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Study Objectives:  While short and poor quality sleep among training physicians has long been recognized as problematic, the longitudinal relationships among 
sleep, work hours, mood, and work performance are not well understood. Here, we prospectively characterize the risk of  depression and medical errors based 
on preinternship sleep disturbance, internship-related sleep duration, and duty hours.
Methods:  Survey data from 1215 nondepressed interns were collected at preinternship baseline, then 3 and 6 months into internship. We examined how pre-
internship sleep quality and internship sleep and work hours affected risk of  depression at 3 months, per the Patient Health Questionnaire 9. We then examined 
the impact of  sleep loss and work hours on depression persistence from 3 to 6 months. Finally, we compared self-reported errors among interns based on 
nightly sleep duration (≤6 hr vs. >6 hr), weekly work hours (<70 hr vs. ≥70 hr), and depression (non- vs. acutely vs. chronically depressed).
Results:  Poorly sleeping trainees obtained less sleep and were at elevated risk of  depression in the first months of  internship. Short sleep (≤6 hr nightly) during 
internship mediated the relationship between sleep disturbance and depression risk, and sleep loss led to a chronic course for depression. Depression rates 
were highest among interns with both sleep disturbance and short sleep. Elevated medical error rates were reported by physicians sleeping ≤6 hr per night, 
working ≥ 70 weekly hours, and who were acutely or chronically depressed.
Conclusions:  Sleep disturbance and internship-enforced short sleep increase risk of  depression development and chronicity and medical errors. Interventions 
targeting sleep problems prior to and during residency hold promise for curbing depression rates and improving patient care.
Keywords:  depression, internship, medical errors, sleep deprivation, sleep disturbance.

INTRODUCTION
Medical internship, the first year of residency, is a demanding 
transition marked by long work hours and sleep loss.1–4 Interns 
are at significant risk of depression,1,4–6 which is associated 
with greater self-rated6–8 and reviewer-rated5 medical errors. 
Depression in this population poses a serious public health 
problem, and the identification of risk factors for depression 
and medical errors among interns has the potential to improve 
public safety.

Sleep disturbances encompass a wide range of complaints, 
including difficulty falling or staying asleep and poor sleep 
quality. Sleep disturbance confers a robust risk factor for depres-
sion development in the general population,9–13 suggesting that 
poorly sleeping trainees may be more vulnerable to depression 
in response to the stressful transition to internship.

Despite limits on work hours, residents still experience high 
rates of sleep loss.2 Importantly, short sleep duration is asso-
ciated with resident depression4,14–17 and medical errors.18,19 
Concordantly, chronic short nightly sleep of 6 or fewer hours 
results in neurobehavioral impairment equivalent to one night 
of complete sleep deprivation.20 Although prior research sug-
gests poor sleep, depression, and performance are related, the 
effects of sleep problems on depression development and med-
ical errors are poorly understood. Specifically, no study to date 
on resident health has evaluated the role of preinternship sleep 
problems in the development of depression during the intern 

year. Further, it is unclear how changes in sleep duration (losing 
vs. gaining) during internship influences the course of depres-
sion (chronicity vs. remission). Given the depressogenic and 
neurobehavioral consequences of poor sleep, sleep problems in 
this population may offer a promising target for prevention or 
early intervention against depression and physician errors.

Although evidence suggests that multiple dimensions of sleep 
health uniquely and aggregately impact health and function,21 
most prior studies on resident sleep focus on the duration of 
sleep exclusively. Therefore, very little is known about the influ-
ence of sleep disturbance on resident depression. Given recent 
evidence of the synergistic effects of short sleep and sleep dis-
turbance on depression risk,22,23 psychiatric outcomes may be 
especially severe in training physicians with sleep disturbance 
who have short sleep during internship. Estimates of medical 
errors for depressed, short sleeping, and overworked first-year 
residents will provide important context for the cost to patient 
safety posed by these challenges in internship training.

We attempted to address the many outlined gaps in resident 
sleep, mental health, and function, using the internship year as 
a naturalistic stressor to examine preinternship sleep distur-
bance as a risk factor for depression. We hypothesized that poor 
preinternship sleepers would be at elevated risk of depression 
and that less sleep during internship would further increase 
depression risk. We also predicted that sleep loss and long work 
hours would be associated with depression chronicity from 3 

Statement of Significance
Short sleep and depression are endemic to first-year medical residents and represent critical threats to patient safety. In our study, poorly sleeping 
training physicians were at elevated risk of  short sleep and depression development in the first months of  residency. The highest rates of  depression 
were observed among physicians with poor quality sleep of  short duration (≤6 hr nightly). Further, sleep loss among depressed interns led to a chronic 
course for depression, whereas increased sleep duration presaged remission of  depressive symptoms. Critically, medical error rates were highest among 
sleep-deprived, overworked, and depressed physicians. Given the roles of  sleep disturbance and short sleep on intern depression and performance, detec-
tion of  sleep problems and early intervention may improve resident mental health and improve patient care.
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to 6 months. Finally, we examined rates of self-reported med-
ical errors based on short sleep, work hours, and depression 
status (nondepressed vs. acute vs. chronic). We hypothesized 
that error rates would be higher among interns who reported 
short sleep and longer work hours and who screened positive 
for depression.

METHODS

Participants
The Intern Health Study is a multisite prospective cohort study 
that aims to assess stress and mood through internship. Trainees 
were recruited via e-mail with 1342 interns (58% participation 
rate) in 10 specialties across 33 institutions agreeing to partici-
pate in the study (see Table 1 for sample characteristics). As we 
focused on development of depression during internship, only 
participants who screened negative for depression at baseline 
were included (N = 1215, 90.5%). The study was approved by 
the University of Michigan Institutional Review Board, and all 

participants provided informed consent after receiving com-
plete description of the study.

Procedure
Data were collected using online surveys, the procedure for 
which has been outlined in detail elsewhere.6 We examined data 
from three time points: 1 to 2 months preinternship, 3 months 
into internship, and 6 months into internship.

Measures

Preinternship Assessment
The Pittsburgh Sleep Quality Index24 (PSQI) was used to assess 
sleep quality. A global score of greater than 5 indicates signif-
icant sleep disturbance and yields good sensitivity (90%) and 
specificity (87%) in distinguishing good sleepers from poor 
sleepers.

The Patient Health Questionnaire-925 (PHQ-9) is a 9-item 
self-report measure of depressive symptoms. As research has 
shown that inclusion of sleep items on depression scales inflates 
correlations between depression and sleep measures,26 the 
PHQ-9 was scored without its sleep item in order to eliminate 
conflation with the PSQI. Thus, total scores were prorated using 
mean item-level responses. Proration allowed use of the tradi-
tional 10-point cutoff to indicate a positive depression screen. 
The full PHQ-9 has 93% sensitivity and 88% specificity for 
detecting clinical depression.27 Acute depression was defined as 
screening positive for depression at 3-month or 6-month assess-
ment. Chronic depression was defined as screening positive for 
depression at both 3 and 6 months. In addition to the PSQI and 
PHQ, demographic information and lifetime depression history 
were collected preinternship.

Within-Internship Assessments
Interns were assessed at 3 and 6 months into internship. Sleep 
duration was assessed by asking: “On average, how many 
hours per day have you slept per night over the past week?” 
Subjects reporting ≤6 hr of nightly sleep were defined as being 
short sleepers,20 whereas interns sleeping >6 hr per night were 
described as longer sleepers. Weekly work hours were estimated 
in response to: “On average, how many hours have you worked 
over the past week?” To assess perceived medical errors, interns 
were asked to answer “Yes” or “No” in response to: “Are you 
concerned you have made any major medical errors in the last 
three months?” Depressive symptoms were assessed through 
the PHQ inventory.

Analysis
Analyses were conducted using SPSS 20, with a significance 
threshold of p < .05. We used mediation analysis to test whether 
preinternship sleep disturbance predicted depression risk at 
3 months and whether shorter internship-related sleep duration 
in the first 3 months of residency mediated this relationship.28,29 
Sobel test was used to determine significance of the mediated 
effect. Because regression coefficients from logistic and linear 
regression models are on different scales, adjusted parameter 
estimates accounting for scaling differences between linear 
and logistic regression were used in the Sobel test and to cal-
culate estimated size of the mediated effect.30 Next, we used 

Table 1—Sample Characteristics (Nondepressed Subjects Prior to 
Internship, N = 1215).

Age M ± SD: 27.48 ± 2.70 years

Sex (female) N = 591; 48.9%

Depression History (positive) N = 514; 42.3%

Race

  White 62.3%

  Black 3.6%

  Asian or Pacific Islander 22.4%

  Latino 3.9%

  Native American 0.1%

  Multiracial 4.3%

  “Other” 4.4 %

Specialty

  Internal medicine 35.8%

  Surgery 11.4%

  Obstetrics and gynecology 4.5%

  Pediatrics 11.4%

  Psychiatry 5.9%

  Emergency medicine 6.2%

  Internal medicine/pediatrics 2.2%

  Family practice 5.6%

  “Other” 16.0

  Transitional 1.0%

Note. Depression history reported in response to “To the best of  your 
recollection, have you EVER experienced an episode of  depression 
(a two week period of  your life when you felt down or lost interest or 
pleasure in your usual activities and also had difficulty concentrating or 
noticed changes in sleep, appetite, energy or experienced thoughts of  
death or feelings of  guilt)?”
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dummy-coded logistic regression to compare depression risk 
across four groups based on self-reported sleep disturbance and 
duration: (1) longer sleeping good sleepers (reference group); 
(2) short sleeping good sleepers; (3) longer sleeping poor 
sleepers; and (4) short sleeping poor sleepers. We then used 
logistic regression to estimate risk of depression chronicity 
(i.e., the odds of remaining depressed at 6 months) as predicted 
by work hours and changes in sleep duration from 3 to 6 months 
(ΔSleep duration

6m−3m
). Notably, odds ratios (OR) of negative 

associations in logistic regression analyses (i.e., OR < 1.0) were 
inversed to improve interpretability of effect sizes; these are 
denoted by OR−1in the Results section. Finally, we conducted χ2 
tests of independence to compare rates of self-reported medical 
errors at 3 and 6 months among groups based on sleep duration 
classification (short vs. longer sleepers), work hours (above and 
below median), and depression status (nondepressed vs. acute 
vs. chronic).

RESULTS

Baseline and Internship Sleep
High retention of the 1215 subjects at baseline was observed 
at 3 months (n = 933, 76.8% retention from baseline) and at 
6 months (n = 915, 75.3% retention from baseline). Average 
nightly sleep duration before internship was 7 hr and 22 min, 
with 18.3% of the cohort identified as having significant sleep 
disturbance (PSQI score > 5). Average sleep length at 3 and 6 
months into internship were 57 and 56 min shorter in duration, 
respectively, than preinternship sleep. Nearly half (49.1% and 
48.6%) of the sample reported average sleep duration as 6 hr or 
fewer at 3 and 6 months of internship, reflecting alarming rates 
of short sleep. Notably, the odds for reporting short sleep were 
twice as high for preinternship poor sleepers in the first months 
of internship compared to good preinternship sleepers (60.4% 
vs. 46.7%; logistic regression: b = −.70, OR−1 = 2.00, 95% con-
fidence interval [CI] = 1.39–2.94, p < .001). Interns working 70 
hr (the median) or more per week were at fourfolds odds greater 
risk of being sleep deprived than interns working fewer hours 
in the first months of internship (logistic regression: b = −1.40, 

OR−1 = 4.00, 95% CI = 3.03–5.26, p < .001). See Table 2 for 
full descriptive statistics for sleep, depression, work hours, and 
medical errors.

Depression Risk Predicted by Sleep and Work Hours
Positive lifetime depression history (b = .90, OR = 2.46, 95% 
CI = 1.68–3.61, p < .001) and female sex (b = .53, OR = 1.67, 
95% CI = 1.16–2.49, p < .01) but not age (p = NS) predicted 
depression status at 3 months. Using multiple logistic regres-
sion, we compared preinternship good versus poor sleepers 
in their risk of depression at 3-month assessment while con-
trolling for work hours and significant baseline covariates. 
The odds of screening positive for depression were twice 
as high for poor sleepers (OR  =  2.33, 95%CI  =  1.52–3.57, 
p < .001; adjusted parameters due to scaling differences for 
testing mediation: b’  =  .18, SE’  =  .05). Additionally, longer 
work hours increased depression risk at 3  months such that 
each additional hour increased risk by 5% (OR = 1.05, 95% 
CI = 1.03–1.06, p < .001).

After demonstrating that preinternship sleep disturbance 
predicts intern depression, we tested whether sleep duration at 
3 months mediated this relationship (Figure 1). Preinternship 
poor sleepers obtained less sleep in the first months of resi-
dency than good sleepers (b = −.27, t = −3.31, p < .01; adjusted 
parameters: b’ = −.06, SE’ = .02). We then estimated depression 
risk as predicted by sleep duration and found that each hour 
of less sleep corresponded to a 59% increase in the odds for 
developing depression (OR−1 = 1.59, 95% CI = 1.27–2.00, p < 
001; adjusted parameters: b’ = −.23, SE’ = .05). Notably, sleep 
disturbance remained a significant predictor of depression after 
accounting for sleep duration (OR = 2.02, 95% CI = 1.30–3.12, 
p < .01; adjusted parameters: b’ = .14, SE = .05). Sobel test 
revealed a significant indirect effect wherein internship sleep 
duration mediated the relationship between preinternship sleep 
disturbance and depression development (z = 2.51, p = .01). 
That is, poorly sleeping physicians were at greater risk of devel-
oping depression in the first months of internship, and this rela-
tionship was partially due to poor sleepers obtaining less sleep 
during internship than good sleepers. Estimates of this indirect 

Table 2—Descriptive Statistics for Depression Rates, Sleep Parameters, Work Hours, and Perceived Medical Errors.

Preinternship 3 Months 6 Months

Sample size N = 1215 (nondepressed) N = 933 N = 915

Depression rates (n, %) --- 151, 16.2% 151, 16.5%

PSQI > 5 (n, %) 222; 18·3% --- ---

Sleep duration (M ± SD) 7 hrs 22 mins ± 69 mins 6 hrs 25 mins ± 57 mins 6 hrs 28 mins ± 57 mins

Short sleep ≤ 6 h (n, %) 255, 21.0% 458, 49.1% 445; 48.6%

Work hours (weekly) --- 66 hrs 34 mins ± 16 hrs; 
Median: 70 hrs

65 hrs 25 mins ± 18 hrs; 
Median: 70 hrs

Perceived medical errors (positive) --- n = 165/922; 17.9% n = 180/900; 20.0%

Note. Depression rates indicated by Patient Health Questionnaire-9 ≥ 10. Poor sleep indicated by Pittsburgh Sleep Quality Index >5. Sleep deprivation ≤6 hr 
per night on average. Proportion of  missing data at the two follow-up assessments was not found to be associated with baseline depression, sleep quality, 
age, or depression history (all p = NS).
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effect indicated that between 8%1 and 22%2 of preinternship 
sleep disturbance’s effect on depression development was medi-
ated by internship-imposed short sleep.

After finding that both sleep disturbance and sleep duration 
were independently associated with depression risk, we tested 
for compounding effects of poor sleep quality and short sleep. 
Specifically, sleep quality (PSQI) scores and internship sleep 
duration at 3 months were used to create four groups, longer 
sleeping good sleepers, short sleeping good sleepers, longer 
sleeping poor sleepers, and short sleeping poor sleepers, allow-
ing for comparison of depression rates and risk among the four 
groups. Chi-square analysis indicated that depression rates sig-
nificantly differed among these groups (χ2 = 50.52, p < .001). 
Data presented in Table 3 show that depression rates 3 months 
into internship were higher in interns with either poor qual-
ity sleep (18.5%) or short sleep (21.7%) compared to interns 
without sleep problems (7.4%). Notably, the highest depression 
rates were reported by interns with both poor quality and short 
sleep (32.7%). Dummy-coded logistic regression revealed that 
all three groups of problematic sleepers were at greater risk of 
depression than the good sleeping control group, with short 
sleeping poor sleepers at greatest risk of depression. These 
results indicate that sleep disturbance and short sleep duration 

have compounding effects on intern depression (see Table 3 for 
ORs and ps).

Depression Chronicity as Predicted by Sleep Loss
We then tested whether changes in sleep duration during intern-
ship predicted the course of depression. For interns screening 
positive for depression at 3-month assessment, we found that 
losing sleep over the subsequent 3  months corresponded to 
increased odds for the persistence of depression to a chronic 
course (ΔSleep duration

6m−3m
; b  =  −44, OR−1  =  1.55, 95% 

CI = 1.01–2.36, p = .04). Each hour of lost sleep corresponded 
to a 55% increase in odds for remaining depressed. Post hoc 
χ2 analysis revealed group differences among depressed interns 
who lost sleep, gained sleep, and reported no change (χ2 = 10.46, 
p < .01). Specifically, 78.3% (18/23) of depressed interns who 
lost 30 min or more of nightly sleep remained depressed and 
53.5% (23/43) of depressed interns whose sleep length was 
unchanged remained depressed. By comparison, only 38.6% 
(22/57) of depressed interns who gained 30  min or more of 
nightly sleep remained depressed. Work hours at 6 months, age, 
sex, baseline sleep disturbance, and depression history were not 
significant predictors of depression chronicity.

Etiological Roles of Sleep Disturbance and Short Sleep in New 
Onset vs. Relapse of Depression
Due to the high rates of self-reported lifetime depression 
(42.3%) in our sample and its association with risk of intern-
ship depression (OR = 2.46, p < .001, reported earlier), we 
conducted post hoc analyses to explore whether the etiological 
roles of sleep disturbance and short sleep in developing depres-
sion differed between new onset and relapse, that is, between 
those without and with a prior history of depression. Overall, 
the results did not differ between the two groups. Irrespective 
of whether internship depression was an initial onset or relapse, 
preinternship sleep disturbance increased risk of depression 
development (Relapse group: OR = 2.12, p < .001; Onset group: 
OR = 2.01, p < .001) as did shorter sleep duration during intern-
ship (Relapse group: OR−1 = 1.39, p = .02; Onset group: OR−1 
= 1.96, p < .001) while controlling for the previously identi-
fied covariates. Similarly, a repeat of our dummy-coded logistic 

Figure 1—Internship short sleep duration mediating preinternship 
sleep disturbance and depression development.

Table 3—Rates of  Depression at 3 Months Among Interns Grouped by Sleep Quality and Sleep Quantity.a

Depression Status at 3 Months OR, p 

Negative Screen Positive Screen % Depressed

Sleep classification

  Longer sleeping good sleepers 376 30 7.4% --

  Longer sleeping poor sleepers 53 12 18.5% 3.04, <.01

  Short sleeping good sleepers 278 77 21.7% 2.34, <.001

  Short sleeping poor sleepers 66 32 32.7% 4.24, <.001

Note. aControlling for age, gender, and work hours. Good vs poor sleep indicated by Pittsburgh Sleep Quality Index >5. Longer sleep >6 hr per night on 
average at 3 months into internship. Short sleep ≤6 hr per night on average at 3 months into internship. OR = Odds ratio, which was derived from a multiple 
logistic regression estimating depression status as predicted by dummy coded variables for sleep classification with longer sleeping good sleepers as the 
reference group.
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regression (with longer sleeping good sleepers as the reference 
group) showed that short sleeping poor sleepers (i.e., with sleep 
disturbance and short sleep) were at the greatest risk of intern-
ship depression (Relapse group: OR = 4.05, p < .01; Onset 
group: OR = 5.40, p < .01) to be at greatest risk of depression 
development. Further, sleep loss from 3 to 6 months predicted 
greater chronicity in both previously depressed interns (OR−1 = 
1.61, p < .01) and interns without depression history (OR−1 = 
1.45, p < .01).

The Influence of Problematic Sleep on Physician Performance
We then examined the effects of sleep disturbance and short sleep 
on risk of medical errors (Figure 2). As reported earlier, prein-
ternship poor sleepers obtained less sleep in the first months of 
residency than good sleepers (b = −.27, t = −3.31, p <.01; adjusted 
parameters: b’ = −.06, SE’ = .01). We then estimated error risk as 
predicted by sleep duration and found that each hour of less sleep 

corresponded to a 27% increase in the odds for reporting medi-
cal errors (b = −.24, OR−1 = 1.27, 95% CI = 1.27–1.53, p = .01; 
adjusted parameters: b’ = −.12, SE’ = .05). Sobel test revealed a 
significant indirect effect wherein poor quality sleepers obtained 
shorter sleep during internship, which increased risk of commit-
ting medical errors (z = 2.19, p < .01).

Error Rates Associated With Sleep Deprivation, Long Work 
Hours, and Depression
Finally, rates of perceived medical errors at 3 and 6 months were 
compared among intern subgroups based on sleep duration, 
work hours, and depression status (see Table 4 for full results). 
Error rates at 3 months were significantly higher in short sleep-
ing interns than longer sleepers (χ2 = 4.34, relative risk [RR] 
= 1.3, p = .03). However, there was no statistically significant 
difference in errors between short and longer sleepers at the 
6-month assessment (χ2 = 2.15, p = .14). Next, we observed 
error rates to be greater for interns working ≥70 per week at 
both 3 months (χ2 = 8.74, RR = 1.5, p < .01) and 6 months (χ2 = 
6.62, RR = 1.4, p = .01).

In comparing nondepressed, acutely, and chronically 
depressed interns on error rates, significant group differences 
were observed (Table 4). Error rates increased from 14%–15% 
among nondepressed interns to 25%–26% among acutely 
depressed interns. Unsurprisingly, chronically depressed 
interns reported the highest error rates at 33%–41%. Relative 
risk estimates showed that chronically depressed interns were 
1.3 to 1.6 times at greater risk of errors than acutely depressed 
interns, and 2.4 to 2.7 times at greater risk of errors than non-
depressed interns.

DISCUSSION
In this study, we found that preinternship sleep disturbance 
and internship-related short sleep (≤6 hr nightly) and long 
work hours were associated with increased risk of depression 

Figure 2—Internship short sleep duration mediating preinternship 
sleep disturbance and risk for medical errors.

Table 4—Prevalence of  Perceived Medical Errors Among Interns Grouped by Depression Status, Sleep Duration, and Work Hours.

Perceived Medical Errors

3 Months 6 Months

Sleep duration χ2 = 4.34, p = .03 χ2 = 2.15, p =. 14

  Short sleep 20.6% 22.0%

  Longer sleep 15.4% 18.1%

Work hours χ2 = 8.74, p < .01 χ2 = 6.62, p =. 01

  Work hours ≥ 70 hr 22.1% 23.9%

  Work hours < 70 hr 14.6% 17.0%

Depression χ2 = 22.79, p < .001 χ2 = 27.34, p < .001

  Nondepressed 13.6% 15.4%

  Acutely depressed 26.2% 25.4%

  Chronically depressed 32.8% 41.0%

Note. Interns with short sleep reported ≤6 hr of  nightly sleep. Interns with longer sleep reported >6 hrs of  nightly sleep. Work hours groups were created 
using a median split, which was identical at within-internship assessments. Nondepressed = No positive depression status at any time point. Acutely 
depressed = Positive depression status at either 3- or 6-month follow-up. Chronically depressed = Depressed at both follow-up assessments.
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development and chronicity as well as perceived medical errors 
in first-year residents. Although prior studies have examined 
individual relationships among sleep, work hours, depres-
sion, and resident performance, this investigation is the first 
to demonstrate that training physicians with poor quality sleep 
prior to internship are at elevated risk for sleep deprivation, 
developing depression, and committing medical errors in the 
first months of residency, and that sleep loss across internship 
leads to a chronic course of depression. We also found that 
interns with short sleep, longer work hours, and depression 
were at increased risk of reporting medical errors.

Incoming interns with poor sleep at baseline are at high risk 
of depression and short sleep in the first months of internship. 
This finding is consistent with evidence demonstrating sleep 
disturbance as a risk factor for depression in other popula-
tions.9–13,31,32 After transitioning to internship, average nightly 
sleep decreased by almost an hour, with shorter sleep during 
internship associated with increased risk of depression. Notably, 
poor sleepers at baseline obtained less sleep during internship 
than good sleepers, partially accounting for the relationship 
between preinternship sleep disturbance and depression devel-
opment. Importantly, sleep problems had compounding effects 
such that interns with both sleep disturbance and short sleep 
had the highest rates of depression, with nearly 33% of these 
interns meeting criteria for depression at 3 months of intern-
ship. Our data also showed that the etiological roles of sleep 
disturbance and short sleep on depression development did 
not differ between subjects with or without a prior history of 
depression. That is, short sleep amplifies the effects of sleep 
disturbance in depression development whether individuals are 
experiencing a new onset of depression or a relapse.

Overall, our findings are consistent with research showing 
residency-related short sleep may be related to depression and 
daytime impairments.15–17 Our work builds on this literature 
and demonstrates that sleep issues prior to intern year predis-
pose trainees to work-related short sleep and depression. The 
importance of obtaining sufficient sleep is reinforced by our 
finding that sleep loss was associated with a chronic course for 
depression, while increased sleep predicted greater likelihood 
of remission. These findings are consistent with research in 
other populations showing that sleep loss and short sleep dura-
tion are associated with depression.33–37 Importantly, Fernandez-
Mendoza et al.22 and others23 have shown that insomniacs with 
unconstrained (i.e., not environmentally truncated) short sleep 
duration are at greater risk of depression than individuals with 
poor quality sleep or short sleep alone. Our data expand on 
these findings by suggesting that environmentally imposed short 
sleep may similarly amplify the risk relationship between sleep 
disturbance and depression. Moreover, our results lend further 
support to the multidimensionality of sleep health, as proposed 
by Buysse,21 which highlights that various dimensions of sleep–
wake function (i.e., satisfaction, duration, efficiency, alertness, 
and timing) can uniquely and, when combined, aggregately 
impact health and function.

Physicians having difficulty sleeping prior to internship are 
at elevated risk of committing medical errors after transition-
ing to intern year. Notably, however, the elevated error risk for 
poor sleepers is due to obtaining less sleep during internship. 
Indeed, medical errors were elevated among interns reporting 

short sleep, working 70 or more weekly hours and screening 
positive for depression. Indeed, the lowest rates of errors were 
reported by interns who were nondepressed, obtained more 
than 6  hr of nightly sleep, and worked fewer than 70  hr per 
week. In contrast, nearly one-quarter of interns with acute 
depression, short sleep, or who worked 70 or more hours per 
week reported errors. The highest error rates at 31%–40% were 
reported by chronically depressed interns, which is consistent 
with past studies examining depression and self-rated6–8 and 
reviewer-rated5 medical errors in this population. As chroni-
cally depressed interns reported high levels of poor sleep qual-
ity, short sleep, and long duty hours, these results highlight the 
impact of sleep problems and long duty hours on intern mental 
health and work performance.

The present study should be interpreted in light of certain 
limitations. Although the PHQ has demonstrated excellent 
diagnostic utility as a screening tool,27 performance character-
istics of our modified PHQ have not been empirically evaluated. 
Clinical interviews are necessary for diagnosis of psychiatric 
disorders. Further, while subjective sleep ratings are shown to 
correspond to objective sleep measures,38,39 the gold standard of 
sleep assessment involves the combination of subjective ratings 
and objective sleep measures (e.g., actigraphy and polysomnog-
raphy). Further, internship nightly sleep duration and depression 
status were assessed at the same time, and hypotheses regard-
ing directionality of sleep duration and depression are based on 
prior research on sleep issues and psychiatric illness9,10,13 and 
supported by excluding depressed subjects at baseline. Even so, 
future investigations may include both continuous subjective 
and objective sleep measures prior to and across the intern year, 
which may offer greater insights into the directionality of sleep, 
mood, and physician performance in this population. Notably, 
we did not collect sleep quality data during internship. Although 
we did not observe a direct prospective relationship between 
preinternship sleep disturbance and intern performance, future 
investigations should determine whether sleep disturbance dur-
ing periods of medical practice impairs performance. Further, 
researchers should consider investigating the prevalence of sleep 
disorders, such as shift work disorder, among first-year resi-
dents, and how rotating shifts and night floats may affect sleep 
duration, mood, and physician performance. Internship training 
imposes significant changes in sleep timing and quality, and 
sleep-deprived residents may try to catch up on sleep during the 
daytime, which may affect these relationships. Both duty hours 
and medical errors were self-reported. Importantly, research has 
shown high agreement between physician reports of adverse 
events and those indicated in medical records.40 Even so, it is 
possible that depressed interns are more likely to recall errors 
due to negative attention biases, and it is important to note that 
interns working longer hours have more opportunity to commit 
errors. Moreover, by assessing major medical errors, our study 
may underestimate actual medical errors with potential to cause 
patient harm that residents may not have considered to be major. 
Finally, other factors such as personal medical issues, substance 
use, and family stress may impact both sleep and mental health 
outcomes but were not accounted for by this study.

Our findings suggest that promoting good sleep in training 
physicians may enhance depression prevention efforts and 
improve patient welfare. Individuals sleeping poorly prior to 
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internship may represent a population to target for prevention 
and early intervention efforts. Trainees with severe sleep dis-
turbance may suffer from insomnia disorder and may benefit 
from cognitive behavioral therapy for insomnia as a first-line 
treatment41,42 to improve sleep quality prior to the stressful tran-
sition to internship. As internship-related short sleep was asso-
ciated with acute and chronic depression and medical errors, 
promoting sufficient and quality sleep through the design of 
shift schedules that account for internal circadian clocks, the 
maintenance of regular sleep–wake patterns, allowing adequate 
time in bed, and promoting good sleep hygiene may reduce rates 
of depression and improve patient care. For depressed interns, 
treatment planning may benefit from addressing the critical role 
of poor sleep in depression; therefore, interventions addressing 
both sleep and depression issues may improve treatment out-
comes in this population.
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ENDNOTES
1Calculated by dividing the estimated indirect effect by the total direct effect. 
Specifically, we divided the product of the adjusted parameter estimates com-
prising the indirect effect by the adjusted estimate of the direct effect: [(−.06) 
× (−.23)]/.18.
2Calculated by dividing the difference between the total direct effect and direct 
effect accounting for the mediation by the total direct effect: (.18 − .14)/.18.
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