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A Prospective Cohort Study Investigating
Factors Associated With Depression

During Medical Internship

Srijan Sen, MD, PhD; Henry R. Kranzler, MD; John H. Krystal, MD; Heather Speller, MD;

Grace Chan, PhD; Joel Gelernter, MD; Constance Guille, MD

Context: Although the prevalence of depression among
medical interns substantially exceeds that of the general
population, the specific factors responsible are not well
understood. Recent reports of a moderating effect of a
genetic polymorphism (5-HTTLPR) in the serotonin trans-
porter protein gene on the likelihood that life stress will
precipitate depression may help to understand the de-
velopment of mood symptoms in medical interns.

Objectives: To identify psychological, demographic, and
residency program factors that are associated with depres-
sion among interns and to use medical internship as a model
to study the moderating effects of this polymorphism.

Design: A prospective cohort study.
Setting: Thirteen US hospitals.

Participants: Seven hundred forty interns entering
participating residency programs.

Main Outcome Measures: Subjects were assessed for
depressive symptoms using the 9-item Patient Health
Questionnaire (PHQ-9), a series of psychological traits,
and the 5-HTTLPR genotype prior to internship and then

assessed for depressive symptoms and potential stress-
ors at 3-month intervals during internship.

Results: The PHQ-9 depression score increased from 2.4
prior to internship to a mean of 6.4 during internship
(P<.001). The proportion of participants who met PHQ-9
criteria for depression increased from 3.9% prior to intern-
ship to a mean of 25.7% during internship (P<<.001). A
series of factors measured prior to internship (female sex,
US medical education, difficult early family environment,
history of major depression, lower baseline depressive symp-
tom score, and higher neuroticism) and during intern-
ship (increased work hours, perceived medical errors, and
stressful life events) was associated with a greater increase
in depressive symptoms during internship. In addition, sub-
jects with at least 1 copy of a less-transcribed 5-HTTLPR
allele reported a greater increase in depressive symptoms
under the stress of internship (P=.002).

Conclusions: There is a marked increase in depressive
symptoms during medical internship. Specific indi-
vidual, internship, and genetic factors are associated with
the increase in depressive symptoms.
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NTERNSHIP IS KNOWN TO BE A TIME
of high stress.!? New physicians
are faced with long work hours,
sleep deprivation, loss of au-
tonomy, and extreme emotional
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sociated with increased depression, but
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situations.’ A series of cross-sectional stud-
ies has examined the prevalence of sig-
nificant depressive symptoms among in-
terns. Although the proportion of interns
who screen positive for major depression
varied markedly across these studies (7%-
49%), most studies found rates of major
depression among interns to be higher than
the rates found in the general population
(4%-5%) 2414

Prospective, longitudinal studies are
necessary to understand the factors un-
derlying the development of depression
among interns. Prospective studies of de-
pression during internship to date have

sults.!21522 A review of these studies con-
cluded that it is difficult to draw firm con-
clusions because each of the studies had
significant limitations.” Most notably, the
studies enrolled relatively small samples
that were restricted to individual resi-
dency programs or institutions and suf-
fered from high attrition rates and short
follow-up periods.* Furthermore, many
potentially important factors, such as work
hours and social support, have not been
well explored in internship depression. We
report herein on the largest longitudinal
study to date of a sample of interns drawn
from multiple institutions and specialties
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over a 14-month period. It aims to identify factors asso-
ciated with the development of depression during
internship.

Genetic epidemiological studies indicate that in ad-
dition to life stressors, genetic factors play a major role
in the etiology of depression.** The gene most exten-
sively investigated in depression is SLC6A4, which en-
codes the serotonin transporter protein. The serotonin
transporter is a transmembrane protein located on the
presynaptic membrane of serotonergic neurons. It is a
major target of many common antidepressant medica-
tions, such as selective serotonin reuptake inhibitors and
tricyclic antidepressants.

Caspi and colleagues® reported an interaction be-
tween a functional promoter polymorphism at this lo-
cus (5-HTTLPR) and life stress in the development of de-
pression. They found that among subjects who
experienced no life stressors, 5>-HTTLPR was not asso-
ciated with depressive symptoms. As the number of stress-
ful life events reported by subjects increased, however,
subjects with at least 1 copy of the less transcriptionally
active (low-functioning) 5-HTTLPR short (S) allele re-
ported significantly more depressive symptoms than sub-
jects with 2 copies of the high-functioning 5-HTTLPR
long (L) allele. To date, there have been (at least) 37 fol-
low-up studies, with some studies supporting the pres-
ence of an interaction and others not.

Two recent meta-analyses have assessed a subset of
these studies and concluded that there is no evidence sup-
porting the presence of the interaction.?**” It is impor-
tant to note, however, that these meta-analyses have im-
portant limitations. First, in contrast to traditional genetic
association studies, there is marked variation in study de-
sign among studies examining this interaction. Both meta-
analyses were heavily weighted toward large studies in
which stressful events were not well assessed, while dis-
counting studies with more comprehensive assess-
ments of stress that necessarily used smaller samples. Fur-
thermore, even the larger of the 2 meta-analyses was able
to include only 14 of the 38 published studies that ex-
amined the association between 5-HTTLPR, stress, and
depression. The vast majority of the studies excluded by
the meta-analysis reported that the presence of the
5-HTTLPR S allele increased the risk of depression un-
der stress, suggesting that it is premature to draw defini-
tive conclusions about the presence or absence of this
interaction from these meta-analyses.?®*’

The inconsistency among studies to date may be due
in part to methodological limitations of some of these stud-
ies.” First, most of the studies assessed stressful life events
and depressive symptoms retrospectively and concur-
rently. For some studies, subjects were asked to recall
stressors and putative depressive episodes that oc-
curred many years before the interview.*° This is prob-
lematic because the induction of depressed mood sig-
nificantly increases the recall of stressful life events.’
Furthermore, individuals with a history of depression ex-
perience perceived more stressful life events than healthy
individuals.’® As a result, many of the studies to date do
not adequately disentangle the cause and effect relation-
ship between depression and reports of life stress. Ad-
ditionally, most previous studies assessed a set of life

stressors that were highly variable in character and in-
tensity. Combining quantitatively and qualitatively dis-
parate stressors may act to increase the “noise” of a study,
reducing its statistical power to detect interaction effects.

Some studies have attempted to avoid the problems
of impaired recall and variable stressors by focusing on
specific populations that have experienced a substan-
tial, uniform stressor, such as stroke or myocardial in-
farction.*”* However, because these specific stressor stud-
ies assess subjects only after the onset of the stressor, they
cannot determine whether the depression was present be-
fore the onset of the stressor or whether the depression
played a role in precipitating the stressor. Although one
could study this question prospectively, with depres-
sion measured in the same subjects before and after the
onset of a uniform stressor, it is generally not possible
to predict the occurrence of a stressor. Medical intern-
ship provides a rare instance in which the onset of a ma-
jor stressor can be predicted for a defined population. The
present study seeks to identify the factors important in
the development of depression during medical intern-
ship and to use internship as a stress model to study sub-
jects before and after the onset of a major stressor and
assess the moderating effect of 5>-HTTLPR on the devel-
opment of depression.

DR METHODS

PARTICIPANTS

One thousand three hundred ninety-four interns entering tra-
ditional and primary care internal medicine, general surgery,
pediatrics, obstetrics/gynecology, and psychiatry residency pro-
grams during the 2007-2008 and 2008-2009 academic years
were sent an e-mail 2 months prior to commencing internship
and invited to participate in the study. For 123 subjects, our
e-mail invitations were returned as undeliverable and we were
unable to obtain a valid e-mail address. Seven hundred forty
(n=1271 [58%]) of the remaining invited subjects agreed to
participate in the study. The institutional review board at Yale
University and the participating hospitals approved the study.
Participating subjects provided electronic informed consent. Sub-
jects were given $30 (2007-2008 cohort) or $40 (2008-2009
cohort) gift certificates.

DATA COLLECTION

All surveys were conducted through a secure Web site de-
signed to maintain confidentiality, with subjects identified only
by numbers. No links between the identification number and
the subjects’ identities were maintained.

Depressive symptoms were measured using the depression
module of the 9-item Patient Health Questionnaire (PHQ-9).>
The PHQ-9 is a self-report component of the Primary Care Evalu-
ation of Mental Disorders inventory, which is designed to screen
for depressive symptoms. For each of the 9 depressive symp-
toms, 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.” Each item yields
ascore of 0 to 3, so that the PHQ-9 total score ranges from 0 to
27; PHQ-9 scores of 10 to 14, 15 to 19, and 20 or greater cor-
respond to moderate, moderately severe, and severe depres-
sion, respectively.”* A score of 10 or greater on the PHQ-9 has
a sensitivity of 93% and a specificity of 88% for the diagnosis
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of major depressive disorder.’ Diagnostic validity of the PHQ-9
is comparable with clinician-administered assessments.”

Initial Assessment

Subjects completed a baseline survey 1 to 2 months prior to
commencing internship. The survey assessed general demo-
graphic factors (age, sex, and marital status), medical educa-
tion factors (American or foreign medical school and medical
specialty), personal factors (baseline PHQ-9 depressive symp-
toms and self-reported history of depression) and the follow-
ing psychological measures: (1) neuroticism (NEO-Five Fac-
tor Inventory™), (2) resilience (Connor-Davidson Resilience
Scale®®), (3) perceived stress (Perceived Stress Scale™), (4) so-
cial supports (Sarason Social Support Questionnaire’®), (5) early
family environment (Risky Families Questionnaire™), and (6)
cognitive styles (modified Sociotropy-Autonomy Scale®). Sub-
jects also self-reported their ethnicity from a set of options that
the investigator provided.

Within-Internship Assessments

Participants were contacted via e-mail at months 3, 6, 9, and
12 of their internship year and asked to complete the PHQ-9.
They were also queried regarding their rotation setting, per-
ceived medical errors, work hours, and sleep during the past
week and the occurrence of a series of noninternship life stresses
(serious illness; death or serious illness in a close family mem-
ber or friend; financial problems; end of a serious relation-
ship; and becoming a victim of crime or domestic violence) dur-
ing the past 3 months.

DNA COLLECTION

Subjects choosing to take part in the study were given the op-
tion to submit a saliva sample for DNA extraction. We used
the Oragene salivary DNA self-collection kit,”! which allows sub-
jects to submit a salivary sample by mail without direct con-
tact with study personnel.

SEROTONIN TRANSPORTER GENOTYPING

The serotonin transporter 5-HTTLPR variant was genotyped
using previously described polymerase chain reaction condi-
tions and primers.®> An A—G single-nucleotide polymor-
phism has been identified within the 5-HTTLPR repeat region
(rs25531).% Functional studies have shown that promoter re-
gions with the 16-repeat variant and the G allele (L) were func-
tionally equivalent to the low-functioning 14-repeat variant (S
allele). To genotype the additional single-nucleotide polymor-
phism that occurs in the variable-number-tandem-repeat re-
gion of the SLC6A4 promoter,” we used a restriction enzyme
assay that was described previously.®*

STATISTICAL ANALYSIS

All analyses were performed using SPSS, version 16.0 (SPSS Inc,
Chicago, Illinois). The point prevalence of depressive symp-
toms and a positive screen for depression during internship were
determined through analysis of PHQ-9 depressive symptom
scores at the 3-, 6-, 9-, and 12-month assessments. To inves-
tigate whether there was a significant change in depressive symp-
toms during the internship year, we compared baseline PHQ-9
depressive symptoms and depressive symptoms at the 3-, 6-,
9-,and 12-month assessments through a series of paired t tests.

Baseline Factors

The association between variables measured at baseline and the
development of depressive symptoms during internship was as-
sessed through a 2-step process. Using Pearson correlations for
continuous measures and x* analyses for nominal measures,
we identified baseline demographic variables that were asso-
ciated with the mean change in depressive symptoms from base-
line to the quarterly assessments during internship (change in
PHQ-9 score=mean PHQ-9 depressive symptoms at 3-, 6-, 9-
and 12-month assessments — PHQ-9 depressive symptoms at
baseline). Significant variables were subsequently entered into
a stepwise linear regression model to identify significant pre-
dictors while accounting for colinearity among variables.

Within-Internship Factors

The association between variables measured through recur-
ring assessments during internship (within-internship vari-
ables) and change in depressive symptoms were assessed through
a generalized estimating equation analysis to account for cor-
related repeated measures within subjects. Internship vari-
ables (work hours, occurrence of medical errors, hours of sleep,
and noninternship stressful life events) were incorporated as
predictor variables, and associated baseline factors were used
as covariates. We used concurrently measured depressive symp-
toms as the outcome variable (ie, 3-month depressive symp-
toms were indexed to the 3-month within-internship variable,
6-month depressive symptoms were indexed to 6-month medi-
cal errors, etc).

Next, to gain insight into the direction of causality be-
tween associated within-internship factors and depressive symp-
toms, we assessed whether the depressive symptom score prior
to internship predicted increased levels of the associated within-
internship variables at 3 months. For this analysis, we used a
general linear model, with the associated within-internship mea-
sure as the dependent variable and baseline depressive symp-
tom score as the independent variable. Baseline factors asso-
ciated with increased depressive symptoms were included as
covariates. Finally, for the variables for which baseline depres-
sive symptom score predicted increased levels of the associ-
ated within-internship variables at 3 months, we tested whether
the 3-month depressive symptom score was associated with the
relevant within-internship factor after controlling for baseline
depressive symptoms. Thus, 3-month depressive symptom scores
were reintroduced into the general linear model as an inde-
pendent variable in the analysis.

Serotonin Transporter Polymorphism

Because there are substantial racial/ethnic differences in
5-HTTLPRallele frequencies (S allele frequency: Caucasian, 0.44;
African, 0.11; and Chinese, 0.70),%* we performed separate analy-
ses for individual racial/ethnic groups to minimize the chance
of false association due to the presence of population stratifica-
tion.” To explore the effects of 5-HTTLPR and stress on the emer-
gence of depressive symptoms, we performed a generalized
estimating equation analysis with the presence of a 5>-HTTLPR
low-functioning allele (S or L) as the grouping variable and
change in depressive symptoms as the outcome variable. To gain
insight into the specific factors that moderate a potential geno-
type effect on depressive symptoms, we introduced the baseline
and within-internship factors that had significant main effects
on this outcome measure in the previous analysis and the cor-
responding genotype X factor interaction terms as predictor vari-
ables into the generalized estimating equation analysis.
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Table 1. Sample Demographic Characteristics
Characteristic Subjects, No. (%)
Sex
M 337 (45.6)
F 403 (54.4)
Age,y
=25 101 (13.6)
26-30 533 (72.1)
31-35 84 (11.3)
>35 22 (3.0)
Specialty
Internal medicine 358 (48.5)
General surgery 98 (13.3)
Obstetrics/gynecology 42 (5.7)
Pediatrics 94 (12.7)
Psychiatry 63 (8.5)
Emergency medicine 47 (6.3)
Internal medicine/pediatrics 19 (2.6)
Family medicine 19 (2.6)
Relationship status
Single 479 (64.7)
Married 248 (33.5)
Divorced 13 (1.7)

Individuals who chose to take part in the study were
younger (27.9 vs 28.4 years; P<<.001) and more likely
to be female (54.4% vs 52.5%; P<.001) than individu-
als who chose not to participate (Table 1) (eTable 1,
eTable 2, eTable 3, and eTable 4, available at http://www
.archgenpsychiatry.com). Six hundred fifty-one (n=740
[88%]) subjects completed at least 1 follow-up survey,
with a mean of 69% of subjects responding to each of the
4 follow-up surveys.

PREVALENCE OF DEPRESSIVE SYMPTOMS

The mean PHQ-9 depressive symptom score reported by
subjects increased significantly from baseline (2.38 [SD,
2.99]) to 3 months (6.70 [SD, 5.37]; P<.001), 6
months (6.33 [SD, 4.98]; P<<.001), 9 months (6.48 [SD,
4.98]; P<.001), and 12 months (6.26 [SD, 5.10];
P<.001) of internship. Using the criteria for major
depression developed by Kroenke et al>* (PHQ-9 score
=10), we found that the percentage of subjects meeting
this diagnosis increased from 3.9% at baseline to 27.1%,
23.3%, 25.7%, and 26.6% at the 3-, 6-, 9-, and 12-month
points of internship, respectively (Figure 1). We found
that 41.8% of subjects met criteria for major depression
at 1 or more quarterly assessments. On sensitivity analy-
sis, assuming that all nonresponders did not experience
a depressive episode during internship, the prevalence of
a depressive episode during internship would be 19.5%
(272 of 1394). The percentage of subjects meeting crite-
ria for moderately severe depression (PHQ-9 score >15)
increased from 0.7% at baseline to 6.6%, 6.2%, 7.8%,
and 7.6% at the 3-, 6-, 9-, and 12-month points of the
internship, respectively. Similarly, the percentage of sub-
jects who met criteria for severe depression (PHQ-9
score >20) increased from 0% at baseline to 2.3%, 1.6%,
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Figure 1. The proportion of interns who met the 9-item Patient Health
Questionnaire (PHQ-9) criteria for depression® prior to internship and at
3-month intervals through the internship year.

1.8%, and 0.8% at 3, 6, 9, and 12 months of internship,
respectively.

To determine whether the increase in overall PHQ-9
score was due to an increase in all depressive symptoms
or only a subset, we assessed the change from baseline
to mean internship level individually for each of the PHQ-9
symptoms. Subjects reported a significant increase
(P<<.001) for all 9 items. The increase in mean symp-
tom score ranged from 70% (difficulty sleeping) to 370%
(thoughts of death).

BASELINE FACTORS

Among 15 baseline variables tested, 9 were significantly
correlated with a change in depressive symptoms from
the baseline assessment to the mean of the 4 internship
assessments (female sex, r=0.147, P<<.001; European
American ethnicity, r=0.084, P=.04; history of depres-
sion, r=0.206, P <.001; lower baseline depressive symp-
toms, r=0.126, P=.002; US medical education, r=0.115,
P=.004; higher neuroticism, r=0.115, P<<.001; diffi-
cult early family environment, r=0.108, P<.001; higher
perceived stress, r=0.094, P=.02; and higher socio-
tropy, r=0.116, P=.004). When these 9 variables were
entered into the stepwise linear regression to account for
colinearity between variables, 6 variables remained sig-
nificant (neuroticism, f=0.24, P<.001; personal his-
tory of depression, $=0.17, P<<.001; lower baseline de-
pressive symptoms, 3=0.38, P <.001; female sex, 3=0.08,
P=.03; US medical education, B=0.10, P=.005; and dif-
ficult early family environment, 3=0.08, P=.04).

WITHIN-INTERNSHIP FACTORS

We used a generalized estimating equation analysis to as-
sess factors during internship that were associated with
a change in depressive symptoms while controlling for
repeated measurements. Three within-internship vari-
ables were associated with an increase in depressive symp-
toms (work hours, Wald x3,=2.8 X 10!, P<.001; re-
ported medical errors, Wald x{=16.2, P<.001; and
noninternship stressful life events, Wald x3=71.6,
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Table 2. Predictors of Increased Depressive Symptoms
Factor B SEM X P Value
Baseline Factor
Neuroticism 0.24 0.021 <.001
Personal history of depression 0.17 0.024 <.001
Baseline depressive symptoms ~ -0.38 0.064 <.001
Female sex 0.08 0.311 .03
US medical graduate 0.10 0.412 .005
Difficult early family environment  0.08 0.016 .04
Within-Internship Factor
Mean work hours 2.8x10""8  <.001
Medical errors 16.2 <.001
Stressful life events 71.6 <.001

Abbreviation: SEM, standard error of the mean.
2Degree of freedom=99.

P<.001). There were no significant sex interactions for
any of the associated baseline or within-internship fac-
tors (data not shown) (Table 2).

To gain insight into the direction of the association
of within-internship factors and depression, we as-
sessed whether baseline depressive symptoms predicted
an increased level of the within-internship factor at the
3-month internship assessment. Baseline depressive symp-
tom score predicted reported medical errors at 3 months
(F,,=2.201, P=.002), but not work hours (F,,=1.116,
P=.22) or noninternship stressful life events (F,;=1.029,
P=.45) at 3 months. For the reported medical errors analy-
sis, reintroduction of the 3-month depressive symptom
score showed it to be a significant predictor of medical
errors at 3 months even in the presence of baseline de-
pressive symptoms (F,;=1.676, P=.004).

SEROTONIN TRANSPORTER GENOTYPE

A total of 409 of 652 (63%) eligible subjects provided sa-
liva samples. There were no significant differences on sex,
age, or ethnicity between subjects who provided a sample
and those who did not. For both major racial/ethnic
groups in our sample (European American and Asian),
allele frequencies were consistent with previous reports
and Hardy-Weinberg equilibrium (data not shown).
Among European Americans, subjects with at least 1 low-
functioning 5-HTTLPR (S or L) allele reported a sig-
nificantly greater increase in depressive symptoms than
subjects with 2 high-functioning 5>-HTTLPR (L,) alleles
(Wald x{=8.2, P=.004) (Figure 2). The percentage of
European American subjects with at least 1 low-
functioning 5-HTTLPR allele who met criteria for de-
pression increased from 2.4% before internship to 42.5%
at its highest during internship, while the percentage of
European American subjects with 2 high-functioning
5-HTTLPR alleles who met criteria for depression in-
creased from 5.1% before internship to 36.2% at its high-
est during internship (Table 3).

To identify variables that moderate the association be-
tween 5-HTTLPR and depressive symptoms, we intro-
duced the main effect and interaction terms, consisting
of genotype and each of the baseline and within-
internship variables that were significantly associated with

PHQ-9 Depressive Symptom Score
£

Low
19 B High/high

Before Internship
(Low Stress)

Internship
(High Stress)
Internship Status

Figure 2. Nine-item Patient Health Questionnaire (PHQ-9) depression scores
in white subjects stratified by the presence of at least 1 copy of a 5-HTTLPR
low-functioning allele. Error bars indicate standard error of the mean.

an increase in depressive symptoms into the 5>-HTTLPR
generalized estimating equation analysis. Among base-
line variables, there was a significant interaction of
5-HTTLPR with neuroticism (Wald x$,=30.6, P=.045),
but the interactions of 5>-HTTLPR with the other 5 base-
line variables were not significant. Among within-
internship variables, there was a significant interaction
of 5-HTTLPR with work hours (Wald x2,=5757.3,
P<.001), but the interactions of 5-HTTLPR with non-
internship stressful life events and reported medical er-
rors were not significant. Among Asian subjects, there
was no difference in the change in depressive symptoms
between genotype groups (t=1.06; P=.40).

B COMMENT __Ey

In this study, we found that the rate of depression in-
creased dramatically during the internship year, from 3.9%
of subjects meeting PHQ-9 criteria for depression before
internship to an average of 25.3% of subjects meeting cri-
teria at quarterly assessments during the internship year.
Most subjects who met criteria for depression were clas-
sified as moderately depressed, with few subjects meet-
ing PHQ-9 criteria for moderately severe or severe depres-
sion. Because the development of major depression has been
linked to a higher risk of future depressive episodes and
greater long-term morbidity risk,** future studies should
examine how the rate of depression changes as training
physicians progress through their careers beyond intern-
ship and the possible effects of depression on the general
health of physicians.

Beyond assessing depression prevalence, we also iden-
tified a series of factors associated with the develop-
ment of depressive symptoms during internship. The base-
line factors that were associated with the development
of depression in this study include some that have been
implicated in prior residency studies (female sex, diffi-
cult early family environment, neuroticism, and a prior
history of depression) and other factors not previously
identified (US medical education and lower baseline de-
pressive symptoms). It is also interesting to note that a
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Table 3. Serotonin Transporter Functional Genotype and
Change in Depressive Symptoms During Medical Internship
5-HTTLPR
Functional  No. of
Ethnicity Genotype Subjects Mean (SEM) P Value
European American  High/high 58 3.33 (0.35)
High/low 141 4.69 (0.35) ] .004
Low/low 69 4.95 (0.54)
Asian High/high 7 6.4 (1.75)
High/low 14 2.77 (0.93)
Low/low 63 3.45 (0.46)
Other High/high 13 511 (1.23)
High/low 25 3.15 (0.75)
Low/low 19 6.16 (1.21)

Abbreviation: SEM, standard error of the mean.

number of factors, such as medical specialty and age, were
not associated with the development of depression. With
effective interventions to help prevent the onset of de-
pression now available, the predictive factors identified
herein could allow at-risk interns to take steps before the
onset of symptoms to lower their chances of developing
depression.®

As with baseline factors, we identified within-
internship factors that were previously implicated as well
as novel factors associated with the development of de-
pression. Our finding that medical errors are associated
with depression supports the findings of 2 recent stud-
ies.®*’" Herein, we extend the association identified in prior
studies by demonstrating that depressive symptoms that
are present before internship predicted reported errors
during internship, indicating that depression results in
increased medical errors. Controlling for the baseline level
of depressive symptoms, a strong correlation between er-
rors and depression persisted, indicating that errors may
also cause depression and that the association between
depression and reported medical errors is bidirectional.

In addition to building on previous work exploring
the relationship between medical errors and depres-
sion, this is the first study to demonstrate a direct asso-
ciation between the number of hours worked and risk
of depression in medical interns. In contrast to our find-
ing with medical errors, we found no evidence that de-
pressive symptom score before internship predicted one’s
work hours during internship. These findings suggest that
increased work hours lead to increased depressive symp-
toms during internship. Future studies could explore
whether systemic changes designed to improve patient
safety, such as additional safeguards against medical er-
rors and further resident work hours’ restrictions, re-
duce the development of depression among interns.

There are a number of limitations to our findings re-
lated to depressive symptoms and internship. First, our
finding that the association between depressive symp-
toms and reported medical errors persisted when con-
trolling for preexisting depressive symptoms does not de-
finitively prove that errors led to depression. It is possible
that some third factor differentially promoted depres-
sion in a subset of the sample and also led to an increase
in the reported within-internship factor in that group of

residents. Although no variable that we measured (sex,
age, specialty, or institution) appeared to account for this
effect, it is possible that an unmeasured variable could
have caused it.

Second, only 58% of invited individuals chose to par-
ticipate in the study. Although there were only modest
differences in age and sex between those who chose to
take part in the study and those who did not, our results
should be extrapolated with caution.

Third, although multiple studies have demonstrated
the validity, sensitivity, and specificity of the PHQ-9 in-
ventory, it is important to note that we assessed depres-
sion through a self-report inventory rather than a diag-
nostic interview.

Fourth, we assessed medical errors through self-
report rather than through objective measurement, lead-
ing to the possibility that we did not accurately capture
the occurrence of medical errors. For instance, the es-
tablished tendency of depressed individuals toward en-
hanced memory of emotionally negative events may have
resulted in depressed residents recalling more errors rather
than actually committing more errors.** Previous stud-
ies, however, have demonstrated that resident self-
report of errors can act as a reasonable proxy for errors
assessed through medical record review and that self-
report was actually more effective in detecting prevent-
able errors.”"2

Finally, our study was restricted to interns and thus
our results may not hold for advanced residents or phy-
sicians who have completed their training. In addition,
although we did not find significant differences in re-
sults among hospitals or specialties, the interns and pro-
grams included here may not represent the country in
general.

SEROTONIN TRANSPORTER, STRESS,
AND DEPRESSIVE SYMPTOMS

In addition to identifying factors associated with the de-
velopment of depression during internship, we also used
internship as a model to explore the relationship be-
tween a serotonin transporter promoter polymorphism
and stress in the development of depression. We found
evidence that this variant moderates the response to stress
in European American subjects, with subjects carrying
at least 1 low-functioning 5-HTTLPR allele reporting a
43% greater increase in depressive symptoms than sub-
jects with 2 low-functioning alleles. Consistent with an
earlier study exploring the 5-HTTLPR X stress interac-
tion in the context of personality traits, we found that
the association between 5-HTTLPR and the develop-
ment of depressive symptoms under stress was moder-
ated by neuroticism.** Furthermore, in exploring the type
of stress for which 5-HTTLPR affects sensitivity, we found
evidence supporting an interaction of 5-HTTLPR with
work hours, but not with medical errors or stressful life
events. This finding supports the results of a prior study
in which the 5>-HTTLPR X stress interaction effect on de-
pressive symptoms was the result of increased sensitiv-
ity to common, mild stressors among individuals carry-
ing the low-functioning allele, rather than an increased
sensitivity to rare and severe life events.”® The associa-
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tion between 5-HTTLPR, stress, and depression has not
been well studied in Asian populations. In our sample,
there was no evidence that 5-HTTLPR genotype influ-
enced the change in depression score among subjects of
Asian ethnicity.

The results of our study support the original study that
demonstrated an association between 5-HTTLPR, stress,
and depression risk,” but they conflict with the results
of some other studies and 2 recent meta-analyses. It is
possible that no actual interaction exists and the results
of our study, along with the other studies reporting a sig-
nificant interaction, are false-positives. However, be-
cause the approaches used in studies exploring the in-
teraction vary substantially, an alternate explanation for
our findings is that a true, but modest gene X environment
interaction effect exists, but that certain study design fea-
tures are necessary to detect the effect.” Our study il-
lustrates a number of features that may be important to
maximize the power to detect gene X environment in-
teraction effects. First, we used a stressor that has a sub-
stantial direct effect on depression. This is in contrast to
many of the negative studies exploring this interaction
that assessed a set of life stressors that were highly vari-
able in character and intensity. Second, by using a pro-
spective design, we minimized the biases inherent in the
retrospective and concurrent assessment of stress and de-
pressive symptoms present in other studies.

Itis interesting to note that 8 of the 10 previous stud-
ies that avoided the problems of impaired recall and vari-
able stressors by using a specific stressor approach have
reported an association between the 5>-HTTLPR S allele
and increased depression under stress.*** Herein, we ex-
tend the results of that specific stressor group of studies
by assessing the same subjects before and after the onset
of the stressor. This allowed us to avoid the confound-
ing attributable to differences between subjects that are
inherent in case-control studies and demonstrate that the
association between genotype and depressive symp-
toms was not present before the onset of the stressor. Last,
we maximized the genetic information obtained from the
locus of interest by genotyping the functional single-
nucleotide polymorphism within the 5-HTTLPR locus
and functionally classifying the low-functioning L;; al-
lele with the low-functioning S allele. The functional mis-
classification of alleles in some previous studies may also
have reduced the power to detect interaction effects.

OVERALL SIGNIFICANCE

In summary, we conducted the largest prospective study
to date of depression during medical internship. We iden-
tified a high level of depressive symptoms among in-
terns and a series of baseline and within-internship fac-
tors that are associated with increased depressive
symptoms in this population. Subsequent studies that
more fully explore the consequences of depression among
interns both on patients and the physicians in training
themselves are needed. In this study, we also used in-
ternship to model the relationship between 5-HTTLPR,
stress, and depression and found that the 5>-HTTLPR low-
functioning allele was associated with a significantly
greater increase in depressive symptoms under stress. Our

study highlights the striking variation in experimental
design among studies of this interaction and the impact
on the findings of these different designs. In the future,
meta-analyses exploring the relationship between
5-HTTLPR, stress, and depression should account for this
variation in study design and systematically assess whether
heterogeneity of study design predicts the estimated over-
all effect.
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