
page 1 of 9 
 

SUPPLEMENTARY FILE 

 

Compression of the optic chiasm is associated with reduced photoentrainment of the 

central biological clock 

 

Tessel M. Boertien1,2,3, Eus J.W. Van Someren4,5,6,7, Adriaan D. Coumou8, Annemieke K. van den 

Broek1, Jet H. Klunder1, Wing-Yi Wong1, Adrienne E. van der Hoeven1, Madeleine L. Drent2,3, Johannes 

A. Romijn1,9, Eric Fliers1,3, Peter H. Bisschop1,2,3 

 

1
 Amsterdam UMC location University of Amsterdam, Endocrinology and Metabolism, Meibergdreef 9, Amsterdam, The 

Netherlands 

2 
Amsterdam UMC location VU University, Internal Medicine, Section of Endocrinology, De Boelelaan 1117, Amsterdam, The 

Netherlands 

3 
Amsterdam Gastroenterology Endocrinology Metabolism, Endocrinology, metabolism and nutrition, Amsterdam, The 

Netherlands 

4 
Netherlands Institute for Neuroscience (NIN), Sleep and Cognition, Amsterdam, The Netherlands 

5 
Amsterdam UMC location VU University, Psychiatry, De Boelelaan 1117, Amsterdam, The Netherlands 

6 
Amsterdam Neuroscience, Mood, anxiety, psychosis, stress & sleep, Amsterdam, The Netherlands

  

7
 VU University, Centre for Neurogenomics and Cognitive Research, Integrative Neurophysiology, Amsterdam, The 

Netherlands 

8 
Amsterdam UMC location University of Amsterdam, Ophthalmology, Meibergdreef 9, Amsterdam, The Netherlands 

9
 Amsterdam UMC location University of Amsterdam, Internal Medicine, Meibergdreef 9, Amsterdam, The Netherlands 

 

 

Methods; Details on questionnaires  

1) The Munich ChronoType Questionnaire (MCTQ) enquires about habitual sleep timing and daily 

outdoor light exposure, separately for days with and without socioeconomic obligations (termed 

‘workdays’ and ‘free days’) (1). Chronotype is quantified as the midpoint of sleep on free days 
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corrected for compensation of sleep debt accumulated over workdays, as described in more detail 

elsewhere (1). Data on having regular socioeconomic obligations (i.e. being bound to a regular fixed-

time schedule due to e.g. work, study/schooling, volunteer work or house work activities), being 

retired, and being restricted in choosing sleep times on free days (due to e.g. children, pets or 

hobbies) was also gathered with the MCTQ. 

2) The Pittsburgh Sleep Quality Index (PSQI) assesses sleep quality and disturbances over the past 

month. Seven derived component scores are summed up to a global score ranging 0-21. A global 

score >5 indicates poor sleep quality (2).  

3) The Insomnia Severity Index (ISI) evaluates the nature, severity, and impact of insomnia 

complaints over the past two weeks. Seven items rated on a 0-4 scale yield a total score ranging 0-28. 

A total score >14 implies clinical insomnia of moderate severity (3).  

4) In the Epworth Sleepiness Scale (ESS), the likelihood of dozing off in eight commonly encountered 

situations is rated on a 0-3 scale. A summed score >10 indicates excessive daytime sleepiness (4).  

5) The Multidimensional Fatigue Inventory (MFI-20) assesses five dimensions of fatigue based on 20 

statements rated on a 1-5 scale: general fatigue, physical fatigue, mental fatigue, reduced activity, 

and reduced motivation. Dimension scores range from 4 to 20, with higher scores indicating more 

experienced fatigue (5). 

6) The Holland Sleep Disorder Questionnaire (HSDQ) is a 32-item screening tool based on the 

predominant symptoms and diagnostic criteria of the six major sleep disorder categories: insomnia, 

parasomnias, hypersomnolence disorders, circadian rhythm sleep-wake disorders, sleep-related 

breathing disorders, and sleep-related movement disorders. It first signals the presence of a general 

sleep disorder by comparing the average score over all items to a general cut-off value. If exceeded, 

differentiation of one or multiple specific sleep disorders is based on subscale cut-off values for the 

six respective categories (6). 



page 3 of 9 
 

Methods; Details on skin temperature sensor placement and calculation of parameters 

The Thermochron iButtons (type DS1922L; Maxim Integrated, San José/CA, US) were set to acquire 

data at 1-minute intervals with 0.0625°C resolution, which allowed 4096 samples (68 hours and 16 

minutes). Circadian thermoregulation is closely related to sleep (7). Specifically, skin vasodilatation 

with subsequent lowering of core temperature is an important trigger for sleep initiation. The skin 

temperature increase is more pronounced distally than proximally, reflected in a higher distal–

proximal temperature gradient (7). Distal temperature was calculated as the simple average of 

measurements of the dorsal side of the third proximal phalange of the non-dominant hand and the 

area between the first and second metatarsal of the dorsal side of the non-dominant foot: 

                            

Proximal temperature was calculated as a weighted average of measurements of the infraclavicular 

fossa, 2 cm supraumbilical, and, if a third sensor was available, mid-thigh (just medially of the rectus 

femoris muscle):  

                                                                     

In case mid-thigh temperature data was not available:  

                                                     

The calculation weights were based on work by Longato et al. and averaged for each location to be 

independent of left- or right-sided placement (8). Distal–proximal temperature gradient was 

calculated as distal minus proximal skin temperature. Sensors were affixed to the skin with Fixomull 

tape (BSN Medical, Hamburg, DE) covered with Tegaderm Film (3M Health Care, St. Paul/MN, US). 

For the finger sensor a Velcro ring was used for hygienic purposes. An automated artefact rejection 

and interpolation procedure was applied to exclude extreme drops and rises in temperature, as 

described elsewhere (9). 
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Results; Overview of and reasons for excluded or missing data 

Detailed reasons for patient exclusions 

Six out of 55 patients were excluded after signing informed consent: four patients due to 

abnormalities found at the ophthalmological screening (one with near-total vision loss of one eye, 

two with colour blindness, and one with moderate-severe cataract), one patient with primary instead 

of secondary hormonal deficiency, and one patient with inadequately objectified visual field defects 

prior to chiasm decompression. 

 

Overview excluded or missing data 

 Pupillometry data: none excluded/missing 

 Polysomnography data: excluded/missing in 6 subjects 

 Actigraphy data: excluded in 4 subjects 

 Sleep diary data: excluded/missing in 6 subjects 

 Skin temperature data: excluded/missing in 5 subjects 

 Questionnaire data: 

o Munich ChronoType Questionnaire (MCTQ): excluded/missing in 4 subjects 

o Pittsburgh Sleep Quality Index (PSQI): missing in 2 subjects 

o Insomnia Severity Index (ISI): missing in 1 subject  

o Epworth Sleepiness Scale (ESS): missing in 2 subjects 

o Multidimensional Fatigue Inventory (MFI-20): missing in 4 subjects  

o Holland Sleep Disorder Questionnaire (HSDQ): none excluded/missing  

 

Reasons for excluded or missing data 

 in 2 subjects polysomnography data was unreliable due to technical issues. 
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 in 2 subjects polysomnography, actigraphy, sleep diary and skin temperature data was 

excluded due to melatonin and/or benzodiazepine use on nights of measurements, as 

reported through sleep diaries. 

 in 1 subject polysomnography, actigraphy, sleep diary and skin temperature data was 

excluded due to unforeseen personal events greatly influencing the subject’s sleeping 

behaviour; pupillometry had been performed prior to these events. 

 in 1 subject actigraphy, sleep diary and skin temperature data was excluded due to 

concurrent febrile illness, occurring after the night of polysomnography. 

 in 1 subject polysomnography and skin temperature measurements were not performed 

because of adverse skin reaction to adhesive tape. 

 2 subjects did not complete the sleep diary. 

 in 1 subject MCTQ sleep time data was excluded due to unreliable answers; general data on 

socioeconomic obligations and restrictions on sleep timing could be included. 

 in 2 subjects the MCTQ main outcome (mid-sleep on free days) could not be calculated due 

to alarm use/need on free days; general data on socioeconomic obligations and restrictions 

on sleep timing could be included. 

 1 subject did not complete any questionnaire besides the HSDQ, despite multiple reminders. 

Information on having a regular work days was gathered by telephone contact, information 

on restrictions in choosing sleep times on free days was not registered.  

 the other 5 cases of missing questionnaire data were due to exporting issues from the 

website of the Netherlands Sleep Registry (www.slaapregister.nl) (10) through which five of 

the six questionnaires were filled in using a study code. 

 

Additional notes 

 of the 45 subjects included in the actigraphy analysis, data of 7 nights was available in 34 

subjects, while data of 6 nights and 5 nights was available in 9 and 2 subjects, respectively 

http://www.slaapregister.nl/
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 of the 44 subjects included in the skin temperature analysis, proximal skin temperature was 

measured with two sensors in 17 subjects and with three sensors (including mid-thigh) in the 

other 27 subjects; data of the finger sensor was excluded in 1 subject because of frequent 

removal of the sensor and subsequently data of only the foot sensor was used as the distal 

skin temperature outcome 
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Supplementary Tables 

 

Supplementary Table 1. Sleep diary 

  History of optic chiasm compression   

  CC+ (n= 22) CC- (n= 21) P-value 

Subjective sleep parameters 
   

Total sleep time (min) 429 (377–456) 406 (345–430) 0.07 

Sleep latency (min) 17 (13–24) 23 (10–34) 0.53 

Wake time after sleep onset (min) 18 (9–38) 27 (9–48) 0.64 

Sleep efficiency (%) 87 (81–91) 81 (71–87) 0.13 

Sleep quality (scale 1-5) 3.3 ±0.6 3.4 ±0.6 0.31 

Feeling rested (scale 1-5) 3.4 ±0.6 3.0 ±0.7 0.18 

Sleep-influencing habits 
   

Any daytime napping 12 (55%) 10 (48%) 0.65 

Daytime nap duration (min) 33 ±16 42 ±27 0.31 

Any caffeine intake 22 (100%) 19 (91%)  0.23
†
 

No. of caffeinated drinks/day 3.3 ±1.7 3.9 ±2.4 0.34 

Time of last consumption (hh:mm) 17:10 ±2:46 17:52 ±3:36 0.49 

Any alcohol intake 14 (64%) 11 (52%) 0.46 

No. of alcoholic drinks/day 0.9 (0.7–1.7) 0.8 (0.5–2.1) 0.85 

Time of last consumption (hh:mm) 20:38 ±1:37 21:31 ±2:11 0.27 
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Data are averaged over the nights/days of measurement. Continuous variables are presented as mean ±SD or as 
median (IQR). Subjective total sleep time and sleep efficiency were calculated using the reported lights-out, wake-
up and get-up times, sleep latency, and wake time after sleep onset of the respective night. 
†Tested with Fisher's exact test due to expected cell count <5. 

 

 

Supplementary Table 2. Questionnaires       

  History of optic chiasm compression   

  CC+ CC- P-value 

Munich ChronoType Questionnaire (MCTQ) n = 24 n = 21 
 

Mid-sleep free days, corrected for sleep debt (hh:mm) 04:26 ±1:02 03:38 ±1:12 0.02 

Self-rated late chronotypes* 15 (63%) 6 (29%) 0.02 

Average daily light exposure (min) 124 (86–262) 132 (77–201) 0.70 

Pittsburgh Sleep Quality Index (PSQI) n = 24 n = 23   

Global PSQI score 4.0 (2.0–8.0) 8.0 (4.0–9.0) 0.20
‡
 

PSQI score >5 11 (46%) 12 (52%) 0.66 

Insomnia Severity Index (ISI) n = 25 n = 23   

Total ISI score 8.0 (1.5–11.5) 8.0 (5.0–14.0) 0.47 

ISI score >14 3 (12%) 5 (22%)  0.45
†
 

Epworth Sleepiness Scale (ESS) n = 25 n = 22   

Total ESS score 7.6 ±5.2 7.5 ±3.9 0.92 

ESS score >10 6 (24%) 7 (32%) 0.55 

Multidimensional Fatigue Inventory (MFI-20) n = 25 n = 20   

General fatigue 12.6 ±4.6 14.4 ±3.8 0.16 

Physical fatigue 10.9 ±4.1 13.6 ±3.4 0.03 

Mental fatigue 10.3 ±4.3 11.4 ±4.0 0.38 

Reduced activity 9.0 (7.5–12.5) 10.0 (9.3–14.0) 0.13 

Reduced motivation 9.3 ±3.2 9.2 ±3.4 0.86 

Holland Sleep Disorder Questionnaire (HSDQ) n = 25 n = 24   

Indication of a general sleep disorder 8 (32%) 9 (38%) 0.69 

Data for continuous variables are presented as mean ±SD or as median (IQR). 
*Answers across seven chronotype options ranging from extreme early to extreme late were recoded into either 'slight-to-extreme 
late' or 'slight-to-extreme early/normal' chronotype for comparison. 
†Tested with Fisher's exact test due to expected cell count <5. 
‡Comparison of mean ranks instead of medians due to dissimilar distributions. 
PSQI scores range from 0 to 21, higher scores indicate more sleep problems with poorer sleep quality. 
ISI scores range from 0 to 28, higher scores indicate more severe insomnia. 
ESS scores range from 0 to 24, higher scores indicate more daytime sleepiness. 
MFI-20 dimension scores range from 4 to 20, higher scores indicate more experienced fatigue. 
In case the HSDQ cut-off value for a general sleep disorder is exceeded, differentiation of one or multiple specific sleep disorders is 
assessed via separate cut-off values for the six major sleep disorder categories. 

 

 

Supplementary Table 3. Distal and proximal skin temperature 

  
History of optic chiasm compression 

CC+ (n = 23) CC- (n = 21) P-value 

Distal temperature (°C) 
   

Daytime 30.4 (29.1–31.9) 30.5 (28.9–31.2) 0.73
‡
 

Pre-lights-out 31.7 (28.8–32.8) 31.5 (30.7–32.8) 0.66 
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Nighttime 34.3 (33.8–34.9) 34.9 (34.4 – 35.0) 0.045 

Proximal temperature (°C) 
   

Daytime 32.5 (31.5–32.7) 32.5 (32.1–32.9) 0.22 

Pre-lights-out 33.1 ±0.94 33.5 ±0.78 0.31 

Nighttime 35.0 ±0.68 35.1 ±0.68 0.53 

Distal–proximal gradient (°C) 
   

Daytime -1.76 (-3.55 – -0.25) -2.53 (-3.27 – -1.20) 0.58 

Pre-lights-out -1.46 (-4.42 – -0.20) -1.82 (-2.76 – -0.55) 0.81 

Nighttime -0.65 ±0.91 -0.40 ±0.58  0.29
†
 

Data are presented as mean ±SD or as median (IQR). 
†Tested with Welch t-test due to violation of homogeneity of variances. 
‡Comparison of mean ranks instead of medians due to dissimilar distributions. 

 


