BRIEF COMMUNICATION

pISSN 2093-9175 / eISSN 2233-8853
https://doi.org/10.17241/smr.2017.00115

Using Mid-Sleep Time to Determine Chronotype in Young Adults
with Insomnia-Related Symptoms
Sooyeon Suh, PhD1,2, Hyera Ryu, MA1, Soohyun Kim, BA1, Sujung Choi, PhD3,4, Eun Yeon Joo, MD, PhD4,5
Department of Psychology, Sungshin Women’s University, Seoul, Korea
Department of Psychiatry, Stanford University, Palo Alto, CA, USA
3
Department of Nursing, Samsung Medical Center, Department of Clinical Nursing Science, Graduate School of Clinical Nursing Science,
Sungkyunkwan University, Seoul, Korea
4
Department of Neurology, Neuroscience Center, Samsung Biomedical Research Institute, Samsung Medical Center, Sungkyunkwan University
School of Medicine, Seoul, Korea
5
Department of Health Sciences and Technology, SAIHST, Sungkyunkwan University, Seoul, Korea
1
2

The Munich Chronotype Questionnaire (MCTQ) uses sleep behavior to assess chronotype, but the
extent to which such sleep behavior based assessments might be useful in populations with sleep
disorders, such as insomnia, is currently unclear. We thus systematically assessed sleep disorders,
MCTQ and the Morningness-Eveningness Questionnaire (MEQ), another behavioral preferencebased assessment of chronotype, in 310 individuals. In a smaller substudy (n = 121), we compared
the MCTQ to sleep diaries in insomnia patients and good sleepers. Insomnia patients had overall
lower consistency in chronotypes compared to good sleepers on the MCTQ compared to the MEQ,
which was also evident when compared to sleep diaries. As insomnia disorder is characterized by
time gaps spent awake during the night due to difficulty maintaining sleep, there may be limitations
in using mid-sleep time as an accurate indicator of chronotype in insomnia patients. Our study suggests that the MCTQ should be used in conjunction with another existing questionnaire or assessSleep Med Res 2017;8(2):107-111
ment tool when assessing chronotype in insomnia patients.
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INTRODUCTION
Insomnia is characterized by difficulty initiating and maintaining sleep that causes significant daytime distress and is prevalent in 13–33% of the general population.1 One characteristic that is closely associated with insomnia is chronotype. Morningness–Eveningness chronotype is defined as the preferred timing of the sleep-wake cycle.2 Morning types (M-types)
prefer to go to sleep and wake up earlier and perform better in the mornings, whereas individuals who are evening types (E-types) prefer to go to sleep and get up later and performed better in the afternoon.3,4 Research indicates that approximately 25% of insomnia patients are later chronotypes.5 The close association between insomnia and chronotype makes it imperative
to measure this behavioral dimension accurately.
One questionnaire that measures chronotype is the Munich ChronoType Questionnaire
(MCTQ), developed by Roenneberg et al.6 which assesses actual sleep-wake timing and differentiates sleep-wake patterns between work days and free days and uses corrected mid-sleep
time on free days after correcting for accumulated sleep debt over the week. The MCTQ provides information on sleep timing, including bedtime, sleep latency, sleep onset, offset and
wake time considering work days and free days separately. Chronotype is assessed based on
mid sleep time on free days.7 However, most of people tend to accumulate sleep debt on work
days and compensate sleep on free days.6 Therefore, mid-sleep time on free days may overestiCopyright © 2017 The Korean Society of Sleep Medicine 107
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mate chronotype.7 Thus, the MCTQ classifies chronotype based
on mid-sleep on free days corrected for sleep debt on work days
(MSFsc).
While the MCTQ has been widely used to determine chronotype in various populations, there have been relatively few studies investigating the accuracy of this measure in insomnia patients. Conceptually, using mid-sleep time as an indicator of
chronotype may be less accurate in insomnia patients as insomnia is partly, by definition, characterized by difficulty maintaining sleep. Prolonged time spent in bed characterized by long
periods of wakefulness after sleep onset would count towards
mid-sleep time in insomnia patients, and thus may render using mid-sleep time as an indicator of chronotype inaccurate.
Additionally, high day-to-day variability in sleep of insomnia
patients may also be a factor that may contribute to the accuracy of using mid-sleep time to determine chronotype.8,9 In the
past, most studies have used the Morningness-Eveningness Questionnaire (MEQ) to determine chronotype in insomnia patients,
and while a few studies have used MCTQ with insomnia patients,10,11 they have not investigated the accuracy of chronotyping insomnia patients compared to good sleepers. Additionally,
ascertaining chronotype may especially be difficult in insomnia
patients with evening chronotype, which is especially true for
many younger adults who have delayed preference for sleepwake timing.
Therefore, the current study was conducted to compare the
MCTQ to the MEQ in insomnia patients and in good sleepers,
and compare the MCTQ to sleep diaries in insomnia patients
and good sleepers. We hypothesized that the MCTQ would be
less accurate in reflecting chronotype for insomnia patients compared to good sleepers.

METHODS
All participants provided informed written consent prior to
study participation. The study was approved by the local Institutional Review Board (SSWUIRB2015-057). Participants completed online questionnaires for this study.

Participants

Participants for this study were 499 individuals were recruited through brochures, class announcements, and online advertisements in the community. Among those recruited, 33 individuals were excluded due to missing MEQ data and 41 individuals
were excluded because their responses did not reflect the intent
of the questionnaires. For chronotype assessment, 106 participants who use an alarm clock on free days were excluded. Thus,
319 participants were used for final analysis in this study. Among
these participants, 16.9% (n = 54) scored within the clinical insomnia range [scores higher than 15 on the Insomnia Severity
Index (ISI)] and categorized as the “insomnia” group.
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A small subset of participants (n = 121) that consisted of only
females were selected to provide sleep diary information for 7
days for comparison with the MCTQ.

Questionnaires
Munich Chronotype Questionnaire12
The MCTQ was designed to measure actual sleep times separately for work and free days, and estimate chronotype based on
the time-based variable (MSFsc) of the MCTQ. Mid-sleep time
on free days corrected for sleep debt on work days (MSFsc) is a
useful indicator to estimate chronotype.12 Before measuring
chronotype, responses indicating use of an alarm clock on free
days to wake up should be excluded from analyses. If sleep duration on work days were longer than or equal to sleep duration on free days, mid-sleep time on free days (MSF) was used
as a marker for chronotype, and if sleep duration on work days
were shorter than sleep duration on free days, we used MSFsc to
measure chronotype (see equations below).
MSF = sleep onset + sleep duration/2
MSFsc = MSF – (sleep duration on free days – average weekly
sleep duration)/2
As suggested by Kühnle,13 MSFsc or MSF below 2.17 were
classified as extreme M-types and MSFsc or MSF above 7.25
were classified as extreme E-types. These criteria were defined
2.5% at each end of the distribution as extreme chronotypes
based on the distribution of MSFsc in their sample.
Morningness-Eveningness Questionnaire14
The MEQ is a 19-item self-report questionnaire designed to
assess individual’s chronotypes classified as M-type, intermediate-type (I-type) or E-type. It consists of mixed-format questions regarding the time in which individuals get up and go to
bed, the preferred time to carry out physical and mental activity,
and subjective alertness. The MEQ total score ranges from 16 to
86, with scores above 58 classifying as M-types and scores below 41 as E-types. As suggested by Horne and Ostberg,14 scores
above 71 were classified as extreme M-types and scores below
31 were classified as extreme E-types. Internal consistency
(Cronbach’s alpha) was 0.718 in the current sample.
Insomnia Severity Index15
The ISI is a 7-item self-report questionnaire that assesses the
subjective symptoms and consequences of insomnia.15 Each item
is scored on a 0–4 likert scale, with total scores ranging from
0–28. A higher score reflects more severe insomnia. Scores higher than 15 on the ISI indicate clinical insomnia.15 Internal consistency (Cronbach’s alpha) was 0.769 in the current samples.
7-day sleep diary
A 7-day sleep diary was collected and the following variables
were derived for analysis for both weekdays and weekends: la-
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tency to sleep onset (SOL), time awake after sleep onset (WASO),
total sleep time (derived from bedtime, wake time, SOL, and
WASO), and sleep efficiency (SE). Mid-sleep time was calculated by using the sleep onset and sleep offset time.

27.09 ± 5.64; 78.1% female). Among these participants, 16.9%
(n = 54) scored within the clinical insomnia range (scores higher than 15 on the ISI) and categorized as the “insomnia” group.
Demographic characteristics for good sleepers and the insomnia
group are indicated in Table 1. The insomnia group had a significantly later mid-sleep time (indicated by MSFsc) compared
to good sleepers (5.77 ± 1.66 vs. 5.01 ± 1.49, p < 0.001). There
was a statistical trend with the insomnia group showing slightly stronger eveningness tendencies with MEQ scores (44.15 ±
8.52 vs. 46.48 ± 8.35, p = 0.06).
A subset of 121 participants selected from the original study
completed 7 days of sleep diaries (mean age 20.93 ± 1.73, 100%
females). Among these participants, 11.5% (n = 14) scored
within the clinical insomnia range. Based on sleep diaries, the
good sleeper group had significantly higher SE compared to the
insomnia group (90.39% vs. 83.54%, p < 0.05). There were no
differences between other sleep parameters.

Statistical Analysis

Characteristics of MCTQ parameters were analyzed by descriptive statistics and independent sample t-test was used to
compare MSFsc and MEQ scores in the insomnia group to the
good sleepers. Chronotype classified by MEQ and MCTQ were
presented using frequency analysis. Chronotype classification
using MEQ and MCTQ scores were compared in insomnia
patients and good sleepers based on various cut-offs for chronotype used in previous studies (using mid-sleep time 2.17%
and 2.5%, 15% and 20% of extreme scores of the sample).13
Characteristics of sleep diary parameters were analyzed by
descriptive statistics. Mann-Whitney U test was used to compare sleep diary parameters in insomnia patients and non-insomniacs. Correlation between MCTQ parameters [mid-sleep
on work days (MSW), MSF, and MSFsc] and sleep diary parameters (MSW, MSF, and MSFsc using diary) was performed by
Pearson correlation analysis. Additionally, correlation between
mid-sleep time using MCTQ and sleep diary was compared in
insomnia patients and good sleepers. SPSS software version 21.0
(SPSS Inc., IBM Corp., Armonk, NY, USA) was used for data
analyses.

MCTQ Parameters in Insomnia Patients Compared
to Good Sleepers (Table 2)

MEQ and MCTQ scores were compared in insomnia patients
and good sleepers. The insomnia group consistently showed
higher levels of inconsistency between the MEQ and MCTQ.
When comparing various cut-off points, using 2.5% of the MSFsc extreme scores from the current sample indicated highest
rate of consistency compared to other criteria.

Comparison of Mid-Sleep Time Using MCTQ vs.
Sleep Diary in Insomnia Patients

RESULTS

A comparison of sleep parameters based on sleep diaries revealed there were significant difference in WASO (z = -2.87, p <
0.01) and SE (z = -2.86, p < 0.01) between insomnia patients

Demographic Information

A total of 319 participants participated in the study (mean age

Table 1. Demographic characteristics per good sleepers and insomnia group

Variable
names
n
Age

Total
n or mean

Good sleepers
n or mean
% or SD

% or SD
319

Insomnia group
n or mean
% or SD

263

27.09

5.64

27.41

54
5.66

25.38

5.32

Gender
Male
Female

70
249

21.9
78.1

63
200

24.0
76.0

7
47

13.0
87.0

SD: standard deviation.
Table 2. Comparison of chronotype classification using MCTQ and MEQ in insomnia patients vs. good sleepers

MSFsc 2.17
No insomnia Insomnia
Inconsistency (%)
Consistency (%)
n

9.9
90.1
263

20.4
79.6
54

MSFsc 2.5%
MSFsc 15%
MSFsc 20%
n No insomnia Insomnia n No insomnia Insomnia n No insomnia Insomnia n
37
280
317

4.9
95.1
263

11.1
88.9
54

19
298
317

29.3
70.7
263

35.2
64.8
54

96
221
317

76.8
23.2
263

74.1
25.9
54

242
75
317

MCTQ: Munich Chronotype Questionnaire, MEQ: Morningness-Eveningness Questionnaire, MSFsc: mid-sleep on free days corrected for
sleep debt on work days, MSFsc 2.17: MSFsc using mid-sleep time 2.17, MSFsc 2.5%: MSFsc using 2.5% of extreme scores of the sample, MSFsc 15%: MSFsc using 15% of extreme scores of the sample, MSFsc 20%: MSFsc using 20% of extreme scores of the sample.
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Table 3. Comparison of chronotype classification using MCTQ and MEQ in insomnia patients vs. good sleepers

Mid-sleep time
parameters

MSW

MSF

MSFsc

MSW_d

MSF_d

MSFsc_d

Comparison of mid-sleep time using MCTQ vs. sleep diary in the total sample (n = 121)
MSW

1

MSF

0.461†

1

MSFsc

0.633

0.891†

1

MSW_d

0.478

0.504†

0.565†

1

MSF_d

0.339

0.466

0.466

0.444†

1

MSFsc_d

0.354

0.443

0.477

0.418†

0.941†

†
†
†

Mid-sleep time
parameters

†

†

†

†

†

No insomnia (n = 107)
MSW

MSF

MSFsc

MSW_d MSF_d MSFsc_d

MSW

MSF

1

Insomnia (n = 14)
MSFsc MSW_d MSF_d MSFsc_d

Comparison of mid-sleep time using MCTQ vs. sleep diary in insomnia patients
MSW

1

1

MSF

0.447

1

MSFsc

0.663†

0.861†

1

MSW_d

0.514

0.433

0.533

1

MSF_d

0.296

0.507

0.514

0.557

1

MSFsc_d

0.331†

0.470†

0.516†

0.529†

0.946†

†

†
†

†
†

†
†

†

1

0.419

1

0.550*

0.966†

1

0.367

0.622*

0.583*

1

0.493

0.228

0.246

0.159

1

0.508

0.322

0.348

0.160

0.918†

1

*p < 0.05. p < 0.01.
MSW: mid-sleep on work days, MSF: mid-sleep on free days, MSFsc: mid-sleep on free days corrected for sleep debt on work days, MSW_d:
mid-sleep on work days using diary, MSF_d: mid-sleep on free days using diary, MSFsc_d: mid-sleep on free days corrected for sleep debt on
work days using diary.
†

and good sleepers.
In the total sample, sleep diary parameters were used to calculate average 7-day mid-sleep time on work days and free days,
and MSFsc, all of which were significantly correlated with MSW,
MSF and MSFsc (all ps < 0.001). When comparing correlations
between sleep diary and MCTQ parameters in insomnia patients with good sleepers, mid sleep time including MSW, MSF,
and MSFsc using sleep diaries showed significant correlations
with MSW, MSF, and MSFsc using MCTQ (all ps < 0.001) in the
good sleeper group. However, in the insomnia group, MSW in
the sleep diary was associated with MSF and MSFsc in the
MCTQ (r = 0.62, p < 0.05, and r = 0.58, p < 0.05, respectively).
All other correlations for mid-sleep time between the sleep diary and MCTQ parameters were not significant. Table 3 summarizes results.

DISCUSSION
The current study aimed to investigate how useful the MCTQ
is to classify chronotype in insomnia patients compared to good
sleepers. An important finding in our study was examining the
accuracy of using the MCTQ in insomnia patients compared to
good sleepers. Consistent with the overall sample, 2.5% yielded
the best consistency with the MEQ (88.9%) in insomnia patients compared to other cut-off points. However, when com-
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pared with good sleepers, insomnia patients had overall lower
consistency in chronotypes compared to good sleepers, which
was also evident when correlating with sleep diaries. While the
good sleepers had significant correlations between sleep parameters on sleep diaries and the MCTQ, MSFsc was only significantly correlated with MSW on the sleep diary, and not with
other parameters. Conceptually, considering that insomnia
disorder is characterized by time gaps during the night due to
difficulty maintaining sleep, there may be limitations when using mid-sleep time as an indicator of chronotype in insomnia
patients. While the MCTQ does account for prolonged sleep onset latency, the questionnaire does not ask for wake after sleep
onset, which is a common complaint among insomnia patients.
While there have been a few studies investigating chronotype in
insomnia patients, most of these studies have used the MEQ.16-18
While this is the first study investigating the utility of the MCTQ
in insomnia patients, there have been increasingly more studies
using the MCTQ to chronotype individuals due to the advantages of assessing work days and free days separately. Our study
suggests that the MCTQ may have limitations when administered to insomnia patients, and should be used in conjunction
with another existing questionnaire or assessment tool when
categorizing chronotype in insomnia patients, especially when
there is a high proportion of individuals with difficulty maintaining sleep. Future studies investigating this in a clinical population and other age groups are needed to further investigate
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this issue.
Despite our findings, this study had limitations. Considering
the age range and higher proportion of females in our sample,
it is difficult to generalize the results of this study as a general
feature of insomnia. This study was conducted on a relatively
narrow age range of participants, with young adults in their 20’s
and 30’s. This resulted in a low frequency of M-types in our sample. Additionally, only a few number of individuals with insomnia completed the 7-day diary, which may have contributed to the low consistency of MCTQ. Finally, our study did not
use biological or physiological markers of circadian rhythms,
such as dim light melatonin onset, which may have been helpful
in differentiating biological vs. preferential sleep-wake rhythm
in both insomnia individuals and good sleepers.
In conclusion, the current study examined how accurate the
MCTQ was in classifying chronotype in insomnia patients compared to good sleepers. When administering the MCTQ to insomnia patients compared to good sleepers, insomnia patients
had overall lower consistency in chronotypes compared to good
sleepers when compared to the MEQ and sleep diaries. As insomnia disorder is characterized by time gaps during the night
due to difficulty maintaining sleep, there may be limitations in
using mid-sleep time as an accurate indicator of chronotype in
insomnia patients. Thus, the MCTQ may have limitations when
administered to insomnia patients when categorizing chronotypes, and should be used in conjunction with another existing
questionnaire or assessment tools.
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