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Trajectories of depressive symptoms in
response to prolonged stress in medical
interns
Guille C, Clark S, Amstadter AB, Sen S. Trajectories of depressive
symptoms in response to prolonged stress in medical interns.
Objective: The high degree of heterogeneity in the development of
depression under stress is unaccounted for in traditional statistical
modeling. We employ growth mixture modeling to identify classes of
individuals at highest risk of depression under stress.
Method: Medical internship was used as a prospective stress model.
Interns from US residency programs completed demographic,
psychological, and depressive symptom assessments 2 months prior to
internship and at 3-month intervals throughout internship year.
Results: A total of 2278 (59%) of interns chose to take part in the
study. Three classes of depressive symptoms were identiﬁed: i) Stressresilient class: 62% of participants report low depressive symptoms
before and throughout internship year; ii) Stress-neutral class: 22% of
participants report mild depressive symptoms before and throughout
internship year; and iii) Stress-sensitive class: 16% of participants report
low depressive symptoms before internship stress, and high levels of
depressive symptoms throughout internship year. Individuals in the
Stress-sensitive class were more likely to be female, in a surgical
specialty, and have a history of depression, diﬃculty early family
environment and high-neuroticism scores compared with individuals in
the Stress-resilient class.
Conclusion: Trajectory-based analysis allows for the identiﬁcation of a
high-risk group, within a heterogeneous population, that accounts for
the link between stress and depression.
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Signiﬁcant outcomes

• Growth mixture modeling identiﬁes and characterizes distinct classes of depressive symptoms under
conditions of stress and a number of important prestress predictors of class membership.

• Our ﬁndings suggest that the increase in depressive symptoms in response to stress is a precipitant to
•

depressive symptoms in only a small subsample of individuals, rather than a common increase across
the full population as suggested by previous studies.
The identiﬁcation of a high-risk group has important clinical and health economic implications as it
allows the focus of limited prevention and intervention resources on the small subset of individuals
most vulnerable to responding poorly to stress.

Limitations

• Only 59% of potential subjects agreed to take part in the study.
• Depressive symptoms were assessed through a self-report inventory
•

rather than a diagnostic
interview.
Our study was restricted to interns completing their ﬁrst year of postgraduate medical training. Thus,
it is unknown if similar classes of depressive symptom trajectories hold true for other populations
experiencing a stressor.
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Introduction

Aims of the study

Major depression aﬀects approximately 16% of
Americans at some point in life (1). According
to the World Health Organization, depression is
far and away the leading cause of disease-associated disability among individuals 15–44 years
old. Life stress is one of the strongest, most consistent risk factors for major depression (2, 3)
with approximately 80% of depressive episodes
preceded by a major stressor (4). However, the
majority of individuals encountering stressful life
events do not become depressed, indicating that
there is variation in how individuals respond to
stress (5).
The high degree of heterogeneity in the development of depression in response to stress constitutes
an important public health problem, with signiﬁcant implications for how to eﬀectively focus
resources on those individuals at highest risk of
depression under stress. A large body of work has
examined demographic and psychological factors
that correlate with the development of depression
under stress and has advanced our understanding
of this condition (6–8). However, drawing conclusions about the relationship between these factors
and symptoms of depression is often not possible
due to limitations imposed by the methodology
employed (e.g., retrospective or cross-sectional
study designs which cannot distinguish the cause
and eﬀect relationship between potential risk factors and depression under stress) (9). There are a
limited number of longitudinal studies assessing
the relationship between stress and depression, and
most of these have not gathered baseline psychological data from before the onset of stress (10,
11). Further, these studies have employed a mixedeﬀects growth model, which assumes the same
mean trajectory of depressive symptoms over time
for all participants. This approach tends to obscure
interindividual heterogeneity and cannot identify
distinct trajectories of depressive symptoms under
stress (9). In contrast, trajectory-based models
(also known as growth mixture modeling or latent
class growth models) allow for the identiﬁcation of
distinct classes of developmental trajectories of
depressive symptoms and the identiﬁcation of factors that predict class membership.
In this study, we aimed to overcome prior study
limitations by utilizing a trajectory-based model to
examine depressive symptom trajectory classes and
predictors of class membership before and during
a naturalistic prolonged stressor, medical internship. Medical internship is a rare situation where a
dramatic increase in stress and depressive symptoms can be predicted (12, 13).

This study sought to i) determine individual trajectories of depressive symptoms over the course of
medical internship via employment of growth mixture modeling; and ii) identify personal factors that
predict trajectory class membership.
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Material and methods
Participants

A total of 4175 interns entering traditional internal
medicine, general surgery, pediatrics, and psychiatry residency programs during the 2007, 2008,
2009, and 2010 academic years were sent an email
2 months prior to commencing internship and
invited to participate in the study. For 314 subjects, our email invitations were returned as undeliverable, and we were unable to obtain a valid
email address. Of those with a valid email address,
59% (2278/3861) of the remaining invited subjects
agreed to participate in the study (Table 1). The
Institutional Review Board at participating hospitals approved the study. Subjects were given $30
(2007 cohort) or $40 (2008, 2009, and 2010
cohorts) gift certiﬁcates for their participation.
Data collection

All surveys were conducted through a secure
online website designed 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 Patient Health Questionnaire (PHQ-9). The PHQ-9 is a self-report component of the PRIME-MD inventory designed to
Table 1. Descriptive data for covariates
Baseline

Age [Mean, (SD)]
Female
European American
African American
Latino
Asian
Multi-racial or other
Internal medicine
Surgery
Pediatrics
Psychiatry
Positive history of depression
Neuroticism
Early family environment

n

%

27.74
1049
1280
83
85
556
220
948
231
259
163
995
22.15
15.71

3.1
45.4
55.4
3.6
3.7
24.1
9.5
41.0
10.0
11.2
7.1
43.1
8.80
9.34

Depressive symptom sub-classes during stress
screen for depressive symptoms (14). For each of
the nine depressive symptoms, 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 a score of 0–3, so that the PHQ-9
total score ranges from 0 to 27. PHQ scores of ﬁve
or greater, 10 or greater, 15 or greater, and 20 or
greater correspond to mild, moderate, moderately
severe, and severe depression, respectively (12).
Scores below ﬁve are low and considered not clinically relevant. A score of 10 or greater on the
PHQ-9 has a sensitivity of 93% and a speciﬁcity of
88% for the diagnosis of major depressive disorder
(15). Diagnostic validity of the PHQ-9 is comparable with clinician-administered assessments (14).
Assessments

Subjects completed a baseline survey 2 months
prior to commencing internship that assessed general demographic factors (age, sex, ethnicity, marital status), medical education factors (medical
specialty), personal factors (baseline PHQ-9
depressive symptoms, self-reported history of
depression), and psychological measures (Neuroticism (NEO-Five Factor Inventory) (16), early family environment (Risky Families Questionnaire)
(17). and Cognitive Styles (modiﬁed Sociotropy–
Autonomy Scale) (18). The Neuroticism subscale
of the NEO-Five Factor Inventory evaluates characteristics such as anxiety, moodiness, worry, envy,
and jealousy. Higher scores on the Neuroticism
subscale indicate an increase likelihood of experiencing negative emotions, especially in response to
environmental stress. The Risky Families Questionnaire evaluates early family environment.
Higher scores indicate a more chaotic, harsh, and
abusive early family environment where lower
scores indicate a more organized, supportive, and
nurturing early family environment. The Sociotropy–Autonomy Scale assesses two cognitive personality constructs. Individuals with high-sociotropy
scores require external validation to experience satisfaction for their achievements, whereas those
with high autonomy scores derive greater satisfaction from activities and goals that are achieved
independent of others approval. Participants were
contacted via email at months 3, 6, 9, and 12 of
their internship year and asked to complete the
PHQ-9.
Statistical analyses

Mplus Version 6.1 was used to determine distinct
classes of depression trajectories via growth

mixture modeling with latent variables (19).
Growth mixture modeling combines a person-oriented approach with traditional variable-oriented
growth curve modeling, permitting continuous
latent growth factors (i.e., intercept and slope) to
be related to time (19). While conventional growth
modeling assumes a single population and estimates a mean growth curve, growth mixture modeling uses categorical latent variables to capture
diﬀerent classes of trajectories within a population.
Growth mixture models are estimated with maximum likelihood with robust standard errors, which
permits analysis of data missing at random. Evidence for diﬀerent trajectory classes exists when
models with two or more latent classes provide a
better ﬁt to the data than models with one class.
As the standard chi-square diﬀerence test (likelihood ratio test) cannot be used with mixture models (20), information criteria, which compute an
index that is a function of the log-likelihood, are
commonly used. In this study, we use the Akaike
Information Criterion (AIC) (21) and the Bayesian
Information Criterion (BIC) (22). The number of
latent trajectories was chosen based on the lowest
AIC and BIC along with size and substantive interpretation of the classes. Because, as expected, the
PHQ score means across did not reﬂect a linear
growth trend, a quadratic model was used. An initial quadratic growth curve analysis on the entire
sample of interns (one-class model) provided a
point of comparison for increases in numbers of
classes. Next, two- to ﬁve-class models were
assessed. Once the best-ﬁtting number of classes
was determined, we tested various submodels that
relax the restriction that the growth factor (i.e.,
intercept, slope, and quadratic term) variances are
equivalent across classes. Baseline covariates were
added to the model to aid in prediction of individual’s trajectory class membership. For the time
invariant covariates, a series of multinomial logistic regressions were conducted to determine
whether baseline characteristics inﬂuence the
probability of class membership.
Results

Consistent with previous studies, there was a dramatic increase in PHQ depression symptom [Mean
(SD)] score from baseline [2.45 (3.05)] to 3 months
[6.06 (4.87)], 6 months [5.99 (4.75)], 9 months
[6.29 (4.98)], and 12 months [5.81 (4.98)] of internship (13). To assess for the presence of distinct trajectory classes, one-through ﬁve-class model were
tested (Table 2).The four- and ﬁve-class solutions
did not have a replicated log-likelihood indicating
that these solutions were unstable, thus these
3

Guille et al.
Table 2. Model fit and comparison table for quadratic growth mixture models
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N = 2240.
AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; 3A: Threeclass model with no quadratic variance in all three classes; 3B: Three-class model
with no quadratic variance in all three classes, intercept and slope variance freely
estimated in Class 2; 3C: Three-class model with no quadratic variance in all three
classes, intercept and slope variance freely estimated in Class 2, and no slope factor variance in Class 1.
*Log-likelihood not replicated.
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Fig. 1. Mean trajectory of depressive symptoms for three
latent classes.

models were rejected. Among the remaining three
models, it was determined that three-class solution
was the best ﬁtting as indicated by the lowest AIC
and BIC values. We then tested variations of the
three-class model that relax the restrictions on the
intercept, slope, and quadratic variances equivalency across classes (Models 3A, 3B, and 3C in
Table 2), and it was determined that the three-class
solution with no quadratic growth factor variance
in any class, with the intercept and slope variance
freely estimated in Class 2, with no slope factor
variance in Class 1, was the best-ﬁtting model as
indicated by the AIC and BIC values.
Figure 1 shows the average trajectory in each
latent class. Class 1 (Stress-resilient; 62% of participants) subjects report low depressive symptoms
before internship stress and continue with relatively low depressive symptoms through the intern
year. Class 2 (Stress-neutral; 22% of participants)
report a mild level of depressive symptoms before
internship and continue to report mild symptoms
throughout internship. Class 3 (Stress-sensitive;
16% of participants) subjects report low depressive
symptoms before internship, but report a dramatic
increase in depressive symptoms with the onset of
internship stress.
Predictors of depression trajectory

To identify variables that predict membership in
the diﬀerent classes, covariates were introduced
into the three-class model (Table 3). The introduction of covariates improves model ﬁt as indicated
by lower values of the AIC and BIC when compared to the three-class model without covariates
(Table 2). A personal history of depression, high
4

Table 3. Multinomial logistic regression time-invariant covariate effect estimates
and standard errors
Stress-neutral
vs. Stressresilient

Age
Female
European American
African American
Latino
Asian
Multi-racial or Other
Positive history of
depression
Family history
Neuroticism
Early family environment
Internal medsicine
Surgery
Pediatrics
Psychiatry

Stress-sensitive
vs. Stressresilient

Stress-neutral
vs. Stresssensitive

Estimate

SE

Estimate

SE

Estimate

SE

0.06
0.39
0.28
0.09
1.99
0.52
0.69
1.25*

0.04
0.21
1.11
1.22
1.23
1.12
1.14
0.22

0.01
0.54*
0.43
0.11
0.07
0.48
0.50
0.95*

0.03
0.18
0.93
1.01
1.03
0.94
0.98
0.18

0.06
0.93*
0.71
0.01
1.92
1.00
1.187
0.30

0.03
0.20
0.96
1.09
1.07
0.98
1.00
0.21

0.32
0.23*
0.05*
0.26
0.52
0.23
0.25

0.20
0.02
0.01
0.26
0.37
0.38
0.41

0.15
0.12*
0.03*
0.22
0.76*
0.02
0.41

0.17
0.02
0.01
0.22
0.31
0.31
0.34

0.17
0.11*
0.03*
0.48
0.24
0.25
0.17

0.19
0.02
0.01
0.26
0.36
0.36
0.38

N = 2240.
Multinomial logistic regression are on the logit (log odds), and results should be
interpreted with respect to the reference class which is the last class listed in each
comparison.
SE, standard error.
*P < 0.05.

neuroticism, adverse early family environment,
female gender and surgical specialty predicted
membership in the Stress-sensitive class, compared
with the Stress-resilient Class. A personal history
of depression, high neuroticism, and adverse early
family environment also predicted membership in
the Stress-neutral Class, compared with the Stressresilient Class.

Depressive symptom sub-classes during stress
Discussion

Using the trajectory-based analysis, we demonstrate, for the ﬁrst time, that there are distinct trajectories of depressive symptoms in response to a
prolonged stressor, medical internship. Interns separate into three distinct classes of depressive symptoms during the stressful condition. Speciﬁcally,
subjects in the largest trajectory class in our sample
(Stress-resilient) report low depressive symptoms
prior to the onset of stress and again throughout
the year of high stress. Subjects in the second largest trajectory class (Stress-neutral) report mild
depressive symptoms before the onset of stress and
again throughout the year of stress. These groups
are similar in that depressive symptoms do not
ﬂuctuate in response to stress, but diﬀer in that the
Stress-Neutral class is experiencing clinically mild
depressive symptoms on an ongoing bases and the
Stress-resilient class experiences no clinically relevant depressive symptoms. In contrast, subjects in
the smallest trajectory class (Stress-sensitive)
report low depressive symptoms before the onset
of stress but high depressive symptoms throughout
the year of stress. Over the course of internship
year, 81% of the Stress-sensitive class had a PHQ9 depression score indicating a probable diagnosis
of major depression during at least one follow-up
assessment, compared with 53% and 4.2% of
those in the Stress-neutral or Stress-resilient class,
respectively.
In addition to identifying distinct classes of
depressive symptoms under conditions of stress,
we have also identiﬁed a number of important
preinternship predictors of class membership. History of depression, high neuroticism, diﬃculty
early family environment, female gender, and surgical specialty increased the likelihood of membership in the Stress-sensitive class, in comparison
with the Stress-resilient class. Additionally, history
of depression, high neuroticism, and adverse family environment increased likelihood of membership in the Stress-neutral class, characterized by
mild depressive symptoms throughout the year,
compared with the Stress-resilient class.
There are several important implications that
follow from this study. First, our prospective
study design and statistical approach has identiﬁed a subsample of individuals most vulnerable to
depressive symptoms under conditions of stress.
While prior studies have consistently demonstrated an overall association between stress and
depression (6–8, 23, 24), our ﬁndings suggest that
the increase in depressive symptoms in response
to stress is a precipitant to depressive symptoms
in only a small subsample of individuals (Stress-

sensitive class), rather than a common increase
across the full population. Second, we identify a
preinternship demographic and psychological
proﬁle that predicts membership in this high-risk
subsample. Although the demographic and psychological proﬁle has historically been shown to
associate with depression (6–8), our prospective
study design demonstrates that these factors predict a signiﬁcant increase in depressive symptoms
under conditions of stress. These ﬁndings have
important clinical and health economic implications as it allows residency programs to focus limited prevention and intervention resources on the
small subset of trainees most vulnerable to
responding poorly to internship stress. If replicated in samples exposed to other forms of prolonged stressors (e.g., military members, patients’
with chronic medical conditions), this ﬁnding will
have broad utility for identiﬁcation and resource
allocation. For example, the incidence of depression for those with the proﬁle found in the Stresssensitive class could be decreased by a targeted
preventative intervention, which are most eﬀective
for those at greatest risk of the disease (25). It is
important to note, however, that factors shown to
predict class membership are only risk factors and
do not determine an individual’s course or trajectory for internship year. An alternative to a
targeted prevention intervention is a universal
screening within the ﬁrst few months of internship
with referral for clinically signiﬁcant symptoms,
as depressive symptoms that are high at 3 months
of internship appear to remain elevated throughout internship year.
Beyond the clinical implication of these ﬁndings,
growth mixture modeling captures important
information about how individuals experience
depressive symptoms under stress. For example,
depression scores for the Stress-sensitive class from
preinternship to internship year change dramatically, whereas for the other classes, they remained
relatively stable across the year. If we employed
standard regression analyses and looked at the
overall population average, we would be missing
this important variability and heterogeneity among
groups. Growth mixture modeling identiﬁes classes
with more homogenous or more similar severity of
depressive symptoms over time.
The identiﬁcation of distinct trajectory classes
with less ﬂuctuation and greater stability in depressive symptoms can provide a more homogenous
population for studies investigating the biological
basis of depression. For instance, the Stresssensitive class of individuals may provide a platform to better understand the biologic eﬀects of
stress-induced depression. Similarly, investigating
5
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biological markers in individuals demonstrating
mild but persistent symptoms of depression over
time, independent of environmental stressor
(Stress-neutral), may provide an opportunity to
gain insight into dysthymia, which likely has diﬀerent biologic and genetic underpinnings compared
with stress-induced depression. Investigating classes of individuals with depressive symptoms that
are more homogenous will likely increase our ability to detect biological contributors to the disease
(26).
While it is well established that women experience higher rates of depression compared with
men (1, 8), there is conﬂicting evidence on
whether the relationship between stress and
depression diﬀers between men and women (27–
30). In our study, we ﬁnd that female gender
increased the likelihood of membership in the
Stress-sensitive class. This ﬁnding adds to an
emerging pattern of results, with prospective studies ﬁnding evidence for gender diﬀerence in stress
sensitivity and retrospective studies ﬁnding no evidence for gender diﬀerence, suggesting that recall
bias may be playing an important role in the different results (30). The prospective study of stress
and depression maybe an important direction for
advancing our understanding of sex diﬀerences in
depression (31).
There are several limitations to our study. First,
our study was restricted to interns completing their
ﬁrst year of postgraduate medical training. Thus, it
is unknown if similar classes of depressive symptom trajectories hold true for other populations
experiencing a stressor. Second, only 59% of
invited individuals chose to participate in the
study. Previous work demonstrates minimal demographic diﬀerences in age and sex between those
who chose to take part in the study and those who
did not (13). However, other unmeasured factors
may account for study participation (i.e., incentives or interest in the topic) or non-participation
(i.e., lack of time) and could potentially be a source
of study bias. Thus, our results should be extrapolated with caution. Third, while we included covariates in the study that have previously predicted
increased depressive symptoms in medical interns
(13), other potentially important predictors of
depression in this population likely exist. Fourth,
although multiple studies have demonstrated the
validity, sensitivity, and speciﬁcity of the PHQ-9
inventory (14, 15),it is important to note that we
assessed depression through a self-report inventory
rather than a diagnostic interview. However, we
chose this method as opposed to in person assessment given that medical trainees are less likely to
honestly report depressive symptoms when assess6

ments are not anonymous (32). Lastly, the
employed modeling framework, although it has
numerous strengths, is not without its limitations.
One criticism of growth mixture models in general
is that because standard chi-square diﬀerence tests
cannot be used in this setting (33), formal tests of
model ﬁt to the data cannot be conducted (34).
Therefore, growth mixture modeling cannot prove
the existence of latent classes, but only describe the
putative growth trajectory classes (35, 36, 37).
Additionally, although the determination of the
trajectory classes are relatively robust to missing
data, if data are not missing at random, the point
estimates of the parameters may be biased,
although it is unlikely that such bias would be
substantial (38).
Our study provides evidence of distinct classes
of depressive symptoms in response to stress and
identiﬁes a set of prestress factors that predict trajectory class membership. The trajectory-based
analysis allows for the identiﬁcation of a high-risk
group in a heterogeneous population, a ﬁnding for
which there is signiﬁcant implications for clinical
intervention and potentially provides an improved
platform for identifying biological risk of stressrelated depression.
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