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Effects of Aging and Chronotype on
Sleep Habits in Korean Workers

Young-Man Park*, Yoo-jin Seo*, Kazuya Matsumoto™*

ABSTRACT

The Korean version of the morningness-eveningness questionnaire (MEQ) and sleep habits
inventory were administered to 1,038 Korean male daytime workers and were analyzed according to
age and chronotype to determine what these factors reveal about sleep habits in view of phase
difference of circadian rhythm. The mean and distribution of scores on the MEQ moved significantly
toward the moming type with aging. Bedtimes and waking times were progressively later from the
moming, intermediate, to evening types, and were also earlier with aging. Preferred bedtimes and
waking times showed more distinct differences than did the habitual times in each chronotype. The
percentage of subjects. who answered that sleep length was ‘short’, mood upon waking was 'bad’,
and vanabilities of bedtime and sleep length were ‘large’ were greater in the young and evening
types than in the elder and moming types, respectively. These findings suggested that subjects
were shifted toward the morning type and the phase of circadian rhythm had moved forward with
aging. Preferred bedtime and waking time were a better reflection of individual circadian rhythms
than habitual bedtime and waking time.
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1. Introduction

From the concept of morningness-eve-
ningness (or larks-owls) by Kleitman
(1963), the research for chronotype was
promoted by the momingness— eveningness
questionnaire (MEQ). The MEQ was
initially developed by Ogquist (1970) in
Swedish, and it has been modified many
Home and Ostberg (1976) modified
and translated the MEQ from Swedish into
English. The English version has since
been translated into many languages
(Ishihara et al, 1986, Adan & Almirali,
1990; Park et al, 1996) and applied widely.
There has
chronotype

times.

been extensive research of
(or diurnal type) using the
MEQ: research of behavior patterns or the
differences of circadian rhythms including
sleep-wake cycles, research of individual
differences or characteristics of personality
with phase difference of circadian rhythm,
and research of the tolerance to night or
shift work (Kerkhof, 1985). This research of
individual differences has focused on age,
sex, and personality, Previous research has
suggested that bedtimes and waking times
were earlier in the moming type than in
the evening type (Home & Ostberg, 1976;
Webb & Bonnet, 1978, Foret et al, 1982;
Mecacci & Zani, 1983, Kerkhof, 1984;
Ishihara et al, 1986; Park et al, 1997), and

the percentage of morning types was larger
in the aged than in the young (Mecacci &
Zani, 1983; Torsvall & Akersted, 1980;
Mecacci et al, 1986, Costa et al, 1987
Matsumoto & Morita, 1987, Ishihara et al.,
1988, Wilson, 1990). It showed only how the
distributions
(ME) scores and sleep habits changed by
age, but did not show an investigated

of momingness-eveningness

relationship of sleep habit with aging and
chronotype.

The purpose of this study was to
administer the MEQ to Korean workers in
individual
sleep-wake habits are influenced by such

order to investigate how
factors as aging and chronotype in view of

phase differences of circadian rhythm.

2. Method

2.1 Subjects

The Korean version (Park et al, 1986) of
the Horne and Ostberg MEQ and Life Habits
Inventory were given to 1640 daytime
workers from 62 mid-sized companies around
Masan and Changwon, the most concentrated
heavy mechanical industrial region in Korea,
from September to December, 1996. The
starting and ending time of these companies
were 0800 or 0830, 1700 or 17:30,

respectively. The Life Habits Inventory
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Table 1. The mean, standard deviations, skewness, kurtosis, and K-S test of ME scores by age group

. . K-S test
n Mean SD Skewness | Kurtosis | Median
value P
Below 24 yr. () 451 53 0.233 0.888 45 0111 0.023
25-34 yr. 333 469 6.4 0.181 0.137 47 0.060 0.043
35-44 yr. 476 50.0 6.1 -0.019 -0.031 50 0.038 0.003
45.-%4 yr. 141 52.5 6.2 -0.224 0.354 52 0.066 >0.20
Above 55 yr. 13 54.5 70 -0.767 0.231 56 0.116 >0.20

included sleep-wake habits,
sleep habhit,

variahility of

sleep latency, number of
awakenings, quality of sleep, and et cetera.
There were 1,148 effective respondents (1,038
Because of the

substantial difference in the number of men

men and 110 women).

and women, we used only the male data.
The mean age of the male daytime workers
was 36.3 years (5D=7.9), the minimum was
17 years, and the maximum was 60 years.

2.2 Procedure

The ME preference was assessed by a
score based on the questionnaire consisting
We calculated personal
scores and classified them five categories

of 19 questions.

on the basis of criteria from Home and
Ostberg (1976). These five categories were
moderate
morning type (59-69), intermediate type
(42-58), moderate evening type (31-41), and
extreme evening type (16-30). To analyze

extreme morning type (70-86),

the differences in sleep parameters we used

the two-way analysis of variance (ANOVA)
by age group and chronotype. To evaluate
the response ratio of variability in sleep
parameters we used the chi-square test,

3. Results

3.1 Distribution of ME scores

The mean and standard deviations of ME
scores for all subjects were 49.1 (6.6), and the
median was 49.0. The distribution of ME
score for all age groups was not normally
distributed by the Kolmogorov-Smirnov
(K-S) test (statistic= 0.039, df=1038, p<0.001).
As shown in Table 1, we divided the subjects
into five age groups and show the ME scores
for each: below 24 yr. (number of subjects:
75), 25-34 yr. (333), 35-44 yr. (476), 45-H4 yr.
(141), and above 55 yr. (13).

The distribution of ME scores shifted
toward the momning type from the young to
the old groups, and there were significant
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Table 2. The classifications of chronotype by age group
Total Morming type Intermediate type Evening type Total

© 77 (74 %) 837 (80.6 %) 124 (119 %) | 1,038 (100 %)

Below 24 yr. 2 2.7 %) 56 (74.7 %) 17 (227 %) I5) (7.2 %)
25-34 yr. 13 (39 %) 259 (778 %) 61 (183 %) 333 (321 %)
35-44 yr. 35 (74 %) 401 (80.1 %) 40 (84 %) 476 (459 %)
45-54 yr. 23 (16.3 %) 113 (61.5 %) 5 (35 %) 141 (136 %)
Above 55 yr. 4 (308 %) 8 (615 %) 1 (717 %) 13 (1.3 %)

Table 3. The means and standard deviations of sleep variables by age group and chronotype

Bedtime Waking time Sleep length(weekdays) | Sleep length
Habitual | Preferred | Habitual | Preferred | Habitual | Preferred | (weekends)
NI M |SD* M |SD| M |[SD| M [SD| M |[SD| M |SD| M |SD
Above 24 yr.| 75 12349] 48 12331 | 63 {639 | 37 | 736 | 7B | 644 | 55 | BB | 9%6| 356 | 114
Interm. 56 | 2350 | 48 2322|565 | 637 37 | T2l | 66 | 644 | B2 | TEO | 9| 89| %
Evening 17 12356 465 (2404 | 78 | 644 | 40 | 826 | 99 1 635 | 66 | 823 |114| 946 | 1
25-34 yr. 333 123281 47 | 2322|162 | 631 30 | 719 | 66 [ 657 | 55 | 756 | 8 | 84 | B
Moming 132306 44 (2239 46 | 616 | 39 | 637 | 8 | 715 40 | 758 | 8 | 8B | %
Interm. 209 2327 4 |2317| 57 {630 29 | 712 65 | 659 | 52 | 755 | &4 | 841 | %O
Evening 6l 2340 | 96 |2357| 72 | 636 | 28 | 79| O | 657 | 66 | 802 | BB | 903 | 77
3044 yr. 476 | 2309 | 47 | 2206|052 | 618 | 31 | 644 | 57 | 659 | 51 | 748 | 0 | 812 | &7
Morning 3H|225| bl 2244|153 | 601 | 32 | 558 | 36 655 | 5% | 714 | 54| T | &
Interm, 401 |2300| 47 2254151 | 619 | 30 | 644 | 54 | 609 | Bl [ 7TEO| TO | 809 | &
Evening 40 2340 33 |2323| 54 | 627 | 31 | 7B | 62 | 657 | 48 | 802 | 67 | 836 | 9
45-54 yr. 141 2301 | 50 12248 47 | 601 | 36 [ 637 61 | 650 | M4 | 749 | 64 | 8 | N
Moming 2B12242) 31 (22528 | 542 | 46 [ 610 42 | 647 67 | 745 |51 | 734 | 70
Interm. 113 12304 | 52 (2251 ) 46 | 6:04 | 32 | 639 | 60 | 650 | 20 | 748 | 66 | 809 | R
Evening 512332, 56 12324 80 | 634 | 9 | 748 | 78 | 718 | 72 824 |91 | 8% | A
Above 55 yr.| 13 | 2223 | 88 | 223357 |55 | 4 | 600 | 68 | 644 1 74 | 731 | 44 | 821 | 93
Moming 4 12253 71 (2230 60 | 512 | 43 | 530 | 3H |54 90 | 700 | 49| 75| 57
Interm. 812204 | 49 2217|127 | 534 | 30 556 | 5 | 719 | 48 | 739 |38 |83 | B
ANOVA :
Age(df=4,1023) 265 271 11.84™ 708" ns ns 3637
Chrono(df=2,1023) 452 1336 320 2365 ns n.s 312
Interact.(df=8,1023) ns n.s ns ns 202" ns ns

"Mean (hrmin); ‘Standard deviation (min); p<.05;, "p<.OL,  p<.001

effects in scores by age groups (Fim= 34.7,
p<.001). That is, the mean and standard was 452 (5.3) in the below 24 years group,

deviation of ME score for all age groups
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469 (6.4) in the 25-34 years group, 50.0 (6.1)
in the 35-44 years group, 525 (6.2) in the
45-54 years group, and 545 (7.0) in the
above D5 years group.

Table 2
chronotype for each age group. Chronotype

shows the percentage of
was divided into three categories: morning
type (extreme and moderate moming types),
type
(extreme and moderate evening types). The

intermediate  type, and evening
number of moming type subjects in the
below 24 years group was as few as 2, and
the number of evening type subjects in the
above 55 years group was as few as 1.
The portion of evening type subjects was
large in the young groups, and the
distribution shifted significantly toward the
morning type with aging.

3.2 Sleep habits by age and
chronotype

Table 3 shows the means and standard
habitual and
waking times,

deviations  of preferred
bedtimes,

length of sleep on weekdays or weekends

and the mean

by age and chronotype. Since the number
of moming type in the below 24 years
group and evening type in the above 055
years group was very few, we did not
represent them in the Table. The preferred
waking times and bedtimes were two of the

items in the MEQ. These times were

determined based on the subjects’ responses
to the question, "Considering only your own
‘feeling best’ rhythm, at what time would
you go to bed or get up if you were
The
preferred sleep length was then obtained
from the preferred waking times
bedtimes.

Habitual and preferred
and these tendencies

entirely free to plan your day?”

and

bedtimes were
earlier with aging,
were clearer in the moming than in the
evening or intermediate types for all age
groups except for the above 55 years group.
Habitual bedtimes in the intermediate and
moming types were slightly later than
preferred bedtimes in all age groups.
Chronotype showed a significant effect on
habitual and preferred bedtimes, and age
groups only showed a significant effect on
habitual bedtimes. There was no significant
interaction between age and chronotype for
habitual and preferred times.

Habitual and preferred waking times were
also earlier with aging from the evening to
the morning types. The
waking time by chronotype was clearly
larger in the preferred than habitual times.
The difference of habitual and preferred
waking times was larger in the evening

differences in

types than in the morning types in all age
groups. Both age and chronotype showed
significant effects on habitual and preferred
waking times, but the interactions of both
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Table 4. The correlation coefficients among age, ME score and sleep parameters

ey | Bediime Waking Time (Sljvegelizﬁ oeD Jengrh

Habitual |Preferred | Habitual | Preferred | Habitual | Preferred
Age | 0350™ | -0297" | -0278™" | -0.372"" | -0328™" | ns -0072" | -0.190""
ME score| - -0.282"" | -0.333"" | -0322"" | -0462™ | 0063" | -0.148™ | -0.286™"

"p<05 5 p<.00L

Table 5. The percentages for the responses to questions of sleep status by age group and chronotype

Age group Chronotype
Below 24 25-34 3H-44  45-54 Aboveb5| Moming Interm, Evening
Variability of bedtime ns xi= 211
below 30 375 429 478 435 50.0 58.3 45,7 320
30-60min 36.1 417 409 428 333 292 417 434
above 1 hr 26.4 154 113 138 16.7 125 12.7 246
Variability of sleep length e 2317 2= 136"
about 30min 41.3 467 5.6 5%6.1 538 59.2 5.3 452
about 1 hr 45.3 46.1 3h4 36.7 462 3»8 9 41.1
above 2 hr 133 12 5.1 7.2 0.0 39 58 13.7
Variability of waking tim s n.s
below 10 40.0 41.2 34.0 377 30.8 26.7 312 435
10~-30min 493 52.4 579 51.4 53.8 66.7 549 452
above 30 10.7 6.4 80 109 154 6.7 78 113
Depth of sleep %= 235" ns
very deep 253 40.8 370 340 231 325 361 44
deep 54.7 399 368 319 385 317 386 379
light 200 19.2 2.3 340 385 209 253 17.7
Mood upon waking %= 202" x 5= 560"
Good 27 570 63.0 716 769 805 .9 347
Bad 573 430 320 284 231 195 A1 6.3
Satisfaction on sleep length 24= 192" 1= 461"
short 64.0 578 464 454 308 38 489 78
satisfy 36.0 492 536 546 692 66.2 51.1 242

'p<05 ;<01 5 " p<.001

were not significant.

Sleep length was a little shorter for the

morning types in the above 55 years group,

but sleep lengths were not significant by age
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groups except for the above 55 years group
and chronotype. Preferred sleep length was a
little longer in the evening type than in the
mormning type in all age groups, but differences
in preferred sleep lengths were not significant
by age and chronotype. The length of sleep on
weekends was shorter with aging except in
the intermediate type of the above 55 years
group, and progressively larger from the
morring type to the evening type in all age
groups. Age and chronotype showed sign-
ificant effects on the length of sleep during
weekends, but the interactions of both were
not significant. Sleep length during weekends
as compared with the habitual sleep length
was longer by 0.6 hr, 1.4 hr, and 2.3 hr for the
morning, intermediate, and evening types,
respectively. It was significantly longer in the
evening type.

The correlation between age and sleep par-
ameters for all subjects is shown in Table 4.
Age had a significant negative correlation with
habitual and preferred bedtimes, waking times,
and sleep length during weekends, but did not
have a significant correlation on habitual sleep
length. The ME score also had a significant
negative with  habitual and
preferred bedtimes, waking times, and sleep
length on weekends. There was a significant

correlation

positive correlation between age and ME score.

3.3 Self-estimation of sleep-state

Table 5 shows, by self-estimation, the
frequency of responses to questions that
included the variability of bedtime, waking
time, and sleep length during weekdays,
depth of sleep, mood upon waking, and
satisfaction of sleep length by age group and
chronotype. The percentage of subjects who
answered that their variability of bedtime and
sleep length were 'below 30 min.” and "about
30 min.” was progressively higher with aging
from the morning, intermediate, to evening
types.
answered that their sleep length was ’short’

The percentage of subjects who
was higher in younger groups, and it
increased progressively from the morning,
intermediate, to evening types.

The percentage of subjects who answered

that their sleep was ‘light’ increased
progressively from the young to the aged
groups, but there was no significant

difference by chronotype. The percentage of
subjects who answered that their mood
upon waking was 'bad’ was higher in the
young than in the aged groups, and it was
higher in the evening type than in the
morning type. There were no differences
in the variability of waking time and sleep
latency by age and chronotype.

4. Discussion
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The distribution of ME scores shifted
toward the moming type with aging, and
the correlation between age and ME score
was significantly positive. These were In
accord with previous research (Mecacci et
al,, 1986; Costa et al,1987;, Adan & Almirali,
1990; Ishihara et al., 1992). The aged had a
smaller amplitude, shorter cycle and more
advanced phase of circadian rhythm (like
body temperature, for example) than did the
young (Weitzman et al, 1982, Kerkhof,
1985). There strong negative

correlation between the acrophase of body

was a

temperature and ME score (Weitzman et al,
1982) and the distribution of ME scores
moved toward the moming type. From
these facts, we concluded that this was the
result of the forward movement of circadian
phase with aging.

There was little research on how to change
sleep habits from the young to the aged.
Costa et al. (1987) reported that age had a
significant negative correlation with bedtime,
waking time, and meal times. These times
became earlier with aging. In our research,
habitual and preferred bedtimes and waking
times had a significantly negative correlation
with age. However, there was no effect on
habitual bedtimes and waking times by age in
the research by Ishihara et al. (1992). They
pointed out that the differences between
habitual and preferred bedtimes and waking
times were larger with aging because the

preferred times were a better reflection of age
effects than habitual times due to restrictions
by social conditions such as the hour they
went to the office. In our research, habitual
and preferred bedtimes and especially waking
times were affected by age.

Previous research that investigated sleep
habits by chronotype over a broad age range
was very scarce., The reason was that old
subjects of the evening type were few. The
number of evening type in the above 55 years
group was very small in our research.
Habitual and preferred bedtimes

significantly earlier with aging, and these

was

times were also earlier from the evening type
to moming type for all age groups. Habitual
and preferred waking times were also earlier
with aging for all chronotypes, and progre-
ssively earlier from the moming, intermediate,
to evening types for all age groups. The
difference by chronotype was larger in
preferred times than in habitual times for all
age groups because habitual times were more
easily affected by social restrictions than
preferred times. We concluded preferred times
more clearly represented individual circadian
rhythm than habitual times.

Habitual and preferred sleep length during
weekdays did not show differences by age
and chronotype and had no correlation with
age. These were In agreement with
previous studies (Webb & Bonnet, 1978;
Ishihara et al, 1988, 1992, Adan & Almirali,
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1990) The length of sleep on weekends was
longer in the young than the aged groups,
and progressively longer from the morning,
intermediate, to evening types. There was
little previous research analyzing sleep
length on weekends by chronotype.

In the research by Mecacci et al. (1983)
for students and white-collar workers of
the same age, the differences between the
morning and evening types in bedtime and
waking time were larger on weekends than
Furthermore, they reported

that bedtimes and waking times were later

on weekdays.

on weekends than on weekdays in the
Costa et al. (1987) also
reported that waking times on weekends of
670 fields of

employment in Verona were earlier about

evening type.

subjects from various
1-2 hours in the moming type than in the
evening type.

In our research, the difference in sleep
length between weekdays and weekends
from the

became progressively longer

morning, intermediate, to evening types.
We concluded that the subjects compensated
for lack of sleep during weekdays by
lengthening the waking time rather than
bedtime. We also concluded that the sleep
length during weekends better reflects the
The

reason for the need of longer sleep length

circadian rhythm of personal choice.

during weekends in the evening type than
in the moming type was not clear, but the

evening type needed longer sleep because of
short sleep length during weekdays owing
to late sleep and early waking due to social
restrictions.

The percentage of subjects that answered
'short’ for the question of sleep length and
"bad’
significantly larger in the young than the

for the mood upon waking was

aged groups, and in the evening type than
in the morning type. These facts indicate
that the subjects in the young group - high
portion of the evening type - did not get a
sufficient amount of sleep that they wanted
during the week. The wvariabilities of
bedtime and sleep length were larger in the
young groups and evening types than the
old groups and moming types, respectively,
From this fact, though the young and
evening types are more adaptable to time
change environments (like shift work)
(Folkard, 1979), they may have discordance
of phases between circadian and sleep-wake

rhythms.

5. Conclusion

We administered the Korean version of
the MEQ to 1,038 male workers in order to
investigate the changes of individual sleep
habits under the influence of such factors
as aging and chronotype in view of phase
differences of circadian rhythm.
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The results are :

1) The mean and distribution of ME
scores shifted toward the morning type
with aging, and the scores had a significant
positive correlation with age.

2) The habitual and preferred bedtimes
and waking times were earlier with aging
in all chronotype, and were significantly
later from the moming, intermediate, to
evening types.

3) The difference of waking times by
chronotype was clearer in preferred times
than in habitual times that were restricted
by the social environment.

4) The length of sleep during weekends
was significantly longer in the young than
in the aged group, and was progressively
longer from the morning, intermediate, to
evening types. .

5) However, habitual and preferred sleep
length during weekdays were not significant
by age and chronotype.

6) The percentage of subjects whose
sleep length was short, mood upon waking
was bad, and the varabilities of bedtime
and sleep length were large, were greater in
the young and evening types than in the
elder and morning types, respectively.

From these results, there is a forward
movement of circadian phase and a shift
toward the moming type with aging.
Preferred bedtimes and waking times better
reflected individual circadian rhythm than

habitual times.
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