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Abstract t 

Thee hypothalamus, assumed to be vulnerable to radiation damage, is involved 
inn sleep-wakefulness regulation. The purpose of this controlled study was to 
investigatee whether cranial radiation therapy (CRT) in childhood leads to 
alteredd sleep-wakefulness organization in adulthood, and whether 
neuroendocrinee impairment, radiation dose, chemotherapy, age of treatment 
andd post-treatment interval are determinants of such alterations. 
Subjectivee (questionnaires) and objective (actigraphy) measures of circadian 
rhythmicityy and sleep were assessed in 25 subjects, 8 to 29 years after CRT 
forr medulloblastoma (n=17) or other intracranial tumors (n=8), and in a group 
off  27 age-matched healthy subjects. In the CRT-group, serum growth hormone 
(GH)) peak and concentrations of prolactin (PRL) and leptin expressed per fat 
masss (Leptin/FM) were determined. 
Thee sleep pattern in the CRT-group was not disturbed in the sense of short or 
fragmentedd sleep. On the contrary, a strongly increased sleep duration and a 
sleep-wakee rhythm with a higher amplitude and less fragmentation was found 
inn the CRT-group. There were no significant differences in subjective sleep 
parameterss apart from a trend towards less tolerance for alterations in the 
timingg of sleep in the CTR-group. Stepwise regression analyses showed no 
associationn between the sleep-wake rhythm and additional chemotherapy or 
post-treatmentt interval. By contrast, difficulty overcoming drowsiness was 
associatedd with GH-deficiency, increased PRL and Leptin/FM and an early 
agee at treatment. A decreased tolerance for alterations in the timing of sleep 
wass associated with increased Leptin/FM and high radiation dosages. Getting 
startedd in the morning was more difficult for those with increased PRL. Longer 
sleepp bout durations were associated with high radiation dosages. An increased 
sleep-wakee rhythm amplitude was associated GH-deficiency. 
Childhoodd CRT is associated with changes in the sleep-wake rhythm in 
adulthood,, most notably increased sleep duration. Neuroendocrine changes 
doo not determine this increase, but are associated with other sleep-wake rhythm 
measures.. Hence endocrine therapy can be expected to correct some, but not 
alll  of the sleep changes. 
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Introduction n 

Craniall  radiation therapy (CRT) is required for successful treatment of a variety of 
brainn tumors in childhood. The radiation field generally includes the hypothalamus. A 
numberr of hypothalamic areas and systems, e.g. the ventrolateral preoptic area (VLPO) 
inn the anterior hypothalamus and the tuberomammilary nucleus (TM) in the posterior 
hypothalamus,, are involved in sleep-wake regulation15, as indicated by animal studies. 

Inn addition, cholinergic and GABAergic neurons in the adjacent basal forebrain nuclei 
aree involved in sleep-wake regulation6. Furthermore, the hypothalamus contains the 
suprachiasmaticc nucleus (SCN) which is essential for the circadian organization of sleep 
andd many other rhythms in mammals7. Because the hypothalamus is included in the radiation 
field,field, it is possible that this may result in altered hypothalamic function. In clinical conditions 
associatedd with disturbances of circadian rhythmicity and sleep, structural and functional 
degenerativee changes of the SCN have been demonstrated in post-mortem brain material8-9. 
However,, there are no data are available yet as to possible structural neurodegenerative 
changess in the adult hypothalamus following cranial radiation therapy (CRT) for intracranial 
tumorss in childhood, and neither has the functionality of circadian regulation of sleep and 
wakefulnesss been studied systematically. Signs of short-term disturbances of in sleep-
wakefulnesss regulation in children after CRT, however, have been reported:: sleepiness is 
thee core symptom of the somnolence syndrome that is transiently present in about 60% of 
childrenn four to six weeks after completion of CRT10. Fagioli et al.11 performed an 
uncontrolledd study of sleep patterns in children treated with CRT17 years previously and 
foundd a normal amount and distribution of sleep stages in spite of decreased growth hormone 
(GH)) reserve. Sleep-wakefulness sequelae on a longer term have not been investigated 
systematicallyy previously. 

Subjectss treated with CRT in childhood also have a high prevalence of neuroendocrine 
deficienciess in adulthood, depending on age at treatment and total dose of radiation1214. 
Thee most common finding is impairment of the growth hormone axis . The precise site 
off  this radiation-induced damage within the hypothalamus-pituitary axis has not been 
established.. Although Shalet1315 convincingly argued, on the basis of neuroendocrine 
andd neuropharmacologic studies, for the hypothalamus to be the main locus for radiation 
damage,, golden standard dynamic tests differentiating endocrine deficiencies from 
pituitaryy and hypothalamic causes are lacking at present. Since neuroendocrine impairment 
byy itself may lead to changes in sleep regulation, the distinction between these two 
levelss will be extremely difficult. For instance, a controlled study in young adults with 
isolatedd GH deficiency that had not experienced CRT showed increased total sleep time 
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withh decreased relative REM sleep time16 Therefore, endocrine status should be taken 
intoo account in studies on sleep-wakefulness in subjects treated with CRT in childhood. 
Inn the present study, we included assessment of GH status, prolactin (PRL) and leptin 
expressedd per kg body fat mass (Leptin/FM), since a close association with the sleep-
wakee rhythm has been demonstrated for these hormones1720, and increased serum PRL 
andd leptin levels have been reported in CRT treated subjects14,2'~23 

Thee purpose of this study was to investigate whether treatment with cranial radiation 
therapyy (CRT) in childhood leads to alterations in sleep and circadian structure in adulthood. 

Wee also investigated possible determinants of such alterations, including neuroendocrine 
status,, dose of radiation, chemotherapy, age of treatment and post-treatment interval, as 
welll  as the correlations between GH, prolactin (PRL) and leptin (Leptin/FM). 

Subjectss and Methods 

Subjects Subjects 

Thee study was performed in two groups of subjects. The CRT-group consisted of 25 
subjectss (11 women and 14 men) treated with cranial radiation therapy for intracranial 
tumorss during childhood at the Emma Kinderziekenhuis (EKZ, Academic Medical Center, 
Amsterdam,, The Netherlands). Subjects were eligible if they were more than 5 years 
afterr cessation of treatment and over 18 years of age at the time of investigation. Exclusion 
criteriaa for the insulin tolerance test (ITT) were recent seizures, symptomatic ischaemic 
heartt disease and pregnancy. The study protocol was approved by the Medical Ethics 
Committeee of the Academic Medical Center (Amsterdam, The Netherlands). Written 
informedd consent was obtained from all subjects. 

Clinicall  and endocrine data of the CRT-subjects are summarized in Table 1. In all subjects 
(111 women and 14 men, age ; mean  SD), a complete medical history and physical 
examinationn were performed. All were post-pubertal (Tanner stage V). The median time at 
diagnosiss was 9 years (range: 4-19 years). The median interval between cessation of 
treatmentt and investigation was 16 years (range: 8-29 years). After surgery, all subjects 
weree treated with CRT with a mean dose to the cranium of 40.3  10.1 Gy (mean  SD) 
andd most subjects (n=22) with an additional boost, presumably not including the 
hypothalamic-pituitaryy region, of 16.2  7.3 Gy (mean  SD). Thirteen subjects had received 
additionall  chemotherapy. Two subjects were on replacement therapy with levothyroxine 
forr hypothyroidism and one with DDAVP for partial central diabetes insipidus. None of 
thee subjects had previously been treated for GH deficiency at the time of investigation. 
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Tablee 1. Characteristics and endocrine data of 25 subjects in the CRT-group, arranged according 
too GH-status (1-9 GH-deficient, 10-14 GH-insufficient, 15-25 GH-intact. 

CRT--
subject t 
no,, sex 

11 M 
22 F 
33 F 
44 M 
55 M 
66 F 
77 M 
88 F 
99 F 

100 F 
111 M 
122 M 
133 F 
144 F 
155 M 
166 M 
177 M 
188 M 
199 M 
200 M 
211 M 
222 M 
233 F 
244 F 
255 F 

Diag g 

nosis s 

med d 
med d 
med d 
med d 
med d 
astro o 
epen n 
cranio o 
nasoph h 
med d 
med d 
med d 
med d 
epen n 
med d 
med d 
med d 
med d 
med d 
med d 
med d 
med d 
astro o 
epen n 
astro o 

Agee at 
treatment t 

(years) ) 

8 8 
11 1 
8 8 
7 7 
5 5 

17 7 
5 5 
9 9 

15 5 
8 8 
4 4 

10 0 
6 6 

19 9 
13 3 
13 3 
11 1 
8 8 

17 7 
5 5 

15 5 
14 4 
5 5 

12 2 
5 5 

Post--
treatment t 

interval l 
(years) ) 

25 5 
17 7 
19 9 
21 1 
23 3 
10 0 
15 5 
10 0 
17 7 
17 7 
20 0 
14 4 
15 5 
11 1 
16 6 
10 0 
9 9 

14 4 
9 9 

14 4 
8 8 

19 9 
16 6 
16 6 
29 9 

Dosee of cranial 
radiation n 
therapyy and 
boostt (Gray) 

37(25) ) 
35(20) ) 
35(17) ) 
40(17) ) 
35(20) ) 
50 0 
54(12) ) 
30 0 
70 0 
35(15) ) 
35(20] ] 
35(15) ) 
35(15) ) 
55(15) ) 
35(17) ) 
35(20) ) 

25(30) ) 
35(20) ) 
35(20) ) 
35(22) ) 
35(20) ) 
42(20) ) 
55(10) ) 
50(15) ) 
45(20) ) 

Chemo o 
therapy y 

. . 
--
+ + 
--
--
--
+ + 
--
+ + 
+ + 
+ + 
+ + 
+ + 
--
+ + 
+ + 
--
+ + 
--
+ + 
+ + 
--
--
+ + 
--

Current t 
endocrine e 
therapy y 

T T 
--
--
--
--
--
--
0C,VP P 
0C,T T 

--
--
--
oc c 
oc c 
--
--
--
--
. . 
--
--
--
--
oc c 
--

GH H 
peak k 

(mU/l) ) 

5.0 0 
05 5 
2.6 6 
05 5 
6.0 0 
1.9 9 
5.8 8 
1.0 0 
1.0 0 
9.1 1 
9.1 1 

12.0 0 
7.9 9 
9.9 9 

20i i 
42.0 0 
53.0 0 
33.0 0 
56.0 0 
25.0 0 
59.0 0 
30.0 0 
60.0 0 
19.9 9 
38.0 0 

leptin/FM M 
(ng/ml/kg) ) 

.26 6 
U9 9 
1.11 1 
1.10 0 

nd d 
1.96 6 
.49 9 
.55 5 
.63 3 

1.27 7 
.35 5 
.25 5 
.75 5 

1.26 6 
.30 0 
.36 6 
.49 9 
32 32 
.40 0 
.45 5 
.24 4 
.46 6 

1.34 4 
.92 2 
.30 0 

prolactin n 

(ufl/l) ) 

75 5 
8.0 0 
75 5 
8.5 5 
6.0 0 

13.0 0 
115 5 
125 5 

105.0 0 
8.0 0 
55 5 
55 5 
5.0 0 
9.0 0 
55 5 
8.0 0 

115 5 
85 5 

30.0 0 
5.0 0 

145 5 
55 5 

46.0 0 
7.0 0 
65 5 

Abbreviations:: M=male, F=female, med=medulloblastoma, epen=ependymoma; astro=astrocytoma, 
cranio=craniopharyngioma,, nasoph=nasopharynx carcinoma, OC=oral contraconceptivun, 
VP=vasopressin,, T=thyroxine, GH peak=peak serum GH response to insulin-induced hypoglycaemia, 
Leptin/FM=serumm leptin expressed per kg fat mass, nd: not determined. 

Thee control group consisted of 27 volunteers in self-reported general good health, 

whoo were recruited among siblings, students, residents and staff of our institutes. We 

includedd 17 women and 10 men (age ; mean  SD) and studied sleep and circadian 

rhythmicityy in the same way and in the same period as in the CRT-group, as described 

below.. The CRT- and control group did not differ significantly in the proportion of 

womenn and men included (Chi2=1.88, df=l, p=0.17). 
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AssessmentAssessment of hormones and body composition in the CRT group 
Bodyy composition was measured by bioelectrical impedance analysis (BIA) using the 

Holtainn Body Composition Analyser (Holtain Limited, Crosswell, UK). BIA results were 
nott available in one subject. The serum concentration of leptin was measured by radio 
immunoo assay (RIA) (Linco Research, St Charles, MO, USA) with a detection limit of 0.5 
ng/mll  serum, a linear standard curve up to 100 ng/ml and an intra-assay variation ranging 
fromfrom 3.4 to 8.3%25. Prolactin (PRL) was measured by a solid phase, two-site, time-resolved 
fluoroimmunometricfluoroimmunometric assay (DELFIA Prolactin, Wallac Oy, Turku, Finland) with a detection 
limitt of 1.0 ug/1. The intra-assay coefficient of variation (CV) was 4-6% (5-24 ug/1) and 
thee inter-assay CV was 5.5-7.2% (4-50 ug/1), with reference values for plasma PRL of 4.0-
255 ug/1 in women and 0.5-19.0 ug/1 in men26. An insulin tolerance test in the post-absorptive 
statee had been performed as part of a previous study12. In short, blood samples were drawn 
too determine GH 30 and 15 min before and 15, 30, 45, 60 , 90 and 120 min after an 
intravenouss injection of 0.15 U insulin/kg body weight (Actrapid, Novo Nordisk, Bagsvaerd, 
Denmark).. GH was measured by an immunoradiometric assay (IRMA) (Nichols Institute 
Diagnostics,, San Juan Capistrano, USA). A peak plasma GH concentration of > 18.9 mU/ 
11 was considered a normal response. An absolute GH deficiency was defined as a GH 
responsee <6.75 mU/1 and an insufficient response between 6.75 and 18.9 mU/1 12. All 
assessmentss commenced at 9:00 AM. 

AssessmentAssessment of sleep and circadian rhythm 
Objectivee and subjective measures of sleep and circadian rhythms were investigated in 

bothh groups. Actigraphy (Actiwatch, Cambridge Neurotechnology, Cambridge, UK) was 
usedd to assess objective measures for circadian and sleep behavior. Actigraphs are small 
andd light-weight wrist-worn solid state recorders that record movement-induced 
accelerations.. In long-term recordings, the level of activity shows a circadian pattern that 
cann be quantified27- and indices of sleep quality can be estimated from the nocturnal levels 
andd patterns of activity. The patterning of periods of rest and activity is highly correlated -
butt not identical - to periods of sleep and wakefulness, and will be referred to as 'sleep-
wakee rhythm' throughout this paper. Subjects were asked to wear the actigraph for a week 
continuously,, and to indicate bed-times and rise-times both by pushing a marker button on 
thee Actiwatch and by keeping a sleep-wake log. The usefulness of actigraphy for 
investigatingg circadian rhythm27 and sleep28 disturbances has been demonstrated. The 
SleepWatchh software (Cambridge Neurotechnology, Cambridge, UK), which compares 
favourablee to other such packages29 was used for estimation of the following objective 
sleepp and circadian variables from the actigraphic recordings: 
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11 The duration of the sleep period, which is the time from sleep onset to final awakening. 
22 The percentage of time actually asleep in this period, i.e., the duration of the sleep 

periodd minus intervening awakenings. 
33 The mean sleep bout duration. This variable gives an impression of the structure of 

sleep.. Sleep is not one continuous process from bedtime to wake-up time, but is 
interruptedd by short awakenings which may or may not be perceived consciously. 
Thee mean sleep bout duration measures the average length of uninterrupted sleep 
betweenn two consecutive awakenings. Sleep bouts of long duration are related to a 
highh sleep efficiency, the occurrence of 'deep', i.e. slow-wave sleep, and are negatively 
relatedd to nocturnal awakenings30-31 

44 The intradaily stability (IS), quantifying the strength of coupling of the sleep-wake 
rhythmm to the 24-hour regularity in the environment27. A low IS is indicative for a 
weakk circadian rhythm. 

55 The intradaily variability (IV), quantifying the fragmentation of periods of rest and 
activity27.. A high IV is indicative of many transitions between periods of rest and 
activity,, as opposed to one sustained period of activity during the day and one sustained 
periodd of rest during the night. 

66 The relative amplitude (RA), quantifying the difference between daytime and night-
timee activity levels27. A low RA is also indicative of a weak circadian rhythm. 

Fourr questionnaires for evaluation of subjective sleep and circadian behavior were used: 
11 The Pittsburgh Sleep Quality Index32, to determine subjective sleep quality and 

disturbances. . 
22 The languidity scale of the Circadian Type Inventory (CTI)33, to assess the difficulty 

too overcome drowsiness (CTI-languidity) 
33 The flexibilit y scale of the Circadian Type Inventory (CTI)33, to assess the tolerance 

andd habits concerning flexible sleep times (CTI-flexibility) . 
44 The Composite Morningness Questionnaire (CMQ)33, to assess moraing-versus 

eveningg types, i.e. preferences associated with morning or evening activity. 

StatisticalStatistical Methods 
Groupp differences in the sleep and circadian rhythm variables were evaluated using 

Mann-Whitneyy tests at a significance level of 0.05. Within the CRT-group, stepwise 
regressionn analyses were performed in order to determine how sleep-wake rhythm 
variabless related to endocrine status (GH, PRL, Leptin/FM), total dose of radiation 
(Gy),, chemotherapy, age at treatment and post-treatment interval. Variables were log-

75 5 



ChapterChapter 5 

transformedd in case of deviation from a normal distribution (Shapiro-Wilk test). In 
addition,, sex was introduced because of sex differences in serum PRL and Leptin levels34. 

Givenn the large number of possible predictors as compared to the number of observations, 
stabilityy of the regression results was verified by randomly excluding observations; only 
stablee results are reported. In the regression steps the critical F-values were set at 4.25, 
correspondingg to a significance level of 0.05 for any single test35. Spearman's rho was 
calculatedd in order to investigate correlations between GH, prolactin (PRL) and leptin 
(Leptin/FM). . 

Results s 

Tablee 2 shows the median and range of the CRT- and control group on all variables. 
Thee CRT-group had a significant longer sleep duration than the control group, but did 
nott differ in the percentage of time actually asleep, or in the length of the sleep bouts. 
Thee CRT-group showed less fragmentation (IV) and a higher amplitude of their sleep-
wakee rhythm than the control group, but did not differ from healthy controls in their 
couplingg to the 24-hour environment. In spite of these differences, the CRT-group as a 
wholee did not differ from the control group on subjective measures, although there was 
aa trend towards decreased flexibilit y in the timing of sleep. 

Tablee 2. Median and range of the sleep and circadian variables in the CRT-group and control group. 
Thee fourth column indicates the significance level of the difference as evaluated with Mann-
Whitneyy tests. 

Variable e 

ObjectiveObjective  Variables 
Durationn of sleep period (min) 
Percentagee of sleep period asleep 
Meann sleep bout duration (min) 
Interdailyy Stability 
Intradailyy Variability 
Relativee Amplitude 

SubjectiveSubjective  Variables 
Pittsburghh Sleep Quality Index 
Circadiann Type Inventory: Languidity 
Orcadiann Type Inventory: Flexibility 
Compositee Momingness Questionnaire 

CRT-group p 

5199 (415-632) 
833 (71-92) 

13.00 (7.0-22.3) 
0533 (0.25-0.77) 
0588 (0.29-1.07) 
0.922 (0.72-0.98) 

44 (0-8) 

300 (22-46) 
222 (12-33) 
377 (22-46) 

Controll group 

4522 (358-552) 
866 (71-93) 

12.77 (8.0-225) 
0500 (0.26-0.75) 
0.844 (0.42-1.28) 

0.888 (0.62-0.96) 

44 (1-7) 
311 (19-42) 
255 (19-34) 

344 (26-49) 

P P 

0.0001 1 
0.13 3 
0.91 1 
0.61 1 
0.002 2 
0.03 3 

052 2 
0.61 1 
0.08 8 
0.46 6 
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Tablee 3. Results of the stepwise regression analyses indicating determinants for variation in the sleep 
andd circadian variables of the CRT-subjects. Asterisks indicate that the variable was log-
transformedd in order to improve normality of the distribution. 

Variables s 

flÈuAtitojAflÈuAtitojA  Vnrjttittnr 

i/B/ütnni/B/ütnn  taiioowi 
Durationn of sleep period (min) 
Percentagee of sleep period asleep 
Meann sleep bout duration (min) 
Interdailyy Stability 
Intradailyy Variability 
Relativee Amplitude* 

SubjectiveSubjective  Variables 
Pittsburghh Sleep Quality Index 
Circadiann Type Inventory: Languidity 

Circadiann Type Inventory: Flexibility* 

Compositee Morningness Questionnaire 

Predictor r 

Radiationn dose* 

GHpeak* * 

PRL* * 
GHpeak* * 
Agee treated* 
Leptin/FM* * 
Leptin/FM* * 
Radiationn dose* 
PRL* * 

Beta a 

052 2 

-0.45 5 

057 7 
-0.39 9 
-0.34 4 
0.30 0 

-0.60 0 
-0.35 5 
-0.67 7 

R2 2 

0.27 7 

0.20 0 

0.78 8 

0.64 4 

0.44 4 

F F 

8.68 8 

5.87 7 

16.45 5 

18.49 9 

18.29 9 

df f 

1,23 3 

1,23 3 

4,19 9 

2,21 1 

1,23 3 

P P 

0.007 7 

0.02 2 

<< 0.0001 

<0.0001 1 

0.0003 3 

Abbreviationss Beta=standardized partial regression coefficient, R2=Coefficient of multiple 
determination,, F=F-statistic, df=degrees of freedom, p=significance 

Tablee 3 shows an overview of the stepwise regression results. The GH peak was negatively 
associatedd with relative amplitude and CTI-languidity. Serum PRL was positively 
associatedd with CTI-languidity and negatively with CMQ-morningness. Serum leptin, 
ass expressed per kg fat mass, was positively associated with CTI-languidity and negatively 
associatedd with CTI-flexibility . The dose of radiation was positively associated with 
sleepp bout durations and negatively associated with tolerance for flexibilit y in the timing 
off  sleep (CTI-flexibility) . Age of treatment was negatively associated with CTI-languidity. 
Nonee of the variables were significant determinants of the duration of sleep period, IS 
andd IV. Sex, post-treatment interval and chemotherapy did not have predictive value for 
anyy of the sleep variables. 

Inn the CRT-group, there was a significant negative correlation of GH-peak with Leptin/ 
FMM (rho = -0.46, p < 0.03) but not with PRL. No significant correlation between Leptin/ 
FMM an PRL was found. 
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Discussion n 

Thee present study shows that high dose cranial radiation therapy in childhood is 
associatedd with objective and subjective changes in sleep-wake rhythm in adulthood. 
Thee most prominent change is an increased sleep duration. Moreover, the objective 
circadiann variables did not indicate an attenuated sleep-wake rhythm in the CRT-group; 
onn the contrary, the rhythms contained less fragmentation and were of higher amplitude 
thann in the control group. However, the increased sleep duration is likely to have 
contributedd to this apparent decrease in fragmentation (IV) and increase in amplitude 
(RA)) of the sleep-wake rhythm; during sleep, the activity is low and differences in activity 
overr adjacent hours are much less than activity differences during adjacent hours of 
wakefulness.. Indeed, there was a significant negative correlation between objective sleep 
durationn and fragmentation (Spearman's rho=-0.29, p=0.04) as well as a positive 
correlationn between objective sleep duration and relative amplitude (rho=.44, p=0.002). 
Inn addition, CRT-subjects tended to tolerate less flexibility  in the timing of their sleep. 

Itt may be argued that a difference in socio-economic obligations might be involved the 
increasedd sleep duration in the CRT-treated subjects, i.e., less social pressure to get up in 
time.. However, although not comparable as to the socio-economic status of the employment, 
thee majority of both patients and controls had jobs. In the control group, 22 subjects were 
employedd and 5 were students. In the CRT-group, 15 subjects had jobs (some part-time 
and/orr in sheltered employment), 5 were students and 5 were unemployed. Thus, in both 
groupss the majority of subjects led a time-structured life. Although the groups were not 
fullyy matched with respect to socio-economic status (Chi2=6.26, df=2, p=0.05), the fact 
thatt the CRT-subjects report more difficulties obtaining optimal wakefulness despite their 
increasedd sleep durations argues for other than socio-economic factors. 

Withinn the CRT-group, stepwise regression analysis indicated associations of sleep 
andd circadian variables with endocrine status. The association was weak for the objective 
variabless but rather strong for the subjective variables. Regression analyses indicated 
thatt the main group finding of the present study - the increased sleep length in CRT-
subjectss - was not significantly related to their GH status. On the other hand, CRT-
subjectss with lower GH peaks had larger circadian amplitudes, suggesting uninterrupted 
sleep.. In spite of this, the subjects with lower GH peaks reported most difficulties 
overcomingg drowsiness (languidity). These results suggest difficulties obtaining an 
adequatee level of wakefulness rather than adequate sleep. Increased sleep length in adults 
withh isolated GH-deflciency has been reported, with beneficial effects of GH-suppletion 

78 8 



OrcadianOrcadian rhythm, and sleep sequelae after craniospinal irradiation 

onn day-time vigor16. Since GH gives negative feedback GHRH secretion.x, it is tempting 
too suggest that a part of our data may be explained by decreased inhibition of GHRH 
neurons.. It has been demonstrated in human that GHRH promotes sleep37, and an animal 
studyy suggests the preoptic area to be the site of action of the sleep promoting effect of 
GHRH38.. High prolactin levels were also associated with increased difficulty with the 
transitionn from sleep to wakefulness, as indicated both by higher languidity and reduced 
morningnesss scores, i.e. a low preference for getting up and being active in the morning. 
Thiss finding may be related to increased slow wave sleep - from which the transition to 
wakefulnesss is difficult - during the last hours of sleep. Like GH, pulses of PRL secretion 
aree associated with the occurrence of slow wave sleep17, and in patients with elevated 
PRLL levels due to prolactinoma, the amount of slow wave sleep is increased especially 
att the end of the sleep period18. 

Highh levels of leptin, expressed per kg fat mass, were also associated with difficulties 
overcomingg drowsiness, and furthermore with decreased tolerance for flexibility  in the 
timingtiming of sleep. Leptin shows a circadian rhythm which is negatively correlated with the 
circadiann amplitude in body temperature and has been suggested to play a role in circadian 
regulation19.. In rats, exogenous leptin increases slow wave sleep39. A previous study by 
otherr investigators demonstratedd higher serum leptin levels in adults that received CRT in 
childhood23.. In accordance, we found a negative correlation between GH reserve and serum 
leptinn expressed per kg fat mass (Spearman's rho = -0.46, p < 0.03). Nonetheless, it is 
uncertainn whether this is due to GH-deficiency or rather to hypothalamic damage per se. 

Thee relation between prior cranial radiotherapy and alterations in sleep-wakefulness 
regulationn is supported also by a clear dose-effect relationship. A higher dose of radiation 
wass associated with longer sleep bout durations and decreased tolerance for alterations 
inn the timing of sleep. Treatment at young age was associated with increased difficulty 
overcomingg drowsiness. The post-treatment interval and chemotherapy showed no 
significantt associations with any of the sleep variables studied. These findings support 
thee notion that CRT-induced alterations in hypothalamic-pituitary functioning are related 
too the dose of radiation and the age at treatment13. 

Ourr results cannot give a clear answer to the question whether childhood cranial 
radiationn impairs hypothalamic versus pituitary function. Since sleep length was 
significantlyy increased in the CRT group as a whole, whereas multiple regression indicated 
noo significant contribution of endocrine status to sleep length, our data are suggestive of 
hypothalamicc damage. Our results, however, do not indicate significant disturbances in 
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thee hypothalamic SCN, given the strong rather than poor organization of the circadian 
rhythmm in rest and activity. The different nuclei of the hypothalamus may thus have 
differentt sensitivity to CRT-induced alterations. In addition, the involvement of endocrine 
statuss - especially in the subjective measures of sleep and circadian structure - suggest 
ann involvement of pituitary hormones in the expression and experience of the sleep-
wakee rhythm. Our data can thus not exclude either the hypothalamus or the pituitary as 
aa possible primary site of damage resulting in altered sleep-wake rhythms. 

Thee reduced possibility to attain optimal wakefulness, found in the present study, has 
implicationss for the quality of life. Decreased vigilance in survivors of childhood brain 
cancerr interferes with neuropsychological functioning and quality of life40,41. Poor 
concentrationn and attention is the most frequent neuropsychological problem in parent 
reports42.. Inn a recent study on long-term neuropsychological and quality-of-life sequelae 
followingg childhood CRT, of all cognitive measures investigated the attentional deficits 
weree most significantly related to young age at treatment and high dose of radiation, and 
cognitivee functioning was the most prominent impairment on the health-related quality-
of-lifee scale40. In GH-deficient adults, impaired energy level was the most common 
complaintt in a quality of life assessment43. 

Treatmentt of these complaints related to a disturbed sleep-wake rhythm is of clinical 
relevance.. GH-suppletion in adults with isolated growth hormone deficiency has been 
reportedd to reduce sleep time and increase of day time vigor16. Given the negative 
correlationn of GH and leptin levels44,45, and the normalization of elevated leptin levels 
byy GH treatment in GH-deficient subjects46, GH-suppletion might partially improve 
bothh GH and leptin associated sleep-wake disturbances. On the basis of our present 
observations,, a follow-up study, re-investigating sleep and wakefulness in the CRT-
groupp after GH treatment would be highly informative on the contribution of GH 
deficiencyy per se to the observed changes. This will be the subject of our ongoing studies. 
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