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Background: Efforts to address the high depression rates
among training physicians have been implemented at vari-
ous levels of the U.S. medical education system. The cumula-
tive effect of these efforts is unknown.

Objective: To assess how the increase in depressive symp-
toms with residency has shifted over time and to identify
parallel trends in factors that have previously been associ-
ated with resident physician depression.

Design: Repeated annual cohort study.

Setting: U.S. health care organizations.

Participants: First-year resident physicians (interns) who
started training between 2007 and 2019.

Measurements: Depressive symptoms (9-item Patient Health
Questionnaire [PHQ-9]) assessed at baseline and quarterly through-
out internship.

Results: Among 16 965 interns, baseline depressive symptoms 
increased from 2007 to 2019 (PHQ-9 score, 2.3 to 2.9; difference, 
0.6 [95% CI, 0.3 to 0.8]). The prevalence of baseline predictors of 
greater increase in depressive symptoms with internship also 
increased across cohorts. Despite the higher prevalence of base-
line risk factors, the average change in depressive symptoms with 
internship decreased 24.4% from 2007 to  2019  (change in PHQ-9

score, 4.1 to 3.0; difference, �1.0 [CI, �1.5 to �0.6]). This change
across cohorts was greater among women (4.7 to 3.3; difference,
�1.4 [CI, �1.9 to �0.9]) than men (3.5 to 2.9; difference, �0.6 [CI,
�1.2 to �0.05]) and greater among nonsurgical interns (4.1 to
3.0; difference, �1.1 [CI, �1.6 to �0.6]) than surgical interns (4.0
to 3.2; difference, �0.8 [CI, �1.2 to �0.4]). In parallel to the
decrease in depressive symptom change, there were increases in
sleep hours, quality of faculty feedback, and use of mental health
services and a decrease in work hours across cohorts. The
decrease in work hours was greater for nonsurgical than surgical
interns. Further, the increase in mental health treatment across
cohorts was greater for women than men.

Limitation: Data are observational and subject to biases
due to nonrandom sampling, missing data, and unmeasured
confounders, limiting causal conclusions.

Conclusion: Although depression during physician training
remains high, the average increase in depressive symptoms asso-
ciated with internship decreased between 2007 and 2019.

Primary Funding Source: National Institute of Mental
Health.
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The past decade has seen growing recognition and
concern around the substantial increase in depres-

sive symptoms during residency training (1, 2). Low well-
being among resident physicians is associated with work
dissatisfaction (3), career attrition (4), and medical errors
(5–8), among other negative outcomes (9–11). Although
depression has become more prevalent in the general
population, particularly among younger Americans (12,
13), the degree to which depression among persons
entering and during residency has changed over this
decade is unknown.

Initiatives across organizational levels have sought to
improve well-being among residents. National organiza-
tions have enacted regulations and provided guidance
(2, 14), and institutions and residency programs have
implementedmeasures designed to promote well-being
(2, 15–19). How much these initiatives have cumulatively
changed intern experiences over time is unclear.

The Intern Health Study is a repeated annual cohort
study of stress and depression during residency training;
it enrolled cohorts of incoming residents during 2007 to
2019 at the beginning of internship and followed each
cohort for 1 year. Here, we analyze trends over time in
interns' reports of depressive symptom change with

residency training, as well as internship factors that corre-
late with depressive symptom change.

METHODS

Participants
Between 2007 and 2019, a total of 34839 incoming

interns at U.S. residency institutions were invited via
e-mail to participate in the study 2 to 3 months before
the start of internship (1 July). In total, 19993 participants
(57.4%) consented to enroll. Figure 1 and the Appendix
(available at Annals.org) provide recruitment details. The
institutional review board at the University of Michigan
approved the study. Participants provided informed con-
sent and received between $50 and $125 in compensa-
tion, depending on the cohort year (20, 21).
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Assessments
One to 3 months before the start of internship, partici-

pants completed a baseline survey assessing depressive
symptoms via the 9-item Patient Health Questionnaire
(PHQ-9). The PHQ-9 is a validated self-report measure of the
9 symptoms of depression, as defined by the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition (22).
Interns indicated whether, during the previous 2 weeks, the
symptom had bothered them “not at all,” “several days,”
“more than half the days,” or “nearly every day,” yielding a
score of 0 to 3 for each of the 9 symptom items and result-
ing in a total score of 0 to 27. This total score, indicating se-
verity of depression symptoms, is consistent with the
validated and recommended use of the measure (23). Total
scores of 0 to 4, 5 to 9, 10 to 14, 15 to 19, and 20 to 27 cor-
respond to minimal, mild, moderate, moderately severe,
and severe depression, respectively. The diagnostic validity
of the PHQ-9 is similar to that of clinician-administered
assessments (23, 24). The baseline survey also assessed de-
mographic information, including gender (woman or man),
race (White, Asian, or underrepresented minority), specialty
(surgical or nonsurgical), and residency institution; neuroti-
cism (scale range, 0 to 56; NEO Five-Factor Inventory) (25);
personal history of depression; and early family environment
(scale range, 0 to 65; Risky Families Questionnaire) (26).

Quarterly surveys administered at months 3, 6, 9, and
12 of internship year (20) assessed the following variables: 1)
PHQ-9 depressive symptoms; 2) total work hours over the

past week; 3) average daily sleep hours over the past week;
4) occurrence of stressful life events unrelated to internship
during the past 3 months; 5) occurrence of perceived major
medical errors (5–8) during the past 3 months; 6) among
participants who reported a PHQ-9 score of 10 or higher
(PHQ depression) at least once during internship (27), treat-
ment from professional mental health care services in the
past 3 months (assessed since 2009 cohort); 7) timely and
proper faculty feedback (28) (scale range, 0 to 5; assessed in
quarter 4 only); and 8) learning experience in inpatient rota-
tions (28) (scale range, 0 to 5; assessed in quarter 4 only).
Participants were given 1 month to complete each quarterly
survey.

The depressive symptom change with internship,
defined as the difference between themean of 4 quarterly
internship PHQ-9 scores and the baseline PHQ-9 score,
was the primary outcomemeasure of the study.

All surveyswere done throughQualtrics, a securedweb-
site designed to maintain confidentiality, with participants
identified only by identification numbers. The Appendix
provides detailed definitions of assessed variables.

Missing Data
Participants who completed the baseline survey and

at least 1 follow-up survey were included in analyses.
Multiple imputation (29) was used to impute missing
data from the baseline survey for all enrolled participants
and from the follow-up survey for participants who

Figure 1. Study flow diagram.
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Interns enrolled in the study (n = 19 993)

Declined to participate (n = 14 846)

Did not complete any follow-up
surveys (n = 3028)

Interns who completed ≥1 follow-up survey (n = 16 965)

Interns who completed
4 follow-up surveys 
(n = 9241)

Interns who completed
3 follow-up surveys 
(n = 3168)

   Q1, Q2, and Q3: 1302
   Q1, Q3, and Q4: 741
   Q1, Q2, and Q4: 665
   Q2, Q3, and Q4: 460

Interns who completed
2 follow-up surveys 
(n = 2278)

   Q1 and Q2: 954
   Q1 and Q3: 445
   Q1 and Q4: 305
   Q2 and Q3: 250
   Q2 and Q4: 130
   Q3 and Q4: 194

Interns who completed
1 follow-up survey 
(n = 2278)

   Q1: 1354
   Q2: 395
   Q3: 303
   Q4: 226

Q= quarter.
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completed at least 1 follow-up survey. The Appendix
provides details on the missing data imputation.

Statistical Analysis
Sample and AttritionWeighting
We generated survey weights to reduce potential bias
due to nonrepresentative sampling (poststratification
weights [30]) and to account for the differences between
participants who completed and those who did not
complete follow-up surveys (attrition weights [31]). For
the poststratification weighting, the demographic com-
position (gender, race, and specialty) of the complete set
of first-year residents in the United States between 2007
and 2019, provided by the Association of American
Medical Colleges, was used as the target population.
The Appendix provides details on the survey weights
generation.

Trends of Change in Depressive Symptoms With
Internship and Its Risk Factors
The primary outcome of the study was the change in
depressive symptoms with internship. The secondary out-
comes were the internship factors that have previously

been found to be associated with the change in depressive 
symptoms with internship (20, 32–34)—specifically, the means 
of 4 quarterly assessments for work hours and sleep hours and 
the occurrence of noninternship stressful life events, self-
reported medical errors, and treatment from professional 
mental health care services, as well as the interns' ratings of 
faculty  feedback and learning experience in inpatient rotations 
in  quarter  4  (Appendix  Table  1,  available  at  Annals.org).

To estimate how the average change in depressive
symptoms with internship has shifted over time (repre-
sented by cohort year), we fitted a natural splines regres-
sion model for depressive symptom change with cohort
year as the predictor, with robust SEs, on the survey
weighted data. The survey data were clustered at the
cohort year and residency institution levels (35, 36). The
same models were fitted for the secondary outcomes to
estimate the trends of the associated internship factors.
Next, we applied marginal prediction (37, 38) with these
models at the first and last cohort year of the study (2007
and 2019, respectively), with standardization on gender,
race, and specialty. We then compared the average pre-
dicted depressive symptom change and internship fac-
tors in 2007 and 2019 among all participants as well as

Table 1. Baseline and Internship Characteristics of Interns (n = 16 965; Weighted n = 19 867)

Characteristic Unweighted Weighted

Baseline
Median age (IQR), y 27 (26–28) 27 (26–29)
Gender, n (%)

Men 8193 (48.3) 10 165 (51.2)
Women 8772 (51.7) 9702 (48.8)

Specialty, n (%)
Nonsurgical 13 638 (80.4) 16 086 (81.0)
Surgical 3327 (19.6) 3781 (19.0)

Race, n (%)
White 10 334 (60.9) 11 592 (58.4)
Asian 3645 (21.5) 4471 (22.5)
Underrepresented minority 2986 (17.6) 3804 (19.1)

Depressive symptoms: median PHQ-9 score (IQR)* 2 (0–4) 2 (0–4)
Depression history, n (%)

No 9154 (54.0) 10 772 (54.2)
Yes 7811 (46.0) 9095 (45.8)

Neuroticism: median NEO Five-Factor Inventory score (IQR)† 22 (16–28) 22 (16–28)
Difficult early family environment: median Risky Families Questionnaire score (IQR)‡ 10 (6–17) 11 (6–18)

Internship
Average internship depressive symptoms: median PHQ-9 score (IQR)* 5 (2.8–8.3) 5 (2.8–8.3)
Median self-reported weekly work hours (IQR) 65 (55.5–73.3) 65 (56.3–74)
Median self-reported daily sleep hours (IQR) 6.5 (6–7) 6.5 (6–7)
Self-reported medical error, n (%)

No 10 594 (62.4) 12 313 (62.0)
Yes 6371 (37.6) 7554 (38.0)

Stressful life event, n (%)
No 9096 (53.6) 10 595 (53.3)
Yes 7869 (46.4) 9272 (46.7)

Sought mental health treatment when depressed, n (%)
No 4365 (75.1) 5453 (78.1)
Yes 1447 (24.9) 1531 (21.9)

Timely and proper faculty feedback: median rating (IQR)§ 4 (3–4) 4 (3–4)
Learning experience in inpatient rotations: median rating (IQR)§ 4 (4–4) 4 (4–4)

IQR = interquartile range; PHQ-9 = 9-item Patient Health Questionnaire.
* Range, 0–27. Scores of 0–4 indicate minimal depression, 5–9 mild depression, 10–14 moderate depression, 15–19 moderately severe depression,
and 20–27 severe depression.
† Range, 0–56.
‡ Range, 0–65.
§ Range, 1–5.
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subgroups stratified by gender (women and men) and
specialty (surgical and nonsurgical). We also graphically
compared changes across all years for all outcomes
between women and men and between surgical and
nonsurgical interns to explore effect modification based
on stratified marginal predictions. When the trajectory
differed between groups, we tested for the presence of
interaction in the natural splines regression model. For
binary outcomes, we used relative excess risk due to
interaction (39) to test for additive interactions.

To understand the degree to which baseline risk fac-
tors for change in depressive symptoms evolved over the
years, we used the same approach to test for changes
across time for the baseline risk factors (baseline depres-
sive symptoms, baseline neuroticism, depression history,
and difficult early family environment) (Appendix Table 1)
for all participants.

Sensitivity Analyses
The intern year of the 2019 cohort lasted from July 2019
to June 2020, during which time the COVID-19 pan-
demic outbreak began in the United States. To assess
whether the study findings were influenced by the pan-
demic, we compared the depressive symptom change
with internship between the 2007 and 2018 cohorts.

Second, to evaluate the possibility that the trend in
depressive symptom change was driven by the trend in
baseline PHQ-9 score of incoming interns, we assessed
for the presence of a ceiling effect by comparing the
skewness (40) of distributions of internship PHQ-9 scores
across the cohort years.

Third, the participating residency institutions varied
during the years covered by this study (Appendix Figure
1, available at Annals.org). Institution factors likely affect
residents' depressive symptoms during internship, and
the change in the composition of institutions repre-
sented in the sample could have influenced findings. To
assess whether patterns observed in the full sample hold
in a fixed set of institutions, we restricted our analysis to
participants from residency institutions that were repre-
sented in every cohort between 2008 and 2019 (called
here the “common institution subsample”).

Finally, we assessed the trend in depressive symp-
tom change including only participants who finished all 4
follow-up surveys to explore the potential for bias intro-
duced bymissing follow-up surveys.

Statistical analyses were done using R, version 4.0.1
(R Foundation). Additional details of the statistical analy-
sis are given in theAppendix.

Role of the Funding Source
The National Institute of Mental Health had no role in

the design, conduct, or analysis of the study or the deci-
sion to submit the manuscript for publication.

RESULTS

Sample Characteristics
Across 13 cohorts between 2007 and 2019, a total of

16965 participants (84.9% of enrolled participants;
mean age, 27.6 years [SD, 0.04]; 48.8% women; 19.0%
surgical interns) from 645 residency institutions com-
pleted the baseline survey and at least 1 follow-up survey
during the intern year and were included in the analyses
(Figure 1 and Table 1; Appendix Tables 2 and 3, avail-
able at Annals.org).

Trends of Change in Depressive SymptomsWith
Internship and Its Risk Factors

Mean depressive symptom score at baseline, meas-
ured before the start of internship, increased from 2.3 in
2007 to 2.9 in 2019 (difference, 0.6 [95% CI, 0.3 to 0.8])
(Table 2; Appendix Figure 2, available at Annals.org).
Among the baseline factors previously established as pre-
dictors of PHQ-9 score increase during residency training,
2 factors changed significantly across cohorts, both in the
direction of predicting greater increases in depressive
symptoms with internship. These were the proportion of
women (47.9% to 50.0%; difference, 2.2 percentage points
[CI, 0.4 to 3.9 percentage points]) and the proportion with
a history of depression (45.5% to 48.5%; difference, 3.1 per-
centage points [CI, 1.2 to 5.0 percentage points]).

Based on expected values generated from marginal
predictions standardized for intern gender, race, and spe-
cialty, the magnitude of the change in PHQ-9 depressive
symptoms with internship decreased from 4.1 in 2007 to
3.0 in 2019 (24.4% decrease; difference, �1.0 [CI, �1.5 to
�0.6]) (Figure 2 [top] and Table 3). The change across
cohorts was not consistent over time: The rate of decrease
was greater during the 2007-to-2011 period than after-
ward (Figure 2 [top]; Appendix Table 4, available at
Annals.org). Four internship factors also changed signifi-
cantly across cohorts, all in the direction of predicting
less increase in depressive symptoms with internship
(Table 3): Weekly work hours decreased by 11.3% (69.0
to 61.2 hours; difference, �7.7 hours [CI, �9.8 to �5.6
hours]), daily sleep hours increased by 4.8% (6.2 to 6.5
hours; difference, 0.2 hour [CI, 0.1 to 0.4 hour]), interns'
rating of the timeliness and quality of faculty feedback

Table 2. Temporal Changes in the Annual Average Baseline Risk Factors of Incoming Interns*

Baseline Risk Factor Expected Value Difference 2019 vs. 2007

2007 2019

Mean depressive symptom score at baseline (95% CI) 2.3 (2.2 to 2.4) 2.9 (2.6 to 3.1) 0.6 (0.3 to 0.8)
Percentage women (95% CI) 47.9 (46.3 to 49.5) 50.0 (49.4 to 50.7) 2.2 (0.4 to 3.9)
Mean neuroticism score (95% CI) 22.7 (21.8 to 23.5) 23.5 (23.1 to 23.8) 0.8 (�0.1 to 1.7)
Percentage with depression history (95% CI) 45.5 (43.7 to 47.2) 48.5 (47.7 to 49.3) 3.1 (1.2 to 5.0)
Mean early family environment score (95% CI) 13.8 (13.3 to 14.3) 13.5 (13.3 to 13.6) �0.3 (�0.8 to 0.2)

* Expected values of 2007 and 2019 were estimated from survey weighted natural splines regression models based on all data from 2007 to 2019,
with the baseline risk factors as the outcome; the cohort year as the predictor; and standardization on gender, race, and specialty.
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increased by 8.0% (3.2 to 3.4; difference, 0.3 [CI, 0.2 to
0.3]), and the prevalence of participants with depression
getting professional mental health care treatment
increased by 165.7% (14.3% to 38.0%; difference, 23.7
percentage points [CI, 21.2 to 26.1 percentage points]).
Of note, the use of most forms of mental health services
increased: institutional employee assistance program
(3.0% to 14.4%; difference, 11.3 percentage points [CI, 9.4
to 13.3 percentage points]), general practitioners (3.9% to
15.3%; difference, 11.4 percentage points [CI, 7.8 to 15.0
percentage points]), and therapists (7.7% to 27.0%; differ-
ence, 19.3 percentage points [CI, 18.5 to 20.1 percentage

points]). The exception to this trend was psychiatric hospi-
talizations. The occurrence of stressful life events unre-
lated to internship, the occurrence of medical errors, and
the interns' evaluation of learning experience in inpatient
rotations did not change significantly.

Comparisons Between Gender and Specialty
Groups

Although the decrease in PHQ-9 depressive symp-
toms change with internship over time was significant for
both genders (women: 4.7 to 3.3; difference, �1.4 [CI,
�1.9 to �0.9]; men: 3.5 to 2.9; difference, �0.6 [CI, �1.2
to �0.05]) (Figure 2 [middle] and Table 3), the decrease
across cohorts in the depression symptom change with
internship was significantly greater among women than
men. Further, seeking of mental health treatment
increased more across cohorts for women than men
(women: 13.0% to 43.6%; difference, 30.5 percentage
points [CI, 24.2 to 36.9 percentage points]; men: 15.9%
to 31.1%; difference, 15.2 percentage points [CI, 9.6 to
20.8 percentage points]) (Table 3; Appendix Figure 3
[E], available at Annals.org).

Although both specialty groups had a significant
decrease in PHQ-9 depressive symptom change with
internship over time (nonsurgical: 4.1 to 3.0; difference,
�1.1 [CI, �1.6 to �0.6]; surgical: 4.0 to 3.2; difference,
�0.8 [CI, �1.2 to �0.4]) (Figure 2 [bottom] and Table 3),
the change associated with internship across cohorts
was greater among nonsurgical interns than surgical
interns. Among the internship factors, there was a signifi-
cantly greater decrease in work hours across cohorts for
nonsurgical interns than surgical interns (nonsurgical:
67.9 to 58.7 hours; difference, �9.2 hours [CI, �11.1 to
�7.4 hours]; surgical: 73.6 to 71.6 hours; difference,
�2.0 hours [CI, �7.9 to 3.9 hours]) (Table 3; Appendix
Figure 4 [A], available at Annals.org).

Sensitivity Analyses
In the sensitivity analysis assessing whether the result

was influenced by the COVID-19 pandemic, the change
in depressive symptom increase associated with intern-
ship between the 2007 and 2018 cohorts was �0.9 (CI,
�1.3 to �0.5), similar to that found between the 2007
and 2019 cohorts.

We assessed the skewness of the distribution of
internship PHQ-9 symptom scores across cohorts and
found no evidence for the presence of a ceiling effect
(change in skewness per year= 0.0022 [CI, �0.034 to
0.038]; P= 0.89).

A total of 24 residency institutions were included in
all cohorts from 2008 to 2019. The 5519 participants
(weighted mean age, 27.6 years [SD, 0.04]; 49.2% women)
(Appendix Table 5, available at Annals.org) who attended
these institutions composed the “common institution sub-
sample.” As in the full sample, baseline depressive symp-
toms increased significantly (2.4 to 2.8; difference, 0.4 [CI,
0.2 to 0.7]) (Appendix Figure 5, available at Annals.org)
across cohorts. Similarly, the magnitude of the increase in
depressive symptoms with internship declined significantly
from 2008 to 2019 in this subsample (4.0 to 3.3; difference,
�0.7 [CI, �1.0 to �0.3]) (Appendix Figure 6, available at

Figure 2. The weighted, model-based, expected changes in
depressive symptoms with internship across cohorts: full
sample.
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Annals.org). Four internship factors changed significantly
across cohorts in the subsample: average weekly work
hours decreased (68.6 to 61.7 hours; difference,�6.9 hours
[CI,�10.2 to�3.6 hours]), sleep hours increased (6.3 to 6.5
hours; difference, 0.2 hour [CI, 0.1 to 0.4 hour]), treatment
among participants with depression increased (14.2% to

39.6%; difference, 25.4 percentage points [CI, 17.4 to 33.4
percentage points]), and rating of faculty feedback increased
(3.2 to 3.4; difference, 0.2 [CI, 0.04 to 0.2]).

Among participants who completed all 4 follow-up
surveys (n= 9241 [54.5% of the full sample]) (Appendix
Table 6, available at Annals.org), the depressive

Table 3. Trends of Annual Average Depressive Symptom Change With Internship and Internship Factors From 2007 to 2019*

Depressive Symptom Change and Internship Factor Expected Value Difference 2019 vs. 2007†

2007 2019

Mean change in depressive symptom score (95% CI)
All interns 4.1 (3.8 to 4.4) 3.0 (2.7 to 3.4) �1.0 (�1.5 to �0.6)
Men 3.5 (3.3 to 3.7) 2.9 (2.3 to 3.4) �0.6 (�1.2 to �0.05)
Women 4.7 (4.2 to 5.1) 3.3 (3.1 to 3.4) �1.4 (�1.9 to �0.9)
Surgical interns 4.0 (3.7 to 4.4) 3.2 (3.0 to 3.5) �0.8 (�1.2 to �0.4)
Nonsurgical interns 4.1 (3.7 to 4.4) 3.0 (2.6 to 3.4) �1.1 (�1.6 to �0.6)

Mean weekly work hours (95% CI)
All interns 69.0 (67.9 to 70.1) 61.2 (59.5 to 63.1) �7.7 (�9.8 to �5.6)
Men 69.1 (67.8 to 70.4) 62.1 (60.1 to 64.1) �7.0 (�9.4 to �4.6)
Women 69.1 (67.9 to 70.2) 60.5 (59.2 to 61.9) �8.5 (�10.3 to �6.7)
Surgical interns 73.6 (68.4 to 78.9) 71.6 (69.0 to 74.3) �2.0 (�7.9 to 3.9)
Nonsurgical interns 67.9 (66.8 to 69.0) 58.7 (57.2 to 60.2) �9.2 (�11.1 to �7.4)

Mean daily sleep hours (95% CI)
All interns 6.2 (6.2 to 6.3) 6.5 (6.4 to 6.6) 0.2 (0.1 to 0.4)
Men 6.2 (6.2 to 6.3) 6.4 (6.3 to 6.5) 0.2 (0.04 to 0.3)
Women 6.3 (6.2 to 6.3) 6.6 (6.5 to 6.7) 0.3 (0.2 to 0.4)
Surgical interns 6.0 (5.8 to 6.3) 6.1 (6.0 to 6.2) 0.1 (�0.1 to 0.4)
Nonsurgical interns 6.3 (6.3 to 6.3) 6.6 (6.4 to 6.7) 0.3 (0.1 to 0.4)

Percentage of interns with stressful life events during internship (95% CI)
All interns 44.3 (37.2 to 51.3) 44.9 (43.7 to 46.0) 0.6 (�11.1 to 12.3)
Men 43.1 (36.2 to 50.1) 43.9 (42.2 to 45.6) 0.7 (�6.4 to 8.0)
Women 46.2 (38.3 to 54.1) 44.8 (42.5 to 47.1) �1.4 (�9.6 to 6.9)
Surgical interns 49.3 (47.0 to 51.7) 42.7 (42.0 to 43.3) �6.7 (�9.1 to �4.2)
Nonsurgical interns 43.2 (34.0 to 52.5) 45.4 (43.7 to 47.0) 2.1 (�7.3 to 11.6)

Percentage of interns reporting medical errors (95% CI)
All interns 39.1 (34.7 to 43.5) 40.7 (35.0 to 46.4) 1.6 (�10.1 to 13.3)
Men 39.7 (35.3 to 44.2) 39.9 (33.9 to 46.0) 0.2 (�7.3 to 7.7)
Women 39.2 (34.2 to 44.2) 41.1 (35.7 to 46.4) 1.9 (�5.5 to 9.2)
Surgical interns 37.5 (32.1 to 42.9) 42.4 (34.8 to 50.0) 4.9 (�4.4 to 14.2)
Nonsurgical interns 39.7 (35.3 to 44.2) 40.0 (34.8 to 45.3) 0.3 (�6.6 to 7.1)

Percentage of depressed interns receiving mental health treatment (95% CI)†
All interns 14.3 (12.2 to 16.4) 38.0 (36.7 to 39.3) 23.7 (21.2 to 26.1)
Men 15.9 (12.4 to 19.4) 31.1 (26.7 to 35.5) 15.2 (9.6 to 20.8)
Women 13.0 (7.1 to 19.0) 43.6 (41.3 to 45.8) 30.5 (24.2 to 36.9)
Surgical interns 20.5 (17.5 to 23.4) 32.7 (31.8 to 33.6) 12.2 (9.1 to 15.3)
Nonsurgical interns 12.9 (10.9 to 14.9) 39.2 (37.3 to 41.2) 26.3 (23.5 to 29.1)

Mean faculty feedback (95% CI)
All interns 3.2 (3.1 to 3.2) 3.4 (3.4 to 3.5) 0.3 (0.2 to 0.3)
Men 3.2 (3.1 to 3.3) 3.4 (3.4 to 3.5) 0.2 (0.1 to 0.3)
Women 3.1 (3.1 to 3.2) 3.4 (3.4 to 3.5) 0.3 (0.2 to 0.4)
Surgical interns 3.0 (2.9 to 3.1) 3.3 (3.2 to 3.3) 0.2 (0.1 to 0.3)
Nonsurgical interns 3.2 (3.2 to 3.3) 3.5 (3.4 to 3.5) 0.3 (0.2 to 0.3)

Mean inpatient rotation learning experience (95% CI)
All interns 3.9 (3.8 to 4.0) 3.9 (3.9 to 3.9) 0.03 (�0.07 to 0.1)
Men 3.9 (3.8 to 4.1) 3.9 (3.8 to 3.9) �0.1 (�0.2 to 0.1)
Women 3.8 (3.8 to 3.9) 4.0 (4.0 to 4.0) 0.1 (0.1 to 0.2)
Surgical interns 3.8 (3.7 to 3.9) 4.0 (3.9 to 4.0) 0.1 (0 to 0.2)
Nonsurgical interns 3.9 (3.8 to 4.0) 3.9 (3.9 to 3.9) �0.01 (�0.1 to 0.1)

* Expected values for 2007 and 2019 were estimated from survey weighted natural splines regression models based on all data from 2007 to 2019,
with depression symptom change or the internship factors as the outcome; the cohort year as the predictor; and standardization on gender, race,
and specialty.
† Receipt of mental health treatment has been assessed since the 2009 cohort, so comparisons for this outcome are for 2019 vs. 2009.
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symptom change with internship from 2007 to 2019 was
3.8 to 2.9, a difference of �0.9 (CI, �1.5 to �0.3), similar
to that in the full sample.

DISCUSSION

In this repeated annual cohort study comparing
physicians during residency training between 2007 and
2019, we found that the degree of increase in depressive
symptoms with internship has decreased substantially
over time, suggesting that the negative effect of medical
training on mental health may have lessened in recent
years. Of note, this occurred despite recent intern
cohorts having higher baseline risk for depressive symp-
tom increases with internship, suggesting that changes
in the residency experience over the years may have
been important drivers of the observed reduction in
depressive symptom change with internship.

Over the past decade, the prevalence of depression
among younger Americans in the general population has
been growing (13). In particular, the proportion of U.S.
college students who screened positive for depression
increased by 20%between 2009 and 2017 (41). Consistent
with this national trend, depressive symptoms and depres-
sion history among training physicians entering their intern
year becamemore prevalent between 2007 and 2019.

Among internship factors previously associated with
the change in depressive symptoms during internship, we
identified 4 that changed significantly from 2007 to 2019:
decreased work hours, increased quality of faculty feed-
back, longer total sleep time, and increasedmental health
treatment. Thus, these 4 factors merit further examination
as potential drivers of the decline in depressive symptom
change observed in this study. Work hours have long
been established as an important factor related to the
well-being of training physicians and the general popula-
tion (42, 43). Consistent with other work, we found that
the trend of a smaller average increase in depressive
symptoms with internship across cohorts was concurrent
with a decrease of 7 to 8 work hours per week. Future
studies are needed to assess the extent to which further
reduction in work hours will drive more mental health
improvements among training physicians. Our findings
similarly confirm the established association between
short sleep and depression and support further efforts to
increase sleep duration in training physicians. We also
identified substantial changes in the use of mental health
services: Interns with depression were almost 3 times
more likely to receive formal treatment in 2019 (38.0%)
than in 2007 (14.3%). Overall, because more than half of
interns with depression still do not receive treatment in
2019, efforts to increase access to care and reduce stigma
around treatment could further improve intern mental
health.

For program directors and institutions, these find-
ings suggest that efforts to reduce workload, improve
faculty feedback, and decrease barriers to care have had
meaningful effects on trainee mental health. The chang-
ing profile of incoming physicians toward greater risk for
increased depression during training underscores the
need to continue these efforts. Given the established

association between well-being of physicians and quality
of care for patients, future studies should examine
whether this trend toward improved mental health trans-
lates into improved patient outcomes (5, 7, 44).

Of note, the improvement in mental health was not
experienced equally by all interns. Specifically, declines
in the degree of depressive symptom increase with
internship were significantly greater for nonsurgical
interns than surgical interns. This difference in depressive
symptom trajectory corresponds with a difference in
work hours trajectory, with work hours decreasing signifi-
cantly more among nonsurgical interns. These results
underscore the importance of developing reforms that
achieve work hours reduction among training surgeons
without harming education. Further evaluating cultural
differences between specialties may also elucidate the
causes of this disparity (45).

The trend of change in depressive symptoms with
internship also differed by gender. We found that the
decline over time in the development of internship
depressive symptoms was significantly greater for
women than men. In parallel to this finding, women
increased their use of mental health services during the
intern year at twice the rate men did. This trend is in line
with gender differences in seeking of mental health care
in the general population (46–48). These findings high-
light the importance of considering gender in address-
ing barriers to mental health care seeking among
training physicians. The increasing proportion of women
entering the physician workforce (49) and changes in the
culture of medicine over this 13-year period may also
have contributed to the observed decreasing gender dif-
ference in depression over time.

This study has several limitations. First, because it
was an observational study with convenience sampling,
we could not make definitive conclusions about the
causal mechanisms driving changes in depressive symp-
toms over time. Of note, there may have been unmeas-
ured individual, institutional, and societal factors that
changed over time and affected the mental health of res-
idents. Second, missing data and study attrition may
have biased the results, although the risk for this bias is
attenuated, but not completely addressed, by imputa-
tion and attrition weighting. Of note, the sensitivity analy-
sis using the subsample with data for all follow-up
assessments also did not indicate a high risk for this bias.
Third, the number of residents and institutions enrolled
in the study has expanded over the years, complicating
the comparison of trend estimates between years.
However, the sensitivity analysis using the common insti-
tution subsample showed that the trends were similar in
a fixed set of institutions. Fourth, the sample is restricted
to first-year residents; mental health trends may differ
among other groups of trainees and physicians. Last,
although the data on mental health treatment showed a
clear trend over time, they were not collected in the first
2 cohorts of the study.

In summary, across 13 annual cohorts of the Intern
Health Study, we found that the increase in depressive
symptoms with internship decreased substantially over
successive cohorts. These findings represent important
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progress in reducing the depression associated with resi-
dency training. Despite this progress, depressive symp-
toms still increase substantially with internship for many
trainees. Our findings on the identified internship factors
associated with reduced change in depressive symp-
toms, such as lower work hours, and the specific sub-
populations who have had less improvement over time
can help guide next steps to further improve mental
health among residents.
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APPENDIX: APPENDIX METHODS AND RESULTS

RECRUITMENT

Each year after the residency match (mid-March), a con-
venience sample of U.S. health care institutions provided
names and e-mail addresses of graduating medical school
students or incoming interns. Additional lists of names and
e-mail addresses of eligible incoming interns were gathered
frompublicly availablemedical schoolmatch lists.

VARIABLE DEFINITIONS

Race
The self-reported races are categorized into White,
Asian, and underrepresented minorities in the analysis.
Underrepresented minorities include African, Latino/a,
Native American, Pacific Islander, Arab/Middle Eastern,
other, andmixed.

Surgical and Nonsurgical Specialties
Surgical specialties were assigned on the basis of
the American College of Surgeons classification (50).
Specifically, for this study, interns who were in the following
specialties were classified as “surgical”: general surgery,
gynecology and obstetrics, neurological surgery, ophthal-
mic surgery, orthopedic surgery, otolaryngology, plastic
surgery-integrated, urology, vascular surgery-integrated,
and surgery preliminary.

Interns from the following specialties were classified
as nonsurgical: internal medicine, pediatrics, psychiatry,
neurology, emergency medicine, combined internal
medicine and pediatrics, family practice, anesthesiology,
transitional, and other nonsurgical.

Neuroticism
The neuroticism subscale of the NEO Five-Factor
Inventory (25) is a 14-item scale assessing negative emo-
tional constructs, such as anxiety, moodiness, worry,
envy, and jealousy. Each evaluation yields a score from 0
(strongly disagree) to 4 (strongly agree), resulting in a
total score of 0 to 56. Higher scores on the neuroticism
subscale indicate an increased likelihood of experienc-
ing negative emotions, especially in response to envi-
ronmental stress.

Early Family Environment
The Risky Families Questionnaire (26) evaluates the fam-
ily environment during childhood and early adolescence
(age 5 to 15 years). A total of 13 questions assess the fre-
quency of 10 adverse events, such as insults, drinking,
quarreling, neglecting, and chaotic household, and 3
positive events, such as loving and hugging, in the early
family environment, on a scale of 1 (not at all) to 6 (very
often). The total score equals [10 * Mean(adverse events)
� 10] + [18 – 3 * Mean(positive events)], resulting in a
scale of 0 to 65. Higher scores indicate a more chaotic,
harsh, and abusive early family environment, whereas
lower scores indicate a more organized, supportive, and
nurturing early family environment.

Non–Internship-Related Stressful Life Events
The stressful life events question in the follow-up quar-
terly survey asks: “During the past 3 months, have you
experienced any of the non–internship-related stressful
life events: death of family or friends, being ill or injured,
ending of relationship, being in a violent relationship, fi-
nancial loss or debt, being assaulted or attacked, getting
married, the pregnancy or birth of a child?” The results
were classified as a binary outcome of yes or no.

Timely and Proper Faculty Feedback
The faculty feedback question in the resident questionnaire
(28) asks the interns to indicate whether they agree with the
statement of the instrument, “I get timely and appropriate
feedback from faculty” using a 5-point Likert scale ranging
from1 (“strongly disagree”) to 5 (“strongly agree”).

Learning Experience in Inpatient Rotations
The inpatient rotation question in the resident question-
naire (28) asks the interns to indicate whether they agree
with the statement of the instrument, “The inpatient
ward rotations are generally a good learning experi-
ence” using a 5-point Likert scale ranging from 1
(“strongly disagree”) to 5 (“strongly agree”).

MISSING DATA IMPUTATION

Missing variables were imputed by multiple imputa-
tion (R “mice” package [51]). Before imputation, to cre-
ate the predictor matrix, the variables used to impute
each incomplete variable were determined with LASSO
(least absolute shrinkage and selection operator) regres-
sion (R “glmnet” package [52, 53]). The imputation
method was predictive mean matching for continuous
variables, logistic regression for binary variables, and
polynomial regression for categorical variables. The
number of multiple imputations was 5.

The variables include the following:
1) Continuous: age, baseline sleep time, baseline

work hours, baseline PHQ-9 score, baseline neuroticism
score, difficult early family score, internship PHQ-9
score, internship sleep time, internship work hours, rat-
ing of timely and proper faculty feedback, and rating of
learning experience in inpatient rotations.
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2) Binary: gender, specialty (surgical or nonsurgical),
baseline stressful life events (yes or no), depression his-
tory at baseline (yes or no), internship stressful life events
(yes or no), medical errors (yes or no), and mental health
treatment during internship (yes or no).

3) Categorial: race (White, Asian, or underrepre-
sentedminority).

SURVEY WEIGHTS

Poststratification
We obtained the population data of first-year residents in
the United States from the Association of American
Medical Colleges between 2007 and 2019. The data
included the total number of residents and the number of
surgical and nonsurgical residents from each cohort year.
Within each specialty group from each cohort, we also
obtained the numbers of women and men and numbers
ofWhite, Asian, and underrepresentedminority residents.

Using the data from the Association of American
Medical Colleges as the reference population, we did a 3-
step poststratification raking on Intern Health Study data to
develop weights such that applying those weights results in
a samplewith a distribution of cohort year, specialty, gender,
and race that matches that of the Association of American
Medical Colleges data. The first step was to generate
between-cohort weights (w1b) with the raking variable to be
cohort year, the second step was to generate weights
(w1wa) with the raking variables to be specialty within each
cohort, and the last step was to generate weights (w1wb)
with the raking variables to be gender and race within each
specialty group (surgical and nonsurgical) in each cohort.
The poststratification rakings were performed with the R
package “anesrake” (30).

AttritionWeights
Among 19993 enrolled participants, 16965 completed at
least 1 of the 4 follow-up surveys. Through LASSO regres-
sion, we identified 5baseline variables that were significantly
associated with the completion of follow-up surveys: cohort
year (2019 vs. other), race, specialty, baseline PHQ-9 score,
and baseline neuroticism score. We estimated the propen-
sity score of follow-up survey completion with R package
“twang” (31) using gradient-boosted models and then
extracted the attritionweights (w2) from thepropensity score
with the “get.weights” function in R. The weight for each par-
ticipant who completed at least 1 follow-up survey—that is,
the participants we included in our analysis—is 1 / p, where p
is the propensity score.

TotalWeights
Total weights = w1b * w1wa * w1wb * w2.

STATISTICAL ANALYSIS

We used the R “survey” package (36, 54) to imple-
ment the key steps of the statistical analysis. Specifically,
the “svydesign” function was used to incorporate the sur-
vey weights and cluster identifications into the data set

(at levels of clustering—by residency institution within
year), the “svyglm” function was used to fit the models,
and the “marginpred” function was used for themarginal
prediction and standardization. In addition, the basis
matrix for the natural splines regression model was gen-
erated by the R function “ns” with the degrees of free-
dom equal to 3.

SUPPLEMENTARY ASSESSMENTS

Variation Across Residency Institutions
We assessed whether the depressive symptom change
with internship varies across the residency institutions
with the nonparametric Kruskal–Wallis 1-way analysis of
variance (55). We found that although there was signifi-
cant variation between institutions (P< 0.001), the insti-
tutions explained only 2% of the variance in depressive
symptom change after adjustment for individual charac-
teristics, including gender, race, and specialty.

Effects of Number and Season of Follow-up
Surveys
We assessed whether the number of completed follow-
up surveys or the season of the follow-up surveys com-
pleted was correlated with the depressive symptom
change of the participants.

We found that the number of completed follow-up
surveys was negatively correlated with the average PHQ-
9 change (mean score change [±SE]: one follow-up,
3.6±0.10; two, 3.5±0.08; three, 3.4±0.06; and four,
3.1±0.03). However, the mean numbers (ranged from
3.1 to 3.2) of completed follow-up surveys were similar
across 13 cohorts, and the proportions of participants
who completed 1, 2, 3, and 4 follow-up surveys did not
differ significantly across the cohorts (Appendix Table
7). Further, there was no clinically significant difference
in PHQ-9 score across quarterly surveys (mean score
[±SE]: first quarter, 5.7±0.04; second quarter,
5.8±0.04; third quarter, 5.8±0.04; and fourth quarter,
5.6±0.04). In addition, all of the institutions with more
than 20 enrolled participants (>80% of all included insti-
tutions) had a follow-up rate above 70%.
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2010;33:1-22. [PMID: 20808728]
54. Lumley T. Complex Surveys: A Guide to Analysis Using R. J
Wiley; 2010.
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Appendix Table 1. Weighted Summary Statistics of Baseline Depressive Symptoms, Average Internship Depressive Symptoms,
and Change in Depressive Symptoms From Baseline to Internship, Among Groups Stratified by Baseline and Internship Risk
Factors

Characteristic Baseline Depressive
Symptoms
(Group Mean)

Average Internship
Depressive Symptoms
(Group Mean)

Mean Change in Depressive
Symptoms From Baseline

to Internship

Group Mean
(95% CI)

Mean Difference
Between Groups
(95% CI)

Baseline
Age – – – 0.2 (0.1 to 0.3)

≤Median 2.5 5.7 3.2 (3.1 to 3.4) –

>Median 2.8 6.3 3.5 (3.3 to 3.7) –

Gender – – – 0.7 (0.5 to 0.9)
Men 2.5 5.5 3.0 (2.8 to 3.2) –

Women 2.7 6.4 3.7 (3.4 to 3.9) –

Specialty – – – 0.2 (�0.0004 to 0.4)
Nonsurgical 2.6 5.9 3.3 (3.1 to 3.5) –

Surgical 2.5 6.0 3.5 (3.3 to 3.7) –

Race
White 2.6 5.9 3.3 (3.1 to 3.5) Reference
Asian 2.5 5.9 3.4 (3.1 to 3.6) 0.05 (�0.2 to 0.3)
URM 2.7 6.1 3.4 (3.2 to 3.5) 0.04 (�0.2 to 0.2)

Depression history – – – 0.9 (0.7 to 1.2)
No 1.9 4.8 2.9 (2.8 to 3.0) –

Yes 3.5 7.3 3.8 (3.6 to 4.1) –

Neuroticism: NEO Five-Factor Inventory score – – – 0.9 (0.7 to 1.0)
≤Median 1.5 4.4 2.9 (2.8 to 3.1) –

>Median 3.8 7.6 3.8 (3.6 to 4.1) –

Difficult early family environment: Risky Families
Questionnaire score

– – – 0.4 (0.3 to 0.6)

≤Median 2.0 5.1 3.1 (3.0 to 3.3) –

>Median 3.3 6.7 3.6 (3.3 to 3.8) –

Internship
Weekly work hours, self-reported – – – 1.3 (1.2 to 1.5)

≤Median 2.6 5.2 2.7 (2.5 to 2.8) –

>Median 2.6 6.6 4.0 (3.8 to 4.2) –

Daily sleep hours, self-reported – – – �1.2 (�1.4 to �1.1)
≤Median 2.8 6.7 3.9 (3.7 to 4.1) –

>Median 2.3 5.0 2.6 (2.5 to 2.8) –

Medical error, self-reported – – – 1.2 (1.0 to 1.4)
No 2.4 5.2 2.9 (2.7 to 3.0) –

Yes 3.0 7.0 4.1 (3.8 to 4.3) –

Stressful life events – – – 0.3 (0.2 to 0.5)
No 2.3 5.5 3.2 (3.0 to 3.4) –

Yes 2.9 6.4 3.5 (3.3 to 3.7) –

Sought mental health treatment when depressed – – – �0.3 (�0.5 to �0.2)
No 3.8 10.0 6.2 (5.9 to 6.4) –

Yes 5.2 11.0 5.8 (5.5 to 6.2) –

Timely and proper faculty feedback – – – �0.6 (�0.8 to �0.4)
≤Median 2.6 6.0 3.4 (3.2 to 3.6) –

>Median 2.1 4.9 2.8 (2.6 to 3.0) –

Inpatient rotation learning experience – – – �0.9 (�1.1 to �0.8)
≤Median 2.7 6.2 3.5 (3.3 to 3.7) –

>Median 2.1 4.7 2.6 (2.4 to 2.8) –

URM = underrepresented minority.
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Appendix Table 2. Population and Unweighted Sample Size of Interns From 2007 to 2019

Cohort
Year

Total First-Year
Residents in the
United States,
n*

Total
Invited,
n

Enrolled
at
Baseline,
n

Enrollment
Rate, %

Completed ≥1
Follow-up
Survey, n

Follow-up
Rate, %

Residency
Institutions,
n

2007 25 040 401 242 60.35 217 89.67 7
2008 25 295 853 495 58.03 421 85.05 73
2009 25 198 1156 748 64.71 607 81.15 96
2010 25 201 1448 739 51.04 629 85.12 109
2011 25 745 2071 810 39.11 673 83.09 127
2012 25 686 2336 1342 57.45 1191 88.75 209
2013 26 212 2518 1457 57.86 1268 87.03 236
2014 26 825 1758 1092 62.12 960 87.91 164
2015 27 936 4855 3122 64.30 2681 85.87 346
2016 28 830 5375 3288 61.17 2802 85.22 347
2017 29 943 4996 2846 56.97 2473 86.89 318
2018 30 692 4347 2127 48.93 1843 86.65 298
2019 30 246 2725 1685 61.83 1200 71.22 264
Total 352 849 34 839 19 993 57.39 16 965 84.85 645†

* Source: Association of American Medical Colleges.
† Number of unique residency programs in 13 cohorts.

Appendix Table 3. Comparisons Between Participants, Stratified by Follow-up Survey Completion

Summary Statistic No Follow-up Follow-up P Value From t Test or v2 Test

n = 3028 n = 16 965

Raw, unweighted
Mean age (±SE), y 27.6 ± 0.05 27.5 ± 0.02 0.21
Gender: women, % 48.4 51.7 <0.001
Non-White race, % 47.5 39.1 <0.001
Surgical specialty, % 23.2 19.6 <0.001
Mean baseline depressive symptom score (±SE) 3.0 ± 0.06 2.6 ± 0.02 <0.001
Mean neuroticism score (±SE) 23.2 ± 0.2 22.0 ± 0.07 <0.001
Mean difficult early family environment score (±SE) 13.6 ± 0.2 12.9 ± 0.07 <0.001
Depression history, % 48.2 46.0 0.028

Weighted n = 18 313 Weighted n = 19 867

Weighted*
Mean age (±SE), y 27.7 ± 0.10 27.6 ± 0.04 0.24
Female gender, % 45.9 48.8 0.080
Non-White race, % 42.7 41.7 0.33
Surgical specialty, % 19.2 19.0 0.75
Mean baseline depressive symptom score (±SE) 2.6 ± 0.08 2.6 ± 0.05 0.85
Mean neuroticism score (±SE) 22.1 ± 0.3 22.0 ± 0.3 0.85
Mean difficult early family environment score (±SE) 13.2 ± 0.2 13.1 ± 0.1 0.73
Depression history, % 46.2 45.8 0.76

* Both sample weights and attrition weights applied.
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Appendix Table 4. Trends of Annual Average Depressive Symptom Change With Internship From 2007 to 2011 and
From 2011 to 2019

Population Expected Mean Change in
Depressive Symptom Score (95% CI)

Difference 2011 vs. 2007
(95% CI)

Difference 2019 vs. 2011
(95% CI)

2007 2011 2019

All interns 4.1 (3.8 to 4.4) 3.1 (3.0 to 3.3) 3.0 (2.7 to 3.4) �1.0 (�1.3 to �0.6) �0.1 (�0.5 to 0.3)
Men 3.5 (3.3 to 3.7) 2.7 (2.5 to 2.9) 2.9 (2.3 to 3.4) �0.8 (�1.1 to �0.5) 0.2 (�0.4 to 0.7)
Women 4.7 (4.2 to 5.1) 3.5 (3.3 to 3.6) 3.3 (3.1 to 3.4) �1.2 (�1.7 to �0.8) �0.2 (�0.5 to 0.1)
Surgical interns 4.0 (3.7 to 4.4) 3.1 (2.6 to 3.5) 3.2 (3.0 to 3.5) �1.0 (�1.5 to �0.4) 0.2 (�0.3 to 0.7)
Nonsurgical interns 4.1 (3.7 to 4.4) 3.1 (3 to 3.2) 3.0 (2.6 to 3.4) �1.0 (�1.3 to �0.6) �0.2 (�0.5 to 0.3)

Appendix Table 5. Comparisons of Residency Institution–Related Internship Factors Between Full Sample and Common
Institution Subsample

Factor Full Sample Common Institution Subsample

Median weekly work hours (IQR) 65 (56–74) 67 (57–75)
Median rating of timely and proper faculty feedback (IQR) 4 (3–4) 4 (3–4)
Median rating of learning experience in inpatient rotations (IQR) 4 (4–4) 4 (4–4)

IQR = interquartile range.
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Appendix Table 6. Weighted Baseline and Internship Characteristics of Interns, Stratified by Number of Completed Follow-up
Surveys

Sample Characteristic Number of Completed Follow-up Surveys

0 1 2 3 4

Sample size
Unweighted, n 3028 2278 2278 3168 9241
Weighted, n 18 313 2597 2668 3848 10 574

Baseline
Median age (IQR), y 27 (26–29) 27 (26–29) 27 (26–29) 27 (26–29) 27 (26–29)
Gender, n (%)

Men 9905 (54.1) 1367 (52.6) 1370 (51.4) 2011 (52.2) 5417 (50.4)
Women 8408 (45.9) 1230 (47.4) 1298 (48.6) 1838 (47.8) 5337 (49.6)

Specialty, n (%)
Nonsurgical 14 789 (80.8) 2073 (79.8) 2123 (79.6) 3076 (79.9) 8814 (82.0)
Surgical 3523 (19.2) 524 (20.2) 545 (20.4) 772 (20.1) 1940 (18.0)

Race, n (%)
White 10 502 (57.3) 1316 (50.7) 1384 (50.6) 2100 (54.6) 6790 (63.1)
Asian 4100 (22.4) 679 (26.2) 693 (29.8) 963 (25.0) 2136 (19.9)
URM 3711 (20.3) 601 (23.1) 591 (15.7) 784 (20.4) 1828 (17.0)

Depressive symptoms: median PHQ-9 score (IQR)* 2 (0–4) 2 (0–4) 2 (0–4) 2 (0–4) 2 (0–3)
Depression history, n (%)

No 9858 (53.8) 1360 (52.4) 1455 (54.5) 1991 (51.7) 5967 (55.5)
Yes 8454 (46.2) 1237 (47.6) 1213 (45.5) 1858 (48.3) 4797 (44.5)

Neuroticism: median NEO Five-Factor Inventory score (IQR)† 22 (16–28) 23 (17–28) 22 (16–28) 22 (16–28) 21 (15–28)
Difficult early family environment: median Risky Families

Questionnaire score (IQR)‡
10 (6–18) 11 (6–19) 11 (6–19) 11 (6–18) 10 (6–17)

Internship
Average internship depressive symptoms: median PHQ-9 score (IQR)* NA 5 (3–9) 5.5 (3–9) 5.3 (3–8.7) 5 (2.6–8)
Median self-reported weekly work hours (IQR) NA 70 (57.5–80) 67.5 (56.5–76) 65.7 (56.7–74) 64.3 (56.1–72.3)
Median self-reported daily sleep hours (IQR) NA 6 (6–7) 6.5 (6–7) 6.3 (6–7) 6.5 (6–7)
Responses endorsing medical error, n (%)

No NA 2014 (77.5) 1822 (68.3) 2381 (61.9) 6096 (56.7)
Yes NA 583 (22.5) 845 (31.7) 1468 (38.1) 4658 (43.3)

Responses endorsing stressful life event, n (%)
No NA 1823 (70.2) 1585 (59.4) 1969 (51.2) 5218 (48.5)
Yes NA 773 (29.8) 1083 (40.6) 1879 (48.8) 5536 (51.5)

Sought mental health treatment when depressed, n (%)
No NA 512 (80.6) 772 (83.8) 1134 (77.1) 3035 (76.7)
Yes NA 123 (19.4) 149 (16.2) 337 (22.9) 922 (23.3)

Timely and proper faculty feedback: median rating (IQR)§ NA 4 (3–4) 4 (3–4) 4 (3–4) 4 (3–4)
Learning experience in inpatient rotations: median rating (IQR)§ NA 4 (4–4) 4 (4–4) 4 (4–4) 4 (4–4)

IQR = interquartile range; NA = not applicable; URM = underrepresented minority.
* Range, 0–27.
† Range, 0–56.
‡ Range, 0–65.
§ Range, 1–5.
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Appendix Table 7. Proportion of Participants Who Completed 1 to 4 Follow-up Surveys, in Full Sample and in Each Cohort
Year

Cohort Year Percentage Mean Follow-up
Surveys Completed,
n

v2 Test P Value
(Reference 2007)

Completed 1
Follow-up Survey

Completed 2
Follow-up Surveys

Completed 3
Follow-up Surveys

Completed 4
Follow-up Surveys

All 13 13 19 54 3.1 –

2007 12 17 19 53 3.1 –

2008 14 12 21 53 3.1 0.3
2009 13 12 19 56 3.2 0.46
2010 9 12 25 53 3.2 0.11
2011 11 12 18 58 3.2 0.32
2012 11 12 21 56 3.2 0.31
2013 15 14 19 52 3.1 0.56
2014 13 16 20 51 3.1 0.93
2015 14 12 19 56 3.2 0.2
2016 15 15 18 51 3.1 0.52
2017 11 13 18 58 3.2 0.4
2018 16 14 16 53 3.1 0.27
2019 15 12 16 57 3.2 0.12
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Appendix Figure 1.Number of enrolled residency institutions in
the Intern Health Study from 2007 to 2019.
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Appendix Figure 2. The weighted, model-based, expected
baseline depressive symptoms across cohorts: full sample.
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Appendix Figure 3.Comparisons of the weighted, model-based, expected internship factors across cohorts: men vs. women.
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Appendix Figure 4. Comparisons of the weighted, model-based, expected internship factors across cohorts: surgical vs. nonsurgical
interns.
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Appendix Figure 5. The weighted, model-based, expected
baseline depressive symptoms across cohorts: common institu-
tion subsample.
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The natural splines fitting of baseline PHQ-9 depressive symptoms
between 2008 and 2019 cohorts among participants in the common
institution subsample (institutions that were included in all cohorts from
2008 to 2019). PHQ-9= 9-item Patient Health Questionnaire.

Appendix Figure 6. The weighted, model-based, expected
changes in depressive symptoms with internship across
cohorts: common institution subsample.
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