasy or EEG
activity (Hiatt, Lavie, & Kripke, 1975). Lavie (1979) has postulated that
the BRAC is, but one Qf probably multitudinous ultradian rhythms. The BRAC,

therefore, may not be the basic fundamental osciliator upon which other

.
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periodicitigs are superimposed. This implies the existence of more than one

oscillator generator system which have periodicities of about 80-100 min in
'.the awake adult human.

A]though ultradian f]uctuﬁtions-have been documentgd in normal addlts with

respect to perceptual and attentive functions and gross motor activity (Globus
et a1.,_1971; G1obus.et'a1., 1973; Orr et al., 1976), the nature of cyclic beha-
vior has ﬁot been previously reﬁorted for any variable in either normal or clinical
pediatric groups. The demonstrated presence of ultradian rhythms in these groups
could provide information regarding improved prediction of cyclical periods of
inattentiveness, diﬁtractibi]ity, and increased activity. These predictions
would be especially useful for optimal utilization in the scheduling of various

activities, e.g., thos related to learning particularly in HK children. -

Hypotheses

Slteep. Based upon previous studies examining sleep patterns in HK children,
it is hypothesized thaf no significant differences in baseline amounts and distri-
bution of the various sleep stages will be obtained between groups, but that
phasic activation (e.g.;, motoric, autonémic, and EM measures) will discriminate
KK from control subjegts. Relative to control subjects, hyperaroused HK children
would have increased activity in these phasic indices, whereas, if HK children
are hypoaroused, decreased activity in these phasic measures is predicted.

Waking Performance and Motility. The variables are assessed to confirm and

extend (over multiple testing sessions) the existence of an attention deficit and
increased motor activity in HK compared to control children. It is predicted that

HK subjects will make fewer correct detections and more false positive responses
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on the brief visual attention task and will display greater gross body motility
and specific limb movements while on task compared to controls. No group dif-

ferences in limb motility off-task are postulated.

Waking Ultradian Rhythms

Since rhythmicity in perceptual and motility variables has been. shown in
adults, it is hypothesized that ultradian cyclicity will be demonstrated in
attention and activity in both HK and control subjects. However, it may be that
by so yet somé unknown mechanism, these oscillatory changes may be abnorma]ly
accentuated in the HK disorder. These variations then, could contribute to the
attentional deficiencies observed in these children. 1In addition, as suggested
by Cromwell, Baumeister, and Hawkins {1963), attentional deficiencies and increa-
sed motility may be intimately related. The possibility of rhythmicity in these
variables suggests that complex phase relationships may exist between levels and
amounts of motor activity and attentiog. With regard torhotility, the possibilities
might include any of the f01]pwing: a) a general overall increase in motility
Tevels at all BRAC points; b) the selective increase of the éctivity poles of
the BRAC; or ¢) an increase in c}c1e frequency with activity peaks occurring
more frequently. It is hypothesized that the second possibility, i.e., a selective
increase in the active poles, is most Tikely since in many experimental situations

HK children display a greater quantjty of movement relative to .controls.

With regard to re]afionships existing between sleep and waking ultradian
rhythms, if cyclicity in performance and motility exist, it is hypothesized that
these waking rhythms will represent an in-phase continuation of the preceding

nocturnal ultradian REM sleep cy;1e.



Chapter II _ ,
METHODOLOGY

Subjects

-

Eleven unmedicated HK male chdereﬁ (8~12 years ol1d) and 11 similar agéﬁ
unmedicated male control children participatéd iﬁ the study. HK subjects were
initially referred by family physicians who suspected hyperkinesis, and refe;Fed
them for more extensive psycho16§ica1 éssessmenf at the Psychology Department,‘ h

Children's Hospital of Eastern Ontério. As well as positive indications derived
from'Conners Parent (1970 - Appendix A) and Conners Teacher (1969 - Appendix B)

‘behaviora] rating scales {a score of 15 or moré.on_the hyperactivity index),

. diagnosis was based upon the following core symptomatology which is generally
agreed upon as being persistently on recurrently present in children labelled HK
(BSM-III criteria of attention/deficit disorder with hyperactivity): motor rest-

- lessness, short attention span, distractibility, impulsiveness, labile emotfons,

and poor academic performance (Goyette, Conners, & Ulrich, 1978; Renshaw, 1974;.

Stewart, Pitts, Crajg, & Dieruf, i966; Wender, 1972)}. A1l HK subjects displayed

this behavioral symptomato1ogy-from an early age (before three\years of age).

The control group of normal children wés recruited from the local school

systems. A7] of these children scored negatively on the Conners Parent and Teacher

questionnaires.

A1T1 children in study\were Tiving at home with at. least one parent. Based

/

upon clinical and physician interviews children with the following symptoms or-

classifications &ere s;c]uded om both groups: major psychosis, over-anxious re-
action, unsocialized aggressive reaction, peripheral sensory loss, epilepsy, normai
constitutional hyperkinesis, mental retardatidn, post-traumatic organic brain syn-
drome, encephalitis, toxic organic braiﬁ syndrom (drug), or major. sleep disturbances

(e.qg., enuresis, somnambulism, pavor nocturnus).
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Prior to acéeptance }nto the study, each child underwent an I.Q. eva-
Juation (WISC-R full scale I.Q., lower limit of 80), as well as a baseline
EEG recording to screen for the presence of gross EEG abnormalities. This
short recording session {about 30 minutes duration) also served to fami-
Jiarize each child with the recording environment, procedures, and apparatus.
Informed consent (parents or legal guardian signature) was obtained and a
full explanation of the study was given to both parents and children. Subject

qroup characteristics are suymmarized in Table 1.

Polysomnographic Recordings

Subjects reported to the sleep laboratory (Ottawa General Hospital) for
electrode application one hour before bedtime. Electroencephalographic (EEG:
C3/Az), electro~oculographic (EOG? bipolar DC recordings of horizontal and
vertical'eye movements), and electromyographic (EMG: facial muscle) were
obtained using a Grass (Mo;e1 780) polyéraph. Spontanecus skinrpotentig1
responses (SSPRs: yolar surfacés of thé jeft middle finger referenced to
fhe forearm) were a]sd'recofded. A1T night sleep recordings were made for

five consecutive nights. Total bed time (TBT) was limited to 9.25 hours.

Nakﬁnq Ultradian Rhythm Measures

Subjects performed multiple repetitions of a brief visual attention task
on two consecutive days subsequent to po]ygraph%c s1eeb recordings (i.e., on
the days following the third and fourth ﬁights). On the mornings of these
daytime testing days, subjects, after eating-breakfast, were transported fro;
the hospital location where the sleep recordings were obtzined, to a university

Taboratory for daytime testing which began approximately 45 minutes after

awakening.
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Table 1

Mean (S.D.) Age, 1.Q., and Behavioral ﬁatings

B for Hyperkinetic and Control Groups
Variable . Group
KK CONTROL
Age 10.6 (1.7) 10.6 ( 1.3)
Full Scale I.Q. 106.4 {10.2)* 123.2 (13.2)
Verbal I.Q. 104.7 (11.3)* 124.6 (12.5)
Performance I1.Q. 106.9 (12.0) 116.6 (14.9)
Conners Parent (HI) 19.5 ( 6.9)** C46 (2.7)
Conners Teacher (HI) 19.1 { 5.5)** 3.0 ( 2.8)
*D o< 01
_ **p o .001

e



To obtain sufficient data to document g possible BRAC modu]atibn of
aiteniion, five-minute test periods were admipistefed every 15 minutes..
During the %nter-test "rest perijods" {10 minute intervals); children enga-

: ged_in supervised free play. This schedule extended over a six-hour period
(24 sessions/day). During thé supérvised rest periods, subjects were allowed
to read, play games, or be involved in other activities of their choice.

.Bathroom and lunch breaks also took’place during these intervals.

The visual attention {sustained vigilance) task used was a modified con-
tinuous performance task {CPT) in which responses were made to.a prese1écted
sequence of two letters (e.q., AP) appearing in a continuous letter sequence
of 12 possible letters and their combinations; the predetermined paired
letter signals occurring randomly 30 times during each testing period (Rosvold,
Mirsky, Sarason, Bransome, & Beck, 1956). Subjects were seated approximately
one mgtre from a 1ight emitting diode (LER) display. Responses wewe made
with a hand-held button press using the dominant or preferred hand. Letter
presentation and task duration were controlled by an electronic micro-proces-
sor unit. Each letter appeared for 0.2 seconds at 1.5 second interv§1s.

While performing on the CPT, subjects were_seated on a sensitive elec-
tronic movement indicator (stabilometric chair) wﬁich provided the frequency
(digital display) of global body movements (Farrall Instruments; adapted
from Sprague, & Toppe, 1966). In addition, segmental 1imb movements during
the task (LM-T) were measured using a movement/acceleration integrator watch

(Selig Electro-magnetic Ltd.) secured around the ankle of the dominant or
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preferred leg. Lihb movement during the rest or off-task periods (LM-RP)
was also-measured u51ng the same device. Subjetts were trained and fami-
.'I1ar1zed with the CPT and movement recording devices in a training session

(one hour duration) on the afternoon before the.first full day of testing.

Data Analysis

quvsomdbqranhic recgrdincs. Sleep ‘records were coded and scored
blind by two:individpa1s using the standardized criteria of Rechtschaffen
and KaiesF(TQGS). A greater tﬁan 90% reTiabiTity was obtained on pilot
data prior to actual data scoring. Spontaneous skin'popentia1 responses
"(SSPRs) were scored according ﬁo the criteria of Johnson.and Lubin (1966)
with a dne miilimeter pen deflé;tion representing a 100 uV potential change.
The input impedance of tge SPR amplifier was set -at one megohm. Rapid eve
movement (REM) dénsity measures were scored using Aserinsky's (1969) method-
ology énumbef of-two—second hini-epoché-containing at 1east‘one_eye move-

.ment divided by the total number of-REM minilepochs),' Eve movemgnts-weré.
defined by 2 one millimeter pen def?ection-wﬁich represéntéd a five degree
visual angle shift.

In 2ddition, several nqcthnal motility variables were measured. These
iqciuded movement time (minutes and percentage), body movemenfs, REM }w?tches;
aﬁd NREM twitches. Movement time was scorgﬁ as a prolonged burst in EMG-
activity with obscurring of the EEG and EOG pattérns. Bbdy movements were
scored as'phasic increases in EMG activity with a duration greater than one
second aﬁd an amplitude at 1e$st twice that of the‘precéding tonic EMG tracing.
Twitches were scored as phas1c EMG bursts of one second or less duration and

with an amp]atude at 1east twice that of the preced1ng tonic EMG activity.
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] The.first twﬁ recording nights were considered laboratory adaptation
ﬁgghts and wgre'therefore excluded from group comparison ‘analyses: Hdﬁever,
all nights were included in analyses of trénds across’ the five-night'record~-
ing period. Statistical comparisons between groups (Factor A) and across
:nights (Factor B) for the variou§ sleep measures were made us{ng individual
repeated measures analysis of variance (BMD progfam P2V with orthogonal com-

. ponent ana1§sis to test for trends), t-tests, and when appﬁopriate, post-hoc

Newman-Keuls tests. The .05 level of significance was used for all statis-

tical comparisons. -

Ultradian rhvthm measures. Five variables were measured at each waking
tes;{ng trial: 1) pumﬁer of correct detections; 2) number of false posi-
tive responses (FP); 3) frequency of global body mevements (GBM - stabilo-
metric chair) during the task; 4) ]iﬁb movement during the task tLM-T); -
and, 5) 1imb movement Huring the rest periods [LM-RP). .Each variable for
each subject on both days was plotted as a time series and evidence o¥ perio--
dicity was estab]iéhed using power spectral anaiysis (BMD program 02T)
(Wiener, 1950; Orr, & Naitoh, 1976). The presence of 2 spectral peak at the
critical frequency (19.2_c/déy) Was asséssed statistically using Wilcoxon
matched pairs_signed-ranks tests and Chi-sﬁuare analyses.

?ina11y, possibie phase re1étionships existing betwéen the NREM-REM
cyé]e and waking ultradian rhythms in performance and activity were examined
by extrapalating the timing of the oﬁéet and midpoints { =1 S.D.) of the REM

sleep cycle had s1eep"continued.' This was based upon the previous night's
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average REM cycle length for the last three REM periods. The waking rhythms
were then_suberimposed over the exf?apo]ation. Péaks'in waking rhythms were
analysed to deterhine whether they were coincident with predicted REM pefiods'

or inter-REM time which would represent NREM sleep.



Chapter III
Resuits-

Tonic Sleep Measures

Sleep Staqes. Repeated measures analysis of varianee (Z.x 5) performed

on data from all recording nights revealed no group differences for number

of minutes or percentage amounts of any of the conventional sleep staqes.

Surmary data for all nights are presented in Tables 2 and 3. Tables 4 and

5 contain mean values for the sleep measures from Nights 3-5 only.

| A significant night effect (five nights) was obtqined for the following

variables: total sleep time (TST); sleep efficiency. index (SEI); minutes of

total wake time (TWT); minutes of waking after sleep onset (WASO); minutes of

REM sleep; number of REM periods (REMPS) 3 percentage of THT: percentaée of

WASQ; percentage of NREM s]eép; and percentage of REM sleep. Table 6 contains

the relevant F values for the above variables. Trend analyses of the above

variab¥es showed swgn1f1cant linear increases across n1gbts for TST (p < .01},

SEI (p < .02), REM minutes (p < .001), REM percentage {p < .01), and number

of REMPS {p < .01), while significant Tinear decreases were found for minutes

of TWT (p < .005), minutes of WASO (p < .005), percentage TWT (p < .005),

_ percentage WASO (g_< 005), and MNREM percentage (p < .005). No significant

main effects for group or nights were obta1ned when only N1qhts 3-5 were analysed.
Post-hoc mean comparisons for var1ab1es shawing a main effect for night

revealed the following relationships (p < .65): TST - Night 1 < Night 4;

SEI - Night 1 < Night 4; TWT (mih) - Night 1 > Nights 3, 4, and 5; WASO (min) -

~



47

Table 2
Means (S.E.M.) of Sleep Measures (Minutes)
_ Night
.Variable G?oup o 2 -3 4 5

TBT HK 557.21( 6.25) 556.61( 5.91) 562.41( 6.39) 583.77( 1.0%8) 562.18( 1.76)
C S43.68( 9.91) 552.07( 6.58) 547.36( 7.47) 5531.50( 6.72) 548.45( S.?&)
SPT HK 528 02{10.90) 529 76( $.209) 531.50(10.?0) S43.66( 3.42) 540.76( 34.78)
C 516.31(11.12) 523.85( §.98) 5828.20( 6.33) 534.56(7 6.49) 523.19( 9.55)
TST HK 513.41(12.35) 51€.02( S.52) 520.59(14.74) 534.29( 3.90) 52¢.71( 6.00)
C 495.97(14.44) 508.57( 7.62) ©515.44( 7.48) 533.16( 6.56) 817.92( 9.78)
SEI{7sT/ HK 0.92( 0.02) 0.93( 0.01) 0.93( 0.02) 0.95( 0.01) 0.94( b.O?)
TBT) € 0.91( 0.02) 0.92( 0.02) 0.94( 0.01) 0.98( 0.01) 0.94( 0.01)
TRT HK 34.06( 7.19) 26.14( 4.98) 26.16( 7.98) 20.02( 4.38) 19.39( 3.87)
C 43.84(171.33) 34.59( 9.16) 23.45( 6.28) 15.36( 3.158) ° 20.01( 2.80)
WASQ HK 12.36{ 3.11) 7:52( 2.36) 7.43( 4.21) 6.11( 1.94) 7.76( 2.65)
C 20.29( 6.58} 13.00( 3.36) 10.85{ 4.68) 1.96{ 0.46) 3.43( 0.79)
S1 HK 33.71{ 3.62) 35.16( 4.84) 29.62( 4.55) 34.07( 5.24) 40.05( 6.0%8)
C 43.55( 7.Q)) 32.14( 5.82) 37.90( 5.75) 32.08( 5.20) 32.24( 4.24)
S2 . HK | 311.47(14.02) 297.82(10:67) 309.48(12.73) 313.5¢( 8.3¢) 306.44(12.31)
C 276.11(13.15) 286.46( <.65) 289.96(13.35) 305.06( 7.33) 284.65(15.09)
S3 HK 30.48( 3.07) . 28.47( 2.58) 30.62{ 2.87) 35.73( 3.40) 27.75( 3.28)
C 32.66{ 2.94) 26.68( 4.68) 33.20( 4.85) 25.73( 4.66) -28.16( 3.18)
S4 HK 52.03( 7.80) 55.55( 5.42) 50.98( 4.32) 50.80( 7.83) 55.26{ 6.86)
C 61.47(10.14) 63.48( 8.05) 56.43( 6.31) 64.41( 9.82) 63.51(10.46)
NREM HK 427.70(11.24) 416.98( 6.63) 420.71(14.68) 434.20('3.57) 429.:48( 7.01)
C 4]3.77(13.58) 408.85( 8.88) 417.46(11.68) 427.27(7 7.60) 408.55( 8.88)
SW HK 82.52( 6.67) 84.02( 4.63) 81.61{ 5.38) 86.53{ 5.69) 83.00( €.40}
- C 64.12(10.41) 80.16{("6.95) 89.62{ 5.52) 90.15( 8.70) 91.65(10.16)
REM HX 85.71( 2.45) 102.03( 5.32) ¢9.84( 3.77) 100.09{( 1.44) 100.23( 4.70)
C 80.14( 5.09) 99.82( 3.59) 97.96( 6.06) 105.89( 6.02) 1 109.38( 4.78)
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Table 3

Means (S.E.M.) of Sléep Measures {percentage)

Variaﬁle

Night

Group

€

<l

TWT

WASQ

Si

10.69(1.00)
12.45(17.49)

10.25(1.65)
12.52(2.21)

HK
c

sS4

(LS ]

NREM

08) 15.68(1.18)
53) 17.84(2.05)

(1
(i

16.21

16.86

15.69(0.¢99)
17.34(0.99)
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Table 4

Means (S.E.M.) of Sleep Measures (minutes) for Nighté 3-5
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Variable

Hyperkinetic (N = 11)

Grouﬁ

Control (N = 171)

Total Bed Time {TBT)

Sleep Period Time (SPT)

Total Sleep Time (TST)

Sleep Efficiency Index
(TST/TBT)

Total Wake Time (TWT)

Waking After Sleep Onset

-~ (WASD)

Stage 1

Stage 2

Stage 3

Stage 4

NREM

Slow Wave (SW)

REM

563.12
538.64
528.20

I —

Diin Toan S N e—
LI L) —n L) —
1] L] » [ ’
mobmgwoxl
0O~ o L)
et St e e At o

L L T W P




Table 5

Means {S.E.M.) of Sleep Measures

(percentage) for Nights 3-5
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Variable Group
HK ) Control

Total Wake Time (%) 3.89(0.59) 3.56(0.45) -
Waking AfFer Sleep Onset {%) 1.36(0.36) 1.02(0.32)
Stage T (%) 6.55(0.59) 6.53(0.56)
Stage 2 (?z.) 55.59(0.95) . 56.09(1.18)
Stage 3 (%) 5.91(0.34) 5.54(0.45)
Stage 4 (%) 9.95(0.70) 11.81(0.97)
REM (%) 19.01(0.42) 20.03(0.65)
Slow Wave (%) 15.86(0.61}

17.35(0.89)




Table §
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. N\ ' : :
E Values for Variables Showing a Significant Across Night Effect

Variables F value (df = 4,80) p value .
TST 3.47 . 101
SEI 3.44 .01
TWT (min) 4.27 .01
WASO (min) 4.50 .ol
REM (min) 9.45 .001
REMPs 2.64 .05
TWT (%) 4.39 .01
WASO (%) 4.54 .01
NREM (%) 6.90 .001
REM (%) 6.91

001
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Night 1 > Nights 4 and 5; REM (min) - Night 1 < Nights 2, 3, 4, and 5; TWT
(%) - Night 1 > Nights 3, -4, and 5; WASO (%) - NightA1 > Nights 4 and 5;
NREﬁ (%) - Night 1 > Nights 2, 3, 4, and 5; and REM (%) - Night 1 < Nights
2, 3. 4, and 5.

Cvcle Analysis

No significant differences were observed between groups or across nights
for Nights 3-5 for REM cycle length (waking included), REM cycle length with
waking excluded, NREM cvcle length (waking included), or NREM cycle length
with waking excluded. With Night§ 1 and 2 included, REM cycle length (waking
time subtracted) showed a significant main effect for night {F (4,80) = 2.82,
'E_<-.05} with a significant 1inear trend increase across nights (p < .03).

. Post-hoc tests_revea]ed only a shorter REM cycle length on Night 1 relative
'tﬁ Night 5 (p < i05). Summgry values of the cycie analysis are présenteq in

Tables 7 and 8.

[

7 Successive sleep é;cles across the night were subjecfed to trend analyses.
These cycles were defined using NREM (stage 2) and REM onsets.  In this way,
ell recorded sleep could be utilized without neglecting the fi}st cycle which
has often been excluded in the cycle analyses of previcus studies which have.
considered only the REM cycle. The methodology of Feinberg and Floyd (1979)
-was used to compute these NREM and REM cyg}e lengths, i.e., NREM cycle length
© Was measured as the duration of total sleep (time awake subtracted) frbm
'initial stage 2 onset in the first cycle to stage 2 onset in the second cycle,
from the onset of stage 2 in the second cycle to stage 2 gnset in. the third

cycle, etc. Similarly, REM cycle was measured as the duration of total sleep

>

?



Table 7
Cycle Ana1y§is
(min; Mean and S.E.M. for Nights 3-5)

Variable Groups

HK ' Control
REM Cycle Length §9.21(2.06) 92.91(2.81)
REM Cycle Length (real time) 93.03(2.22) | 85.35(2.79)
NREM Cycle Length . 108.18(3.21) 104.96(3.49)
NREM Cycle Length (real time) 111.90(3.50) 107.17(3.51)




Table 8 |
Cycle Analysis
(min; Means (S.E.M.) for Nights 1-5)

Night
1 2 3

REM Cycle Length  HK  85.23(3.20) 91.45(4.33)  84.55(3.
C $4.33(2.81)  §1.20(3.19)  91.17(3.

REM Cycle Length  HK  88.13(3.31)  95.08(5.00) 89.95(4.
(real time) - C 91.26(3.90) S4.55(3.72) 94.83(3.
NREM Cycle Length - HK <108.43(6.13) 112.85(5.07) 108.28(3.
C 107.33(2.62) 96.16(2.64) 102.81¢{3.

NREM Cycle Length HK 112.51(6.81) 116.29(5.71) 113.03(5
(real time) C 112.03(2.56) 99.46(3.06) 106.16{(4
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recordea (time awake subtracted) from the first REM onset to the onset of
. the second REMP, fromthe second REMP onset to the third, etc... The cycles
‘ were also measured with waking time inclﬁded (real time).

Results were limited to the first four cycles of alternating NREM and
REM sleep from Nights 3-5, since complete data could be obtained from all
subjects for these nights. Table 9 presents the successive REM and NREM
mean cycle durations and trend analyses. Significant trends across- cycles
were present for both REM and NREM cycle durations. Figures 1 and 2 present
successive mean durations of the first four cycles for REM and NREM onsets,
respectively, in HK and control subject groups. A strong linear trend
toward shorter REM cyvcle Tengths across the might was found, although, the
control group evidenced an increase in the third REM cvcle which was equal
in duration to the.first. With regard to the NREM cvcle duration, the cubic
_ compénent reached statistica].signifjcance. Bqth groups showed a lengthy
first NREM cycle with the HK grour showing this to a.iignificant]y greater
gxteﬁt: In addition, the HK group evidenced a slight increase in the
duration of the third cycle. )

When time awake was included, allowing real-time values of sleep cycles
to be compared to real-time periods of-bther physiological and beha&ioral
measures, the trends of these real-time REM and NREM cycles were very similar
in appearence to those exhibited for both REM and NREM cycle durations. A
significant Tinear trend was again noted for the real-time REM cycle, and a -
significant cubic trend was found in the real-time NREM cycles across the

nighf.

By



Table 9
Sleep Cycle Means (S.E;y.) and frend Ana]ysés

Sleep cycle S Cycle
Definition  Group 1 | 2 3 4
REMC HK 96.96( 3.85)  91.48(6:36)  $5.44(2.47)  79.75(4.03)
c 97.29( 4.73)  94.03(4.83)  97.30(5.53)  78.71(5.30)
REMC (real time) HK  100.35( 4.56)  93.94(6.81)  91.95(2.34) 83.24(4.74)
C 101.02( 5.05)  95.68(4.61)  99.90(5.58)  $0.3S(5.36)
NREMC. K 150.76( 8.40)  99.66(5.50) 103.99(5.33)  $7.59(2.81)
C 125.38(10.36) 104.37(4.59) 104.17(3.88)  98.36(7.12)
NREMC (real time) HK  152.97( $.67)  103.16(6.60) 108.33(6.00)  $9.85(3.04)
¢ 129.04(10.33) * 108.16(4.75) 106.01(3.88) 101.08(7.27)
[
. F Values
Among Linear Quadratic Cubic
REMC 5.65% 14.10%+* 2.44 1.26
REMC (real time) 5. 74%x 12.39%* 2.04 1.86
~ NREMC 22.99%%* 41,3]%% 9.96%* 9.67%
NREMC (real time) 19, gk 38.52%%* 7.08* 8.10%
. i)
, —
*p < .0] / -\?“\\
**p < 005 ' (i_,)
g < 001 ,
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Latencies ‘

A significant main effect for group {F (1,20) - 4.46, p < .05} was
present for REM onset latency\on Nights 3-5; with the HK group showing the.
16nger latency. When Nights 1 and 2 were added to the analysis, the signif-
icant group effect was maintatned {F (4,80) = 7.0S, p < .05} and-a signif-
icant night effect (F (4,80) = 2.69, p < .05} was present, with Night 1 > .
Night 5 (é_s .05). Mean'va1ues of REM onset latency across nights for both
groups are presented in Figure 3. No significant group or night differences
) Qere obtained . for latencies fo ls1eep onset or any-NREM sleep stage.

SumTary data for latency variables are presented in Tables 10 and 11. To
examine whether increased REM latencies might be associa;ed with tonger dura-
tions of the first REMP, a correlation (Pearson r) was computed between these
two measures (Nights 3-5f. A significant pﬁsitive correlation (r - 0.62,

df = 21, p < .01) was obtained.

-

Motor Activity During Sieep

HK subjects exhibited gresEE{ amounts of‘movement time (minutes and
percentage) compared to pontroié (p. < .08) across all nights (Figure 4).
Body movements on Nights 1, 3, and 5 (Figure 5) were also greater for the
HK group relative to controls (p < .08). There was, moreover, a significant
main effect for nights {F (2,40) = 7.07, p < .01} with body movements

increas{ng across nights (p < .01). ‘ ’

The frequency of REM twitches on Nights 1, 3, and 5 did not differ
between groups, but a significant night effect {F (2,40) = 7.58,.p < .07;
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Table 10

Mean Latencies (S.E.M.) for Nights 3-5

61

Variables Groups
- HK Control

Lights Out to Sleep Onset 15.17(2.60) 11-.43(1.60)

Lights Qut to Stage 1 14.20(0.44) 10.48(1.54)

Sleep Onset to Stage 2 3.99(0.42) 3.11(0.24)

Sleep Onset to Stage 3. 14.38(0.63) = 14.94(0.73)

.Sleep Onset to Stage 4 21.41(1.08) 20.74(1.14)

Sieep Onset to I1st REMP 140.13(7.48)* 115.35(6.71)
*p < .05

Sleep onset latency: time from "light out" to 5 min.

of continuous sleep (stage 1).
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quadratic trend, p < .005}. HK subjects exhibited an increased frequency

of NREM twitches (Figure 65 compared to controls {p < .07), and both groups

. showed across nigﬁt differences {F {2,40) = 8.70, p < .001; quadratic
trend, p < .05}. |

| To investigate whether motor activity in the first cycle of sleep may
have contributed to the significantly 1oqger REM onset latency by disrupting
sleep, comparisons were made of movement time (min), numSer of body mdvements,
and frequenéy of NREM twitches between groups (Nights_3 and 5). No group
differences were found in movement time (HK: X « 6.64; C: X = 4.77, t = 1.15,
N.S.) or number of body movements (HK: X = 16.18; C: X '= 13.32, t = 1.08,
N.S.). However, the HK group had significantly more NREM twitches (HK: X =
§1.27; C: H = 41.55, t = 2.44, p < .05). These motility measures were then
correlated (Pearson r) to REM onset latency. Movement time and number of body
movements were not significantly related to REM onset latency, however, &

positive correlation (r = 0.50, df = 21, p < .02) was found for NREM twitches.

Autonomic Activity

Technical difficulties 1imited SSPR data to the first cycle of sleep fﬁi/
beth groups. Response rate% per minute for Stage 2, Stage 4, and REM were
based on: 1) the total amount of scorablé SSPR activity divided by the
nhmber of minutes of a particular stagé in the first cycle; and, 2} the
frequency of SSPR activity*over 15-minute samples {one sample per subject) of
Stage 2 and Stage 4. In the latter case, equivalent samples from REM were not

obtained since the initial REMPs were often of short duration.
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Mean response rates per minute {Nights 1, 4, and 5) using the first
method compared the HK and'cohtro1 groups using t-tests for indebendent'
samples. No significant group differences were found %n SSPR #requency in
Sta§g 2, Stage 4, or REM.‘ Mean rates‘per minute were then compared between
stages for all subjects using t-tests-for corre1$ted samples. . Mean response
rates per minute for Stage 2, Stage 4, and REM were 3.30 (S.D. = 1.67),

- 5.08 (S.D. = 2.49), aﬁd 1.71 (8.D. = 1.38) respectively. Significant differ-
ences were found between Stage 2 and Stage 4 (t = 5.89, df « 21, p < .001),
Stage 2 and REM (t = 5.30, df = 21, p < .001), and Stage 4 and REM (t = 7.25,
df = 21, p < .001). Calculated wmean response rates per minute for 15-minute
samples of Stage 2 and Stage 4 showed no group differences.- A comparison

* of poo1ed'subject mean rates per minute for Stage 2 (X = 3.27, S.D. = 2.15)

and Stage 4 (X = 5.27, S.D. = 2.63) revealed a significant difference (t = 4.85,
éf = 21, p < .001).

Eye Movement Activity

Mean REM density measures were computed for all REM periods from Nights
4 and 5 but did not reveal any group différences (H&: X = 0.46, S.D. = 0.11;
C: X =0.50, S.D. = 0.11). Since REMP durationstend to Tengthen across the
night, ana]jses were performed on intra-night REM density to determine changes
ﬁﬁfdensity patterns across the night. Accordingly, REM density was analysed
across the first four REMPs, this being the number of REMPs all subjects
completed. A significant main effect for REMP {F (3,60) = 22.49, p < .007;

Tinear trend (p < .001)} with increasing REM density across the night
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(Figur; 7). Similar analyses of REM density for the initial five minutes
of thegg REMPs also revea1éq a significant main effect for REMP {F (3,54) =
4.28, p < .01; linear trend (p < .001)} showing increasing REM:density |
(Figure 8).

S{nce REMP durations vary across the night And density may be influenced
by longer REMPs, density measures-were’ca]c@]ated over the first 15 minutes
of each of the first four REMPs (Nights 4 aﬁd 5} in five-minute blocks
(Figure ¢) to control for the influence of REM duration on eye movement den-
sity. The across REMP %ncrease in'REM-density 15 again quite clearly evident.
Within REMPs, a relatively rapid increase in ﬁensity occurs by the second
five-minute block of REM sleep. |

Eye movement density within 1onger*REMPs was also examihed.a_Fjgure i0
presents mean REM density in fivefm%nute b1ockleor the HK and cofftrol
groups across a 30-minute REMP (mean density obtained from nine HK gn& nine
o §ubjeéts - one 30-minute REMP per subject). Although no group differences
were found, density did change with time into REM {F (§,80) = 6.93, p < .001;
quadratic trend (p < .001)}. Density peaked after the first 10 ﬁinutes of
REM, decreased and plateaued for the'next T0 minutes, and then rapidly decTined
until the end of the REMP. Eye movement density during the first five-minute
block was significantly less than dutiﬁg the second, gnd the sixth block was

significantly less than all blockSexcept the first (p < .05).



69

*stnoab’ joaguoy pue
AH 943 J04 S4u3Y BALSSBIINS SS0UDR SOUILSUBp W ("W'Y°S) uedy ‘7z oanbGly

+

polied Wiy
v £ (4 I

r I T

S

0g’




70

*sdnoab [043U0) pue XY 8YJ 403 dWIY DAESSIIONS
yoea J0 sNULW ALS 1S4}4 Yz 404 S9LIISUIP W3 (*W'I"S) uesy

polied w3d
€ (4 t
! 1

¥ T

'g w;:m*m

109




7

*SdWIY DASSBIONS JO (SHO0|Q 9YNULW DALS) SopGLW USRS [y . - .
1sd413 @y3 ssoude (ejep s3oefqns pajood) A3jsusp |3 ..__._.u.mv uesy "6 NG} 4 . L M g

" (8%20[q ‘ujw g) ew|l WIY v B Sml

S 00 9 G O S S O 9 S O 9 L _
T T T T T L T T 1 T Y .-..|H—l,.. o Lo - o !

] ¥ T c- . ) L

1

. 1 .__.J. . ..-Q. N
M “. LS .
' b - v ) h !'! . 1
m..w . . .M P . \ J om .v. \\A\.\-\ﬂ\..




72

.mmzogm lo43u0) pue

-—4H 2U} 404 SdHIY dINUW-QL SS0400 AJLSUIP KW (*W*I'S) uesy QL 84nbyy
(842019 ‘ujwi g) ewjy .
og - 9t 14 gl ol S
T T T F T T p “—l
nﬁom. )

L

L



73

Attention and Activity Measures

General findings. Mean values for éach variable {i.e., across 24 trials)

: { .
were computed for each subject on each day &nd groups were compared using
t-tests for independent samples. Due to oc&kssiona1 technicai d{fficg1ties'
with the equipment, measures on some variables were not able to be obtained

. r
for some subjects.

On both days of testing, HK subjects made significantly fewer correct
detectiqns relative to controls. Similarly, the HK group was significantly
more'active on the segmental Timb movement measure during the rest periods
on both days compared to the control group. Limb movement during the %ask
approached significance on Day 2 only, with HK subjects showing_greafer mo-
tility on this measure. No significant differences between groups were
ﬁpund for either'fa1se positive responses or global body movemeﬁts durfng
the task on the two days of testing. Table 12 presents thé mean values
for each group on each variable for the two testing days. Figures {1 and
12 show the pooled subject data across trials fot detections and 1imb move-
ment during the task respectively.

The relationship of attention to I.Q. yielded a significant positive cor-
relation (Pearson r = 0.67, df = 16, p < .005) showing that the higher I.Q.

" . control group @ay have contributed to a slightiy infTated'difference_between
groups. on the attention measure. Corre1ati$n between attention and age was _
0.61 (df = 16, p < .005), and between age and I.Q. was 0.29 (N.S.). However,
this disparity in I.Q. would seem insufficignt to explain the proportionaily

-

greater test results.
[
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Figure 11. Mean detections for the HK and Control groups across trials

on Day 1 and Day 2.



'36
28
26 |
2al

221

Detections

20+

18

1
T

MEAN DETECTIONS -DAY1 .

- K
bl Y ————— T ‘-""C

o

L L L 1] ! 1 1 L i 1 | 1 L1 L L L L 1

Trials
Time

30 -

28 +
26}

24 |

Detections

22 |
20

18+

i

4 6 8 10 12 14 16 18 20 22 24
-1hr. 2hr. 3hr. 4hr. Shr. 6hr.

MEAN DETECTIONS -DAY2

! ] L i i 1

1 b H

T;ials
Time

4 6 8 10 12 14 -16 18 20 22 24
1hr. - 2hr. 3hr. ~ 4bhr. Shr. 6hr.



-
Figure 12.- Meag;GaTues for 1imb movement during the rest periods (LM-RP)

" for the HK and Control groups across trials on Day 1 and

Day 2.
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Correlational analysis was also performed among the performance and
activity measures on each testing day. Table 13 presents this correlation
matrix of variables. On both days, a significant negative correlation
between detectiqns and false positive responses was obtained, indicating that
as detections increased, false positives decreased, and conversely as detec—
tions decreased, false positf&es increased: On Day 2, a significant posi-

o
tive correlation was shown between global body;gyhgnents and 1imb movements

3 .

while on task. ’ _‘\‘

-

Waking Ultradian Rhvthms

_Power spectral anal;sis was performed on each available time series for
the five variables in each subject. As above, due to technical difficulties,
time series daﬁa for al] variables for all subjects was not compiete (total
numbgr of timé series = 174). 0Only six frequency bands were chosen due to

the relatively short duration of the time series obtained. Resolution,

therefore, was sacrificed in favor of increased stability of the spectra..

Table 14 summarizes the major findings with regard tofthe distribution of
spectral peaks in perforﬁénce-and_activity. The frequency of primary interest

(i.e., containing the expected BRAC for this age range) was 19.2 c/day

- {*2 c/day), which is approximately equal to 75 minutes {68 to 84 minutes).

As can be segn from the table, there was a re]afiye1y even distribution across
frequencies'with no one frequency (specifica{}y not 19.2 ¢/day) showing
consistent peaking. A number of observations were made with regard to the

presence versus absence of a peak at the critica®¢ frequency and the varying

i



Table 13

Correlation Matrix of Waking Performghce ana Activity Measures

80

Det = Detections; FP - False Positives;
AM-0T = Limb movement (on task);

Day 1
Det FP GBM LM-0T LM-RP
' Det = . =57R(NSY3) -17(Nel1) -.35(N=12) ~.09(N=12)
FP _ - -.07(N=11) .38(N=12) 18(N=12)
GBM - .05(N=18) .07 (N=11)
LM=0T - .35(Na12)
LM-RP )
*»D < .05
Day 2
Det Fp GBM LM-0T LM-RP
Det - -.49%(N=16)  -.06(N=14) -.23(N=15) -.05(N=15)
Fp - -.20(N=14) 7L11(N=15) .28(N=15)
GBM - \LSQ**(N=18) .32(N=14)
LM-0T ' - .19(N=15)
" LM-RP , )
*p < .05
**E < .01 =

LM-RP = Limb movement (rest periods)

-

GBM - Global body movement (on task)



81

b L £ [ t lo} ¢ 2 L vzl o
2 2 ¢ 2 L {ol] & L L 2 L 2 | 6] M dd-H1
A Ty £ L |oL] e v 2 € ] 9
2 £ Z L Z lot} ¢ L 2 L . 2 | 6] M 1-H1
£ L [ 2 2 ]6| ¢ L. 1 v oL (ot] 9
L L [ 9 |6 l £ € L | 8] W HEo
£ Z 2 Ry Z £ 1 9 2
£ L 1 2 2 te]| 1 L £ L L ¢ W |- dd-
. 2 Z £ L ’ ( ( L % {9 9
. £ 9 16l "1 £ € L | dn | suopideyag
L'8y 6°8E 6°8Z2 2°6L 96 O |M ‘8 §'8¢ 6'8 2'6L 9'6 0 za\,_?_p,\ alqepaep

(Aep/a)}  Aouanbauay
Z Keg

(Aep/d) Adouanbauy
L Aeg

bl @lqet

o

£31A130Y pue 2DURWA0SADd U} SHeD4 |B4IDadS JO UOLINGEASE(



82

[y
g2z L'LL 66l L'le | vle 0°52 X
.9°82 eyl 06l 8°€Z €wL L2y I
0°'1z €S g°6L €92 8'Gl 8°SlL|6L| H du-H1
N 0'61 1'ge @'te o6l {lel 9
€'9z £'S €92  8'GL 'S 0°LZ|6L| AH 1-H1
9" g 501 g'ol 9°LE ®8'sLIeL| 2
6°S ¢ 6°S G'E2 'ty [LL| MM HE9
G 8¢ G'BE ‘€2 1] 9 .
‘Gz 42l ‘6z 8'8l gegL loL] M dd
€2 L'ez 8'0e L'eg |eL] 9
2'9 ~g'gl  8'8l £°99 |9L| M SU0130933(
gy s8¢ 682 26l 96 0 [N | dnoug alqeaep
(Kep/a) Koudnbauay %
(%) P30l
(p,au02) - °

A3 4A130Y pue 2oUBWI0JA3d U} Syedd e

‘vl 219el

108dg Jo uo}Ingpadsio



.ty

83
cycle frequencies obtained. Subjects in bdth grodps displayed widwa varia- '
tions in spectral peak locations. %omé subjects showed rhythmicity on some.
vafiab?ég but not on others oihany particular day of testing.‘ Simi1ar1y
some subjects evidenced well developed cyclicity at the BRAC frequency for
a particular variable on one day but not on the next. 'Lastly. somg'subject&
showed a peak for a given variable on the first day at one frequency (e.q.,
at 9.6 c/déy)'but at a different frequency {e.g., 19.2 c¢/day) on the second
day. Genefa]ly then,¢consisfency of fesults_within one particular frequency
were not obtained either from gne variable £§ another or from one day to
the next.

Some Fepresentative'ddta'can be.presen;ed. “Figure 13 contains examples
of raw data time series obtained. The upper graph shows a quite d%stinct

75 minute rhythm in.fa1se positive respenses in a control subject, wkile the

Tower graph- shows ﬁeTétive]y‘more variable ﬁeSpqn¢ing with no obvious cyclici-
-ty'ih another control subject. Figure 14 shows the results of power spectral
. analysis, with a peak occurring at 19.2 c/day (75 minutes) in 1imb movement

-(on task) on the Teft hand side of the upper (HK subjects) and lower {control

subjects) graphs and'to’the right, no peak'showing at the critical frequency

'in the same variable. Figure 15 shows averaged power spectra for each varia-

ble for the HK and control éroups on Day 1. No peaks at 19.2 c/day are evi-
dent. Similarly, Figure-16 shows ave}aged power spectra for each variab%e
for the HK and control groups on Day 2.. ﬁn1y 1imb movement {during the task)’
shows s1i§ht peaking'at the Eritical ffequency; whffe the other variables do
not show a reliable peak at this-fredugnéy._1Statistica] evaluation (Wilcoxon
mqtc@eh péiré signed;ranks tesf) revealed no significant peak at 19.2

c/day compared to adjacent frequencies on any variable on either day.

-



Figure 13. Examples éf raw data timg'series for false positives (FP
. responses in-.two control subjects showing a-75-minute rhythm

(upper graph) and no obvious cyclicty (lower graph).

b

. v ) : '



T T e s g AT,

Responses

Responses

Trials - 2 4 6 8 10 12 1 16 18 20 22 24
Time 1hr. 2hr. 3hr. 4hr. Shr. chr.

- Trials 2 4 6 8 10 12 14 16 18 20 22 24
Time ' 1hr. 2hr.  3he 4hr. _Shr. 6hr.




- Figure 14. Examples df individual power spectral plots for 1imb movement
' (on task) showing a peak at 19.2 ¢/day for a HK subject (upper
left) and a control subject (lower Teft) and examgies of no
p.eal; at this frequency in a HK subject (uppe;_;\right) and a °
control subject (lower rigﬁt). ‘
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Figure 15. Averaged power spectra for performance and activity‘measures

" on'Day 1 (HK - solid line,. C- dashed line).
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Further analysis using the Chi-Square statistic was undertaken to
investigate whether either group showed an increased presence versus

absence of rhythm1c1ty at the critical frequency (19 2 c/day) A1l analyses

. .yielded non- s1gn1f\cant resu]ts for all variables on both days. Hhen this

analysis was repeated 1nc1ud1ng a wider range of frequenc1es (i.e., 1f a

sﬁEctraT peak occurred at 9.6, 19.2, or 28.9 c/day). the control group °

"showed a greater number of spectral peaks in these pooled frequenc1es for

detections on Day 2 compared to.the HK group (x2 6.22, p < .02}. No

.. other var1ab1es reached significance using the pooled frequency method.

>

'Re1ationships between davtime variables and preceding nocturnal sleep

Descr{ptive: analysis of the superimposition of waking rhythms. over
thé predicted occurrence of REM periods had sleep contfnued showed incon-
sistant results. Figures 17, 18, and 19 show representative data. (four
examples each) for detections, global body movements, and 1imb movement
during the rest periods respectively. All of the examples were based on

raw data exhibiting a 68-84 minute ultradian rhythm. Examples for detec-

tions (Figure-17) show peaking occurring within the inter-REM (NREM) phase

had sTeep continued. For global body movements (Figure 18) peaking also
occurs predominantly in the predicted inter-REM port%on The location of
the peaks wnthun this phase vary from near the beginning or onset, to the

middle port1on and toward the end of the NREM portion. With regard to

Timb movement during the rest periods (Figure 19) mixed results \are obtained.

The top graph shows peakes approximately in the middle of the préi;g&gd

+



Figure

A

-

Fourlexamples of the relationship between peaks in detections
duringrwakefuIness and the predicted occurrence of REMPs into
waking, Darkened portion represents the ﬁuration of the last
REMP of the preceding night's siéep, W - waking from sleep,

0 - predicted REMP dnset, M - predicted REMP midpoing.'
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Figure 18.

Four exampfés of the relationship between peaks in global
body mgovements during wakefulness and the predicted occur-
rence of REMPs into waking. Darkened porfion represents
the duration of the last REMP of the preceding night's ‘
sleep, W - waking from sleep; 0 - predicted REMP onset,

M - predicted REMP midpoint. |

"
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Figure 19.

Four examples of the relationship between peaks in waking

. 1imb movement during the rest periods and the predicted -

occurrence of REMPs in# wakefulness. Darkened portion
represents the duration of the last REMP of the preceding .
night's S]EFP’ W - waking- from sleep, O - predicted REMP

onset, M - predic%ed REMP midpoint.
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inter-REM phase. The secqnd_and third‘graphs show peaks coincident with

the onset of predicted REM per;ods and then gradual shifting. The fourth
graph shows peaks occurring at rougﬁl& the-preéi€¥éd REM onset time. The
geﬁera] conclusion drawn from this limited data suggests non-stationarity

- displayed by these waking rhythms with respect to the predicted occurrence

of REM periods. Due to the lack of consistency iﬁ occurrence of these

waking rhythms witﬂ respeét to tpe predicted REM and NREM phases and no
pub1isﬁéd documentation of mathematical eva]uétion, no statistical tests
werehattempéed. )

A further exampie of sleep-waking relationship in rﬁythms is presented
in Figure 20 in which the total previous night's sleep and waking rhythms in
deéect{ons andtfalse positive responses are graphed. Detections peék in the
NREM phase while false positive responses'are in phase with the occurrence
Jf predicted'SEM. This alsc éraphiéale‘represents the re1atfonship.of
detections to false positives which aré apbroximate1y 1800 out of phase tb
each other in this HK sﬁbject, supporting the significant negative correla-
tion between these variables as reported earlier.

To further investigate the relationships which might exist between
nocturnal sleep and waking variables, motor activity variables during these
two states were correlated. The correlations amongst these variables are
presented ih Table 15. Significant correlations were obtained between REM
twitches and 1imb movement during the rest periods (r = 0.57, p < .01) and
between NREM twitches and 1imb movement during the rest periods (r.- 0.45,

p < .05). No other cdrre1ations between waking and s1eep‘measures of mofiTity

-

reached significance.

AN
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Table 15

Correlation Matrix of Naking and Sleeping.HotiTity Measures

101

Waking Variable

Preceditg Nocturnal Sleep Variable

MT(min) MT(%) BM REMT NREMT
GEM -0.02 0.01 -0.07 -0.05 0.12
LM-T 0.32 0.35 ©0.0¢ 0.70 0.08
LM-RP ' 0.20 0.18 0.30 Q.57+ 0.45*
*D < .05
o < 01
*Mi(min) = movement time in minutes
MT(%) = movement time in percentage
BM = body movements
REMT = REM twitches
NREMT  « NREM twitlhes
GEM = glaobal body movement
LM-T = Timb movement on *ask
LM-RP = Timb movement during rest periods



Chapter IV
DISCUSSION

Sleep

Stages. The findings of this study support and extent results obtained
in the previous investigations of baseline sleep patterns of nonmedicated
HK children. In agreement with previous reports {except Luisada,'iQGQ) no
significant differences in absolute (minutes) or percentage'amountszgf the
various sleep stages were'fopnd between HK and normal control children.

The pattern of across.night differences observed for several sleep
variables (e.q., decreasing TWT, WASO, and NREM, and increasing TST, SEI, ’\
and REM)suggest the occurrence of the common phencmenon of sieep laboratory
adaptation. This well-known "first-nicht effect” (Agnew, Webb, & wil1iams;cg;)
1866; Dement, Kahn, & Roffwarg, 196%; Rechtschatfen, & Verdone, 1864 ;

Schmitt, & Kaelbling, 1871) was indexed in the present study by the reduced
amounts of REM sleep and greater amounts of wakiﬁg time on the first night

in the sleep laboratory compared to su uent recording nights. Since

previous reports examining the sleep and normal chiidren pave routfne1y
discarded data from the first one or two{nights, this dbservation provides
initial data on the existence of a first-night ect in nonclinical sampies
of this age group as well as in HK children.

Cycles. No significant group differences were found for either NREM or
REM average cycle durations, suggesting that fﬁe mechanisms governing the

periodic alternation of NREM and REM sleep are intact in these HK children.

»
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The- trends in §1eep cyéle duration across the night agree with previous
findings for human sleep indicating that intra-sleep cycles are not,congtant
in duration {Feinberg, 1974; Feiﬁberg, & Fond; 1979; Feinberg, Koresko, &
Heller, 1967}. However, the‘rgsﬁ]ts from thé present stydy do differ from
previous reports witﬁ regard to REM cycle duration across the.night. Feinberg
and Floyd (1979) reported'a curvilinear ("umbrella-shaped"}-trend in this
measure, with the first and fourth cycles being shorter in duration thén the
middle two, which were of nearly equivalent durations. The same analysis
applied to REM cycle data in the present study did not yiéId‘a cufviTinear-
trend corifigiration. Instead, the HK group evidenced a steadiT& declining -
linear trend in REM cycle duration acress the night, whi1g.the control group's
REM cvcles decreased in duration from the f{;st to the second cycTe,,1éngth—
ened in the third cycle, and finally decreased again in the fourth cycle.. .
The ‘longer first REM cycle length shown for both groups may be related to
REM onsé% latency. A positive relationship was found between REM onset
latency and the duration of the first REMP, such that the longer the latency
to REM oﬁset, the Tonger. the duration of the first REMP. The increased f{rst
REMP duration may have affeeted the subsequent first REM cycle length by extend-
;;E\ﬁts duration.

The NREM cycle durations across the night ere more consistent with those
observed in,prgvious reports, i.e., with the first cycle showing 2 longer
duration typical of children's sleep (Feinberg, & Floyd, 1979; Feinberg et
al., 1971 Williams, Karacan, & Hursch, 1974). This first NREM cycle duration .

was exaggerated in the HK group who showed a significantly longer REM onset

-—\\
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latency. The addition of wake time to these analyses increased the absolute
values, but did not change the‘cénfiguration of these REM and ‘NREM cycle
durations across the night.. | '

There has beén_a consuming interest in the REM s1eep‘cyc}e to the
exclusion of adequate considerations of éhe NREM portion of sleep. Feinberg
and Floyd (1979) have argQEd for a compréhensive description of the cyclicity
within sleep. As %s evident from the intra-sleep cycles in the present f_’//
study, REM cycle durations (mean = 90.5 miﬁutes) are much shorter than NRE%,
cycle durations (mean =« 109.7 minutes). The different rates of alternatio#
or period%city of these two sleep states méy indicate varying functional
properties for“these'two rhythms and point‘out the need for comprehensive
analyses of these intra-sleep rhythms to determine the general significance
of these vagiable oscillatory phenomena and their involvement in the diagnosis
of disorders of initiating and .maintaining sleep (insomnias), és well as
in disorders of the sleep-wake schedule (time zone changes, shift'hork,
delayed and advanced phase syndromes). ) =

Latencies. In the present study, latencies to the onset of the first REMP
were significantly longer in the HK group relative to cohtroTs. Although in
. many cases of younger children's sleep (e.g., 7-12 years old) the first REMP
| appears to be'hissed‘(Roffwarg,’Muzio, % Dement, 1966), the differential distri-
bution of latencies in the present study; together with previous reports of ex-
+ended REM onset latencies in HK subjects (Haig et al., 1974), warrants further
consideration of this variable.

A number df naturally occurring and experimentally-induced conditions are

known to influence latency tq\the first REMP. With regard to reduced REM iatency,
3
i

"//” . .
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normative data on the evolution of sleep structure and morphology foI]owiné the
course of developmental maturation ghow ﬁhat shorter REM onset latencies a;;
present in neonates and infants (Roffwarg, Muzio, & Dement,.1966). In the clas-
sic REM deprivé;ion paradigm.-subjecfﬁ increése the numgér of attempts at initia-.
ting REM (reduced latencies) during deprivation and display redgced latencies to
the first REMP during recovery sleep (Dement, 1960)}. Two clinical conditions

are also known to be related to‘reduced REM onset 1atenéy} In both Eepréssion
and narcolepsy, §ignificant1y reduced latencies to REM have been Ednsistently

" observed (Kupfer, 1976; Montp]aisir; Bi]]iérd, Takahashj: Bell, Ghi11eminan1t,

& Dement, 1978). Within the cqptext of the ontogenetic and REM deprivation lite-
rature as mentioned ﬁPove, iné}éased CNS excitability is €hought to be associatgd
with reduced REM‘onset latencies and‘increased REM amountjf which might possibly -
relate “to the presencé of a hyperaroused state. Applying this reasoning to the
jncreased REM latencies of MK children in the present study suggests the oppostte
interpretation, i.e., that these children may be centrally hypoaroused.

Extended or de1ayéd REM onset latencies are known to be influenced by matu-
ration. Feinberg et al. (1967) reported a mean REM onset latency of 140 minutes
for a sample of six-year old children and 123 minutes for a sample of 10-year old
children. In the present stud}, REM onset latencies in the HK group were more
similar to those of these younger-aged normal children. This could be interpreted

as suggestive. evidence for a developmental Tlag, although the remainder of their

sleep was relatively normal compared to similar-aged controls.

Various drugs such as amphetamines (Rechtschaffen, & Maron, 1664) barbitu-

rates’(Kaleg, Malstrom, Scharf, & Rubin, 1969), and alcohol (Johnson, Burdick,
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& éﬁith. 1970) are also known to extend REM onset latenc&. These drugs act
primarily as REM suppressing agents. In addition, experimental]y-induéed

total sleep déprivatibn and s]ow-w&?E"T§EEcifica11y stage 4) sleep deprivation
increase REM onseirlaténcy during recovery sleep (Agnew, Webb, & Williams, 1964;
B;;ger. & Oswai&:'TQSZ). Also, the témhoraT placement of sleep within the
. sleep-waking cycle can influence REM Titency. Naps taken in the morning show
decréased REM latencies. and cbntain‘more REM sleep, while naps in tg;.Jate
afternoon or early evening exhibit longer latencies to REM and cont;{n more
NREM sleep (Moses, Hord..Lubin. Jéhnson, &‘Naitoh, 1975). Studies examining
the effects of‘exercise on's]eep'have generally reported enhanced NRFM sleep
(specifically slow-wave) after exercise (Baekeland, & Lasky, 1966; Hobsqf,
_1968; Matsgmoto, sthisho, Suto, Sadohiro, & Miyoshi, 196S; Shapifs, Grt sel,
Bartel, & Jooste, IQTé;lZIoty, Burdick, & Adamsoﬁ, 1973). Severa]‘gf the ™
above studies, as well as otﬁérs thch failed to find exer;ise e%fects on s]eeb
~ stages, ex;mined REM onset latencies subsequent to exercise. Of these, three
(Baekeland, & Lasky, 1966; Hauri, 1968; Walker, Flovd, Fein, Cavness, Lualhati,
& Eeinberg, 1978) found no effect while five (éaeke?and, 1970; Browman, &
Tepas, 19765 Desjardins, Healey, & Broughion, 1674; Hobson, 1968; Matsumoto et
al., 1968) répoéted significantly longer REM onset latencies. Horne and Porter
(1976) abserved lenger latencies to the firét REMP in three of their eight
subjects. There is some support, then, for the association of increased pre-
sleep activity with longer REM énset latencies. This interpretation of activity

effects on subsequent sleep remains largely speculative since no evaluation or
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experimental control of presleep activity 1evé1s was provided in this study.
However, it is notab]e.in this regprd, that during the dayt%me testing off-
task periods, HK subjects djd exhibit significantly greater amounts 6f 1imb
movement. '

Thus, severa1 factors seem.to 1nf1uence the latency of the first REMP.
These include the effects of age (1ncreased NREM sleep in the first cycle with
maturation), time of day, and amount< of SW sleep preceding the occurrence of
REM sleep. It remains unclear as to whether the longer REM onset latencies
displayvedaby HK children in the present study are due to the natura11y-occurring
longer periods of sustained aroﬁsa1 dufing the aayt;me, increased motoric acti-
vity and the opportunity.for more enyironmentaI'%nteraction, maturational
factors influencing CNS development and differentiétion, or‘a‘coﬁbinatio; of
these elements. As previously stated, the increased diurﬂa1 motility in K
children mav be respensible for delaying REM onset, sucgigpat the postulated
restorative function of NREM sleep must first be satisfied 5efore medhanisms
responsible for the initiaticn of REM are triggered. Alternétively or in addi-
tion, there may be unknown factors influencing events occurring specificaliy
within sieep which‘may selectively alter SW or REM sleep initiation and main-
tenance mechanisms in the first cycie of sleep. - )
The iatency data has implications for differentiating between the hyper-

arousal ané hypoarousal theories of HK. I HK children are hyperaroused,

+hen minimizing external stimulation such as accurs when environmental
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stimulation is reduced in preparatioh for falling asleep, should induce

shorter sleep onset latencies relative to those exhibited by normal

children. Alterqative1y. Y set latencies in hypoaroused HK children
coqld be either shorter, sincefurthe reducing external stimulation wou]d
be conducive to initiating sleep, or longer, since these children might
persist in seeking stimu]ation»and thus delay the onset of sleep. Of the °
three studies examining sleep onsét latencies 1in HK‘;hildren. Feinberq et
al. (1974) found no differences, Haig et al. (1974) found longer latencies,
anﬁ Small et al. (1971) reported shofter Jatencies. The present study found
no signifiéant differences, alihoughlmean values were ionger for the HK
subjects. No significant effects of&exercise on latency tb sleep onset have

been reported other than Hobson (1955) noting 2 sleep enhancing effect with

rmoderate exercise in cats.

Motilitv during sleep. The results regarding metility during siegg in
HK children suppo-t the findings obtained by Small et al. (1971). They
found significantly greater amounts of muscle activity during both REM and
NREM sleep. In the present study, greater amounts of movemen: time, body
movenients and NREH twitches were cbserved in KK subjects relative to contraols.
The reiatively'stronger effect observed by Small et al. may derive from the

selection of HK subjects primarily on the basis of overt motoric restiessness,

whereas selection of HK subjects in the present study was not based soiely on this
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symptom. This greater restlessness during sleep could indicate the existence
of a possible continuity relationship between HK children’s wékinq~over-
activity carried over into sleep. <5

These results could also be interpreted within the context of the hyper/
hypo;rousaT theo;ies. Since REM sleep is a period of relatively .intense
physiological activity, hypqrarqused HK children might be expected to show
greater motility (twitches) dur:ng this state, in that the intense endogenously
produced activity wouT& furﬁher'faci]itate_exéitatory systems. However, if
HK chi]dren are hypoaroused, then falling asleep would further reduce arousal
Tevel <1nce externaT‘ea¥zronmenta1 stwmu]atqon is m1n1m1-ed these children
wou]d have to rely upon endogenously-produced st1nu1at10n Th1s.might be
manifested in a greater amount of NREM moter activity (twitches), since NREM
sleep is a state of relatively reduced physiclogical aétivity. Excessive
motoric activation during REM sleep might not be evidenced since the phvsio-
Togical activation provided by this state might_previde-sufficient endogencus +
activaticn.. A greater numbér of NREM twitches was Tound in the KK group,
while no group di%ferences in REM {witch frequency-were found in this studyv.
The results of the present study, with respect to motility would be cengruent
with the hypoarousal interpretation. 4;(’

Autonomic activity. This is the first study to report on zn autonomic

activity index during sleep in HK children. However, SSPR activity failed to
provide evidence of an autonomic phy<1oloc1Ca1 differentiation between HK znd
control children. The finding of no group differences in SSPR frequency during

the various sleep stages complements the previcus Titerzture investigating
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spontaneous or nnnspeéific SSPR Sctivity during wakefulness. Furthermore,
these observations parallel those observed for chi]drgn and normal youné
adults in previous sleep studies (Bioughton, Poirg, & Tassinari, 1965; |
Johnson, & Lubink 1966;: Koumans, Tursky, & Soloman;.1968; Lester, Burch, _‘

& Dossett, 1967). All of these studies, the present one inc]uded. found

the highest SSPR frequency in Stage 4, with Stage 2 next, and finally,

the lowest rates occurring during REM sleep. The results add further develop-
mental data concerning the maturation of autonomic nervous system response
pgtterns in this age range showing them to be comparable té those displayed

by normal adults.

' Eve movement activitv. Only two of the seven studies examining sleep

characteristics in HK children have reported eve movghent (EM) density mea-

sures during REM sleep (Feinberg et al., 1974; Smalf et al., 1971). Both
of these studies calculated EM density based on the \percentage of four-second
REM mini-epochs containing EM. They observed no significant differences

between groups on this measure during baseline sleep (Feinberg €t al.: HK =

-

43.8%; Control = 3873%; Small et'al.: HK « 43.1%; Control = 34.27). The
present study balcu1ated‘EN density on the basis of the percentage of two- _
seconé REM miﬁi-epcchs confaining EM. Therefore, the resolution of the EM
density analysis in this study was enhanced relative to that previousiy
reported. Still, the results of this more precise analysis were comparable ta

those reported above (HK = 42.1%; Control = 43.6%). It has been suggested

that various measures of EM density during REM'sieep may provide an index of
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the overall amount of CNS activation (Aserinsky, & Kleitman, 19553 Dement,l
Ferguson, Tohen, & Barchas, 1969). " One might have expected that if HK
ch11dven/;re central]y hyperaroused higher EM densities would be man1fested
or a1ternat1ve]y. 1f centrally hypoaroused Tower EM density during REM would
be evidenced. quever. since no sigpificant'group differences in EM density
were found, differential CNS activity as indexed by this measure is not
1nd1cated in these HK children compared to norma] children.
Furtqsr analyses of EM density both across and w1th1n REMPs in this "
study revealed resu}ts comparable to those previously reported for normal
young adults and for children (Aserinsky, 1969, 1971, 19733 Feinberg, 1974).
Using an extended night.sleep paradigm, Aserinsky (1969, 1973) noted a pro-
gressive increase in EM density with sucéessive REMPs, with a steep rise
between 7.5-10 hours of sleep. Théreaftér, with additional sleep, REM
density remained at this high level with Tittle variability. Since there
are usually no more than five REMRg during the couf;e of a night's sleep,
after some critical level of sleep accumulaéion, REM density may approach
a maximum. Aserinsky suggests that physiclogical processes related to
sleep reach a threshold level which then triggers wakiﬂg and prgvents any
additional rise in EM density. ‘d
Feinberg's (1974) results on chahges in EM density across REMPs in
children are consistent with those oEtainéd in this study. For children with

a mean age of 7.4 years, EM densities of (.56, b.48,A0.52 and 0.53 were found

for the first four REMPs respectively. For children with 2 mean age of 13.8
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years, these densitie; were 0.34, 0.46, leS. and 0.54. ;he hresent study
(mean age 10.6 years) found mean densities of 0.32, 0.41, 0.48, 0.50 across
REMPs (pooled data across groups). f

The suggestion that prior accumulation of REM sleep influences FM
density was examineﬁ in this study by iﬁvestigatihg the progression of ‘this
measure within REMPs.. It would be expected that as REM duration %ncreases.
density would also. Asérinsky (1971) observed a‘consistent pattern of Eﬁ
activity within the first 20 minutes of REMPs. EM density peaked 5-10
minutes following REM onset and significantly decreased in the latter 10
minutes. These findings were confinmed in the present subsample of chilidren
in which there was a significant increase from the'fifst-tq‘the'second.five-
minute block of each REMP (Figure 9) and in'a longer REMP of 30 minuées
duration (Figure 10). Aserinsky also observed an oscillatory phenomenon in
longer REMPS, i.e.,.2 40-minute REMP had two peaks and a 60-minute REMP
evidenced three peaks. Lavie (197¢) and Krynicki (1975) have supported this
observation by finding a 10-20 hinute periodicity in EM within REMPs in 7
normal adults.using spectral analyses. |

Thé results of the EM analyses revealed no significant group differences’
in this measure as a mean value for totaf REM, across successive REMPs, or
within REMPs. Moreover, these measures are comparzble fo those reported in
previous studies of sleep in chil&ren and adults.

In summary, the sleep of HK and normal children does not differ signif-
icantly with respect‘to amounts of conventional sleep stages, cycling charac-

teristics, autonomic nefvous system activity, or phasic EM activity. The



/

\
L’\-,ﬂ=dncreased REM onset latency and greater motility during sleep evidenced by

the NHK children in this study may be best accommodated by the hypoarousal
/_,A\_,,)\ﬂbeory of HX, but base& ﬁpon comprehensive sleep pattern evaluation, the

’ .existence of a major arousal dysfunction or abnormal Braiﬁ function in
tﬁese children does not appear to be indicated. These conclusiohs support
those of Hastings and Barkley (197S) that despite the psychophysiological

examination of a wide variety of arousal states ih these childrenita relia-

ble index differentiating HK from "normal" children has not been found.

Performance and Activitv in Hvperkinesis

HK children perform_poorly on tasks requiring focused, sustained
atténtion in relatively structured seitings {(Anderson, Haicomb, & Dayle,
1973; Douglas, 1972; Sykes et al., 1971). - This deficiency is evidént in
experimenter-controlled situations which are long in duration, such as
vigilance tasks. The finding in the present studylthat HK subjects made
fewer correct detections on the CPT is consonant with the interpretation of
a deficiency in sustaingg attention. There were, however, no between group
differences in false positive responding -- a measure which has Deen jnter-
preted as an index of impulsivity.

it is'intefesting to note that when Sykes et al. (1971) maninulated
the interstimulus interval (usiﬁg the same CPT), HK and normal chiidren-
made just as many errors of commission at a fast (Tetter stimulus every 1.0
second) rate of presentatioh, but controls made significantly fewer false

positive responses at a slower (stimulus every 1.5 seconds) presentation

rate. They suggested that normal children used theadditional time to
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assess each stimulus more efficiently and, therefore, could inhibit responding
to nonsignal stimuli, - In the present study iﬁ which the slower presentation |
rate {1.5 second interstimulus interval) was used, the HK subjects apparently
utilized this time just as effectively as controls siﬁce thev made just as
maﬁy cormission errors as control sudbjects. The significant negétive corre-
. lations (poolinag data from both groups) obtained on the two testing days
hetween detections and false positives are also noteworthy. This confims
the reciprocal relationship between these two measures, i.e.. as number of
detections increases, coﬁmission errors decrease.

These performance resul®s can be considered wjthin the postulated hyper/
hypoérbusaT framework;' Hvperaroused HK children, being unable to filter
stiﬁu1us input effectively, might respond inefficiently and make fewer correct
detections. Howéver, this model would aiso predict increased commissicn
errors. Since no aroup diffepences were found {n faTse pesitive responses,

.hyperarousal does not seem adequatie to explain these results. (On the other

_ hand, if HK children were hypoaroused, fewer detections would be expected

assuming .that HK subjects might not find the task stirulating encugh and
_would display lapses in attentive abilities which.would not effect false
positjvq responding. - -

The nature of results from the activity measures were unexpected. 1In
past studie§, giabal body movement and specific 1imb movement measures have
indicated increased restlessness in HK children while performing structured
tasks (Barkley, 1977; Juliano, 1974; Sykes et al., 1871; Ulimen et al., 1972).
In fact, Cromwell, Baumeister, and Hewkins (1963) have argqued for & causal

rélationship between the inability to sustain 2ttention and heightened activity



115

levels. In the present study, no differences were found in global body
movement during task performance and on only one day (Day 2) did HK subjects
exhibit greater (marginally significant} specific Timb motility at this time,
Furthermore, no significant correlations were obtained between performance
measures on the attention task and on-task measures of glodal body or Timb
movement. However, 3 positive correTatio:'was found between these two

activity variables on Day l-of testing. The lack of correlation between

h

stention and activity suggests that in this case, poor performance is not
related to motor restlessness. The positive relationship between the twe
activity measures is not surprising, since qreater glebal bedy movement otften
incorperates increased I%mb movement. i

The lack of greup differéntiation on mevement measures during the task
may have been influenced by the scheduiing imposed bv the experimental testing
situation. The task was cnly of five minutes duration with frequent "rest
periods" between testing trials, and HK subjects may have been able to effect-
ively inhibit excessive mevement for these short pericds of time. This may
account for the resuits of Dav 1 testing. However, on Day 2, EK subjects,
already familiar with the schecule of repeated testing, might have ‘been less
abie to inhibit this metility.

The signifjcantiy greater activity displayed by the HK ¢roup in Timb
movement during the rest period was also unexpected. Typicaliy, group
differences have not been found con movement indices during periods of free
play or in unstructured settings, and if the supervised off-tzsk periocds can
be equated to “free play” situations in previous experiments (E11is et &l.,

1974; Sleator, & von Neumann, 1974), then the above results are clearly



116

contrary to those previously reported. However, the supervision present
during these off-task intervals may have introduced an element of structure
intolthe situation and HK children may have perceived the situation as being
less under their own control and more exogenously initiated. The off-task
condition may haves therefore, been more equivalent to what Barkley (1977)
and Uliman et al. (1978) bave termad "restricted free play". In this context,
the presenf results are in suppert éf the above two studies showing greater
motility under such conditions.

Another bossible explanation of greater movement off-task may &e based
on the nature of the experimental setting. KK subjects may have been aware
cf the need to inhibit movement and did this effectiveiy while performing
on *ask since task duration was sher: {five minutes). Durina the off-task
periods, this inhibitien of movement may have been relaxed eventuating in
heightened activity levels., According tc hyperarousal theory, HK subjects
woulc have been expecied tc show excessive motiiity under all conditions. This
was not found in the present study. The results are more comparable with 2
hvpearousal interpretation according.to which the KK subjects mayv have found

the task sufficiently stimulating and, therefcre, found no need to increase

propricceptive and kinesthetic stimulation. They may have been ablesto focus

11}

ttention on the task, but mznifested an inability to dc so effectively, thus
accounting for the decreased number of detections. However, the monctony of
the off-task periods may have prompted increased motility in HK subjects.
Since HK chiidren's zbility tc sustain attention seems to be subject to
frequent lapses, it has been suggested that material to be learned be distri-

buted across a number of sessions (Sykés et al., 1973). In the present study,
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even with the introduction of frequent rest periods..the attentional deficit
indexed by fewer number of detections, persisted, but false pos1t1ve differ-
ences between groups were m1n1m1:ed. It is possible that th1s method of
presentation might be effective with extended testing since the experimental
setting aﬁd repeated performance on the CPT would eventually lose its‘novel
nature. This setting cannot be equated to typical learning situations such
as those which occur in the classroom, especially the social component inherent
in this setting which may be a necessary condition for HK behavior %o be dis-
piaved. The length and self-paced nature of Tearning tasks undoubtedly in-
fluences learning effectiveness in HK chiidren. Deficiencies in functional
‘mechanisms may become more evident (decreased attention, increased activity)

only when self-control is expected or demanded as in exogenously manipu]atéd

situations. ' -

Waking Ultradian Rhvthms

Results indicated the presence of waking u]tra?ian rhythms in performance
and motility in both HK and normal children. The presence cf these waking
rhythms has not been previously documented in this pediatric age group. There
are, moreover, several interesting features in these waking rhythms. Since
the intra-sieep (NREM/REM) cycle 1ength.in this age group js 70-90 minutes,
the frequency of brimary interest was 19.2 c/day (68-84 minutes). Spectral
peaks in performance and activity occurring sﬁecifical1y within this frequency
range were. inconsistently obsérved, i.e.; some subjects in both groups showed
no rhythm while others did, and some subjects evidenced cyclicity at one

frequency on one day but at another frequency on the next day in a particular
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-variable. These observations produced an extremely random pattern (Table 13)
with nearly equal distribution of spectral peaks across the chosen frequency
ranges. These variable results may have derived from effects of motivation
and information feedback.‘ These processes may mask or obscure the expression
of éndogenous rhythms in waking performance and motility. _For instance, .
subjects who displayed high motivation to perform well on the CPT, and were
interested in how they were performing may have been able to suppress the
possible cyclic expression inherent in these'wak%ng processes. In CQ“trift'
subjects with less motivation and little interest in outcome may allow more
variability in response to be manifested and, consequently; these rhythms
ﬁay be more c1ear}y expressed.

The saliency or expression of these waking rhythms may also be affected.
by fhé amount of noise (variability of response) in the system such that greater
noise levels mask the possible presence of waking ultradian rhythms. Evidence
of these rhythms may also be influenced in the present study, by the sampling
frequency and overall length of the testing interval (time series).. Only 24
data points defined the time series, and this may not have been sufficient
to detect the presence of ultradian periodicity in performance and activity.
It may be that only aftgr several hours of performing on task would cyclicity
begin to be clearly manifested.. Orr et al. (1976) have suggested that cognitive
processes may become more susceptible to the effects of an‘endogenous rest-
activity rhythm when fatigue increases and arousal level decreases. Initially
when the novelty of the task and situation are high, performance is optimaT,l

implying optimal arousal as well. During this time, one might expect little
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variability in responding and, therefore, little room for osci]létion in
performance. In this way, rhythmicity could be obﬁcured' by an optimal
combination of CNS arousal and task difficulty. With increasing time on task
and a consequent decrease in arousal, performance would deteriorate and
become more variable. At some threshold or zone of transition, fhe endoge-
nous rhythm would no longer be obscured...

Itmmight also be that waking ultradian rhythms are qot present in ﬁore
complex human behavior. However, in light of the mounting evidence for
ultradian rhythms in many physiological and behavioral variables, it seems
highly unlikely that this is the case. Several factors may interfere with
partialling out the rhythm of interest. They might include situational and
environmental]y-indﬁced determinants, influences of variable internal states
(arousal, fatigue), or a complex combingtion of both. The presence versus
absence of waking rhythms and the shifts in frequency observed in this study
may reflect the iﬁf]uence of these 1ittle-explored factors.

Due to the vafiabil%ty of results obtained in the present study, nothing
definitive can be said with regard to differential cyclicity for HK compared
with norma1 children. However, ﬁerhaps this very fact of a wide range of
cycliné frequencies points in the general direction of no differentiation.
Perhaps longer time series with more sensitive indices would reveal ultradian
cyclicities which afe highly correlated to the basic components of hyperkinetic
behavior and more generally, to human behavfor.

Relationships between waking rhythms and oreceding sleep. Kleitman

(1963, 1969) initially hypothesized the existence of an ultradian "oscillator",

S
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of which the BRAC was the most fundamental component, operating

thé 24-hour period. Support for the existence of‘this BRAC, which
thought to_moduIate activity in a number of physiological and 5ehaviora1\\s
variables, came from studies showing that sleep and waking processes 0 cil-

" Jate with a similar period length. However, few studies have examined the
phase relationships between previous or subsequent sleep and waking ultradian .
rhythms. To establish that a possible single periodic génerator éxists. one
might expect phase continuity across states, For example, REMFs during the
night which contain relatively greater physiological activity might be 1in
phase with ocular activity, optimai performance (high arousal) of qreater
motility during waking. Similarly, NREMFs during sieep which are retatively
Tower iﬁ physioTogiéaT activity might be in phase with ocular quiescence,
Jowered arousal or reduced motility during wakefulness.

In attempting to expiore these reiationships in the present study, REMF
predictions into wakefulness were made and waking ultradian rhythms were des-
criptively ana]ysed with respect to whether waking ﬁeaks in performance and
actiQity were coincident with predicted extensions of REM or NREM sleed
periods. These analyses revealed that'waking peaks occurred nearily randomly
in relation to the extrapolation of predicted REMPs intc wakefulness. -Scme
waking rhythms coincided with an increasing slope of transition, athers with
a decreasing siope of trarsition, and still others peaked either in phase with
the predicted REMP or with what would have been NREM had sleep continued.
Furthermore, some rhythms peaked with the occurrence of REM in the first pre-

dicted REMP but then shifted out of phase cn the second predicted REMP.
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Studies which have investigated sleep in an extended paradigm have not

routinefy reported REM cycle lenaths throughout the extended sleep period

'\

(Aserinsky, 1971; Aserinsky, 1973; Verdone. 1988; Webb, 1978) which makes it
difficult to assess what the prpd:cted occurrence of REM would be bevond the

- -~

normal 7-8 hours of sleep. In addition, further lTimitations are imposed on
the ability of subjects to maintain sleep effectively once satiation has

been reached.  However, same data tfrom those studies indicate that comulative

o

REM sleep in extended night paradigms is Tinearly related:to the tetal amcunt

¥

of sleen although Verdeone (1968) reparted a slight decline (nonsignificant)

in the length of REMPs after the fcourth REMF, Fur*“ermore._the diurnal periced-

icity is an important determinan?t of the cccurrence and duraticn of REM sleep.
The results from the present study seem L0 suppert the netieon of muitiple

cscillators cperating throuchout the Za-hour pericd. The wide distrituticn

across the various speciral {recuencies argue
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for the nonstaticnarity of waking uitradian rhvithms, This 1§ centrary &
Kleitman's propesai of z BRAC which is characterized as having iittie varigbiiity

in period lencth. It may te thet physicicgical mechanisms which triccer wake-

mechanisms respensible for cycliicity during wakefulness (reset mechanism).
This mav expizin the nonstaticnarity and lack of consistent prcce relaticnships
between sieep and wazking rhvthms. Even cduring sieep, nonstaticnérity is

ahserved for both deitz sieep (shartens as night progresses) and REM cleep



122

which lengthens as the night progresses (Webb, 1971). Taub and Berger (1973)
have provided additional supSBr for nonstationarity during sleep by observing
that NREM/REM cvcles were shorter during sleep periods between 4:00-12:00
(81.5 minutes) than dﬁring sleep periods from 20:00-4:00 (115.5 minutes). Also,
several studies have demonstrated a circadian modulation of yltradian rhythms,
Lavie (1977) reportad a circadian influence on the peréeution of the spiral
aftereffect which showed an ultradian rhythmicity of 14.4-21.68 ¢'day in the

ested that thig ghife

d
4]

morning and 10.8-14.4 ¢ 'day in the evening, 1% was sugQ

]

in frequency during waking may have deen the resylt of an accumelation of
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detecticn tasks and increased metility during the task as being equivalent ¢
a pericé c¢f heightened arcusal in relaticn (¢ cericds of off-task behavicr

which micht be equated *c states cf Tcwer arcusal. In cther werds, it migh

cr

ke zrgued that cn-task behavicr is o scme extent similar 4c REM in being &

=

!
arcused state and off-task behavicr simiilar tc NREM sleep, i.e. less activated.
Within the hvpearcusail model cf hyperkinesis, UK subjects may be receiving
cufficient stimuiation during REM (endogencus) and curing the waking task

(exagencus) tc keep their arousal

o

t an zdequate level. However, during NREM

sieep ané cff-task pericds during waking, the need for stimuiaticn beccmes

5

fic

ifected. Thic is reflected in sleep by increzsed phasic motor zctivaticn
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Phasic responsivity during both sleep and wakefulness rather than tonic levels
of activation may more accurately characterize the state of arcusal in these
HK subjects.

The existence of multiple oscillators operating at di%fering frequencies
and having the ability to shift from frequency teo andther may imply that
mechanisms which control rhythm\oity during one physiological state e.Q..
sleep?) may be independent of jeity in another state

\e.d.. waking processes), T
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Child's Name: Date:
Information obtained by: ’
Please ANSWER ALL_ITEMS with a check mark. '
) Degree of Activity Yoo
Observation Not al all Just a little Pretty much Very much

Restless or overactive

-

and unpredictable behavior |

2. Excitable, impulsive -
3. Disturbs other children
4. Fails to finish things he
.starts - short attention .
_ span
5. Constantly fidgeting
6. Inattentive, easily dis-
tracted
7. Demands must be met
immediately - easily
frustrated
§. Cries often and easily
9. Mecod changes quickly and
drastically
10. Temper oqutbursts, explosive

Comments:
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;

Listed beiow are descriptive terms of behaviour. Please place » check mark in the column’

which basf describes thls child, ANSWER ALL | TEMS,

Observation

, Deqgree of Activity

[Not at all

[ Just a 1it¥le [ Pretty much [ Very much

CLASSROOM BEHAVIOUR

Constantlv fidgeting

2, Hums and makes other odd noises

3.

Demands must be met immediately-
easliv frustrated

Coordination poor

Restiess o overactive

Excltable, impulsive

AR e A

Inattentive, easilv distracted

Fails to finish things he starts-—
short attention span

o.

Qverlv sensitiwve

10,

Qverly serious or sad

I,

Davdreams

12

. Sullen or sulkv

13,

Crles often and easilv

4.

Disturbs other children

15,

Quarrelsome

16,

Mood changes Quicklv and drasticallv

17,

Acts “smarth

18, Destructive

19, Steals

2. Lies

<l. Temper ouibursts, explosive and

-unpredictable behaviour.

GROUP PARTIC!FAT!ION

22,

isclates himself from other children

23,

Aptears te be unaccepted bv croup

24.

Apoears to be easilv led

i

No sense of fair plav

26.

Appears to lack leadershio

27,

Does nev get 2lenc with cocesite sex

28,

Ceces not get along with same sex

%.

Teases other children or interferes
with their acfivifies

R

ATTITUDE TCWARD AUTFOR!TY

30.

Subnissive

31 .-

Defiant

32,

|mpudent

33.

Ehy

34,

Fearfui

35,

Excessive demands for te=cher's
attention

36,

Stubborn

37,

Qverly anxigus to nlease

38.

Uncoccerative

- 36,

Attendance problem






