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Medical history of optic chiasm
compression in patients with
pituitary insufficiency affects skin
temperature and its relation to
sleep

Skin temperature after chiasm compression
Abstract

The hypothalamus is crucially involved in the circadian timing of
the sleep-wake rhythm, yet also accommodates the most important
thermoregulatory neuronal network. We have shown before that
adults with pituitary insufficiency and history of chiasm compression
due to a tumor with suprasellar extension fall asleep later and sleep
shorter than those without such history, and presume hypothalamic
involvement. To solidify the hypothesized link between vigilance
and thermoregulation by the hypothalamus, we aimed to test the
hypothesis that the presumed hypothalamic impairment in these
patients also affects skin temperature and its association with sleep
onset. In a case-control study of 50 patients (54.7 ± 14.5 yrs of age,
30 males) with pituitary insufficiency, 33 of whom had a history
of chiasm compression, ambulatory distal and proximal skin
temperatures were assessed continuously for 24 h. Sleep parameters
were assessed via questionnaire. Group differences in mean skin
temperature, calculated over the wake and sleep periods separately,
and group differences in the strength of association between presleep skin temperature and sleep onset latency were compared.
Results showed that patients with a history of chiasm compression
had lower proximal skin temperature during the day (34.1 ± .7
vs. 34.6 ± .7°C, p = .045). Additionally, the typical association
between sleep onset latency and pre-sleep distal-to-proximal skin
temperature gradient was absent in these patients (r = -.01, p = .96),
while it was unimpaired in those without chiasm compression (r =
-.61, p = .02). Thus, patients with a history of chiasm compression
show impaired skin temperature regulation in association with
disturbed sleep. The findings support the hypothesis that a medical
history of chiasm compression affects hypothalamic regulation of
both vigilance and temperature, possibly by chronically affecting
relevant nuclei, including the ventrolateral preoptic area and
anterior hypothalamic preoptic area.
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Introduction

T

he hypothalamus is responsible for many of the body’s homeostatic
processes, including pituitary function, osmoregulation, sleep-wake cycle,
appetite control, and regulation of body temperature. Tumors invading the
hypothalamus may give rise to dysfunction in any of these domains, resulting
in distinct clinical conditions, e.g., pituitary insufficiency, diabetes insipidus,
somnolence or hyperactivity, hypothalamic obesity, and dysthermia (Bauer,
1954). More subtle abnormalities in these domains may easily go unnoticed
in patients treated for pituitary insufficiency or be considered part of intrinsic
imperfections of hormone substitution therapy (Romijn et al., 2003). We and
others have demonstrated that patients with pituitary tumors and history of
visual impairment due to compression of the optic chiasm have shorter sleep
duration and increased daytime somnolence (Borgers et al., 2011; Van der
Klaauw et al., 2008) that could not be attributed to differences in hormone
replacement therapy. The hypothesized mechanism is mechanical impairment of
the hypothalamic area containing several nuclei, including the suprachiasmatic
nucleus (SCN), the biological clock of the brain, which plays a critical role in
the sleep-wake cycle (Moore, 2007). Within close vicinity of the SCN lies the
preoptic area (POA) containing thermosensitive neurons that play a central role
in the control of core body temperature (for review on functional architecture
of the thermoregulatory system see Romanovsky (Romanovsky, 2007). When
core body temperature rises the firing rate of warm-sensitive neurons increases,
inducing a heat defense response that includes skin vasodilatation and sweating
via a complex and incompletely understood pathway. Vice versa, on exposure
to cold, warm-sensitive neurons decrease their firing rate, ultimately resulting
in skin vasoconstriction and shivering. Dysthermia, sometimes perceived as
thermal discomfort, has been reported in patients with hypothalamic lesions
(Bauer, 1954). In these patients, temperature defense responses may be impaired
and consequently patients poorly adjust to changes in ambient temperature.
Impairment of body temperature regulation may contribute to the previously
observed changes in sleep-wake rhythm in patients with pituitary insufficiency,
as recent studies showed an association between spontaneous fluctuations in
skin temperature and sleepiness or vigilance (Fronczek et al., 2006; Gradisar
& Lack, 2004; Kräuchi et al., 1999, 2000; Romeijn & Van Someren, 2011).
Skin temperature may also play a role in the effect of early morning light on
sleep and vigilance (Gasio et al., 2003; Van de Werken et al., 2010). Indeed,
mild warming of the skin within the thermoneutral range - insufficient to alarm
the thermoregulatory mechanisms - enhances sleep propensity (Fronczek et al.,
2008; Raymann et al., 2005, 2008; Raymann & Van Someren, 2007). Given
the hypothalamic involvement in the regulation of skin temperature and its
association with sleep regulation, we here investigated skin temperature and its
association with sleep and sleepiness in patients with presumed hypothalamic
damage. For this purpose, we conducted a cross-sectional study in patients
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with pituitary insufficiency to investigate the 24-h profile of skin temperature
and its association with sleep. We hypothesized that in the group with chiasm
compression, thermoregulation and its association with sleep would be disturbed
as compared to the group without chiasm compression.

Materials and Methods
Patients
Patients between 18 and 80 yrs of age with pituitary insufficiency, i.e., at least one
impaired central endocrine axis, were recruited through our Endocrine Outpatient
Clinic (Academic Medical Centre of the University of Amsterdam). Patients who
had previously been treated for a tumor with suprasellar extension were invited
between December 2006 and December 2008 to participate in this crosssectional study. Shiftworkers were excluded. All patients were seen on a regular
basis by an internist-endocrinologist for clinical and biochemical evaluation.
Conventional hormone replacement therapy was given if appropriate according
to the standard clinical practice, consisting of L-thyroxine, hydrocortisone,
sex hormones, growth hormone (GH), and/or vasopressin analogs. To exclude
possible confounding effect of hormonal deficiencies, only patients with pituitary
insufficiency on hormone replacement therapy were included.
Excessive production of pituitary hormones had not been present for at least 5
yrs in patients with a history of a hormone producing tumor. GH-deficiency was
defined as a serum GH-peak <9 mU/L during an intravenous insulin tolerance
test or GHRH-arginine test. Body mass index (BMI)-dependent cutoff amounts
have become available, with values for lean (BMI <25), overweight (25≤ BMI<30),
and obese (BMI ≥30) patients of 11.5, 8.0, and 4.3 μg/L, respectively (Corneli
et al., 2005). In our laboratory, the cut-off for the GHR H-arginine test of a GH
peak <9 mU/L corresponds to 1.6 μg/L (Endert et al., 2006). This indicates that
our diagnosis of growth hormone (GH) deficiency is based on reliable test results.
Thyroid stimulating hormone (TSH) deficiency was defined as serum TSH within
or below the reference range (.5-5.0 mU/L) and free T4 below reference range (<10
pmol/L). In men, luteinizing/follicle stimulating hormone (LH/FSH) deficiency
was defined as serum testosterone below the reference range (<11 nmol/L). In
postmenopausal women LH/FSH deficiency was defined as gonadotropins
below normal postmenopausal range (<20 U/L). In pre-menopausal women,
LH/FSH deficiency was defined as secondary amenorrhoea lasting for at ≥ 1 yr.
Adrenocortictropic hormone (ACTH) deficiency was defined as a serum cortisol
peak <550 nmol/L after 1 µg intravenous infusion (i.v.) of synthetic ACTH
(Synacthen), cortisol peak <550 nmol/L during an i.v. insulin tolerance test, or
serum 11-deoxycortisol <200 nmol/L after overnight metyrapone. All blood
samples were drawn between 08:00 and 10:00 h after an overnight fast. Diabetes
insipidus was defined as persistent polydipsia and polyuria in the absence of
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hyperglycemia or hypercalcemia after pituitary surgery. A water-deprivation test
was used to confirm the diagnosis if necessary. Fifteen out of 20 female patients
had hypogonatropic hypogonadism of which 10 received estrogen replacement
therapy. Four out of 5 patients with an intact HPG axis were premenopausal.
Unfortunately, we did not collect information on the menstrual phase of these
four patients when studied. Patients with hypogonadotropic hynogonadism were
evenly distributed among the groups. All included patients had history of masses
in the sellar region that were typically benign, non-metastasizing, non-invasive,
and slow-growing tumors. Pituitary adenomas are the most common mass lesion
seen, and they are simply classified by size: lesions <10 mm transversely are termed
microadenomas and those >10 mm are macroadenomas. The clinical classification
separates adenomas into those that are hormonally active (e.g., prolactinomas)
and those that do not have measurable evidence of hormonal activity, referred
to as non-functioning adenomas. We reviewed reports from ophthalmologic
examinations at initial presentation of the tumor in all patients. Patients were
defined as having optic chiasm compression when the ophthalmologist in
attendance at that time of diagnosed visual impairment, i.e., visual field defects
or progressive loss of visual acuity in the presence of a tumor with suprasellar
extension. None of the patients had cranial nerve involvement (N III, IV, V, or
VI) due to lateral tumor extension.
Protocol
The protocol applied validated methods to assess skin temperature over 24 h by
means of miniature loggers (Van Marken Lichtenbelt et al., 2006) and to assess
sleep timing, sleep quality, and daytime sleepiness by means of questionnaires
(Buysse et al., 1989; Johns, 1991), as described in detail below. Assessments were
wireless and unrestrained under naturalistic conditions allowing for one’s habitual
sleep-wake pattern. The study protocol was approved by the Medical Ethics
Committee of the Academic Medical Centre of the University of Amsterdam
and conducted in accordance with the Declaration of Helsinki and conformed
to international ethical standards for biological rhythm research (Portaluppi et
al., 2010). All participants provided written informed consent.
Skin Temperature
Skin temperature was assessed for 24 h using iButtons (type DS1922L, Maxim/
Dallas, USA), acquiring temperature data samples at 30-s intervals with a
resolution of .0625°C. The method has been validated and is described in detail
elsewhere (Van Marken Lichtenbelt et al., 2006). Skin temperature was measured
at two locations. Distal temperature was obtained from the dorsal side of the
base of the middle finger (Tdistal). Proximal temperature was obtained from
the infraclavicular area on the chest (Tproximal). The iButtons were affixed with
adhesive tape (Fixomull stretch, BSN medical GmbH, Germany) on the side of
the non-dominant hand in order to prevent interference with everyday activities
as much as possible.
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The Association between Skin Temperature and Sleep
Previous studies showed associations of (i) sleep onset latency with pre-sleep
skin temperature, (ii) sleep depth and sleep continuity with nighttime skin
temperature, and (iii) daytime alertness and daytime skin temperature. In
order to evaluate abnormalities in these associations in patients with a medical
history of chiasm compression as compared to those without, the Pittsburgh
Sleep Quality Index (PSQI, Buysse et al., 1989) was used to assess Bedtime, Getup time, subjective Sleep Onset Latency, Sleep Efficiency, Sleep Duration and
Daytime Dysfunction, while the Epworth Sleepiness Scale (ESS, Johns, 1991)
was used to assess daytime alertness.
Data analysis
From the raw temperature traces, periods suspect of representing artefacts, as
indicated by extreme outlying values of either temperature or its rate of change,
were automatically removed and interpolated, as previously described in detail
(Van Marken Lichtenbelt et al., 2006). In addition to the finger and chest
temperature, we calculated their distal to proximal gradient (DPG). The latter
has been suggested to show a stronger association with sleep propensity than
skin temperature at any single area of the body per se (Kräuchi et al., 1999).
For the skin temperatures and their gradient, three averages were calculated: one
for daytime, one for night-time, and one for the 1.5-h interval before bedtime.
This was done on an individual basis, based on the self-reported bedtime and getup time. Daytime was defined as the period from .5 h after get-up time until .5
h before bedtime. Night-time was defined as the period from .5 h after bedtime
until .5 h before get-up time. The pre-bedtime period was defined as the 1.5-h
interval before bedtime (Kräuchi et al., 1999).
Five sleep parameters were examined. Self-reported habitual Bedtime, Get-up
time, and Sleep Onset Latency of the PSQI were examined and additionally used
to calculate the Sleep Period, defined as the time between Bedtime and Get-up
time minus Sleep Onset Latency. The PSQI item sleep duration was used to
calculate Sleep Efficiency, defined as the percentage of sleep in the Sleep Period.
Two daytime functioning parameters with respect to sleep were examined. First,
the PSQI Daytime dysfunction rating was used; minimum scores (0) indicate
little daytime dysfunction, while maximum scores (3) indicate pronounced
dysfunction. Furthermore, the ESS was used to assess alertness; minimum
scores (0) indicate little sleepiness, while maximum scores (≥9) indicate high
sleepiness.
A number of possible confounders were assessed. In order to evaluate whether
possible group differences were not secondary to group differences in sleep
complaints indicative of excessive daytime sleepiness (EDS), periodic limb
movements (PLM) or obstructive sleep apnea syndrome (OSAS), patients filled
out a validated Dutch version of the Sleep Disorders Questionnaire (SDQ,
Douglass et al., 1994; Sweere et al., 1998). This questionnaire also allowed for an
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evaluation of the possible confounding effect of naps on daytime temperature,
because it includes a question that asks participants to indicate their habitual
napping behavior on a 5-point Likert scale, ranging from never to very often or
always. Given previous reports on their effects on skin temperature and/or sleep,
we additionally evaluated as possible confounders: GH deficiency (Ismailogullari
et al., 2009; Tanriverdi et al., 2006), age (Raymann et al., 2007), and BMI
(Petrofsky et al., 2008). Possible involvement of these confounders was evaluated
first by group differences with respect to age, napping behavior, GH deficiency,
BMI, and SDQ subscales for sleep complaints indicative of EDS, PLM, or
OSAS. In addition, in case group differences on one of the primary temperature
outcome measures was found, a general linear model was run in order to evaluate
whether the group difference on temperature remained significant after inclusion
of these possible confounders as covariates in the model.
Statistical Analysis
Group measures are presented as mean ± standard deviation (SD) for normally
distributed variables and as median (range) for not normally distributed
variables. Group differences in the mean daytime, nighttime, pre-bedtime skin
temperatures, sleep parameters, and possible covariates were tested using twotailed independent samples t-tests for normally distributed interval variables, or
Mann-Whitney U tests for not normally distributed interval variables as well as
for ordinal variables. Group differences in categorical data were tested with Chisquare tests or with Fisher’s exact test in case of expected counts less than five.
Within both groups, correlations were calculated to quantify the associations of
(i) Sleep Onset Latency with pre-bedtime skin temperatures, (ii) habitual Sleep
Efficiency and duration of the Sleep Period with nighttime skin temperatures,
and (iii) Daytime Dysfunction (PSQI) and sleepiness (ESS) with daytime skin
temperatures. Interval variables that were not normally distributed were first
normalized using the Blom transformation (Blom, 1958) prior to correlation
analysis. Correlations of ordinal variables were tested based on Spearman’s rho.
Partial correlations were calculated in order to exclude possible contributions
of age, sex, BMI, history of surgery or radiotherapy. For each of the partial
correlations, these possibly confounding variables were included as covariates
if they correlated with the outcome measure at a significance level of p < .05.
Correlations between Sleep Efficiency and skin temperatures were calculated
with the effects of Sleep Period partialled out, as earlier studies showed that
longer sleep duration results in a lower sleep efficiency (Levine et al., 1988).
Group differences in the strength of association between skin temperature
and sleep parameters were evaluated by comparison of z-transformed Pearson
correlation strengths. In order to verify that patients with and without a history
of chiasm compression did not differ systematically with respect to the time
of year of assessment, the difference between the group circular day-of-the-year
means and angular deviations was evaluated using a Mardia-Watson-Wheeler
test (Batschelet, 1981).
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Results
Out of the 57 patients who took part in the protocol, temperature data were
missing in four cases and incomplete in one case. All data were excluded in
one patient who reported to have fallen ill during the measurement, which was
likely to confound skin temperature because of fever and staying in bed during
daytime. Finally, sleep parameters were missing in one case. Of the remaining 50
subjects (30 male, 54.7 ± 14.5 yrs of age) 33 had and 17 did not have a medical
history of chiasm compression. Before treatment of the tumor, 29 patients had
visual field defects, nearly always accompanied by loss of visual acuity. Impaired
bilateral visual acuity without visual field defects was present in one patient, and
impaired visual acuity without information about visual field defects was also
present in one patient. Complete ophthalmologic information was missing in
two patients.
Clinical characteristics of the groups and their biochemical parameters
Clinical characteristics are shown in Table 1. The observed proportions of
hormonal axis deficiencies did not differ between groups for ACTH deficiency
(p = .68; Fischers exact test), GH deficiency (p = .76; Pearson’s Chi-Square), TSH
deficiency (p = 1.00; Fischers exact test), LH/FSH deficiency (p = .50; Fischers
exact test), or antidiuretic hormone (ADH) deficiency (p = .73, Fischers exact
test). Furthermore, the proportions of total number of deficient axes did not
differ between groups either (p = .71, Fischers exact test). Because previous work
indicated more disturbed sleep in patients with GH deficiency (Ismailogullari
et al., 2009), a general linear model was run with the PSQI summary score as
outcome measure and both group and GH deficiency as regressors. The PSQI
summary score was not significantly affected by either factor (respectively, p = .21
and p = .72). The difference with mentioned previous work may relate to the fact
that Ismailogullari et al. investigated a different patient population (Sheenan’s
disease) and used a different method (polysomnography).
Biochemical characteristics are shown in Table 2. No differences between patients
with and without history of chiasm compression were found in serum free T4
levels (14.3 ± 3.7 vs. 15.3 ± 3.2 pmol/L, p = .34) or age-adjusted IGF-1 levels
(-.63 ± 1.2 vs. -.73 ± 1.2, p = .78). Similarly, no between-group difference in ageadjusted IGF-1 levels was found when only GH-treated patients were compared
(-.33 ± 1.38 vs. -.35 ± 1.42, p = .98). Measuring age-adjusted IGF-1 is useful for
monitoring proper treatment of GH disorders. As GH is known to affect sleep
in GH-deficient adults, a difference in age-adjusted IGF-1 level between patients
with and without chiasm compression would be a potential confounder. When
comparing all patients, urine production over the 24 h and urine osmolality did
not differ significantly between groups (p = .76 and p = .42, respectively). The
timing and dosage of hydrocortisone tablets did not differ between patients with
and without history of chiasm compression (20 (15-60) vs. 20 (20-40) mg/24
h,p = .81).
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Type of suprasellar tumor
Macroadenoma:
prolactinoma
macroadenoma
Gonadotropinoma
non functioning
Craniopharyngioma
Lymphocytic hypophysitis
Microadenoma:
ACTH producing
Ependymoma
Dysgerminoma

n

6
2
2
16
5
2

33

18.2
6.1
6.1
48.5
15.2
6.0

Chiasm Compression
Number of
individuals (%)

Table 1 Clinical characteristics of the groups.

3 17.6
1 5.9
2 11.8

1 5.9
2 11.8

4 23.5
4 23.5

17

No Chiasm Compression
Number of
individuals (%)
p
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2
5
7
15
4

Sum of deficient axes
1 deficient axis
2 deficient axes
3 deficient axes
4 deficient axes
5 deficient axes
6.1
15.2
21.2
45.5
12.1

25.7
19.5
24.8
23.9
6.2

1
5
2
6
3

14
10
14
13
5

5.9
29.4
11.8
35.3
17.6

25.0
17.9
25.0
23.2
8.9

.71

.68
.76
1.00
.50
.73

*Clinical characteristics of the patients with and without a history of chiasm compression. All diagnoses were histopathologically confirmed. No
statistics were performed on suprasellar tumor types. No significant between-group differences were found in the observed proportions of both the
axis deficiencies as well as the total number of deficient axes.

29
22
28
27
7

Hypothalamic-pituitary axis deficiency
ACTH deficiency
GH deficiency
TSH deficiency
LH/FSH deficiency
ADH deficiency

Skin temperature after chiasm compression

111

112

-.33

51.7%
31.0%
17.2%
296.9
20

14.3
-.63
2062
542

±

±

±
±
±
±

1.38

144.7
(15-60)

3.7
1.2
914
226

Chiasm Compression
mean ± SD
%
median
(range)
33

-.35

5.0%
28.6%
21.4%
405.8
20

15.3
-.73
2157
490

±

±

±
±
±
±

1.42

235.3
(20-40)

3.2
1.2
1183
182

No Chiasm Compression
mean ± SD
%
median
(range)
17

.98

.16
.81

1.00

.34
.78
.76
.42

p

*Biochemical characteristics of the patients with and without history of chiasm compression. L-thyroxine, vasopressin analogs, and hydrocortisone
tablets were used respectively by all TSH deficient, all ADH deficient, and all ACTH deficient patients. No significant between-group differences were
observed for any of the biochemical measures. HC: hydrocortisone. *25 out of 32 patients were treated with recombinant growth hormone (rhGH)
therapy.

fT4 (pmol/L)
Age-adjusted IGF-1 (SD)
Urine production (mL/24h)
Urine osmolality (mOsm/kg)
ACTH deficient patients
HC dosage over the course of the day
10-5-5 mg
10-0-10 mg
other
Cortisol levels after HC ingestion (nmol/L)
Total HC dosage (mg/24h)
rhGH-treated patients*
Age-adjusted IGF-1 (SD)

n
All patients

Table 2 Biochemical characteristics of the groups.
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In addition, serum cortisol concentration 240 min after ingestion of the
morning hydrocortisone dose, which gives a reliable and convenient assessment
of circulating cortisol levels in these patients, were comparable in both groups
(296.9 ± 144.7 vs. 405.8 ± 235.3 nmol/l, p = .16).
Characteristics of the groups and their sleep and temperature parameters
Group characteristics are shown in Table 3. A medical history of chiasm
compression was more frequent in males and less often associated with
radiotherapy. Of all sleep parameters examined, only habitual Bedtime was
significantly later in patients with than without history of chiasm compression.
There was one probable late chronotype in the group of patients with history
of chiasm compression (PSQI indicated bedtime of 03:00 h and get-up time
of 11:00 h) and one probable early chronotype in the group of patients without
history of chiasm compression (PSQI indicated bedtime of 20:30 h and get-up
time of 04:30 h). Figure 1 shows the temperature and gradient curves of the two
groups over the 24-h measurement period. Group averages and differences for
the sleep parameters as well as daytime, nighttime, and pre-bedtime temperatures
are summarized in Table 3. Patients with history of chiasm compression versus
those without such history had significantly lower mean proximal, but not distal,
daytime temperature (34.1 ± .7°C vs. 34.6 ± .7°C, p = .045). Group differences
with respect to bedtime and daytime proximal skin temperature could not be
attributed to group differences in sex ratio or history of radiotherapy: Sleep Onset
Latency and daytime proximal skin temperature did not differ between groups
receiving radiotherapy (p-values .73 and .47 respectively) or by sex (p-values .60
and .86, respectively) as grouping variables.
Possible confounders
Groups did not differ either with respect to age (p = .32), napping behavior (p
= .75), GH deficiency (p = .76), BMI (p = .06), and SDQ subscales for sleep
complaints indicative of EDS (p = .69), PLM (p = .90), or OSAS (p = .11). In
order to evaluate whether the difference in daytime proximal skin temperature
between patients with versus without a history of chiasm compression was not
secondary to possible confounders, a general linear model was run that included
the factor chiasm compression and the covariates age, napping behavior, GH
deficiency, BMI, and SDQ subscales for PLM, EDS, and OSAS. Of these
covariates, only napping behavior (ß = .29 ± .10, p = .002) and OSAS score (ß
= -.37 ± .14, p = .009) were significantly associated with daytime proximal skin
temperature. The effect of a history of chiasm compression, however, remained
significant (p = .037) after inclusion of the covariates.
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Sleep parameters
Bedtime (hh:min)
Get Up Time (hh:mm)
Sleep Onset Latency (min)
Sleep Period (hh:mm)
Sleep Efficiency (%)

male/female
surgery yes/no
radiotherapy yes/no
age (yrs)
BMI
Interval between diagnosis and
current study (yrs)
Interval between surgery and
current study (yrs)

n

16.3 ± 7.0

13.2 ± 10.3

22:44
(20:00-02:00)
07:19
(04:29-09:00)
15
(5-60)
08:25 ± 01:31
87
(50-100)

19.4 ± 9.0

15.0 ± 10.7

23:22
(22:29-03:00)
07:22
(04:59-10:59)
10
(5-90)
07:39 ± 00:57
95
(46-100)

6 / 11
14 / 3
14 / 3
51.9 ± 15.9
31.2 ± 5.0

17

No Chiasm Compression
mean ± SD or
median
(range)

24 / 9
30 / 3
14 / 19
56.2 ± 13.7
28.3 ± 5.2

33

Chiasm Compression
mean ± SD or
median
(range)

Table 3 Characteristics of the groups and their sleep and temperature parameters.

.03
.56
.25
.09
.23

.32

.15

.02
.40
.008
.32
.06

p
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-2.4 ± 2.4
-.6
(-5.0-1.9)
.2 ± .6

DPG (˚C)
daytime
pre-bedtime
nighttime

(0-3)
(1-24)

-2.9 ± 3.0
-.4
(-9.9-1.1)
.2 ± .8

34.6 ± .7
34.7
(33.2-35.9)
35.4
(33.2-36.0)

32.6
(22.8-34.2)
34.5
(25.3-36.0)
35.4 ± .6

1
4

.55
.52
.92

.045
.27
.07

.89
.44
.17

.75
.71

*Group measures are presented as mean ± SD for normally distributed variables and as median (range) not normally distributed variables. Group
differences in the mean daytime, nighttime, pre-bedtime skin temperatures, distal-to-proximal gradient (DPG), sleep parameters, and possible
covariates were tested using two-tailed independent samples t-tests for normally distributed interval variables, or Mann-Whitney U tests for not
normally distributed interval variables as well as for ordinal variables. Group differences in categorical data were tested with Chi-square tests or with
Fisher’s exact test in case of expected counts less than 5. A history of chiasm compression was more frequent in males and less often associated with
radiotherapy. Patients with history of chiasm compression had later habitual bedtime and lower daytime proximal skin temperature.

34.1 ± .7
34.5
(32.0-35.5)
35.1
(33.4-35.8)

Tproximal (˚C)
daytime
pre-bedtime
nighttime

(0-2)
(0-12)

32.2
(25.4-34.7)
34.0
(27.6-36.0)
35.2 ± .4

1
3.5

Tdistal (˚C)
daytime
pre-bedtime
nighttime

Daytime Dysfunction (0-7)
ESS
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36.0

Distal Temperature

35.0

Temperature (°C)

34.0
33.0
32.0
31.0
30.0
No history of chiasm compression
History of chiasm compression

29.0
28.0
10:00

Bedtime no chiasm compression
Bedtime with chiasm compression

12:00

14:00

16:00

18:00

20:00

22:00

00:00

Time of day (hh:mm)

02:00

04:00

06:00

08:00

10:00

Proximal Temperature

35.5

Temperature (°C)

35.0

34.5

34.0

No history of chiasm compression

33.5

History of chiasm compression
Bedtime no chiasm compression

33.0
10:00

Bedtime with chiasm compression

12:00

14:00

16:00

2.0

18:00

20:00

22:00

00:00

Time of day (hh:mm)

02:00

04:00

06:00

08:00

10:00

Distal-to-Proximal Gradient

1.0

Temperature (°C)

0.0
-1.0
-2.0
-3.0
-4.0
No history of chiasm compression
History of chiasm compression

-5.0
-6.0
10:00

Bedtime no chiasm compression
Bedtime with chiasm compression
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Figure 1 24-h group average profiles of distal skin temperature (top), proximal skin
temperature (middle), and distal-to-proximal gradient (bottom) for patients with history
of chiasm compression (solid lines) and those without such history (dashed lines). Median
bedtime and its range are indicated at the bottom of each graph for both groups (bedtime for
the group without history of chiasm compression, open circle and dotted line; Bedtime for
the group with history of chiasm compression, filled square and continuous line). Note the
between-group difference in proximal temperature throughout most of the day and night.
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Group differences in associations between temperature and sleep parameters
Table 4 shows the correlations between skin temperature parameters and sleep
parameters. In patients without a history of chiasm compression, Sleep Onset
Latency correlated significantly with pre-bedtime distal skin temperature and
its gradient to proximal skin temperature, in agreement with previous studies
on healthy people: sleep latencies were shorter for those with higher pre-bedtime
distal temperatures (r = -.59, p = .02) and showed higher distal-to-proximal
gradients (r = -.61, p = .02). In contrast, no significant correlations were present in
the group with a history of chiasm compression. The groups differed significantly
in the magnitude of their correlations between Sleep Onset Latency and DPG
(p = .04). This could not be attributed to lack of statistical power to detect a
correlation; on the contrary, the number of subjects in the group with history of
chiasm compression (n = 33) was considerably higher than the number of subjects
in the group without such history (n = 17). The correlations represent partial
correlations after partialling out BMI, since BMI correlated significantly with
Sleep Onset Latency in the group with chiasm compression (r = .43). A scatterplot
suggested a similar correlation in the group without chiasm compression (r =
.09), likely nonsignificant because of the limited power to detect it in a group of
only half the size of the group with chiasm compression.
The groups did not differ significantly in the magnitude of their correlations
between Sleep Efficiency and distal temperature (p = .65), proximal temperature
(p = .06), and DPG (p = .09). The correlations represent partial correlations with
the effects of Sleep Period partialled out, as described earlier.
Similarly, the groups did not differ significantly in the magnitude of their
correlations between the duration of their Sleep Period and distal temperature
(p = .20), proximal temperature (p = .46),and DPG (p = .09). The correlations
represent partial correlations with the effects of age and a history of surgery
partialled out. This was appropriate because of the significant correlation between
age and Sleep Period in the group with chiasm compression (p = .02) and the
finding that in this group patients with a history of surgery had a longer Sleep
Period (p = .01).
The groups did not differ significantly in the magnitude of their correlations
between Daytime Dysfunction and distal temperature (p = .17), proximal
temperature, (p = .71), and DPG (p = .13). Likewise, no significant differences
were found between groups in the magnitude of correlations between Sleepiness
and distal temperature (p = .08), proximal temperature (p = .82), and DPG (p
= .09).
Finally, with respect to the time of year of assessment, the group circular means
and standard deviations were 16 June ± 74 d (mean phase angle ± angular
deviation) in patients with a history of chiasm compression and 7 May ± 6 d in
those without such history, which did not differ significantly (Mardia-WatsonWheeler Chi2 = 3.78, p > .15).
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Sleep Period

Sleep Efficiency
(%)

Sleep Onset
Latency

nighttime Tdistal
nighttime Tproximal
nighttime DPG

nighttime Tdistal
nighttime Tproximal
nighttime DPG

pre-bedtime Tdistal
pre-bedtime Tproximal
pre-bedtime DPG

Sleep parameter Temperature parameter

.08
.23
-.18

.04
.36
-.39

-.11
-.25
-.01

.68
.24
.34

.83
.05
.03

.55
.18
.96

Chiasm Compression
r-value
p-value

-.07
.44
-.35

-.11
-.25
.17

-.59
.29
-.61

.81
.13
.25

.70
.38
.57

.02
.29
.02

No Chiasm Compression
r-value
p-value

.66
.49
.61

.65
.06
.09

.09
.10
.04

Between-group
p-value

Table 4 Correlations between sleep and temperature parameters within-group, and between-group significance of the difference
in correlation strength.
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daytime Tdistal
daytime Tproximal
daytime DPG

daytime Tdistal
daytime Tproximal
daytime DPG

-.36
.07
-.41

-.24
-.14
-.25

.04
.73
.02

.20
.46
.17

.25
-.02
.19

.22
-.26
.25

.40
.95
.53

.41
.33
.36

.08
.82
.09

.17
.71
.13

*In the group without chiasm compression, sleep onset latency correlated significantly with pre-bedtime distal-to proximal gradient (DPG), in agreement
with previous studies on healthy controls. These correlations were smaller and non-significant in the group with history of chiasm compression. The
right-most column shows the significance of the difference in correlation strength. Furthermore, in patients without history of chiasm compression,
the DPG was significantly correlated to habitual sleep efficiency. These correlations were non-significant in the group with a medical history of chiasm
compression.

Sleepiness

Daytime
Dysfunction
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Discussion
We hypothesized that compression of the optic chiasm would be associated
with changes in the regulation of skin temperature and its association with sleep
propensity. The two main findings of this study support this hypothesis.
The first major finding of the present study is that patients with history of chiasm
compression have lower proximal temperature, reaching statistical significance
during the daytime. Although we found significant between-group difference
only in daytime proximal temperature, nighttime proximal temperature did
show a trend toward significance (p = .07). A post-hoc independent samples
t-test revealed the proximal temperature averaged over the entire 24-h period
was also significantly lower in patients with a history of chiasm compression
(34.4 ± .6˚C) as compared to those without such a history (34.8 ± .6˚C; p =
.04). This finding supports our hypothesis the altered sleep characteristics in
patients with pituitary insufficiency and history of optic chiasm compression
may result from hypothalamic dysfunction. This notion is further supported by
the finding of a similarly lower proximal temperature in patients with narcolepsy,
a disorder which is known to involve hypothalamic dysfunction (Fronczek et
al., 2006). While the .5°C difference between daytime proximal daytime
temperatures might at first seem clinically insignificant, previous studies showed
that manipulations of proximal skin temperature even within a narrow range of
less than 1°C significantly affect sleep onset latency (Raymann et al., 2005) and
sleep depth (Raymann et al., 2008).
Regarding sleep parameters and nighttime temperature, we did not find any
differences in Sleep Efficiency or Sleep Period between subjects with or without
a history of chiasm compression. It should be noted in the group of patients
with a history of chiasm compression, DPG correlated negatively with Sleep
Efficiency. Previous studies on healthy people have shown that a higher DPG
is normally associated with an increased propensity to fall asleep (Kräuchi et
al., 1999). This seeming discrepancy between our current finding and those of
previous studies provides another, albeit indirect, indication of a disturbance of
the link between the regulation of sleep and temperature in patients with history
of chiasm compression. It should be noted, however, that a major limitation of
the present study was lack of polysomnographically assessed sleep.
Concerning the daytime sleepiness measures and daytime temperature, previous
research showed that fluctuations in daytime proximal skin temperature
are positively correlated with sleepiness in healthy subjects (Romeijn & Van
Someren, 2011). Of note, the mean daytime proximal temperature of the patients
with history of chiasm compression was lower than the range of 34.3 to 35.7°
C previously reported in healthy subjects assessed under similar circumstances
(Romeijn & Van Someren, 2011), while the temperature of the group without
history of chiasm compression fell within the lower part of this normal range.
The second main finding was the significant correlation of Sleep Onset Latency
and the pre-bedtime DPG, previously described in healthy controls (Fronczek
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et al., 2006; Kräuchi et al., 1999), was present in the group of patients without
history of chiasm compression, while it was absent in the group that had suffered
chiasm compression. In view of this clear difference, it is tempting to suggest that
the delayed bedtime found here and previously in patients with history of chiasm
compression (Borgers et al., 2011) might, in part, be due to lack of sensitivity of
the hypothalamic sleep-regulating network to afferent skin temperature signals
that have been demonstrated to promote sleep in healthy people (Raymann et
al., 2005, 2008). The fact that both groups had pituitary insufficiency and,
therefore, both received comparable hormone replacement therapy, as evident
by the biochemical characteristics of both groups, argues against between-group
differences in hormone concentrations as an explanation for our findings. As far
as statistical power is concerned, the sample size of 33 patients is sufficient to
detect regression coefficients with a medium to large effect size (f 2 = .26, i.e., in
between the convention of .35 for medium and .15 for small) at a power (1-ß) of
.81 and a two-sided alpha of .05.
Although the biochemical characteristics show no significant differences
between groups, it could be argued that because of the inclusion of patients
with several causes of tumor with suprasellar extension, the groups are inherently
heterogeneous. However, since this heterogeneity would also extend, itself,
within groups, finding a significant correlation between skin temperature and
sleep onset latency in one group only and not in the other argues in favor of the
robustness of the findings. It could be argued that the thermoregulatory pathway
of skin temperature and its effect on sleep are functional in the group without
chiasm compression and dysfunctional in the group with chiasm compression,
despite the inherent heterogeneity within each group. It is important to note
that since our subjects no longer suffer from compression of the optic chiasm,
but only have done so in the past, our study, combined with previous findings
(Borgers et al., 2011), suggests that past compression of the optic chiasm leads to
continued hypothalamic damage.
Several hypothalamic nuclei may be involved in the finding that sleep onset
latency and pre-bedtime distal to proximal skin temperature gradients are no
longer associated in patients who have history of chiasm compression due to a
tumor with suprasellar extension. One of these is the suprachiasmatic nucleus
(SCN), the biological clock of the brain (Moore, 2007). SCN lesions eliminate
the circadian (~24-h) rhythm that is normally present in most, if not all, behaviors
and physiological processes (Stephan & Zucker, 1972). A second important part
of the hypothalamus involved in sleep regulation is the preoptic area, notably the
median and ventrolateral preoptic nuclei (mnPO and VLPO) (Gong et al., 2004;
McGinty & Szymusiak, 2001; Sherin et al., 1996). Since the preoptic area of the
hypothalamus is located just above the optic chiasm, mechanical damage due to
pressure could subtly affect its function in sleep regulation.
The present study has a number of limitations that can be addressed in follow-up
studies to allow for more detailed conclusions. First, unfortunately, HRT does not
completely mimic endogenous hormone secretion profiles, and as a consequence,
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pituitary hormone deficiencies are possible confounders of the relationship
between chiasm compression and skin temperature regulation in association with
sleep. Therefore, we did not compare patients with CC to a healthy control group,
but rather to a control group with a similar degree of pituitary insufficiency.
The presence of comparable proportion of various hormonal deficiencies and
replacement therapies as well as the comparable serum hormone levels between
groups argues against differences in hormonal substitution strategies as a
causative factor for the impaired skin temperature regulation in association with
disturbed sleep. Second, possible reasons for the lower daytime proximal skin
temperature in patients with a history of chiasm compression need to be closely
examined. For more definite conclusions, it is recommended that future studies
include detailed assessment of daytime activity level and posture, both of which
affect skin temperatures (Tikuisis & Ducharme, 1996; Van Marken Lichtenbelt
et al., 2006). Laboratory studies inducing postural and skin temperature changes
would be of help elucidating causality. It is feasible that a common process can
affect both sleep and thermoregulation without causal relationship between the
two, for example, whether the extent of hypothalamic damage does, or does
not, include both thermoregulatory and sleep regulating nuclei. Third, a larger
sample may be necessary to elucidate which of the heterogeneous characteristics
of patients is most closely related to the differences in proximal skin temperature
and the association of the distal to proximal skin temperature gradient with
sleep onset latency. Ideally, within-subject, repeated-measures would be of value
to address the latter association. Fourthly, polysomnography may reveal group
differences in sleep estimates and their association with skin temperature for
which our present subjective sleep assessment was too insensitive.
In conclusion, the present study shows that chiasm compression due to a tumor
with suprasellar extension is associated with changes in the regulation of skin
temperature and its association with sleep regulation in patients with pituitary
insufficiency. Proximal temperature is lower and the DPG prior to bedtime does
not show the normal association with sleep onset latency. The findings point
to hypothalamic dysfunction and may be involved in the delayed bedtimes in
patients with a history of chiasm compression.
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