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ABSTRACT

Purpose: The circadian clock is entrained to light by the 
intrinsically photosensitive retinal ganglion cells. Loss of these cells 
in glaucoma, an eye disease with loss of retinal ganglion cells as its 
key feature, might thus result in a change in chronotype. We aimed 
to compare chronotype distribution between glaucoma patients 
and healthy subjects.

Methods: We sent the Munich ChronoType Questionnaire to 221 
glaucoma patients (response rate 81%); controls (182) were 
primarily their spouses. After exclusion of shift workers and 
participants who woke-up due to an alarm clock on days off, 159 
glaucoma patients (88 early, 21 moderate, and 23 severe glaucoma) 
and 163 controls remained. We calculated chronotype as the mid-
sleep on days off, corrected for workweek accumulated sleep debt 
(MSFsc). We compared means and variances between groups using 
Welch’s tests and F-tests, respectively.

Results: Glaucoma did not affect the mean MSFsc (controls 3:47h; 
early, moderate, and severe glaucoma 3:40h, 3:45h, and 3:33h, 
respectively [P=0.62]). Chronotype variability increased with 
increasing disease severity (severe glaucoma versus controls: 
P=0.023).

Conclusions: The entrained phase of the sleep-wake cycle in 
patients with early or moderate glaucoma is not significantly 
different from the entrained phase in healthy subjects. With 
increasing glaucoma severity, chronotype variability seems to 
increase without a clear shift of the distribution. This indicates 
that some patients may advance and others delay their sleep phase 
with increasing symptom severity. Future studies might focus on a 
more in-depth analysis of the role of the circadian clock in severe 
glaucoma and related disturbance of their quality of life.
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INTRODUCTION

Glaucoma is a chronic and progressive eye disease characterized by loss of retinal 
ganglion cells (RGCs) and subsequent visual field loss. Among the different types 
of RGCs, the intrinsically photosensitive retinal ganglion cells (ipRGCs) express 
melanopsin and are held responsible for nonvisual responses to light, such as the 
pupillary light reflex1–3 and the entrainment of the circadian clock to light.4–8 Output 
of the ipRGCs is transmitted to the suprachiasmatic nucleus, the circadian clock that 
drives rhythms with a period of approximately 24 hours in physiology, sleep-wake 
behaviour, and cognitive performance.9–11 In absence of light cues, the circadian system 
will lose its synchronisation to the Earth's 24-hour light/dark cycle, the Zeitgeber,12,13 
and this leads to a mismatch between endogenous rhythms and the sleep-wake cycle. 
Hence, loss of ipRGC function in glaucoma might result in circadian misalignment and 
thus disturb the sleep quality and pattern of glaucoma patients.14 Interestingly, the 
light-induced melatonin suppression, as one of the nonvisual responses to light, was 
found to be affected in patients with advanced glaucoma,15–17 and glaucoma patients 
often do report a lower sleep quality.18–21 It is controversial, however, if the latter is 
related to RGC damage or to psychological factors.22 

Human circadian phase can be described by means of the chronotype of an individual. 
The chronotype of an individual can be defined as the midpoint between sleep onset 
and wake-up time on days off23 corrected for sleep on working days.24 The chronotype 
as defined by sleep phase should be considered as a marker of circadian phase, and 
it has been shown to correlate well with other circadian phase parameters such as 
the start of melatonin production.24–27 Functional damage of ipRGCs might lead to 
misalignment of the circadian clock to light resulting in either freerunning patterns 
of sleep and wakefulness, or to modulations of the direct effects of light on sleep and 
wakefulness.4,28 The intrinsic period of the circadian clock in humans differs between 
individuals and is on average a little bit longer than 24 hours.13,29–31 The entrained 
phase of the circadian pacemaker is dependent on the intrinsic period showing a later 
sleep phase with longer intrinsic period.25,32–34 Consequently, damage to the ipRGCs 
in glaucoma might result in a delay of the mean MSFsc and an increase in sleep phase 
variability. A delay and an increase in variability in activity onsets has indeed been 
found in animal studies to glaucoma.35,36 More variability in waking time was also 
observed in a diverse group of young subjects with an optic nerve disease, including 
some patients with glaucoma.37 Intriguingly, studies to the entrained circadian phase 
of glaucoma patients appear to be completely lacking. 

The aim of this study was to compare chronotype as a measure of circadian phase 
between glaucoma patients and healthy subjects. For this purpose, we performed 
a questionnaire study with the Munich ChronoType Questionnaire (MCTQ) and 
determined the chronotype distribution amongst a large group of glaucoma patients 
and controls.

https://paperpile.com/c/tqI3oC/O8gOv+vDHKq+yyNoW+UHEy9+D5saD
https://paperpile.com/c/tqI3oC/iWuW6+249UP+tJpDd
https://paperpile.com/c/tqI3oC/jZkOK+Pezgg+w7aib
https://paperpile.com/c/tqI3oC/odSGJ+RKxQX+THTkH+zfN6e
https://paperpile.com/c/tqI3oC/xF5pi
https://paperpile.com/c/tqI3oC/9qa60
https://paperpile.com/c/tqI3oC/9qa60+fK5D3+aPPom+OVCBd
https://paperpile.com/c/tqI3oC/O8gOv+5QzqY
https://paperpile.com/c/tqI3oC/jrgvc+8WsEA+9vy4H+bJhu7
https://paperpile.com/c/tqI3oC/CBukb+oaf9J
https://paperpile.com/c/tqI3oC/RvrhW
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METHODS

Study population and data acquisition

The MCTQ was sent by mail to 221 glaucoma patients (cases) with primary open-angle 
glaucoma, pseudoexfoliation glaucoma, or pigment dispersion glaucoma, selected 
from the database of the Groningen Longitudinal Glaucoma Study.38 The disease 
severity was determined by the mean deviation (MD) value of the better eye (eye with 
the higher MD value). Controls were primarily the spouses of the glaucoma patients. 
The ethics board of the University Medical Center Groningen (UMCG) approved the 
study protocol (METc 2014.338). All participants provided written informed consent. 
The study followed the tenets of the Declaration of Helsinki.

Table 1. Characteristics of the study population.

Data analysis

Shift workers and participants who woke-up due to an alarm clock on days off were 
excluded from the analyses. The study population was described using descriptive 
statistics. Univariable comparisons between cases and controls were made with a 
t-test or Mann-Whitney test, depending on the distribution, for continuous variables; 
for proportions we used a Chi-square test with Yates correction. 

For questions regarding bedtime information on days off, the mean and standard 
deviation (SD) were determined for glaucoma patients and controls. Sleep onset was 
calculated as the sum of the point of time to get ready to fall asleep, and the length 
of time needed to actually fall asleep (Q2 and Q3 from Table 2). The sleep duration 
was defined as the difference between the calculated sleep onset and the wake-up 
time (Q4 from Table 2). The mid-sleep on days off (MSF) was defined as the midpoint 
between sleep onset and wake-up time. When the sleep duration during the workweek 
was shorter compared to that of days off, we corrected the MSF (MSFsc) for workweek 
accumulated sleep debt.24 We compared means with a Welch’s t-test (unlike the 
default t-test, this test allows for unequal variances) and distributions with an F-test. 
For the MSFsc, we also performed a comparison after stratification to disease severity 
(early glaucoma: MD of better eye above -6 dB; moderate glaucoma: MD between -6 
and -12 dB; severe glaucoma: MD below -12 dB) using a Welch F-test (an alternative 

	
 Glaucoma patients  

(n=159) 
Controls 
(n=163)  

P value Missing 
(%) 

Age (year; mean [SD]) 72.2 (10.0) 65.9 (10.5) <0.001 0.0 

Gender, female, n (%) 77 (48%) 105 (64%) 0.005 0.0 

BMI (kg/m2; mean [SD]) 26.2 (4.7) 26.1 (4.9) 0.81 5.3 

Smoker, n (%) 15 (9.4%) 16 (9.8%) 1.0 0.0 
Working days per week  
(days; median [IQR]) 

0 (0 to 0) 0 (0 to 3) 0.004 5.3 

HFA MD of the better eye  
(dB; median [IQR]) 

-4.5  
(-10.7 to -1.9) 

NA NA 0.0 

SD = standard deviation; BMI = body mass index; IQR = interquartile range; HFA MD = mean 
deviation of Humphrey Field Analyzer; NA = not applicable. 

 

https://paperpile.com/c/tqI3oC/9qa60
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to one-way analysis of variance (ANOVA) that does not assume the variances to be 
equal) to compare means and F-tests to compare variances. A P value of 0.05 or less 
was considered statistically significant.

Table 2. MCTQ derived bedtime information on days off.

RESULTS

We retrieved 178 questionnaires from 221 glaucoma patients (response rate 
81%) and 182 questionnaires from controls. After exclusion of shift workers and 
participants who woke-up due to an alarm clock on days off, 159 glaucoma patients 
and 163 controls remained. Table 1 shows the characteristics of the study population. 
The group of glaucoma patients was older and consisted of fewer females, compared 
to the controls. Most of the patients had early glaucoma (63%); about one-third had 
either moderate (16%) or severe (21%) glaucoma in the better eye.

Table 2 presents the results from the MCTQ (A) and the corresponding calculated 
variables (B). The original questions (Table 2A) revealed no major differences in 

	
 Glaucoma 

patients  
(n=159) 

 
Mean 
(SD) 

Controls 
 

(n=163) 
 

Mean 
(SD) 

P value 
 
 

for 
Mean 
(SD) 

Missing 
(%) 

A. Questionnaire results 

Q1.  I go to bed at … o’clock 23:24  
(0:55) 

23:27  
(0:46) 

0.56 
(0.013) 

5.6 

Q2.  I actually get ready to fall asleep at … o’clock  23:42 
(0:53) 

23:48 
(0:45) 

0.36 
(0.025) 

7.5 

Q3.  I need … minutes to fall asleep 0:16  
(0:15) 

0:16  
(0:17) 

0.71 
(0.036) 

9.6 

Q4.  I wake up at … o’clock 7:25  
(1:11) 

7:37  
(1:07) 

0.13 
(0.23) 

7.1 

Q5.  After … minutes I get up 0:29  
(0:39) 

0:25  
(0:27) 

0.24 
(<0.001) 

6.8 

Q6.  After … minutes I feel awake 0:07  
(0:13) 

0:07  
(0:14) 

0.81 
(0.29) 

7.5 

Q7.  The quality of my nightrest (1-10) 6.7  
(1.7) 

6.9  
(1.6) 

0.37 
(0.29) 

4.3 

Q8.  Hours spent outside 2:50 
(2:02) 

2:48  
(1:41) 

0.84 
(0.013) 

6.8 

B. Calculated variables 

Sleep onset 23:58  
(0:56) 

00:04  
(0:49) 

0.32 
(0.046) 

11.2 

Sleep duration 7:28 
(1:12) 

7:33 
(1:08) 

0.58 
(0.28) 

12.1 

MSFsc 3:40 
(0:53) 

3:47 
(0:48) 

0.21* 

(0.15) 
13.7 

* = age- and gender-adjusted P value 0.91. 
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average sleep timing parameters between the groups; however, for bedtime, time 
to get ready to fall asleep, sleep latency, minutes to get up after waking, and hours 
spent outside, the variability was larger in the glaucoma patients than in the controls. 
Figure 1 presents the distribution of chronotypes (MSFsc). The mean and distribution 
of the MSFsc were not significantly different between in glaucoma patients and 
controls (Table 2B; P=0.21 for mean and P=0.15 for variability). Table 3 shows the 
corresponding results after stratification to disease severity. The mean MSFsc did not 
differ between the groups (P=0.62). The variability of chronotype showed a trend to 
increase with disease severity; the variability was significantly larger for the patients 
with severe glaucoma compared to the controls (P=0.023).

Figure 1. Histogram with frequency as a function of chronotype (MSF
sc

) for patients with glaucoma 
(A) and controls (B).

Table 3. MSF
sc

 mean and standard deviation as a function of disease severity.

 
DISCUSSION

Glaucoma does not affect the mean chronotype (MSFsc). Chronotype variability 
increases with increasing disease severity.

The chronotype as a function of age in healthy subjects has been investigated in a large 
open study of around 25,000 subjects from Germany and Switzerland. In agreement 
with our study, the MSFsc in subjects older than 50 years of age was between 3 and 
4 AM, with a standard deviation of 1 hour.24 Although chronotype was not assessed 
in glaucoma before, some studies that included glaucoma patients presented data 
on sleep timing. In agreement with our findings, they showed a general similarity 
between glaucoma patients and controls.18,22,39 Albeit no differences in sleep timing, a 
lower sleep efficiency (the amount of actual sleep during the night) and quality have 

	
 n MSFsc mean P value MSFsc SD P value* 

Controls 146 3:47 0.62 0:48  
Early glaucoma 88 3:40 0:49 0.40 
Moderate glaucoma 21 3:45 0:55 0.20 
Severe glaucoma 23 3:33 1:05 0.023 

SD = standard deviation; * = compared to the controls. 

 

https://paperpile.com/c/tqI3oC/9qa60
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been reported in glaucoma patients.18–22 Of note, the previous studies did not analyze 
working days and days off separately. Since the sleep pattern on work days significantly 
differs from the sleep pattern on days off, the comparison to our study is limited.23

A limitation of the current study is that the glaucoma patients and controls significantly 
differed with respect to age and gender. However, the change of MSFsc with age above 
45 years of age is small, and gender differences also appear only significant below 45 
years of age.24 Therefore, age and gender differences between our groups are hardly 
relevant. Still, to confirm that age and gender differences did not influence the results, 
we adjusted the MSFsc for age and gender and still did not find a difference between 
glaucoma patients and controls (P=0.91, t-test). A strength of this study is that we are 
the first that investigated chronotype as a measure of circadian phase in a large group 
of glaucoma patients and controls. 

Our results did not show a delay in the mean MSFsc, but did show an increase in variability 
of the MSFsc for patients with severe glaucoma. These findings are in agreement with 
studies on the ipRGC-mediated pupil response, which has repeatedly been found 
to be similar in early glaucoma compared to healthy controls, while differences did 
appear in more advanced disease.40–42 There are several hypotheses why there is no 
clear difference in chronotype distribution between early and moderate glaucoma 
patients and controls. First, it is not clear if the ipRGCs disappear in parallel with 
the image-forming RGCs, or only in advanced disease.43–46 Second, a lower number of 
ipRGCs does not necessarily mean less effect – the dose-response curve may be highly 
nonlinear. A mouse study found that even with the loss of 83% of the ipRGCs, a normal 
ipRGC-mediated pupil constriction could still be obtained.4 Moreover, a hamster study 
reported that the circadian system attained saturation at lower irradiance levels than 
those required to induce pupil constriction.47 Interestingly, the variability of the MSFsc in 
patients with severe glaucoma did differ from that of the controls, indicating that some 
patients have more advanced and others more delayed sleep phases. The delay might be 
explained by the hypothesized change related to the longer than 24h intrinsic period. 
More advanced sleep phases may be explained by some people having an intrinsic 
period that is shorter than 24h and who at the same time suffer from a lack of delaying 
evening light or miss the acute effects of light keeping them awake.11,48 An increase 
in artificial light and the adaptational properties of the non-image forming system 
might compensate for a change in the MSFsc.49,50 Whatever the mechanisms involved, 
individual shifts of the MSFsc to either way will contribute to an increase in variability.

In conclusion, no significant difference is observed in the average chronotype as 
determined by sleep phase in patients with early or moderate glaucoma and healthy 
subjects. In severe glaucoma, chronotype variability seems to increase compared to 
healthy controls, but without a clear shift of the distribution. A more severe loss of 
ipRGCs in the human retina of glaucoma patients probably results in more difficulties 
with stable entrainment either due to a reduction in the phase shifting effects of light 
on the clock or to less influence of light on brain areas directly involved in sleep-
wake regulation itself. Future studies might focus on a more in-depth analysis of the 
circadian clock in severe glaucoma and related disturbance of their quality of life.

https://paperpile.com/c/tqI3oC/xF5pi
https://paperpile.com/c/tqI3oC/9qa60
https://paperpile.com/c/tqI3oC/jo8cf
https://paperpile.com/c/tqI3oC/MDfIC+tJpDd
https://paperpile.com/c/tqI3oC/mwwi2+EJorp
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