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ARTICLE

ABSTRACT
Although doctoral students in the biomedical sciences have been recognized as a popu-
lation at particular risk for mental health problems such as burnout and depression, little 
research has been conducted to identify candidate targets for intervention. To this end, 
we used the stress process model to evaluate potential mediators of stress–burnout and 
stress–depression relationships in biomedical doctoral students. A cross-sectional sample 
(n = 69) completed validated self-report measures of stress; symptoms of burnout and de-
pression; and perceptions of mastery, social support, and advisor support. In linear regres-
sion models, we found that academic stressors were most predictive of burnout, whereas 
family/monetary stressors were most predictive of depression. In mediation models, we 
found that the relationship between stress and burnout was partially mediated by mastery 
and advisor support, while the stress–depression relationship was partially mediated by 
mastery. These findings represent a first step in identifying interventional targets to im-
prove mental health in this at-risk population. Whereas certain stressors are inherent to 
the doctoral training environment, psychosocial interventions to enhance one’s sense of 
mastery and/or to improve advisor relationships may mitigate the influence of such stress-
ors on burnout and depression.

INTRODUCTION
In recent years, large national and international survey studies have begun validating 
anecdotal reports of significant mental health challenges across doctoral student pop-
ulations, indicating heightened risk for problems including depression, anxiety, and 
burnout (e.g., Levecque et al., 2017; Evans et al., 2018). More specifically, doctoral 
students in the biomedical sciences have been recognized as a population at particular 
risk for mental health problems, yet remain understudied (Tsai and Muindi, 2016). 
Addressing this issue is an important area of concern for the well-being of individuals 
undertaking careers in biomedical science, as well as the future of the broader biomed-
ical enterprise. To this point, poor mental health in doctoral student samples has been 
associated with reduced academic productivity, decreased quality of work, and attri-
tion (Hyun et al., 2006; Levecque et al., 2017).

Despite this increasing scholarly interest in doctoral student well-being, little scien-
tific work has been done to identify specific targets for programmatic intervention 
(Tsai and Muindi, 2016; Evans et al., 2018). To this end, the present study represents 
a secondary analysis of data derived from a sample of biomedical doctoral students 
(n = 69). Our primary analyses (Nagy et al., 2019) characterized and assessed the 
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prevalence of problems related to burnout and mental health, 
as well as associations among burnout, mental health, aca-
demic variables, and sociodemographic variables for this popu-
lation. We documented high rates of mental health problems 
and urges to drop out of their doctoral programs—a marker of 
dissatisfaction. Namely, approximately half of the students met 
criteria for at least one psychiatric diagnosis in the past year, 
more than two-thirds of students reported thoughts of dropping 
out, and the majority of students reported some level of burn-
out. Furthermore, the variables that most meaningfully contrib-
uted to burnout included thoughts related to dropping out, 
poor perceptions of employment opportunities, functional 
impairment due to a mental health problem, and having at least 
one current psychiatric disorder.

The results presented in Nagy et al. (2019) documented an 
important phenomenon that warrants immediate attention. In 
the present study, we build on the evaluation of associations 
among burnout, mental health problems, and academic ele-
ments by examining mechanisms through which poor mental 
health may develop in this population. Namely, we use Pearlin 
and colleagues’ model of the stress process (Pearlin et al., 1981; 
Pearlin and Bierman, 2013) to examine the roles of mastery 
and social support as possible mediators of both the stress–
burnout and stress–depression relationships in biomedical doc-
toral students.

The Stress Process
Many models and theories have been put forward to describe 
the complex construct of stress across decades (for further dis-
cussion, see Goldstein and Kopin, 2007; Koolhaas et al., 2011; 
Wheaton et al., 2013). One influential model is the stress pro-
cess, which has served as a framework for understanding mech-
anisms by which stressors lead to health outcomes (Pearlin 
et al., 1981; Pearlin, 2009; Wheaton, 2009; Aneshensel and 
Mitchell, 2014). This model distinguishes between three ele-
ments of stress: sources (e.g., life events, chronic stressors), out-
comes (e.g., mental and physical health problems), and media-
tors (e.g., self-concepts, social support, coping skills; Pearlin, 
1989, 2009). The stress process model has garnered substantial 
empirical support and has been applied across a wide range of 
samples (e.g., students, employees; Attell et al., 2017; Dupéré 
et al., 2015). Despite its utility in identifying the mechanisms 
linking stressors to outcomes, to our knowledge, this model has 
never been applied to understanding the stress process in bio-
medical doctoral students.

Sources of Stress
Although everyday stress does not always harm the individ-
ual and may be adaptive, chronic and pathological stress can 
result in negative physical and mental health outcomes 
(Schneiderman et al., 2005; Thoits, 2010). Doctoral students 
face many potential chronic stressors, including demanding 
work hours (Ferreira, 2003), poor work–life balance 
(Fuhrmann et al., 2011), economic hardship (Hyun et al., 
2006), and uncertain employment prospects (Alberts et al., 
2014). Doctoral students in the biomedical sciences may 
endure these and other stressors shared across many kinds of 
graduate training programs. At the same time, they may 
experience particular stressors more common among those in 
biomedical training programs.

Outcomes of Stress
Two related but different adverse outcomes of stress are burn-
out (Maslach et al., 2001) and depression (Hammen, 2005). 
Burnout encompasses three responses to chronic job-related 
stress: 1) emotional exhaustion, 2) depersonalization or cyni-
cism, and 3) reduced personal accomplishment or professional 
inefficacy (Maslach et al., 1986; Schaufeli et al., 2009). Symp-
toms of depression, including depressed mood and anhedonia, 
are outlined in the Diagnostic and Statistical Manual of Mental 
Disorders (American Psychiatric Association, 2013). There may 
be some overlap between burnout and depression, considering, 
for example, some shared etiological factors and symptoms 
(e.g., Bianchi et al., 2015, 2017; Maslach and Leiter, 2016). 
However, the spectrum of depressive symptoms extends beyond 
those of burnout, and although these constructs are related, 
they are distinct.

Initially thought to apply chiefly to service professions, burn-
out has become an increasingly recognized phenomenon in 
higher education, including among doctoral students (e.g., 
Parker and Salmela-Aro, 2011; Cornér et al., 2017; Peltonen 
et al., 2017). Similarly, depressive symptoms are common 
among doctoral students, with reported prevalence estimates of 
depressive disorders as high as 32–39% (Levecque et al., 2017; 
Evans et al., 2018).

The Relationship between Stress and Burnout. Burnout has 
long been understood as an outcome of prolonged, unresolv-
able, work-related stress (Schaufeli and Enzmann, 1998; Bak-
ker and Demerouti, 2007; Maslach and Leiter, 2016). Although 
the presence of this relationship in biomedical doctoral students 
has not been studied, burnout has been linked to stress in other 
doctoral student samples. For example, Clark et al. (2009) 
found that, in a sample of counseling psychology doctoral stu-
dents, global stress (e.g., “In the last month, how often have 
you dealt successfully with life tasks?”; Cohen et al., 1983) was 
a significant predictor of burnout.

The Relationship between Stress and Depression. Stressors 
also may play an important role in the etiology of depression, as 
evidenced by the finding that individuals who report chronic 
stress (especially characterized by perceptions of loss of control, 
entrapment, and loss of status) are more likely to be diagnosed 
with a depressive disorder (Mazure, 1998; Hammen, 2005; Piz-
zagalli, 2014). Additionally, evidence indicates that stress leads 
to a subjective experience of depression (Hammen, 2005), objec-
tive measures of depression (e.g., Leskela et al., 2006; Hawley 
et al., 2007), and physiological changes thought to underlie 
depression (Pizzagalli, 2014). The link between stress and 
depressive disorders has not been explicitly studied in biomedi-
cal doctoral students, though one study involving a mixed sam-
ple of doctoral students connected academic stress to suicidal 
ideation (You and Chen, 2012). In addition, the stress–depres-
sion association is well established among medical students, who 
face many challenges similar to those experienced by doctoral 
students, including excess workload, a potentially abusive train-
ing environment, and financial hardship (Dyrbye et al., 2005).

Mediators of Stress
Mastery as a Mediator in the Stress–Outcome Relation-
ship. Mastery—an aspect of an individual’s self-concept 
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encompassing the extent to which an individual regards his or 
her circumstances as under his or her control—has been well 
studied as a mediator of stress–outcome relationships (e.g., 
Pudrovska et al., 2005; Aneshensel and Mitchell, 2014; Nico-
laisen et al., 2017). Stress process theory proposes that chronic 
stress diminishes a person’s sense of mastery, thus putting that 
person at risk for subsequent outcomes such as depression 
(Aneshensel and Mitchell, 2014). Consistent with this model, 
reduced mastery has been shown to be predictive of depressive 
symptoms in individuals at high risk for stress, including care-
givers (Mausbach et al., 2007). In doctoral students, self-effi-
cacy (a construct related to mastery insofar as it measures per-
ceived control; see Berry and West, 1993) is negatively 
correlated with both stress and burnout, suggesting its role as a 
candidate mediator in the stress–burnout relationship for this 
population (Rigg et al., 2013; Jenaabadi et al., 2017).

Social Support as a Mediator in the Stress–Outcome Rela-
tionship. While levels of social support may directly impact 
such outcomes as depression and anxiety (Zimet et al., 1988), 
empirical studies have also shown that stress may deplete one’s 
social resources, indicating social support may be another 
potential mediator in stress–outcome relationships (e.g., Cohen 
and Wills, 1985; Cohen, 2004). For example, stress in the form 
of discrimination predicts lower perceived social support among 
African-American undergraduate students, which in turn pre-
dicts greater symptoms of depression (Prelow et al., 2006). Doc-
toral students may experience several sources of social support, 
from their faculty advisors to their peers to their friends and 
family (Clark et al., 2009; Tompkins et al., 2016). Dysfunctional 
advisor relationships, involving issues ranging from inadequate 
frequency of advising to mistreatment, have frequently been 
linked to doctoral student burnout (e.g., Cornér et al., 2017; 
Devine and Hunter, 2017; Peltonen et al., 2017) and depressive 
symptoms (e.g., Evans et al., 2018). Additionally, students with 
less support in their personal lives (including from family, 
friends, and significant others) have higher rates of depressive 
symptoms (e.g., Zimet et al., 1988; Hefner and Eisenberg, 
2009; Wang et al., 2014).

Study Aims and Hypotheses
As previously highlighted, biomedical doctoral students are an 
understudied population who train in a highly competitive 
and demanding environment, and the links between stress 
and stress outcomes have not been well established in this 
population. Gaining this additional knowledge could guide 
future longitudinal study and intervention testing to support 
biomedical doctoral student well-being. To address these gaps 
in knowledge, this investigation represents the first applica-
tion of a stress process model to the study of burnout and 
depression in biomedical doctoral students, using cross-sec-
tional self-report data regarding various dimensions of mental 
health and well-being. The aims of the present study were to 
1) characterize sources of stress and their contributions to 
burnout and depression, 2) test theoretical links between 
stress and burnout, and 3) test theoretical links between stress 
and depression. Specifically, we hypothesized that mastery 
and social support would be mediators of both the stress–
burnout and stress–depression relationships in biomedical 
doctoral students.

METHODS
Approval from the Institutional Review Board
We were granted approval from our institution’s institutional 
review board (IRB; protocol 2017-0232) to conduct this study. 
The IRB protocol was approved under the following category: 
“Research on individual or group characteristics or behavior 
(including, but not limited to, research on perception, cogni-
tion, motivation, identity, language, communication, cultural 
beliefs or practices, and social behavior).”

Participants and Recruitment
Study participants (n = 69) were biomedical doctoral students 
at a large research institution in the southeastern United States. 
The only inclusion criterion was that participants be biomedical 
doctoral students currently engaged in training within a depart-
ment in our institution’s school of medicine, but not other 
departments across our institution’s research enterprise (arts 
and sciences, engineering, etc.). Participants were recruited 
through brochures and flyers, website postings, emails sent to 
doctoral students, and in-person presentations at group meet-
ings. All students in our institution’s biological and biomedical 
sciences doctoral programs (N = 592) were allowed to partici-
pate in our study; therefore, our sample comprises 11.6% of the 
total number of eligible students at our institution. Upon partic-
ipant-initiated contact, the study coordinator scheduled a study 
visit. For additional details on study design and study flow, refer 
to Nagy et al. (2019).

Study Protocol
During the study visit, participants were presented with an 
IRB-approved informed consent. The informed consent packet 
covered details relating to the purpose of the study, the compo-
nents of the study visit, an invitation to participate in future 
studies, risks (e.g., experiencing unpleasant thoughts and emo-
tions) and benefits (e.g., the collective benefit of improving 
knowledge of student mental health problems at our institution 
and how to address them) of participating in the study, limits to 
confidentiality, the process to withdraw from the study (no par-
ticipants chose to withdraw), and monetary compensation for 
participation ($100). All participants were informed that should 
they start experiencing strong feelings of upset and/or suicidal 
thoughts during the study visit, a trained professional would be 
available to speak with them, and if they were at imminent risk 
of suicide, they would be taken to the nearest hospital emer-
gency department; no participants met either of these condi-
tions through the entire duration of the study. The study visit, 
which lasted an average of 4 hours, consisted of self-report 
questionnaires administered through use of an online survey 
tool (Qualtrics, 2013) on a computer in our laboratory, along 
with an in-person diagnostic interview.1 Participants who were 
unable to complete the entire study visit in one session were 
scheduled for a second session. All paper assessment data and 
research consent forms were kept in a secure locked cabinet in 
our laboratory, accessible only to approved study team mem-
bers. All Qualtrics survey data were de-identified and stored 
electronically on a secure server only accessible to approved 
study team members.

1Results from the in-person diagnostic interview were not used in analyses for the 
present article, but are reported in Nagy et al. (2019).
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Data Integrity Procedures
We underwent several processes to ensure integrity of self-re-
port data. During the study visit, the assessor was available to 
provide clarity regarding the content of specific items and offer 
breaks as needed. We downloaded de-identified self-report data 
from Qualtrics into the Statistical Package for Social Sciences 
(SPSS; IBM Corporation, 2015). We created syntax to compute 
total scale and subscale scores on our measures, per instructions 
from developers of each measure when applicable. We subse-
quently ran frequencies on all variables of interest to identify 
and correct errors in data collection to determine whether all 
data values fell within the possible response parameters.

Measures
Table 1 presents a summary of the measures used in this study, 
including previously reported psychometric properties,2 original 
study population, and internal consistency3 (i.e., Cronbach’s α) 
in the present study. Full measures are included in the Supple-
mental Material.

Stress. To assess the presence and severity of participants’ 
stress, we used the Graduate Stress Inventory–Revised (GSI-
R; Rocha-Singh, 1994). The GSI-R is a 20-item self-report 
instrument assessing the degree to which circumstances and 

experiences in a graduate student’s life (e.g., taking exams, 
meeting with faculty) are perceived as stressful. Participants 
rate the extent to which a number of potential stressors 
impact their lives. Items are rated on a 1 (not at all stressful) 
to 7 (extremely stressful) scale, and higher scores indicate 
greater perceptions of stress. The scale produces three sub-
scales: Academic Stress, Environmental Stress, and Family/
Monetary Stress.

Burnout. To quantify burnout, we used a modified version of 
the School Burnout Inventory (SBI; Salmela-Aro et al., 2009). 
The SBI used herein is a nine-item self-report measure that 
assesses clinically relevant indices of burnout in the context of 
one’s graduate program, including exhaustion due to graduate 
work, cynicism toward the meaning of graduate school, and 
sense of inadequacy at graduate school. Items are rated on a 1 
(completely disagree) to 6 (completely agree) scale, and higher 
scores indicate greater burnout symptoms.

Depressive Symptoms. To assess the presence and severity of 
depressive symptoms, we used the Patient Health Question-
naire–9 (PHQ-9; Kroenke et al., 2001). Participants rate the fre-
quency at which they experience symptoms of major depression 
(e.g., loss of interest, depressed mood, sleeplessness, lack of 
energy). Items are rated on a 0 (not at all) to 3 (nearly every 
day) scale, and higher scores indicate greater and more fre-
quent symptoms of depression.

Mastery. To assess participants’ mastery, we used the Pearlin 
Mastery Scale (Pearlin et al., 1991). This scale assesses a dimen-
sion of self-concept reflecting the extent to which people see 

TABLE 1. Description of measures

Measurea Construct (subscales) Items Scale
Original study acceptable 
psychometrics properties Original study population

Present study 
internal 

consistency

GSI-Rb Stress (academic, 
environmental, 
family/monetary)

20 1–7 Internal consistency, concurrent 
validity, and retest reliabilityb

Master’s and doctoral students 
(n = 450)

α = 0.88

SBIc Burnout 9 1–6 Internal consistency, structural validity, 
and convergent validityc

Secondary high school and 
vocational school students 
(n = 1418)

α = 0.90

PHQ-9d Depressive symptoms 9 0–3 Internal consistency, construct validity, 
criterion validity, sensitivity, and 
specificityd

Primary care and obstetrics–
gynecology clinic patients 
(n = 6000)

α = 0.89

Masterye Mastery 7 1–4 Internal validity, construct validity, and 
predictive validityf

Adult heads of households 
(n = 2300)

α = 0.79

MSPSSg Social support 12 1–7 Internal consistency, test-retest 
reliability, and construct validityg

Undergraduate students 
(n = 275)

α = 0.87

AWAIh Advisor relationship 30 1–5 Internal consistency, internal validity, 
and test–retest reliabilityh

Students in counseling psychol-
ogy doctoral programs 
(n = 281)

α = 0.85

aAbbreviations: AWAI, Advisory Working Alliance Inventory–Student Version; GSI-R, Graduate Stress Inventory–Revised ; Mastery, Pearlin Mastery Scale; MSPSS, Mul-
tidimensional Scale of Perceived Social Support; PHQ-9, Patient Health Questionnaire–9; SBI, School Burnout Inventory. Modified or freely available measures have been 
reproduced in the Supplemental Material.
bRocha-Singh, 1994.
cSalmela-Aro et al., 2009 (original measure was modified in the following manner: “schoolwork” replaced with “graduate program” on every item).
dKroenke et al., 2001.
ePearlin et al., 1991.
fMarshall and Lang, 1990.
gZimet et al., 1988.
hSchlosser and Gelso, 2001.

2Criterion, concurrent, and predictive validity assess how well the measure cor-
relates with or predicts scores on previously validated measures. Structural, con-
struct, and convergent validity assess the degree to which the survey measures 
what it claims to. Retest or test-retest reliability refers to the agreement between 
successive administrations of the same measure.
3Internal consistency refers to how closely the items in a measure are related.
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themselves as being in control of the forces that impact their 
lives in an important way, through statements such as “I can do 
just about anything I really set my mind to” and “What happens 
to me in the future mostly depends on me.” Items are rated on 
a 1 (strongly disagree) to 4 (strongly agree) scale, and higher 
scores indicate a greater sense of mastery.

Social Support. To measure participants’ level of perceived 
social support, we used the Multidimensional Scale of Perceived 
Social Support (MSPSS; Zimet et al., 1988). Participants rate 
items relating to perceived support from significant others (e.g., 
“There is a special person who is around when I am in need”), 
family (e.g., “I get the emotional help and support I need from 
my family”), and friends (e.g., “I can count on my friends when 
things go wrong”). Items are rated on a 1 (very strongly dis-
agree) to 7 (very strongly agree) scale, and higher scores indi-
cate greater levels of perceived support.

Advisor Relationship. To measure participants’ perceived qual-
ity of the working relationship between the participant and 
graduate advisor, we used the Advisory Working Alliance Inven-
tory (AWAI; Schlosser and Gelso, 2001). Participants rate the 
extent to which they agree with statements about their advi-
sors, such as “My advisor is available when I need her/him” and 
“My advisor offers me encouragement for my accomplish-
ments.” Items are rated on a 1 (strongly disagree) to 5 (strongly 
agree) scale, and higher scores indicate more positive percep-
tions of the advisor–advisee relationship.

RESULTS
Demographic Characteristics
Table 2 provides an elaborated description of demographic 
information. Participants were primarily in their mid-20s (M = 
26.5; SD = 2.3), white/Caucasian (n = 48; 69.6%), and female 
(n = 42; 60.9%). The majority of participants were currently in 
a relationship, but not married (n = 31; 44.9%). Our sample 
included students in most stages of doctoral training (i.e., years 
1 through 6); the median time to PhD completion in biological 
and biomedical sciences programs at the studied institution 
from 2013 to 2018 was 5.7 years (N = 523). Our sample gener-
ally mirrored the overall composition of the enrollees in this 
program at the time of the study, during which the studied insti-
tution’s overall population of doctoral students in the biological 
and biomedical sciences (N = 592) was 67.8% white/Caucasian 
and 49.2% female.

Descriptive Statistics of Stress, Burnout, 
Depressive Symptoms, and Resource Variables
Table 3 presents descriptive statistics for the GSI-R, SBI, PHQ-
9, Mastery, MSPSS, and AWAI scales. As GSI-R, PHQ-9, Mas-
tery, and MSPSS scores were not normally distributed, non-
parametric tests and approaches were used in analyses. 

TABLE 2. Sociodemographic characteristics of biomedical 
doctoral students (N = 69)a

n (%) M (SD) Range

Age 26.5(2.3) 22–33

Sex: Female 42 (60.9)

Race
 White/Caucasian 48 (69.6)
 Asian 16 (23.2)
 Black/African American 4 (5.8)
 Other 4 (5.8)
 Middle Eastern/Arab 2 (2.9)
 Native American/American Indian 1 (1.4)

Ethnicity: Hispanic 12 (17.4)

Nativity: Born in United States 50 (72.5)

Family of origin income
 $0–$10,000 4 (5.8)
 $10,001–$20,000 3 (4.3)
 $20,001–$40,000 7 (10.1)
 $40,001–$65,000 9 (13)
 $65,001–$100,000 20 (29)
 >$100,000 26 (37.7)

Income covers expenses: Yes 68 (98.6)

Marital status
 Never married; in relationship 31 (44.9)
 Never married; not in relationship 24 (34.8)
 Married 12 (17.4)
 Separated 1 (1.4)
 Divorced 1 (1.4)

Number of children 0.10(0.43) 0–3
aThere are no missing data regarding sociodemographic characteristics, as all 
study participants (N = 69) completed the sociodemographic questionnaire. To 
protect the confidentiality of research participants and reduce the likelihood of 
individual participants being identified, we do not report on the academic pro-
grams in which participants were enrolled or the academic years that they were 
completing at the time of the study.

TABLE 3. Descriptive statistics of stress, outcome, and mediator variables

Kolmogorov-Smirnova Shapiro-Wilk

Range Mean (SD) Skew Kurtosis Statistic Sig. Statistic Sig.
Stress 23–94 44.96 (15.29) 1.04 1.20 0.110 0.038 0.930 0.001
 Academic 10–49 22.41 (7.92) 0.73 0.57 0.108 0.045 0.957 0.019
 Environmental 4–33 13.78 (6.37) 1.08 0.67 0.153 0.000 0.902 0.000
 Family/monetary 1–25 8.77 (5.56) 1.02 0.22 0.176 0.000 0.889 0.000
Burnout 9–53 28.77 (11.07) 0.17 –0.63 0.076 0.200* 0.980 0.339
Depressive symptoms 0–23 4.64 (4.84) 1.73 3.40 0.176 0.000 0.823 0.000
Mastery 11–28 22.04 (3.70) –0.52 0.37 0.102 0.074 0.962 0.033
Social support 42–84 67.86 (9.62) –0.72 0.37 0.135 0.003 0.949 0.007
Advisor relationship 56–141 105.16 (20.76) –0.29 –0.42 0.086 0.200* 0.975 0.178
aKolmogorov-Smirnov test with Lilliefors significance correction. An asterisk (*) indicates this is a lower bound of the true significance level.
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Nonparametric statistical methods do not depend on assump-
tions of normality, and therefore are more robust than paramet-
ric methods for statistical inference on nonnormal distributions 
and smaller sample sizes. For example, instead of Pearson’s r, 
we used Spearman’s rho for bivariate correlations; and for 
regression-based analyses, we employed a bootstrapping 
approach, which estimates test parameters through random 
sampling with replacement.

Associations between Stress, Burnout, 
Depressive Symptoms, and Resource Variables
Table 4 presents zero-order correlations among stress, burnout, 
depressive symptoms, mastery, social support, and advisor rela-
tionship. Nonparametric correlations (i.e., Spearman’s rho, rs) 
were reported for associations between nonnormal variables, 
while parametric correlations (i.e., Pearson’s r) were reported 
for normally distributed variables (i.e., the correlation between 
burnout and advisor relationship). Stress was positively cor-
related with both burnout (rs = 0.56, p < 0.001) and depressive 
symptoms (rs = 0.50, p < 0.001). There was a negative correla-
tion between stress and mastery (rs = −0.38, p = 0.001). How-
ever, there was no significant association between stress and 
social support (rs = −0.22, p = 0.070) or stress and advisor rela-
tionship (rs = −0.23, p = 0.060). Burnout was negatively cor-
related with mastery (rs = −0.59, p < 0.001) and advisor rela-
tionship (r = −0.53, p < 0.001), but not social support (rs = 
−0.19, p = 0.110). Finally, depressive symptoms were negatively 
correlated with mastery (rs = −0.55, p < 0.001), social support 
(rs = −0.31, p = 0.010), and advisor relationship (rs = −0.41, p < 
0.001). Overall, these results support relationships between 
stress, the mediators of mastery and social support, and the 
outcomes of burnout and depressive symptoms.

Characterizing Sources of Stress
To characterize the sources of stress in our sample and under-
stand how these distinct stressors contribute to the outcomes of 
burnout and depression, we performed linear regressions pre-
dicting burnout and depression from the academic, environ-
mental, and family/monetary subscales of the GSI-R. Linear 
regression analyses model the relationship between a depen-
dent variable and one or more independent, predictor variables, 
assuming a linear relationship between the variables. Table 5 
presents a summary of these analyses. Stress subscales were 
entered together at a single level, and unstandardized regres-
sion coefficients were estimated with 10,000 bootstrap resam-
ples. The bootstrapping approach to regression relies on ran-

dom sampling with replacement to estimate regression 
coefficients and is ideal for smaller sample sizes and nonnormal 
distributions.

Taken together, academic, environmental, and family/mon-
etary stress explained 31.0% of the variance in burnout (R2  = 
0.310, F(3, 65) = 9.75, p < 0.001). Academic stress stood out as 
an independent predictor of burnout while controlling for envi-
ronmental and family/monetary stress (B = 0.50, 95% CI [0.20, 
0.80]). Academic, environmental, and family/monetary stress 
together explained 25.5% of the variance in depressive symp-
toms (R2  = 0.255, F(3, 65) = 7.43, p < 0.001). Family/monetary 
stress was a significant independent predictor of depressive 
symptoms while controlling for academic and environmental 
stress (B = 0.20, 95% CI [0.02, 0.39]).

Mediation Analysis
Finally, to investigate direct and indirect effects of stress, mas-
tery, social support, and advisor relationship on the outcomes of 
burnout and depressive symptoms, we tested mediation hypoth-
eses through a nonparametric bootstrapping approach based on 
ordinary least-squares regression (Preacher and Hayes, 2004). 
Mediation tests direct and indirect (mediated) effects of an 
independent variable on the dependent variable. The direct 
effect measures the degree to which the independent variable 
affects the dependent variable while holding the mediator vari-
able constant; whereas the indirect effect measures the extent 
to which the dependent variable changes while the indepen-
dent variable is held constant, and the mediator changes by the 
amount it would have changed had the independent variable 
increased by one unit. Similar to the previously described boot-
strapping approach to regression, bootstrapping with respect to 
mediation involves random sampling with replacement to esti-
mate direct and indirect effects. Mediation analyses were con-
ducted using model 4 of the PROCESS v. 3.2.01 macro (Hayes, 
2017) on SPSS (IBM Corporation, 2015). Mediation models 
were tested at 95% (p < 0.05) and 99% (p < 0.01) confidence 
levels, and regression coefficients were estimated with 10,000 
bootstrap resamples as recommended by Hayes (2017).

Stress–Burnout Model. Figure 1 presents the multiple medi-
ation model tested with stress as the independent variable 
and burnout as the dependent variable. Results revealed that 
the relationship between stress and burnout was partially 
mediated by mastery (indirect effect [IE] = 0.0954, 95% CI 
[0.0303, 0.1846]) and advisor relationship (IE = 0.0681, 95% 
CI [0.0053, 0.1442]). Social support was not a significant 

TABLE 4. Zero-order bivariate correlations between stress, outcomes, and mediatorsa

1 2 3 4 5

1. Stress
2. Burnout 0.56***
3. Depressive symptoms 0.50*** 0.60***
4. Mastery −0.38** −0.59*** −0.55***
5. Social support −0.22 −0.19 −0.31* 0.39**
6. Advisor relationship −0.23 −0.53*** −0.41*** 0.46*** 0.26*

aBivariate correlations are reported as Spearman’s rho, except for the correlation between burnout and advisor relationship, which is reported as Pearson’s r.
*p < 0.05.
**p < 0.01.
***p < 0.001.
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mediator between stress and burnout (IE = −0.0260, 95% CI 
[−0.0996, 0.0071]).

Stress–Depression Model. Figure 2 presents the multiple 
mediation model tested with stress as the independent variable 
and depressive symptoms as the dependent variable. The rela-
tionship between stress and depressive symptoms was partially 
mediated by mastery (IE = 0.0521, 95% CI [0.0044, 0.1086]). 
The relationship between stress and depressive symptoms was 
not mediated by advisor relationship (IE = −0.0001, 95% CI 
[−0.0236, 0.0296]) or social support (IE = 0.0114, 95% CI 
[−0.0098, 0.0366]).

DISCUSSION
This pilot study begins to shed light on the interrelationships 
among stress and distinct adverse outcomes of stress in biomed-
ical doctoral students by characterizing how specific stressors 
contribute differentially to these outcomes and by testing theo-

retical models informed by stress process theory. The results 
presented here extend the existing literature by using stress pro-
cess theory to guide mediation modeling, offering possible tar-
gets for change accounting for stress–outcome relationships 
and providing a necessary next step to address the gaps identi-
fied by previous research (Tsai and Muindi, 2016). Insights 
from these analyses can help guide future longitudinal studies 
in this area, which can offer further evidence replicating and 
extending our study findings. Additionally, the study advances 
research on the stress process. Historically, stress process 
research has focused on depressive outcomes, but has increas-
ingly moved toward examining multiple outcomes of stress 
(Wheaton, 2009; Aneshensel and Mitchell, 2014). To this end, 
we tested our hypothesized mediation model with both depres-
sive symptoms and burnout as outcomes.

We found that academic stressors (e.g., writing papers, taking 
exams, handling the academic workload) were most predictive 
of burnout, whereas depressive symptoms were best predicted by 

TABLE 5. Summary of multiple regressions predicting burnout and depression

Unstandardized coefficients

Model R2 Adjusted R2 SE F change B 95% CI SE p
Dependent variable: Burnout
 Step 1 0.310 0.279 9.40 9.75***
 (Constant) 10.87 [1.93, 17.82] 4.05 0.012
 Academic stress 0.50** [0.20, 0.80] 0.15 0.002
 Environmental stress 0.45 [0.01, 0.91] 0.23 0.053
 Family/monetary stress 0.06 [−0.39, 0.57] 0.24 0.817

Dependent variable: Depressive symptoms
 Step 1 0.255 0.221 4.28 7.43***
 (Constant) −2.13 [−6.10, 0.95] 1.78 0.231
 Academic stress 0.09 [−0.09, 0.27] 0.10 0.350
 Environmental stress 0.23 [−0.04, 0.48] 0.13 0.094
 Family/monetary stress 0.20* [0.02, 0.39] 0.09 0.043

*p < 0.05.
**p < 0.01.
***p < 0.001.

FIGURE 1. Multiple mediation model of stress–burnout relation-
ship with total, direct, and indirect effects. All regression coeffi-
cients are unstandardized and generated from 10,000 bootstrap 
resamples. On the arrow directly connecting stress to burnout, the 
number outside the parentheses indicates the total effect of stress 
on burnout, while the number inside the parentheses indicates the 
direct effect of stress on burnout. *, p < 0.05; **, p < 0.01; 
***, p < 0.001.

FIGURE 2. Multiple mediation model of stress–depression 
relationship with total, direct, and indirect effects. All regression 
coefficients are unstandardized and generated from 10,000 
bootstrap resamples. On the arrow directly connecting stress to 
depression, the number outside the parentheses indicates the total 
effect of stress on depression, while the number inside the 
parentheses indicates the direct effect of stress on depression. 
*, p < 0.05; **, p < 0.01; ***, p < 0.001.
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family and monetary stressors (e.g., paying monthly expenses, 
arranging childcare). This is consistent with prior research 
demonstrating that depressive disorders may be more related to 
stressful life events in general, whereas burnout is more closely 
tied to work-related stressors (Plieger et al., 2015). It may also be 
due in part to the form of the measure we used to assess burnout, 
the items of which address exhaustion, cynicism, and inade-
quacy specifically as they apply to the student’s graduate pro-
gram (e.g., “I feel overwhelmed by my graduate program,” “I 
often have feelings of inadequacy in my graduate program”). In 
contrast, the items on the PHQ-9 refer to global symptoms not 
restricted to the academic context. These results may be con-
founded by the fact that our sample is dominated by unmarried 
(79.7%) students whose stipends cover their expenses (98.6%), 
thus the management of family and financial matters may be less 
relevant as stressors. Also, several of the environmental stressors 
on the GSI-R deal with being treated differently by peers and 
faculty and finding support groups and peers of a similar race 
and ethnicity on campus. The majority of our sample identified 
as white/Caucasian (69.6%), a demographic less likely to expe-
rience these kinds of stressors (e.g., Ellis, 2001; Reid and Rad-
hakrishnan, 2003; Attell et al., 2017). This reality highlights the 
need for recruiting larger samples with increased sociodemo-
graphic diversity to examine how stressors distribute across dif-
ferent groups. Despite these shortcomings, our results provide 
preliminary evidence that distinct stressors contribute to differ-
ent mental health outcomes in this population.

Applying stress process theory allowed us to test hypotheses 
regarding mechanisms through which these stressors lead to 
burnout and depressive symptoms. We found that mastery, a per-
sonal resource, was a partial mediator of both the stress–burnout 
and stress–depression relationships in our sample, even when 
controlling for social resources in a multiple mediation model 
(Hayes, 2017). This has implications for future interventions 
research—perhaps along with reforming training environments, 
effort should be directed toward improving students’ sense of 
control. It may be that certain stressors inherent to the graduate 
training environment—such as writing papers and taking 
exams—cannot and should not be eliminated, as they are essen-
tial to graduate education. Instead, programs and policies aimed 
at bolstering students’ perceived control over these aspects of 
training could be effective in proactively mitigating mental 
health problems (Freedy and Hobfoll, 2017; de Jonge et al., 
2018). Finally, the association between increased stress and 
diminished mastery in biomedical doctoral students is notewor-
thy in itself, considering the known impact of mastery on mortal-
ity as well as physical and psychological morbidity (e.g., Penninx 
et al., 1997; Mausbach et al., 2006; Roepke and Grant, 2011).

An interesting finding is that one social resource—the advi-
sor relationship—partially mediated the stress–burnout associ-
ation, but other forms of support (i.e., friends, family, and sig-
nificant others) did not. This aligns with prior studies indicating 
that faculty and program supports are more influential than 
peer and family supports in predicting doctoral student well-be-
ing and satisfaction (Clark et al., 2009; Tompkins et al., 2016). 
One possible explanation for this finding is that excess aca-
demic stressors might be attributed disproportionately to advi-
sors rather than other members of a student’s social network, 
thereby straining the advisor–advisee relationship and subse-
quently contributing to burnout. Another possible explanation 

is that, as noted previously, our sample is primarily composed of 
unmarried students; therefore, family and significant other sup-
ports may not be important contributors to mental health in our 
sample. In any case, our findings add to a growing body of lit-
erature identifying the student–advisor relationship as a princi-
pal target for improvement, especially considering the associa-
tion between a functional student–advisor relationship and the 
student’s willingness to seek psychological healthcare (Hyun 
et al., 2006; Evans et al., 2018).

Our findings are reported with the acknowledgment of mul-
tiple important limitations. First, the cross-sectional design pre-
cludes any definitive causal conclusions about mediating mech-
anisms. To fully understand these relationships, it will be 
necessary to undertake prospective longitudinal studies exam-
ining the constructs of stress, burnout, and depression in this 
population. Second, the sample size (n = 69) of this pilot study 
limited power to detect significant results or to use advanced 
statistical procedures for mediation analysis, such as structural 
equation modeling. Third, we studied only one population (bio-
medical doctoral students), limiting generalizability of our 
results to other doctoral students. Fourth, participants were 
recruited based on advertisements, introducing a self-selection 
bias. Future studies should strive to recruit nationally represen-
tative samples of diverse doctoral student populations from 
multiple institutions. Finally, self-report questionnaires are sub-
ject to problems related to response bias, participant insight, 
and differences in response styles (Paulhus and Vazire, 2007).

Taken together, the current study and our previous report 
(Nagy et al., 2019) contribute further evidence to a growing 
body of literature identifying significant mental health prob-
lems, including burnout and depression, among biomedical 
doctoral students. They begin to identify possible reforms to 
address these problems, including improving the overall train-
ing program environment, enhancing advisor relationships, and 
bolstering mastery.

Our studies highlight several avenues for future research in 
this area. First, there is a need for powered, longitudinal study 
designs across cohorts. We recommend that future studies sur-
vey students at the beginning of their programs with regard to 
baseline personal resources (e.g., mastery) and social resources, 
and then follow this up with periodic monitoring of these 
resources and psychological well-being throughout students’ 
training. This will help to identify not only how baseline char-
acteristics predict future outcomes, but also how those con-
structs are affected by the training environment over time and 
subsequently influence health outcomes.

Second, there is a need to develop and test interventions to 
improve mental health. Future studies should further examine 
the construct of mastery in biomedical doctoral students as a 
target for intervention, along with the student–advisor relation-
ship. One mastery-enhancing intervention that has been vali-
dated in student samples is attributional retraining, designed to 
alter one’s attributions for poor performance to more adaptive 
ones (Weiner, 1985). Among college students, attributional 
retraining increases perceptions of control (e.g., Hall et al., 
2006; Haynes et al., 2006, 2008), while enhancing performance 
and reducing attrition (Stewart et al., 2011). Fostering a mas-
tery-oriented mindset (i.e., characterized by the belief that suc-
cess is the result of personal effort and that intelligence can 
grow rather than being a fixed entity) among doctoral students 
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may also lead to more adaptive patterns of learning and resil-
ience in the face of challenges and failure (Elliott and Dweck, 
1988; Blackwell et al., 2007).

Few studies have rigorously tested interventions to enhance 
the student–advisor relationship. One study of eight PhD stu-
dents and their two advisors tested a gratitude-based interven-
tion, involving bringing greater attention to gratitude in rela-
tionships along with executing a specific gratitude practice 
(Howells et al., 2017). By the end of the study period, both 
students and advisors reported positive effects on their interper-
sonal and personal well-being, improved trust and communica-
tion in the student–advisor relationship, and increased motiva-
tion and productivity. Though this was a small, qualitative 
study, it represents a potential targeted intervention to enhance 
student–advisor relationships that can be scaled at low cost. 
Furthermore, while we measured the perceived quality of the 
advising relationship from the student’s perspective in this 
study, we did not assess the advisor’s perspective of the relation-
ship, nor did we assess the quality of advising. Future studies 
should comprehensively examine the student–advisor relation-
ship to aid in intervention development.

Finally, though we have identified two potential targets—
personal resources such as mastery and student–advisor 
dyads—these “micro” levels of social interaction are not the sole 
contributors to student well-being (Wheaton et al., 2013). We 
propose that future studies examine how other levels of interac-
tion contribute to a doctoral student’s mental health, inclusive 
of “meso” (e.g., the overall program climate; Veilleux et al., 
2012) and “macro” (e.g., national competition for faculty 
research positions; Alberts et al., 2014) contexts. Similarly, 
while we studied supports at the personal level (with the 
MSPSS) and the advisor–advisee level (with the AWAI), future 
research should examine the differential impacts of support at 
other levels (e.g., lab group, department, graduate school, insti-
tution-wide) on mental health outcomes. Additionally, other 
personal resources—such as resilience (Steinhardt and Dolbier, 
2008), optimism (Kleiman et al., 2017), and autonomy (Deci 
and Ryan, 1987; Evans and Boucher, 2015; Kusurkar and 
Croiset, 2015)—may contribute significantly to student well-be-
ing. These additional, unmeasured factors may account for 
some of the unexplained variance in the stress process media-
tion models and may represent future avenues of study.

As we improve our understanding of the prevalence, 
antecedents, and consequences of mental health problems in 
doctoral students, administrators in graduate programs across 
the country are likely to be poised to respond to these issues. 
However, given the current dearth of high-quality interventions 
research, they may lack clarity on how to use their limited 
resources in doing so. Our study represents a first step in provid-
ing such guidance, and we hope to encourage further study in 
this area for the sake of future scientists.
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