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INTRODUCTION

Poor sleep quality, sleep deprivation, and excessive daytime 
sleepiness are common in medical students, especially during 
clinical clerkship [1-3]. Sleep disturbances may partly reflect the 
fact that the normal circadian rhythm clashes with early clinical 
schedules. Circadian preference is associated with specific per-
sonality patterns in young adults [4-7]. The morning-type prefer-
ence has been reported to be associated with higher conscien-
tiousness and agreeableness and lower openness to experience, 
extraversion, and neuroticism [6]. In terms of the latter, morn-
ingness tends to be associated with low-level neuroticism [4,8], 
although some studies have reported a negative or no relation-
ship between morningness and neuroticism [7,9]. Eveningness is 
associated with depression [10-12], eating disorders [13], anxiety 
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[14], addiction [15-17], and personality disorders [4,7,18].
Morningness has been found protect against sleep-related psy-

chological problems in childhood and adolescence [19]. It has 
been suggested that the chronotype of young adults be considered 
in developing programs to prevent mental health problems [4]. 
Thus, it is important to evaluate the chronotype of medical stu-
dents to determine whether it is related in important ways to per-
sonality. As it has been established that a shift toward morning-
ness occurs after early adulthood [20,21], it is also crucial to 
determine whether significant changes in circadian preference 
are likely to occur during clinical clerkship. Changes in chrono-
type may be related to certain defenses, and to changes in defense 
mechanisms and defense styles during clerkship.

Therefore, we explored the defense styles, defense mechanisms, 
and chronotypes of medical students before and after clinical 
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clerkship. We expected that certain defenses and/or changes in 
defenses would be associated with chronotype and/or with chang-
es in chronotype. We hypothesized that meaningful changes in 
circadian preference would occur through clinical clerkship, and 
these changes may be associated with the use of certain defenses 
and/or changes in defenses.

MATERIALS AND METHODS

Participants
This study is part of a larger project, ‘A Study on the Physician–

Patient Interactions (PPIs) of Medical Students [22],’ which fol-
lowed three successive cohorts from the start of their second year 
in 2012 through the end of their fourth year in 2016. The study 
was performed at the medical school of Gyeongsang National 
University (GNU) in Jinju City, Republic of Korea. All those who 
agreed to participate provided written informed consent and com-
pleted questionnaires during the first 2 weeks of August in their 
second year in 2012, 2013, and 2014. After clinical rotations in 
clinical departments, the same students completed the question-
naires in September 2014, 2015, and 2016. Students who with-
drew temporarily or permanently were excluded. Student iden-
tities were managed separately, and the questionnaires were 
anonymized. Any student exhibiting a high-risk mental health is-
sue was so informed, and psychiatric evaluation was recommend-
ed based on the cutoff of the Hospital Anxiety and Depression 
Scale. The data on 148 year-2 students in 2012 and 2013 were an-
alyzed as a cross-sectional study, which has been published [5]. 
We recruited 216 year-2 students, of whom 187 (94 males and 93 
females) aged 24–38 years (mean, 28.9±2.8 years) completed 
questionnaires at year 4. Students were divided into three groups 
by year; group I included participants who were in year 2 in 2012 
and year 4 in 2014; group II included students who were in year 2 
in 2013 and year 4 in 2015; group III included subjects who were 
in year 2 in 2014 and year 4 in 2016. The institutional review board 
of GNU approved this study (IRB file number: GIRB-A14-Y-0051).

Assessment
The questionnaires included the Korean versions of the De-

fense Style Questionnaire (K-DSQ) [23] and the Morningness–
Eveningness Questionnaire (MEQ) [24]. The Hospital Anxiety 
and Depression Scale (HADS) [25], the Korean version of the In-
somnia Severity Index (ISI-K) [26], and a sleep-habit question-
naire evaluating weekend oversleeping, exposure to sunlight from 
10:00 to 15:00, rising time difference between weekdays and week-
ends, and total sleep time during weekdays and weekends were 
administered to all fourth-year students.

The K-DSQ is a psychometric instrument comprising 65 ques-
tions that evaluate individual thoughts and behaviors. Sixteen de-
fense mechanisms, which are grouped into four defense styles, are 
explored. The adaptive defense style consists of humor, sublima-
tion, omnipotence, and denial. The immature defense style con-
sists of consumption, passive aggression, fantasy, splitting, projec-

tion, and acting out. The self-repressive defense style consists of 
suppression, reaction formation, undoing, and withdrawal. The 
conflict-avoidant style includes resignation and isolation. Al-
though the wording of K-DSQ items indicates that defenses are 
traits, defense mechanisms and styles can also be viewed as out-
comes [27]. We examined differences between year-2 and year-4 
participants with regard to defense styles and use of 16 defense 
mechanisms, to identify personality changes during clerkship.

The HADS, used to measure depression and anxiety in fourth-
year students, has been employed both for in-hospital screening 
and to evaluate general populations, such as university students 
[28,29]. The scale consists of 14 items divided equally into anxiety 
(HADS-A) and depression (HADS-D) subscales, and each item 
is graded on a scale from 0 to 3 [25]. The Korean version of the 
HADS is valid and reliable, and the HADS-A and HADS-D cut-
offs for anxiety and depression diagnosis, respectively, are both 8 
[30]. The internal reliability in the present study was adequate 
(Cronbach’s α for HADS-A=0.83; for HADS-D=0.74). 

The MEQ was used to estimate morningness/eveningness and 
changes therein after the clinical years. This self-report question-
naire consists of 19 items, and total scores ranged from 16 to 86; 
higher scores indicate greater morningness. The Korean version 
of the MEQ is reliable and valid [31,32]. The internal reliability in 
the present study was adequate (Cronbach’s α for year-2 students= 
0.70; for year-4 students=0.81). 

The ISI-K was used to evaluate the sleep quality of year-4 stu-
dents. This self-report instrument is reliable and valid when used 
to assess insomnia in Koreans [26]. The ISI-K consists of seven 
items, each rated on a five-point Likert scale; the total score rang-
es from 0 to 28. Higher scores reflect more severe insomnia; the 
optimal cutoff was 15.5 [26]. The internal reliability in the present 
study was adequate (Cronbach’s α=0.81). Other sleep-habit-relat-
ed variables were also assessed. To measure mean sleep durations 
on weekdays and weekends, we asked, “How many hours do you 
sleep on average on weekdays (this might be different from the 
duration of lying down on the bed)?” and “How many hours do 
you sleep on average on weekends?” To explore rise time mis-
alignment between weekdays and weekends, we asked, “On aver-
age, what time do you get out of bed on weekdays?” and “On av-
erage, what time do you get out of bed on weekends?” We then 
calculated the absolute difference (the misalignment) [33]. We 
also asked: “On average, how long do you spend outside (e.g., 
walking, taking exercise, or just sitting on a bench) between 10:00 
and 15:00 on weekdays?” and “On average, how long do you 
spend outside (e.g., walking, taking exercise, or just sitting on a 
bench) between 10:00 and 15:00 on weekends?” Differences in 
sleep duration between weekdays and weekends were calculated 
to estimate weekend oversleep [33]. 

Statistical Analysis
Pearson’s correlations were calculated between parametric vari-

ables, and Spearman’s correlations between non-parametric vari-
ables. Differences in parametric variables by year were examined 



Chronotype and Immature Defense Style34 / CIM

using analysis of variance; post hoc analysis featured Fisher’s least 
significant difference test. Differences in non-parametric variables 
by year were evaluated using the Kruskal–Wallis test; we also per-
formed pairwise comparisons. Defense styles and mechanisms 
and morningness/eveningness at years 2 and 4 were compared 
using the paired t-test for parametric data and the related-samples 
Wilcoxon signed-rank test for non-parametric data. We included 
variables with significant correlation coefficient as the continu-
ous variables in multiple regression analyses (p<0.05).

We performed multiple linear regression to identify personali-
ty-related predictors of changes in morningness/eveningness from 
years 2 to 4 after controlling for age and sex. Another multiple 
linear regression was performed to identify personality-related 
predictors of changes in morningness/eveningness from years 2 
to 4 after controlling for age, sex, depression, and sleep quality at 
year 4. We performed multiple regression analysis to identify 
year-4 personality-related predictors of year-4 circadian prefer-
ence after controlling for age, sex, year, depression, and sleep 
quality at year 4, as well as other sleep-related variables including 
rising time misalignment between weekdays and weekends, week-
end oversleep, and the mean amount of sunlight exposure be-
tween 10:00 and 15:00. All analyses were performed using SPSS 
for Macintosh software (ver. 23.0; IBM Corp., Armonk, NY, USA), 
and a two-tailed p-value <0.05 was considered to indicate statis-
tical significance.

RESULTS

The MEQ score increased (i.e., a change toward morningness) 
from year 2 to 4 (W=9,085.5, p=0.018, r=0.18). The MEQ scores 
at year 2 differed among year-groups I–III; post hoc analysis 
showed that group III had a higher mean MEQ score than did 
groups I and II (Table 1). The MEQ scores at year 4 did not differ 
significantly among the year-groups, except that group II exhib-
ited a significantly higher MEQ score than did group I (Table 1). 
Changes toward morningness from years 2 to 4 were significant-

ly correlated with splitting at year 2 (ρ=-0.29, p<0.001, N=176), 
changes in splitting from year 2 to 4 (ρ=0.19, p=0.010, N=174), 
consumption at year 4 (ρ=-0.17, p=0.026, N=177), and use of the 
immature defense style at year 4 (ρ=-0.15, p=0.043, N=176). Mul-
tiple linear regression analysis showed that less splitting at year 2 
predicted a greater change toward morningness from year 2 to 4 
after controlling for age and sex (Table 2). Another multiple linear 
regression analysis showed that female sex, less splitting at year 2, 
and lower use of the immature defense style at year 4 were signifi-
cantly associated with more change in the direction of morning-
ness over the 2 years of clerkship after controlling for age, depres-
sion, and sleep quality at year 4 (Table 3). In terms of individual 
defenses, less splitting at year 2 and less consumption at year 4 
were significantly associated with a greater increase in morning-
ness from year 2 to 4 after controlling for age, sex, depression, and 
sleep quality at year 4 and with changes in splitting from year 2 to 
4 (Table 4). We then explored whether more change in the direc-
tion of morningness truly predicted less use of consumption and 
of the immature defense style at year 4 (Tables 5 and 6). Multiple 
linear regression analysis showed that splitting at year 2 and dif-
ferences in morningness significantly predicted consumption at 
year 4 after controlling for age, sex, depression, and year-4 sleep 
quality (Table 5). Another multiple linear regression analysis re-
vealed that increases in morningness and decreases in splitting 

Table 1. Students’ baseline demographic data and MEQ, HADS, and ISI scores for the three year-groups (I, II, and III)

Total subjects
(n=187)

2012–2014 (I) 
group (n=59)

2013–2015 (II) 
group (n=71)

2014–2016 (III) 
group (n=57)

F* (p-value) or
H† (p-value)

Post hoc or pairwise 
comparison

Age (year 4) (years) 28.9±2.8 28.4±2.7 28.9±2.8 29.4±2.8 4.0† (p=0.14)
Male (%) 94 (50.3) 30 (50.8) 29 (40.8) 36 (61.4) χ2=5.36 (p=0.07)‡  
MEQ score (year 2) 
  (n=183) 

44.4±8.9 41.5±8.2 (n=57) 45.4±8.7 (n=70) 46.2±9.2 (n=56) 4.8* (p=0.009) I<III, II<III

MEQ score (year 4)
  (n=182)

46.0±8.9 43.6±8.6 (n=57) 47.4±8.9 (n=69) 46.6±8.8 (n=56) 3.1* (p=0.05) I<II

HADS-D (year 4) 
  (n=186)

5.8±3.3 5.7±2.9 (n=58) 6.7±3.8 (n=71) 4.9±2.7 (n=57) 4.9* (p=0.008) II>III

HADS-A (year 4) 
  (n=186)

6.0±3.0 5.2±2.7 (n=59) 6.2±3.4 (n=71) 6.5±2.7 (n=57) 5.6† (p=0.06)

ISI (year 4) (n=183) 6.2±4.3 5.7±4.0 (n=56) 6.4±4.5 (n=71) 6.3±4.4 (n=56) 0.7† (p=0.72)
Data are expressed as n (%) or as means±standard deviation. *Analysis of variance, †Kruskal–Wallis test, ‡chi-squared test. MEQ: Morningness–
Eveningness Questionnaire; ISI: Insomnia Severity Index; HADS-D: Hospital Anxiety and Depression Scale-Depression; HADS-A: Hospital 
Anxiety and Depression Scale-Anxiety

Table 2. Multiple linear regression assessing baseline defense 
mechanism as a predictor of differences in morningness/evening-
ness during clerkship

B Standard 
error β p-value

Intercept 0.019 7.562 0.998
Age (years) 0.311 0.241 0.096 0.199
Sex (female=0, male=1) -2.159 1.324 -0.120 0.105
Splitting (year 2) -2.000 0.723 -0.205 0.006
Dependent variable: MEQ difference (between years 2 and 4). R2=0.07, 
adjusted R2=0.05, F=4.3 (p<0.05), N=175. MEQ: Morningness–Eve-
ningness Questionnaire
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from year 2 to 4 significantly predicted less use of the immature 
defense style at year 4 after controlling for age, sex, depression, and 
sleep quality at year 4 (Table 6).

Circadian preference at year 4 was significantly correlated with 
year-4 use of the immature defense style (ρ=-0.22, p=0.003, N= 
180), sublimation (ρ=0.18, p=0.015, N=181), consumption (ρ=-0.19, 
p=0.011, N=181), and passive aggression (r=-0.23, p=0.002, N=181) 
and with year-4 sleep quality (ISI scores; ρ=-0.17, p=0.023, N= 
178), rising time misalignment between weekdays and weekends 
(ρ=-0.32, p<0.001, N=179), weekend oversleep (ρ=-0.26, p<0.001, 
N=181), and mean sunlight exposure from 10:00 to 15:00 (ρ=0.18, 

p=0.032, N=143). Multiple linear regression showed that female 
sex, better sleep quality, less use of passive aggression, and greater 
sublimation at year 4 were significantly associated with morning-
ness after controlling for year-group, depression, and sleep-habit 
related variables; the model explained 29% of the variance in 
MEQ scores at year 4 (Table 7). 

DISCUSSION

We found a significant change in favor of morningness by year 
4. The within-year-group differences were less marked at year 4 
than at year 2. The change toward morningness was significantly 
related to year-2 splitting after controlling for age and sex. Thus, 
students who exhibited less splitting at baseline moved toward 
morningness when experiencing stressful, difficult, but exciting 
clinical situations. The clinical educational schedule can act as a 
zeitgeber as clinical work commences 30–60 min earlier than pre-
clinical lectures [34]. Eveningness is usually related to difficulties 
in managing environmental and social demands, and these prob-
lems may worsen when educational schedules become stressful 
[35,36]. Moreover, eveningness is reportedly associated with poor 
self-control [37] and impulsivity [38], reflecting brain serotoner-
gic functioning [39,40]. Students who engage in splitting may ex-
hibit less self-control, including poor self-regulation of bedtime; 
thus, habits compatible with clerkship schedules may be difficult 
to sustain, limiting any move toward morningness, or even creat-
ing a move toward eveningness, during the period of clinical train-

Table 5. Multiple linear regression assessing baseline defense mechanism and differences in chronotype during clerkship as predictors 
of consumption at year 4

B Standard error β p-value
Intercept 4.924 0.814 <0.001
Age (years) -0.018 0.026 -0.052 0.491
Sex (female=0, male=1) 0.035 0.146 0.018 0.809
HADS-D (year 4) -0.009 0.024 -0.032 0.691
ISI (year 4) 0.005 0.018 0.022 0.784
MEQ difference (between years 2 and 4) -0.033 0.009 -0.295 <0.001
Splitting at year 2 -0.237 0.084 -0.220 0.005
Dependent variable: Consumption at year 4. R2=0.10, adjusted R2=0.07, F=3.2 (p<0.05), N=170. MEQ: Morningness–Eveningness Questionnaire, 
HADS-D: Hospital Anxiety and Depression Scale-Depression, ISI: Insomnia Severity Scale

Table 4. Multiple linear regression assessing baseline defense mechanisms, changes in defense mechanisms, and defense mecha-
nisms after clerkship as predictors of changes in morningness/eveningness from year 2 to 4

B Standard error β p-value
Intercept 11.731 7.997 0.144
Age (years) 0.296 0.225 0.094 0.191
Sex (female=0, male=1) -2.439 1.258 -0.140 0.054
HADS-D (year 4) -0.072 0.207 -0.027 0.727
ISI (year 4) -0.123 0.161 -0.059 0.445
Splitting (year 2) -2.389 0.929 -0.244 0.011
Splitting difference (between years 2 and 4) 0.626 0.791 0.075 0.430
Consumption (year 4) -2.442 0.654 -0.269 <0.001
Dependent variable: MEQ difference (between years 2 and 4). R2=0.19, adjusted R2=0.16, F=5.5 (p<0.001), N=168. MEQ: Morningness–Evening-
ness Questionnaire, HADS-D: Hospital Anxiety and Depression Scale-Depression, ISI: Insomnia Severity Scale

Table 3. Multiple linear regression assessing baseline defense 
mechanisms and defense style after clerkship as predictors of 
changes in morningness/eveningness from year 2 to 4

B Standard 
error β p-value

Intercept 8.945 8.093 0.271
Age (years) 0.331 0.231 0.106 0.154
Sex (female=0, male=1) -2.834 1.287 -0.162 0.029
HADS-D (year 4) 0.035 0.213 0.013 0.869
ISI (year 4) -0.100 0.166 -0.048 0.549
Splitting (year 2) -2.409 0.721 -0.247 0.001 
Immature defense style (year 4) -2.345 1.125 -0.157 0.039
Dependent variable: MEQ difference (between years 2 and 4). R2=0.14, 
adjusted R2=0.11, F=4.5 (p<0.001), N=169. MEQ: Morningness–Eve-
ningness Questionnaire, HADS-D: Hospital Anxiety and Depression 
Scale-Depression, ISI: Insomnia Severity Index
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ing. Morningness may be socially desirable; morning types man-
age time cues and arousal/sleep–wake rhythms better [41,42]. 
Eveningness may be associated with poor attention to time cues 
and weak entraining of arousal to a sleep–wake cycle appropriate 
for clinical schedules [41,42]. Therefore, a move toward morning-
ness during clinical clerkship may protect against stressful condi-
tions [43]. 

Another regression analysis showed that less splitting at year 2, 
less use of the immature defense style at year 4, and female sex 
were significantly associated with a change toward morningness 
after controlling for age and year-4 depression and sleep quality. 
Decreased use of an immature defense style was associated with 
less neuroticism [44] and less depression, as well as a decreased 
rate of eating and personality disorders [27,45,46]. We found that 
students who moved toward morningness during clinical clerk-
ship tended to employ an immature defense style less frequently. 
Females have been reported to be more morning-oriented than 
males during puberty and early adulthood [7,47], and the shift to 
morningness during puberty occurs earlier in females than in 
males [47]. However, other studies found no sex differences or 
even greater eveningness in females [20,48]. 

In terms of specific defense mechanisms, less splitting at year 2 
and less consumption at year 4 were significantly related to a shift 

toward morningness over time. Interestingly, consumption at year 
4 was predicted by a change toward eveningness over time, as was 
less splitting at year 2. Students who use consumption as a defense 
may employ alcohol or tobacco to resolve or relieve inappropriate 
impulses or needs. Eveningness has been associated with sub-
stance use and addiction in adults [15-17]. As the circadian pref-
erence, circadian gene polymorphisms, and brain reward circuit-
ry may be interrelated, eveningness may directly increase substance 
abuse [49]. As those who favor eveningness tend to act out and 
criticize traditional standards [41], a move toward eveningness 
may increase consumption and substance abuse, especially in 
those who employ splitting less prior to clinical training. Our pre-
vious cross-sectional results from a subpopulation of the present 
study showed that year-2 eveningness was associated with greater 
consumption, less sublimation, and male sex [5]. Furthermore, a 
greater decrease in splitting and a move toward morningness dur-
ing clinical clerkship were significantly related with less use of the 
immature defense style at year 4 in this study. Splitting is a typical 
image-distorting defense [27] used primarily by those with bor-
derline personality disorder [50,51]. Students who gradually aban-
don splitting as clinical learning proceeds may increasingly inte-
grate their self-image with other images, directly reducing use of 
the immature defense. Moreover, students who attain increasingly 

Table 6. Multiple linear regression assessing changes in defense mechanisms and chronotype differences during clerkship as predic-
tors of use of the immature defense style at year 4

B Standard error β p-value
Intercept 3.261 0.424 <0.001
Age (years) -0.009 0.015 -0.044 0.525
Sex (female=0, male=1) -0.036 0.082 -0.031 0.664
HADS-D (year 4) 0.016 0.013 0.087 0.244
ISI (year 4) 0.019 0.010 0.135 0.072
MEQ difference (between years 2 and 4) -0.017 0.005 -0.254 0.001
Splitting difference (between years 2 and 4) 0.221 0.040 0.397 <0.001
Dependent variable: Immature defense style at year 4. R2=0.24, adjusted R2=0.21, F=8.3 (p<0.001), N=169. MEQ: Morningness–Eveningness 
Questionnaire, HADS-D: Hospital Anxiety and Depression Scale-Depression, ISI: Insomnia Severity Scale

Table 7. Multiple linear regression assessing defense mechanisms after clerkship as a predictor of morningness/eveningness at year 4 
after controlling for sleep habit-related variables

B Standard error β p-value
Intercept 45.120 7.810 <0.001
Age (years) 0.147 0.243 0.047 0.545
Sex (female=0, male=1) -4.470 1.319 -0.252 0.001
Year-group 3.132 1.022 0.236 0.003
HADS-D (year 4) 0.355 0.212 0.134 0.095
ISI (year 4) -0.444 0.164 -0.214 0.008
Rising time misalignment between weekdays and weekends (year 4) -0.395 0.867 -0.054 0.649
Weekend oversleep (year 4) -1.130 0.814 -0.166 0.168
Exposure duration (h) to sunlight between 10:00 and 15:00 1.616 1.053 0.118 0.127
Sublimation (year 4) 1.707 0.687 0.189 0.014
Consumption (year 4) -0.731 0.717 -0.078 0.310
Passive aggression (year 4) -1.798 0.718 -0.198 0.014
Dependent variable: Morningness in year 4 as measured by the MEQ. R2=0.35, adjusted R2=0.29, F=6.1 (p<0.001), N=136. MEQ: Morningness–
Eveningness Questionnaire, HADS-D: Hospital Anxiety and Depression Scale-Depression, ISI: Insomnia Severity Scale
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better control of the sleep–wake cycle, which then becomes com-
patible with their social schedules, may gradually forsake use of 
the immature defense style. 

Morningness at year 4 was associated with greater sublimation, 
less passive aggression, better sleep quality, female sex, and year-
group (i.e., group I, II, and III) after controlling for depression; it 
was also associated with rise time misalignment between week-
days and weekends, weekend oversleeping, and mean sunlight 
exposure between 10:00 and 15:00. Sublimation is a sophisticated 
way to express instinctual urges that reduces intrapsychic conflict 
while minimizing any marked loss of pleasure. In sublimation, 
aggressive impulses are expressed via pleasurable games, sports, 
or hobbies, and libidinal impulses are expressed in romantic re-
lationships. Unlike neurotic defenses, such as repression, the in-
stincts are channeled rather than dammed or transformed [52,53]. 
Sublimation is a mature defense style associated with the Big Five 
personality traits of openness, emotional stability, and extraver-
sion [54]. High levels of openness [8,55] and emotional stability 
[55] are associated with morningness. Although no relationship 
between extraversion and morningness has been described [34,36], 
several studies have found significant associations between lower 
levels of extraversion and morningness [56,57]. Tankova et al. [34] 
indicated that morningness and extraversion may be related 
through impulsivity, which is closely associated with serotonergic 
functioning [38,39]. As sublimation is both an ability and a men-
tal activity controlling diverse internal impulses, an association 
between greater sublimation and morningness would support a 
relationship between low impulsivity and morningness. Less use 
of passive aggression was also associated with morningness in our 
fourth-year students. Passive aggression is a defense against ag-
gression whereby the latter is expressed indirectly and ineffective-
ly. Individuals who are hostile toward another person exhibit cer-
tain behaviors, including procrastination, failure to communicate, 
and provocation, as expressions of aggression [52]. The DSQ con-
siders passive aggression an immature defense style that is nega-
tively correlated with conscientiousness, agreeableness, and emo-
tional stability [54]. Higher levels of conscientiousness [8,56-58], 
agreeableness [39,58-60], and emotional stability [55] are associ-
ated with morningness. Sublimation and passive aggression are 
defense mechanisms that seek to deal with instincts that must be 
self-controlled and self-regulated, both of which are enhanced by 
morningness [37]. Consistent with previous studies [10,61,62], 
we found that morningness was associated with better sleep qual-
ity. As greater sublimation, lower levels of passive aggression, and 
better sleep quality may play adaptive roles in terms of enhancing 
clinical activity, encouraging medical students to develop morn-
ing-type sleep–wake cycles may be crucial. We found no signifi-
cant associations between year-4 circadian preference and rise 
time misalignment between weekdays and weekends, weekend 
oversleeping, or mean daily sunlight exposure in a multiple regres-
sion analysis. A future study should explore these topics in a larg-
er population.

Our study had several limitations. First, as chronotype is re-

garded as a relatively stable trait in adulthood, the changes in chro-
notype during the 2-year study period might have occurred by 
chance. Thus, future prospective studies with larger samples are 
needed to explore whether there are real changes in chronotype 
during early adulthood. Second, the influences of environment 
were not considered in this study. Future studies considering oth-
er factors that may have an impact on changes in chronotype are 
needed. Third, the relationship between consumption/immature 
defense style and increased morningness may have been bidi-
rectional in nature, but cause-and-effect inferences cannot be drawn.

Despite these limitations, our study has several strengths. First, 
this is the first study to explore the effects of personality change on 
chronotype in medical students. To the best of our knowledge, we 
here describe, for the first time, the relationship between changes in 
defense mechanisms and styles throughout the course of clinical 
clerkship with increased morningness. Second, we suggest that 
natural chronotype modification using social synchronizers might 
reduce the use of consumption and other immature defense styles.

In conclusion, increased morningness and a gradual reduction 
in splitting during clinical clerkship may reduce the use of the im-
mature defense style. We suggest that this finding be considered 
when attempting to reduce medical students’ immaturity via 
changes in chronotype.
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