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Abstract

Background

Medical interns’ quality of life (QOL) are related to patient care quality, but the specific fac-

tors responsible for interns’ QOL have not been well studied. Herein we presented this

nationwide, prospective study to examine the impact of working hours restrictions on the

QOL among medical interns.

Methods

The study recruited 295 medical interns (age: 25.3 ± 2.1, male: 68.1%) from all the 8 medical

colleges in Taiwan during the 2012–2013 academic years. Subjects were assessed for QOL

by brief version of the World Health Organization Quality of Life Assessment (WHOQOL-

BREF) and the 9-item Patient Health Questionnaire (PHQ-9) before and every 3 months

during their internship. We also investigated their demographic data, working hours, work-

load characteristics, such as specialties of internship rotation, acceptance of new patients

after 24-hour, and no 24-hour off within 7 days, and self-reported patient related burnout.

We used generalized estimation equation to delineate the change of WHOQOL-BREF and

PHQ-9 scores during internship. We used multivariate regression analysis to examine the

associated factors of QOL.

Results

WHOQOL-BREF score significantly decreased during internship (baseline: 60.0 ± 9.7, 53.7

± 9.3 at 3 months, then remained at 55 after 9 months). Acceptance of new patients after 24

hours of continuous duty (β = -2.089), no 24-hour off within 7 days (β = -1.748), score of

patient related burnout (β = -2.50), and PHQ-9 depression score (β = -1.02) were associated
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with lower WHOQOL-BREF score. Working hours was not significantly associated with the

QOL (p = .6268).

Conclusions

Our findings revealed interns’ QOL significantly decreased during internship. Acceptance of

new patients after 24-hour of continuous duty and patient related burnout predominantly

impacted interns’ QOL and depression more than working hours did.

Introduction

Internship per se is a well-controlled stress model, in which the onset of this major stressor

was uniform. In addition, the subjects’ ages, lifestyles, and educational backgrounds are similar

and they and they followed the same path of internship rotations with a similar working hours

and workload. Therefore, the internship provides a unique human model to study the relation-

ship between workload and mental health. In Taiwan, medical internship is a one-year training

program in the seventh grade of medical school. Department of Higher Education, Ministry of

Education regulated that medical interns should primarily care patient, such as managing

patients’ complaints and acceptance of new patient under senior doctors’ supervision.

Medical interns typically work the greatest number of hours per week among all trainees

who work in hospitals [1]. The Medical interns’ schedules consist of regular working hours

and on-call duties. On-call duties among medical interns are characterized by sleep depriva-

tion and mental stress, which they have never experienced before internship. Our previous

studies showed that medical interns in Taiwan worked an average of 86.7 hours per week, and

an average of 10 on-call duties per month with 33.5 consecutive working hours per duty [2–7].

The psychological and physiological impacts on medical interns during on-call duties included

reduced cardiac sympathetic modulation [4], disrupted sleep stability [5], anxiety and depres-

sion [2], phantom vibration and ringing syndrome [3].

A number of studies have reported that training physicians experienced elevated depressive

symptoms [8] and reduced quality of life (QOL) [9, 10], which may negatively impact on

patient care quality [11]. In response to the recognition that fatigue from extended working

hours, the Accreditation Council for Graduate Medical Education (ACGME) implemented

the national regulation of duty hours for United States residents in 2003, and revised these reg-

ulations in 2011. The requirements included for a maximum of 80 weekly working hours, a

24-hour off within 7 days, and no new patients to be accepted after 24 hours of continuous

duty. Since these regulations were implemented, few prospective studies [9, 10, 12, 13] have

assessed the impact of working hours on interns’ mental health. One study [13] found working

hours was associated with elevated depressive symptoms whereas another study [12] found

that working hours had little contribution to depression. Moreover, previous studies [9, 12]

suggested that suboptimal QOL, increased depression, and burnout, were still common during

medical training course even under the intervention of working hours restrictions. Previous

research focused on the role of working hours in elevated depressive symptoms and decreased

QOL, but they have not further examined the influences of workload characteristics such as

specialties of internship rotation, acceptance of new patients after 24-hour, and no 24-hour off

within 7 days on interns’ mental health. However, these workloads do not necessarily lead to

excessive working hours, and the impacts of workload characteristics may vary much on a par
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working hours. That is, in addition to working hours, workload characteristics may play a

more important role in the development interns’ depressive symptoms and reduced QOL.

Physicians are prone to develop burnout in the medical training. Burnout is defined as a

syndrome that includes emotional exhaustion, depersonalization, and a low level of personal

accomplishment [14, 15]. Among high-achieving medical professionals, many evaluations of

burnout focused on the either emotional exhaustion or depersonalization [10, 16, 17]. In addi-

tion, a recent study [18] demonstrated that the medical interns were most vulnerable to patient

related burnout among training physicians. Another study [19] indicated the extents of patient

related burnout was increasing throughout the internship year. Physicians’ QOL and burnout

syndromes were associated with poor quality of patient care, medical errors, and reduced

patient adherence to treatment plans [20].

Depression also linked to poor-quality patient care and increased medical errors. The prev-

alence of depression or depressive symptoms among resident physicians has been estimated at

28.8% [8] and among medical students at 14.3% [21]. In addition, medical interns’ on-call

duties and long-term excessive working hours, associated with increased depression symptoms

in this study, also accompanied by sleep disturbances [3]. Depressive symptoms and sleep dis-

turbance, in particular insomnia, are significant risk factors of suicidal ideation and violent

suicide attempts [22]. Depressed mood in a major depressive episode is more persistent and

unable to anticipate happiness or pleasure, whereas the dysphoria in burnout is likely to corre-

late to with fluctuations in workload demands and accompanied by positive emotions and

humor [23]. Although the conceptualization of professional burnout should be distinguished

from depression [23], a longitudinal study showed strong correlations between burnout and

depression both at baseline and at 2-year follow-up [24]. It is important that future longitudi-

nal studies investigate the trajectory of professional burnout over the length of physicians’

careers.

We hypothesized that objective patient related workload, as well as self-reported patient

related burnout, play a more essential role than working hours in medical interns’ QOL and

depression. Thus, we examined the impacts of working hours, specialties of internship rota-

tion, acceptance of new patients after 24-hour, no 24-hour off within 7 days and self-reported

patient related burnout on interns’ QOL and depression. The specific aims of this study were

(1) to use medical internship as a stress model to study subjects’ depressive symptoms and

QOL before and after the onset of a major stressor, and (2) to identify the factors in the devel-

opment of depression and impacts on QOL.

Materials and methods

Participants

We recruited 295 medical interns (201 males and 94 females, age 25.3±1.2 years) from 8 medi-

cal schools (NTU, NCKU, CGU, TMU, KMU, FJCU, CMU, and CSMU) in Taiwan (see S1

Table, for more details). All participants were the seventh grade of a medical college student,

i.e. internship. Although all medical interns performed their internship at the different hospi-

tals of their medical schools, they followed the same 12-month rotation, which was composed

of four 3-month courses, which are (1) internal medicine, (2) surgery, (3) obstetrics/gynecol-

ogy/pediatrics, and (4) other specialties. These 3-month courses were equal but the sequence

of these courses might be different. The survey included demographics (age, gender and mari-

tal state), working hours and self-administered questionnaires: brief version of the World

Health Organization Quality of Life Assessment (WHOQOL-BREF), 9-item Patient Health

Questionnaire (PHQ-9) and occupational burnout inventory (OBI). Participants completed

these questionnaires at months 3, 6, 9 and 12 of their internship year based on the fact that

Medical interns’ quality of life
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each course during the internship lasted 3 months and a baseline survey 1 to 2 months prior to

beginning their internships. We administered the baseline survey 1 to 2 months prior to begin-

ning their internships rather than the real and effective beginning because all of the medical

schools had orientation and vestibule training for several days and some medical students had

vacation for a couple of weeks before their internship. The study was carried out from May

2012 through to June 2013. All participants were given a detailed description of individual

informed consent was obtained in written form. There were one or two medical interns in

charge the data collection in each medical school, and they reminded interns who did not ren-

der back questionnaires once. There was missing data during this longitudinal follow-up

because participants might forget or unwilling to fill in the questionnaire after these reminders.

However, none medical interns took leave of absence in this study. This study was approved

by the Institutional Review Board of National Taiwan University Hospital. The investigation

was carried out in accordance with the latest version of the Declaration of Helsinki.

Working hours estimation

During their internship, the participants had on-call duties, which they had never experienced

before their internship. The total working hours included regular working hours and on-call

duties. We estimated the total working hours per week. Consecutive working hours on duty

comprised regular working hours, following on-call duty hours, and next regular working

hours. For example, the regular working hours daily was from 08:00 to 17:00 (9 hours). On-

call duty was from 17:00 to next 08:00 (15 hours), also followed by next 9 regular working

hours. Thus, the consecutive working hours were 34 hours. This study also surveyed (1) if the

medical interns accept new patients after 24 hours of continuous duty and (2) if they have a

24-hour off within 7 days.

The brief version of the World Health Organization Quality of Life

Assessment (WHOQOL-BREF)

The brief version of the World Health Organization Quality of Life instrument (WHOQOL--

BREF) is a self-administered questionnaire that assesses quality of life (QOL) [25]. The WHO-

QOL instruments were developed worldwide, and has been culturally adapted into the Taiwan

version, which is used extensively in Taiwan [26]. According to the psychometric criteria of

the WHO, two (culturally relevant) national items were selected. The Taiwanese version

WHOQOL-BREF included 28 items, consisting of 26 standard items from the original WHO-

QOL-BREF and two Taiwanese national items “Do you feel respected by others?” and “Are

you usually able to get the things you like to eat?”. The 28-item WHOQOL-BREF classified

into four domains: physical, psychological, social relationships, and environment. Each

domain yields a score of 4 to 20, so that the WHOQOL-BREF total score ranges from 16 to 80.

This study used total score of WHOQOL-BREF as primary outcome. Higher scores indicate

better QOL. The psychometric analyses on the WHOQOL-BREF Taiwan version indicate that

this questionnaire is reliable and valid [26].

Patient Health Questionnaire (PHQ-9)

The PHQ-9 is widely used self-administered instruments for detecting depressive symptoms.

For each of the 9 depressive symptoms, subjects indicated whether, during the past 2 weeks,

the symptom had bothered them “not at all,” “several days,” “more than half the days,” or

“nearly every day.” Each item yields a score of 0 to 3, so that the PHQ-9 total score ranges from

0 to 27. A score of 10 or greater on the PHQ-9 has a sensitivity of 93% and a specificity of 88%

Medical interns’ quality of life
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for the diagnosis of major depressive disorder [27]. Diagnostic validity of the Chinese version

PHQ-9 is comparable with clinician-administered assessments [28].

Patient related burnout

This study used client-related burnout subscale in the Chinese Occupational Burnout Inven-

tory (OBI) and substitute “patients” for “clients” in each item because our previous study

showed client-related burnout had an independent impact on the presence of phantom vibra-

tion and phantom ringing syndrome [29], which were prevalent hallucination during medical

internship [3]. The “patient related burnout” subscale includes six items. Each items have five

response categories. The responses are rescaled to a score of 0–100 (the values being 0–25–50–

75–100). The patient related burnout subscale score was calculated by taking the mean of the

items and ranges from 0–100, with higher scores indicating a greater degree of patient related

burnout [30].

Statistical analysis

For descriptive statistics, mean ± standard deviation (SD) for continuous variables such as age,

working hours, and scores of patient related burnout were calculated. The number and fre-

quency (%) of gender, specialties of internship rotation, interns who had working hours

greater than 80 hours/week, acceptance of new patients after 24 hours of continuous duty, and

no 24-hour off within 7 days were also reported. To find out effectors of the WHOQOL-BREF

and PHQ-9 depression score, generalized estimation equation (GEE) was implemented to deal

with the longitudinal data. GEE model was applied here as an alternative to traditional tech-

niques such as repeated measure ANOVA that do not handle missing data and time-depen-

dent covariates properly.

Effectors of changes in WHOQOL-BREF and PHQ-9 depression score during internship

from baseline were examined with linear regression. The dependent variables were difference

scores from baseline of PHQ-9 and WHOQOL-BREF respectively. Because the increased

PHQ-9 scores and decreased WHOQOL-BREF scores from baseline both remained steady

across 3, 6, 9 and 12 month periods during internship, we did not treat this time period as an

independent variable. Instead, we examined the effects of specialties of these 3-month intern-

ship rotations. When skewed data distributions were taken into account, normalization was

applied to data before the regression analysis was carried out because these raw data did not

present normal distribution. The normalization was done using the following formula: (raw

data—group mean)/ SD of group. Parameters which had P<0.100 in univariate analysis were

then used for multivariate analysis, and a final model was determined after the procedure of

backward selection. All statistics are two-sided and performed with SAS statistical software

(version 9.2, SAS Institute Inc., Cary, NC). A p value< .05 was considered statistical

significant.

Results

Table 1 shows characteristics of 295 students from baseline to 3-months, 6-months, 9-months,

and 12-months during the internship. The mean age of 25.3 ± 2.1 years, 68.3% were males,

and most (99%) were single. There was no significant difference in specialties of internship

rotation distribution during 3,6,9,12-months of the internship. The average weekly working

hours prior to internship was 49.0 and significantly increased to 85.7–90.9 hours during their

internship. There was no significant difference of the working hours at the 3, 6, 9, 12-month.

In addition, 59.5%-70.4% interns worked more than 80 hours per week during intern-

ship. 10.8%-30.8% interns did not follow the rule of at least one day off within a week. 60.6% -
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66.5% interns have to accept new patients during regular working hours after an overnight

shift of 24-hour duration. The score of patient related burnout was 37.8 at baseline and

increased to 45.8–46.3 during the all internship.

Medical interns who were lost follow-up had lower baseline WHOQOL-BREF scores (50.1

±7.9 vs. 52.6±7.2, p = 0.006) and higher percentage of no 24-hour off within 7 days (25.9% vs.

22%, p = 0.044) than interns who completed the 12 months survey. There was no significant

difference in age, working hours, baseline depression scores, patient burnout scores, or per-

centages of gender, acceptance of new patients after 24 hours of continuous duty.

Depression

GEE model showed that the PHQ-9 depression score increased from 4.4 ± 4.0 at baseline to

7.1 ± 5.3 at 3 months and did not significantly change at the 3, 6, 9, 12-month of internship.

Table 2 summarizes variables associated with depression score from baseline with follow-up

by 3-months, 6-months, 9-months, and 12-months. The increased PHQ-9 depression score

during the past 3 months were associated with working hours (β = 0.013), acceptance of new

Table 1. Characteristics at baseline and follow-ups.

Variables Before internship 3

months

6

months

9

months

12

months

Age, years 25.32±2.06 - - - -

Gender, males (%) 200 (68.26) - - - -

Specialties of internship rotation

Baseline 295 (100) - - - -

Internal medicine - 74 (31.90) 63 (32.81) 37 (26.43) 44 (30.56)

Surgery - 63 (27.16) 51 (26.56) 32 (22.86) 31 (21.53)

Pediatric, obstetrics and gynecology - 53 (22.84) 41 (21.35) 40 (28.57) 29 (20.14)

Others - 35 (15.09) 34 (17.71) 27 (19.29) 33 (22.92)

Working hours per week 49±26.66 90.86±19.47 85.96±20.11 85.70±28.64 85.73±20.94

> 80 hours/ week 26 (15.2) 133 (70.37) 91 (59.48) 75 (65.79) 81 (66.39)

Acceptance of new patients after 24 hours of continuous duty 107 (49.08) 151 (66.52) 115 (61.17) 90 (66.18) 86 (60.56)

No 24-hour off within 7 days 66 (27.85) 70 (30.84) 41 (21.81) 29 (21.80) 15 (10.79)

Score of patient related burnout 37.75±16.25 45.83±18.45 45.91±18.50 46.25±19.70 46.21±17.91

Categorical data were summarized as n (%) and continuous data were as mean±SD.

https://doi.org/10.1371/journal.pone.0220608.t001

Table 2. Effectors of self-rating depression score.

Variables Multivairate analysis

B (95%CI) p
Specialties of internship rotation

Baseline Reference

Internal medicine 0.919 (-0.028,1.866) 0.057

Surgery 1.048 (-0.024,2.119) 0.056

Pediatric, obstetrics and gynecology 0.851 (-0.056,1.758) 0.066

Others 0.953 (0.035,1.872) 0.042

Working hours per week 0.013 (0.001,0.025) 0.041

Acceptance of new patients after 24 hours of continuous duty 0.904 (0.317,1.480) 0.003

No 24-hour off within 7 days 0.828 (-0.019,1.675) 0.055

Score of patient related burnout 0.496 (0.385,0.608) < .001

https://doi.org/10.1371/journal.pone.0220608.t002
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patients after 24-hour continuous duty (β = 0.904), and the score of patient related burnout (β
= 0.496). All specialties of internship rotation were associated to increased depression scores

from baseline with borderline p values (internal medicine: β = 0.919, p = 0.057; surgery: β =

1.048, p = 0.056; pediatric, obstetrics and gynecology: β = 0.851, p = 0.066), except other spe-

cialty (β = 0.953, p = 0.042).

Quality of life

GEE model showed that the WHOQOL-BREF score significantly decreased from 60.0 ± 9.7 at

baseline to 53.9 ± 9.2 at 3 months and did not significantly change at the 3, 6, 9, 12-month.

Table 3 summarizes variables associated with WHOQOL-BREF score from baseline with fol-

low-up by 3-months, 6-months, 9-months, and 12-months. WHOQOL-BREF score decreased

along with interns in the course of internal medicine (β = -2.522), surgery (β = -1.909), accep-

tance of new patients after 24 hours of continuous duty (β = -2.089), 24-hour off within 7 days

(β = -1.748), score of patient related burnout (β = -0.502), and PHQ-9 depression score (β =

-1.015). Working hours did not significantly decrease QOL.

Discussion

This longitudinal nationwide cohort study demonstrated that acceptance of new patients after

24-hour of continuous duty, and patient related burnout was associated with reduced interns’

QOL and elevated depressive symptoms more than working hours was. In addition, we identi-

fied the details of the characteristics of workload, including patient related burnout, if medical

interns accept new patient after 24 hours of continuous duty and 24-hour off within 7 days.

Furthermore, the unique internship rotation program in Taiwan provide evidence to identify

the role of medical specialties in physicians’ QOL based on within-subject comparison. We

study the changes of depressive symptoms and QOL during internship, especially after

3-months from the beginning because these stress-related conditions, such as an adjustment

disorder with depressed mood typically developed within 3 months after the onset of the

stressor and resolved within 6 months of the termination of the stressor [31].

Quality of life

Interns’ subjective patient related burnout, whether medical interns accept new patient after

24 hours of continuous duty, was significantly associated with reduced QOL. Interns’ QOL

was also associated with no 24-hour off within 7 days. These factors were proposed by

Table 3. Effectors of WHOQOL-BREF.

Variables Multivairate analysis

B (95%CI) p
Specialties of internship rotation

Baseline Reference

Internal medicine -2.522 (-4.064,-0.981) 0.001

Surgery -1.909 (-3.578,-0.240) 0.025

Pediatric, obstetrics and gynecology -0.284 (-1.883,1.315) 0.728

Others 0.341 (-1.235,1.917) 0.672

Working hours per week -0.005 (-0.024,0.014) 0.627

Acceptance of new patients after 24 hours of continuous duty -2.089 (-3.140,-1.037) < .001

No 24-hour off within 7 days -1.748 (-2.928,-0.569) 0.004

Score of patient related burnout -0.502 (-0.710,-0.294) < .001

Total of self-rating depression score -1.015 (-1.176,-0.854) < .001

https://doi.org/10.1371/journal.pone.0220608.t003
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Accreditation Council for Graduate Medical Education in 2003. However, to our best knowl-

edge, these rules has not been investigated their relevance to QOL specifically in previous stud-

ies. Patient related burnout scores were reported by interns’ subjective experiences of a

physical and psychological exhaustion in patient related workload, while acceptance of new

patient after 24 hours of continuous duty was an objective measurement of patient related

workload. With both subjective and objective measurements, our results revealed that patient

related workload may leave medical interns susceptible to the reduced QOL and elevated

depression. Furthermore, there was no significant correlation between weekly working hours

and QOL during the internship, which was consistent with the results of a previous study for

surgical interns [9].

Specialties was not a risk factor of depression among interns, but internal medicine and sur-

gery were associated with lower QOL during internship. Although previous studies have

assessed QOL and depression in physicians, few studies used the same subjects to compare the

effect of the specialties on depression and QOL. The unique internship rotation program in

Taiwan provided a rare model to explore the role of medical specialties in physicians’ depres-

sion and QOL based on within-subject comparison because each medical interns had rotated

for four specialties: internal medicine, surgery, obstetrics/gynecology/pediatrics and other spe-

cialties throughout the course of the internship year.

We found that internal medicine and surgery were associated with lower QOL during

internship, and these findings were consistent with the suboptimal QOL in surgical interns

and internal medicine residents in previous studies [9, 12]. The internal medicine and surgery

rotations especially might mire interns to difficulties to balance both personal life and work

responsibilities despite controlling the work hours and scores of burnout. A similar result in a

national study showed that one-third of surgical interns still perceived suboptimal balance

between their personal and professional lives despite the duty hour reductions in 2011 [9].

Interns in their surgery rotation may be uniquely susceptible to have lower QOL due to the

pressure of mastering both technical expertise and medical knowledge [9, 32–34]. A recent sys-

tematic review suggested that stressors commonly encountered by surgeons, such as family

life, fear of failure, poor performance, hostile work environment, and comorbidities, may play

significant roles in surgeon QOL [35]. Different from surgeons have to keep a high level of

attention throughout their operation, medical interns in the internal medicine rotations attend

to their patients’ complaints in a fragmentary fashion throughout the day [5, 6]. Medical

knowledge may especially influence on their QOL during internal medicine rotations in the

context of potentially stressful direct patient care activities [12].

Depression

Depressive symptoms were increased within first 3 months and remained through the intern-

ship year. This trend was similar to previous research [2, 3, 7]. Interns’ depression was most

associated with scores of patient related burnout and whether they had to accept new patient

after 24 hours of continuous duty. In contrast, specialties of internship rotation did not play a

major role in the increasing depressive symptoms. Therefore, interns’ increased depression

resulted from their clinical workload and did not differ among specialties of rotation. Our

study assessed the intern’s depressive symptoms by PHQ-9 which was used widely in most pre-

vious studies investigating medical intern’s depression. Using the same scale contributed to

comparisons across studies. In our study, medical interns had PHQ-9 depression score of 4.4

and weekly working hours of 49.0 at baseline. PHQ-9 depression scores were also elevated to

6.24–7.15 during the internship with increased weekly working hours of 85.7–90.9. Similarly,

in a previous large study [13] in the United States, their interns had PHQ-9 depression score
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of 2.4 before internship and their PHQ-9 depression score was increased to 6.26–6.7 and aver-

age weekly working hours were 64.89–68.70 within the internship. In our study, the average

depression score of 4.4 ± 4.0 before internship and 6.24–7.15 during internship were at the

level of subclinical depression, compared to the cutoff score of 10 in PHQ-9 [27]. These results

was consistent with the findings of almost all large studies [2, 12, 13] that interns’ depression

scores were at the level of mild depression and may not meet the DSM-5 criteria of ‘‘marked

distress that is in excess of what would be expected given the nature of the stressor, or by signif-

icant impairment in social or occupational functioning”. Increased depression scores during

internship did not meet the clinical meaning of worsening depression. It is conceivable that

the increased symptoms of depression during the internship did not result in significant

impairment in occupational functioning. Therefore, our findings suggested that the increased

depressive symptoms during internship were similar to adjustment disorder with depressive

mood rather than major depressive disorder [31]. In addition, only “other specialties” signifi-

cantly increased depression scores. Among all internship rotation, only “other specialties” con-

sisted three or more specialties, such as psychiatry, neurology, radiology, pathology, in this

3-month training course, whereas internal medicine, surgery and obstetrics/gynecology/pedi-

atrics rotations had more homogeneousness in their 3-month courses. A qualitative study

demonstrated the major stressors during medical internship including taking responsibilities,

facing uncertainties and establishing relationship with their supervisors and nurses [36]. Dur-

ing the “other specialties” rotations, medical interns faced uncertainties more frequently and

had to established more relationship with their supervisors and nurses. Thus, medical interns

had to cope with more stressors in “other specialties” rotation, and had significant higher

depression scores.

In the present study, there was no significant association between working hours and QOL

after controlling other confounding factors in multivariate analysis. These findings suggested

excessive working hours may result from several characteristics of workload. Acceptance of

new patient after 24 hours of continuous duty, and 24-hour off within 7 days had greater influ-

ences on elevated depressive symptoms than working hours did. We also identified that patient

related burnout and if medical interns accept new patient after 24 hours of continuous duty,

were associated to QOL and depressive symptoms. Medical interns who accepted new patients

after 24 hours of continuous duty had elevated depressive symptom score of 0.9, whereas those

who have an additional 10 working hours per week (average additional 2 working hours per

day) had relatively small increased score of 0.13 (0.013×10).

There are several methodological limitations that should be noted when interpreting our

findings. First, there may be recall bias among interns when reporting depressive symptoms

presented during each 3-month course; furthermore, our study lacks a more structured inter-

view that is needed to confirm the depressive symptoms. Second, the heterogeneity among dif-

ferent specialties, sequence of rotations, and hospitals might confound the implications of our

study. Some participants failed to follow-up at in this longitudinal study. However, the nation-

wide and longitudinal study design could still represent the country in general. Third, there

was no control group to examine whether the changes of QOL and depression caused by the

stress during internship. Fourth, it is possible that unmeasured variables were present, such as

individual stressful life event and personality traits, which were well-known risk factors of

depressive symptoms [37]. In addition, the quality of internship supervision might be an

important factor in the onset of stress, the future studies should apply an evaluation form to

have an index of the quality of supervision. Fifth, missing data from interns lost follow-up

might influence our findings. We used generalized estimation equation (GEE) for statistical

analysis. GEE assumed that “missing data are missing completely at random (MCAR)”. It is

more stringent than other statistical models usually used to analysis longitudinal data [38, 39].
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We further conducted Little’s MCAR test and the result showed the missing values in our data

is MCAR (χ2 = 1269.970, p = .495). It revealed the loss of subjects did not impact the applica-

bility of GEE. We compared the data of 55 medical interns completed all five visits follow-up

and the present data of 295 medical interns (S2 and S3 Tables). These key findings were still

partly valid and the β estimates were similar. However, the statistical significance (p value)

dampened because of the substantial reduced sample size. Finally, we did not investigate

interns’ QOL and depression after their internship because not all of the interns did not have

to work. This setting limit the causal inferences interpretation of QOL and the associated

within-Internship Factors.

In conclusion, acceptance of new patients after 24-hour of continuous duty and patient

related burnout had more essential roles on medical intern’s depression and QOL than work-

ing hours did. These factors have been clearly linked to patient safety concerns. In addition to

working hours regulation to medical internship, the internship supervision is needed to

improve the quality of interns’ workload.

Supporting information

S1 Table. Characteristics for students from eight medical schools at baseline (N = 295).

(DOCX)

S2 Table. Effectors of self-rating depression score (N = 295 vs. N = 55).

(DOCX)

S3 Table. Effectors of WHOQOL-BREF (N = 295 vs. N = 55).

(DOCX)

Acknowledgments

We thank Ms Sharon Ng, Ms Hsiao-Han Lin and Mr Yuan-Chien Pan for their excellent tech-

nical assistance.

Author Contributions

Data curation: Yu-Hsuan Lin, Hui-Yi Chen, Shih-Li Tsai, Li-Ren Chang, Pau-Chung Chen.

Formal analysis: Yu-Hsuan Lin, Pau-Chung Chen.

Methodology: Yu-Hsuan Lin, Hui-Yi Chen, Shih-Li Tsai, Li-Ren Chang, Pau-Chung Chen.

Validation: Yu-Hsuan Lin, Pau-Chung Chen.

Writing – original draft: Yu-Hsuan Lin, Hui-Yi Chen, Shih-Li Tsai, Li-Ren Chang, Pau-

Chung Chen.

Writing – review & editing: Yu-Hsuan Lin, Hui-Yi Chen, Shih-Li Tsai, Li-Ren Chang, Pau-

Chung Chen.

References
1. Baldwin DC Jr., Daugherty SR. Sleep deprivation and fatigue in residency training: results of a national

survey of first- and second-year residents. Sleep. 2004; 27(2):217–23. Epub 2004/05/06. https://doi.

org/10.1093/sleep/27.2.217 PMID: 15124713.

2. Chen CY, Lin SH, Li P, Huang WL, Lin YH. The role of the harm avoidance personality in depression

and anxiety during the medical internship. Medicine (Baltimore). 2015; 94(2):e389. Epub 2015/01/16.

https://doi.org/10.1097/md.0000000000000389 PMID: 25590843; PubMed Central PMCID:

PMC4602540.

Medical interns’ quality of life

PLOS ONE | https://doi.org/10.1371/journal.pone.0220608 August 12, 2019 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220608.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220608.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220608.s003
https://doi.org/10.1093/sleep/27.2.217
https://doi.org/10.1093/sleep/27.2.217
http://www.ncbi.nlm.nih.gov/pubmed/15124713
https://doi.org/10.1097/md.0000000000000389
http://www.ncbi.nlm.nih.gov/pubmed/25590843
https://doi.org/10.1371/journal.pone.0220608


3. Lin YH, Chen CY, Li P, Lin SH. A dimensional approach to the phantom vibration and ringing syndrome

during medical internship. Journal of Psychiatric Research. 2013; 47(9):1254–8. Epub 2013/06/22.

https://doi.org/10.1016/j.jpsychires.2013.05.023 PMID: 23786911.

4. Lin YH, Chen CY, Lin SH, Liu CH, Weng WH, Kuo TB, et al. Gender differences in cardiac autonomic

modulation during medical internship. Psychophysiology. 2013; 50(6):521–7. Epub 2013/03/23. https://

doi.org/10.1111/psyp.12038 PMID: 23517383.

5. Lin YH, Ho YC, Lin SH, Yeh YH, Liu CY, Kuo TB, et al. On-call duty effects on sleep-state physiological

stability in male medical interns. PLoS One. 2013; 8(6):e65072. Epub 2013/06/12. https://doi.org/10.

1371/journal.pone.0065072 PMID: 23750232; PubMed Central PMCID: PMC3672167.

6. Lin YH, Kuo TB, Ho YC, Lin SH, Liu CY, Yang CC. Physiological and psychological impacts on male

medical interns during on-call duty. Stress (Amsterdam, Netherlands). 2012; 15(1):21–30. Epub 2011/

06/21. https://doi.org/10.3109/10253890.2011.572208 PMID: 21682655.

7. Lin YH, Lin SH, Li P, Huang WL, Chen CY. Prevalent hallucinations during medical internships: phan-

tom vibration and ringing syndromes. PLoS One. 2013; 8(6):e65152. Epub 2013/06/14. https://doi.org/

10.1371/journal.pone.0065152 PMID: 23762302; PubMed Central PMCID: PMC3677878.

8. Mata DA, Ramos MA, Bansal N, Khan R, Guille C, Di Angelantonio E, et al. Prevalence of Depression

and Depressive Symptoms Among Resident Physicians: A Systematic Review and Meta-analysis.

Jama. 2015; 314(22):2373–83. Epub 2015/12/10. https://doi.org/10.1001/jama.2015.15845 PMID:

26647259; PubMed Central PMCID: PMC4866499.

9. Antiel RM, Reed DA, Van Arendonk KJ, Wightman SC, Hall DE, Porterfield JR, et al. Effects of duty

hour restrictions on core competencies, education, quality of life, and burnout among general surgery

interns. JAMA surgery. 2013; 148(5):448–55. https://doi.org/10.1001/jamasurg.2013.1368 PMID:

23325404

10. West CP, Shanafelt TD, Kolars JC. Quality of life, burnout, educational debt, and medical knowledge

among internal medicine residents. Jama. 2011; 306(9):952–60. https://doi.org/10.1001/jama.2011.

1247 PMID: 21900135

11. Asch DA, Bilimoria KY, Desai SV. Resident Duty Hours and Medical Education Policy—Raising the Evi-

dence Bar. N Engl J Med. 2017; 376(18):1704–6. Epub 2017/04/13. https://doi.org/10.1056/

NEJMp1703690 PMID: 28402246.

12. Sen S, Kranzler HR, Didwania AK, Schwartz AC, Amarnath S, Kolars JC, et al. Effects of the 2011 duty

hour reforms on interns and their patients: a prospective longitudinal cohort study. JAMA internal medi-

cine. 2013; 173(8):657–62. https://doi.org/10.1001/jamainternmed.2013.351 PMID: 23529201

13. Sen S, Kranzler HR, Krystal JH, Speller H, Chan G, Gelernter J, et al. A prospective cohort study inves-

tigating factors associated with depression during medical internship. Archives of general psychiatry.

2010; 67(6):557–65. https://doi.org/10.1001/archgenpsychiatry.2010.41 PMID: 20368500

14. Maslach C, Jackson S. Burnout in Health Professionals: A Social Psychological Analysis In: Sandera

G, Suls J, editors. Social Psychology of Health and Illness. Hillsdale, NJ: Lawrence Elbraum Associ-

ated; 1982.

15. Maslach C, Jackson SE, Leiter MP. Maslach burnout inventory manual: Consulting psychologists

press Palo Alto, CA; 1996.

16. Rafferty JP, Lemkau JP, Purdy RR, Rudisill JR. Validity of the Maslach Burnout Inventory for family

practice physicians. Journal of clinical psychology. 1986; 42(3):488–92. https://doi.org/10.1002/1097-

4679(198605)42:3<488::aid-jclp2270420315>3.0.co;2-s PMID: 3711351

17. Thomas NK. Resident burnout. Jama. 2004; 292(23):2880–9. https://doi.org/10.1001/jama.292.23.

2880 PMID: 15598920

18. Ratnakaran B, Prabhakaran A, Karunakaran V. Prevalence of burnout and its correlates among resi-

dents in a tertiary medical center in Kerala, India: A cross-sectional study. J Postgrad Med. 2016; 62

(3):157–61. Epub 2016/06/21. https://doi.org/10.4103/0022-3859.184274 PMID: 27320952; PubMed

Central PMCID: PMC4970341.

19. Parr JM, Pinto N, Hanson M, Meehan A, Moore PT. Medical graduates, tertiary hospitals, and burnout:

a longitudinal cohort study. The Ochsner Journal. 2016; 16(1):22–6. PMID: 27046399

20. Nishigori H, Deshpande GA, Obara H, Takahashi O, Busari J, Dornan T. Beyond work-hour restrictions:

a qualitative study of residents’ subjective workload. Perspect Med Educ. 2015; 4(4):176–80. Epub

2015/08/01. https://doi.org/10.1007/s40037-015-0198-4 PMID: 26228738; PubMed Central PMCID:

PMC4530534.

21. Schwenk TL, Davis L, Wimsatt LA. Depression, stigma, and suicidal ideation in medical students.

Jama. 2010; 304(11):1181–90. Epub 2010/09/16. https://doi.org/10.1001/jama.2010.1300 PMID:

20841531.

Medical interns’ quality of life

PLOS ONE | https://doi.org/10.1371/journal.pone.0220608 August 12, 2019 11 / 12

https://doi.org/10.1016/j.jpsychires.2013.05.023
http://www.ncbi.nlm.nih.gov/pubmed/23786911
https://doi.org/10.1111/psyp.12038
https://doi.org/10.1111/psyp.12038
http://www.ncbi.nlm.nih.gov/pubmed/23517383
https://doi.org/10.1371/journal.pone.0065072
https://doi.org/10.1371/journal.pone.0065072
http://www.ncbi.nlm.nih.gov/pubmed/23750232
https://doi.org/10.3109/10253890.2011.572208
http://www.ncbi.nlm.nih.gov/pubmed/21682655
https://doi.org/10.1371/journal.pone.0065152
https://doi.org/10.1371/journal.pone.0065152
http://www.ncbi.nlm.nih.gov/pubmed/23762302
https://doi.org/10.1001/jama.2015.15845
http://www.ncbi.nlm.nih.gov/pubmed/26647259
https://doi.org/10.1001/jamasurg.2013.1368
http://www.ncbi.nlm.nih.gov/pubmed/23325404
https://doi.org/10.1001/jama.2011.1247
https://doi.org/10.1001/jama.2011.1247
http://www.ncbi.nlm.nih.gov/pubmed/21900135
https://doi.org/10.1056/NEJMp1703690
https://doi.org/10.1056/NEJMp1703690
http://www.ncbi.nlm.nih.gov/pubmed/28402246
https://doi.org/10.1001/jamainternmed.2013.351
http://www.ncbi.nlm.nih.gov/pubmed/23529201
https://doi.org/10.1001/archgenpsychiatry.2010.41
http://www.ncbi.nlm.nih.gov/pubmed/20368500
https://doi.org/10.1002/1097-4679(198605)42:3<488::aid-jclp2270420315>3.0.co;2-s
https://doi.org/10.1002/1097-4679(198605)42:3<488::aid-jclp2270420315>3.0.co;2-s
http://www.ncbi.nlm.nih.gov/pubmed/3711351
https://doi.org/10.1001/jama.292.23.2880
https://doi.org/10.1001/jama.292.23.2880
http://www.ncbi.nlm.nih.gov/pubmed/15598920
https://doi.org/10.4103/0022-3859.184274
http://www.ncbi.nlm.nih.gov/pubmed/27320952
http://www.ncbi.nlm.nih.gov/pubmed/27046399
https://doi.org/10.1007/s40037-015-0198-4
http://www.ncbi.nlm.nih.gov/pubmed/26228738
https://doi.org/10.1001/jama.2010.1300
http://www.ncbi.nlm.nih.gov/pubmed/20841531
https://doi.org/10.1371/journal.pone.0220608


22. Pompili M, Innamorati M, Forte A, Longo L, Mazzetta C, Erbuto D, et al. Insomnia as a predictor of high-

lethality suicide attempts. International journal of clinical practice. 2013; 67(12):1311–6. https://doi.org/

10.1111/ijcp.12211 PMID: 24246209

23. Messias E, Flynn V. The Tired, Retired, and Recovered Physician: Professional Burnout Versus Major

Depressive Disorder. American Journal of Psychiatry. 2018; 175(8):716–9. Epub 2018/08/02. https://

doi.org/10.1176/appi.ajp.2018.17121325 PMID: 30064240.

24. Bianchi R, Schonfeld IS, Laurent E. Is burnout separable from depression in cluster analysis? A longitu-

dinal study. Social Psychiatry and Psychiatric Epidemiology. 2015; 50(6):1005–11. Epub 2014/12/21.

https://doi.org/10.1007/s00127-014-0996-8 PMID: 25527209.

25. Development of the World Health Organization WHOQOL-BREF quality of life assessment. The WHO-

QOL Group. Psychological medicine. 1998; 28(3):551–8. Epub 1998/06/17. PMID: 9626712.

26. Yang S-C, Kuo P-W, Su S, Wang J-D, Lin M-l., Development and psychometric properties of the dialysis

module of the WHOQOL-BREF Taiwan version. Journal of the Formosan Medical Association. 2006;

105(4):299–309. PMID: 16618610

27. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. Journal

of general internal medicine. 2001; 16(9):606–13. Epub 2001/09/15. https://doi.org/10.1046/j.1525-

1497.2001.016009606.x PMID: 11556941; PubMed Central PMCID: PMC1495268.

28. Liu SI, Yeh ZT, Huang HC, Sun FJ, Tjung JJ, Hwang LC, et al. Validation of Patient Health Question-

naire for depression screening among primary care patients in Taiwan. Compr Psychiatry. 2011; 52

(1):96–101. Epub 2010/11/30. https://doi.org/10.1016/j.comppsych.2010.04.013 PMID: 21111406.

29. Chen CP, Wu CC, Chang LR, Lin YH. Possible association between phantom vibration syndrome and

occupational burnout. Neuropsychiatr Dis Treat. 2014; 10:2307–14. Epub 2014/01/01. https://doi.org/

10.2147/NDT.S73038 PMID: 25750984; PubMed Central PMCID: PMC4310551.

30. Borritz M, Rugulies R, Bjorner JB, Villadsen E, Mikkelsen OA, Kristensen TS. Burnout among employ-

ees in human service work: design and baseline findings of the PUMA study. Scandinavian Journal of

Social Medicine. 2006; 34(1):49–58.

31. American Psychiatric A, American Psychiatric A, Force DSMT. Diagnostic and statistical manual of

mental disorders: DSM-5. 2013.

32. Balch CM, Shanafelt T. Combating stress and burnout in surgical practice: a review. Advances in sur-

gery. 2010; 44(1):29–47.

33. Troppmann KM, Palis BE, Goodnight JE, Ho HS, Troppmann C. Career and lifestyle satisfaction among

surgeons: what really matters? The National Lifestyles in Surgery Today Survey. Journal of the Ameri-

can College of Surgeons. 2009; 209(2):160–9. https://doi.org/10.1016/j.jamcollsurg.2009.03.021 PMID:

19632592

34. Buddeberg-Fischer B, Klaghofer R, Stamm M, Siegrist J, Buddeberg C. Work stress and reduced health

in young physicians: prospective evidence from Swiss residents. International archives of occupational

and environmental health. 2008; 82(1):31–8. https://doi.org/10.1007/s00420-008-0303-7 PMID:

18265999

35. Pulcrano M, Evans SR, Sosin M. Quality of life and burnout rates across surgical specialties: a system-

atic review. JAMA surgery. 2016; 151(10):970–8. https://doi.org/10.1001/jamasurg.2016.1647 PMID:

27410167

36. Liu C-H, Tang W-R, Weng W-H, Lin Y-H, Chen C-YJBME. The process of coping with stress by Taiwan-

ese medical interns: a qualitative study. BMC Medical Education. 2016; 16(1):10. https://doi.org/10.

1186/s12909-016-0534-3 PMID: 26758907

37. Kendler KS, Gardner CO, Prescott CA. Toward a comprehensive developmental model for major

depression in women. The American journal of psychiatry. 2002; 159(7):1133–45. Epub 2002/07/02.

https://doi.org/10.1176/appi.ajp.159.7.1133 PMID: 12091191.

38. da Silva JLP, Colosimo EA, Demarqui FN. A general GEE framework for the analysis of longitudinal

ordinal missing data and related issues. Statistical Modelling. 2018; 19(2):174–93. https://doi.org/10.

1177/1471082X17752753

39. Nakai M, Ke W. Review of the Methods for Handling Missing Data in Longitudinal Data Analysis. Inter-

national Journal of Mathematical Analysis. 2011; 5(1):1–13.

Medical interns’ quality of life

PLOS ONE | https://doi.org/10.1371/journal.pone.0220608 August 12, 2019 12 / 12

https://doi.org/10.1111/ijcp.12211
https://doi.org/10.1111/ijcp.12211
http://www.ncbi.nlm.nih.gov/pubmed/24246209
https://doi.org/10.1176/appi.ajp.2018.17121325
https://doi.org/10.1176/appi.ajp.2018.17121325
http://www.ncbi.nlm.nih.gov/pubmed/30064240
https://doi.org/10.1007/s00127-014-0996-8
http://www.ncbi.nlm.nih.gov/pubmed/25527209
http://www.ncbi.nlm.nih.gov/pubmed/9626712
http://www.ncbi.nlm.nih.gov/pubmed/16618610
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pubmed/11556941
https://doi.org/10.1016/j.comppsych.2010.04.013
http://www.ncbi.nlm.nih.gov/pubmed/21111406
https://doi.org/10.2147/NDT.S73038
https://doi.org/10.2147/NDT.S73038
http://www.ncbi.nlm.nih.gov/pubmed/25750984
https://doi.org/10.1016/j.jamcollsurg.2009.03.021
http://www.ncbi.nlm.nih.gov/pubmed/19632592
https://doi.org/10.1007/s00420-008-0303-7
http://www.ncbi.nlm.nih.gov/pubmed/18265999
https://doi.org/10.1001/jamasurg.2016.1647
http://www.ncbi.nlm.nih.gov/pubmed/27410167
https://doi.org/10.1186/s12909-016-0534-3
https://doi.org/10.1186/s12909-016-0534-3
http://www.ncbi.nlm.nih.gov/pubmed/26758907
https://doi.org/10.1176/appi.ajp.159.7.1133
http://www.ncbi.nlm.nih.gov/pubmed/12091191
https://doi.org/10.1177/1471082X17752753
https://doi.org/10.1177/1471082X17752753
https://doi.org/10.1371/journal.pone.0220608

