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a b s t r a c t
Objective: We sought to prospectively determine whether the onset of internship stress and any subsequent
depression alters physiological markers of early vascular disease
Methods: We explored potential mechanisms linking stress and depression to vascular disease in a prospective
cohort of 37 participants exposed to medical internship stress, an established precipitant of depressive
symptomatology.
Results: Change in depressive symptom score from baseline over one year of internship stress was inversely
correlated with change in the reactive hyperemia index (RHI), a measure of peripheral endothelial function
(r = 0.41, p = 0.01). The change in depressive symptoms in the ﬁrst six months of internship was similarly
related to change in RHI over one year (r = 0.38, p = 0.02). While the development of depressive symptoms
did not signiﬁcantly impact changes in endothelial progenitor cells (EPCs), EPCs did signiﬁcantly decrease with
the year of internship stress (11.9 to 3.4 cells/ml blood; p = 0.01).
Conclusion: Endothelial function may be a critical link between stress, depression, and cardiovascular disease and
a feasible surrogate outcome for prospective studies.
© 2015 Elsevier Inc. All rights reserved.

Introduction
Depression has been consistently linked with up to a two-fold
greater risk of cardiovascular morbidity and mortality [1,2]. This large
association between depression and heart disease has been replicated
in representative samples worldwide [1] and independent of a variety
of confounding variables [3]. The development and persistence of
depressive symptoms have even been purported to exert adverse
vascular effects [4].
Understanding the mechanisms linking depressive symptomatology
and cardiovascular function holds promise for reducing this excess morbidity and mortality. Animal models of stress and depression have demonstrated related impairments in endothelial function [5,6]. Endothelial
dysfunction precedes the development of atherosclerotic lesions and
thus represents an important intermediate phenotype for the study of
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physiological mechanisms contributing to cardiovascular disease. Depression has been associated with impaired endothelial function and
lower levels of endothelial progenitor cells (EPCs) [7–15]. All but one
of these studies utilized cross-sectional designs, with the sole exception
following a high risk cohort based on family history [7]. Prospective
study is essential to establish a temporal relationship between
change in depressive symptomatology and vascular outcomes. We
sought to study the relationship between depressive symptoms
and changes in cardiovascular function in those at risk due to environmental stress.
Medical internship, the ﬁrst year of professional medical training,
represents a unique situation where we can accurately predict a dramatic increase in stress. The Intern Health Study is a prospective cohort
study that follows medical trainees from the low stress period prior to
internship through the stressful internship year. In early cohorts of the
project, we found that rates of depression increased from 4% before internship to 25% during internship [16]. Here, using medical internship
as a model, we seek to determine whether the onset of internship stress
and any subsequent depression alters physiological markers of early
vascular disease: EPCs and endothelial function.
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Methods
Sample
We recruited medical interns who were participating in the Intern
Health Study, a prospective cohort designed to assess predictors for
the development of depressive symptoms during internship, which
has been described in detail elsewhere [16,17]. Fifty-three study participants who graduated from the University of Michigan and University of
Iowa medical schools in 2012 and 2013, and matched to stay at these
institutions for internship were invited to take part in this arm of the
Intern Health Study, designed to assess vascular function, with 37
choosing to participate (70% participation rate). The study was
approved by the University of Michigan and the University of Iowa
Institutional Review Boards and all persons participating in this study
arm provided written informed consent.
Outcome assessment
Depressive symptoms were measured using the 9-item self-report
Patient Health Questionnaire (PHQ-9), at baseline under lower stress
conditions and then at 3-month intervals during the stressful internship
year [18]. A PHQ-9 score N 10 has good sensitivity and speciﬁcity for a
diagnosis of major depressive disorder [16]. Endothelial function
was assessed non-invasively, with participants seated, using ﬁnger
plethysmography with the EndoPAT2000 (Itamar Medical, Caesarea,
Israel). A reactive hyperemia index (RHI), which is predictive of
subsequent cardiovascular events [19], was determined by assessing
vasodilation following a 5-minute occlusion of the brachial artery and
comparing pulse-wave readings through pneumatic ﬁnger probes before and after occlusion relative to an unoccluded control arm. To measure EPCs, ﬂow cytometry was utilized to count CD34+ and CD133+
labeled cells in the peripheral blood cells using established methods
[8]. A decrease in EPCs has been linked to an impaired ability to repair
arteries and increased risk of myocardial infarctions and strokes [20].
Endothelial function and EPCs were assessed at baseline and 12 months.

Table 1
Demographic characteristics of study participants.
Variable

Full sample (%)

Female (%)

Male (%)

Gender
Age, y
≤25
26–30
31–35
N36
Married/engaged
Yes
No
Family history of depression
Yes
No
Medical specialty
Internal medicine
Other
Pediatrics
Emergency medicine
Transitional year
Internal medicine/pediatrics
Baseline PHQ
Mean internship PHQ

37

14 (37.8)

23 (62.2)

7 (18.9)
27 (73.0)
2 (5.4)
1 (2.7)

2 (14.3)
12 (85.7)
0 (0.0)
0 (0.0)

5 (21.7)
15 (65.3)
2 (8.6)
1 (4.3)

9 (24.4)
28 (75.6)

4 (28.6)
10 (71.4)

5 (21.7)
18 (78.3)

20 (54.1)
17 (45.9)

8 (57.1)
6 (42.9)

12 (52.2)
11 (47.8)

9 (24.4)
15 (40.5)
7 (18.9)
2 (5.4)
2 (5.4)
2 (5.4)
1.92
4.39

2 (14.3)
6 (42.9)
4 (28.6)
0 (0.0)
1 (7.4)
1 (7.4)
2.29
4.82

7 (30.4)
9 (39.1)
3 (13.0)
2 (8.6)
1 (4.3)
1 (4.3)
1.70
4.11

internal medicine (38%) and pediatrics (16%). Mean PHQ-9 score increased from a mean
of 2.2 before internship to 4.7 during internship (p b 0.001). No participants met PHQ-9
criteria for depression (PHQ-9N10) at baseline, while 26% met criteria at least once during
internship.
Over the course of internship, RHI did not change signiﬁcantly (pre-internship stress
RHI 1.81, post-internship stress RHI 2.00, p = 0.16, where an RHI b 1.67 is indicative of endothelial dysfunction) and baseline RHI did not predict depression during internship (p =
0.96). Change in depressive symptoms was strongly and inversely correlated with change
in RHI (r = −0.41, p = 0.01) (Fig. 1). Changes in depression preceding the endothelial
function assessment (baseline to 6 months) were similarly related to change in RHI over
the intern year (baseline to 12 months) (r = −0.38, p = 0.02). EPC levels dramatically decreased during internship from 11.9 cells/ml blood to 3.4 cells/ml blood (t = 2.60, p =
0.01). The change in depression scores under internship stress was not signiﬁcantly related to the change in EPC levels (p = 0.96). Estimates were not substantively altered in multivariate models controlling for age and sex.

Statistical analysis

Discussion

SPSS Version 21 (IBM Corp., Armonk, NY) was used for the analysis reported herein. The distribution of the variables of interest was examined
using histograms (PHQ-9, RHI, EPC) and tested for any deviation from
normality using the Kolmogorov–Smirnov test. Depressive symptoms
were treated as a continuous variable for all analyses. We also report
the proportion of participants with a PHQ-9 N 10 to provide an estimate
the proportion of participants likely to have developed major depressive
disorder. Paired t-tests were utilized to assess for signiﬁcant changes in
depressive symptom score, RHI, and EPCs from the baseline to the internship time points. Change in depressive symptoms was calculated by taking the average of the PHQ-9 scores at 3-, 6-, 9-, and 12-months and
subtracting this from the baseline PHQ-9. Two subjects did not complete
within-internship PHQ-9 assessments and could not be included in analyses involving depressive symptom change. Pearson's correlation was
used to examine the relationship between change in depressive symptoms, as measured by the PHQ-9, and changes in RHI and EPC levels.
The relationship between RHI change and mean PHQ-9 change was
graphed using SigmaPlot (Cystat Software, San Jose, CA). To clarify temporality, the relationship between change in depression scores from baseline
to 6 months and change in RHI from baseline to 12 months was assessed.
In a sensitivity analysis to assess for potential confounding, linear regression models which adjusted for age and sex were performed.

Our ﬁnding of a temporal relationship between depression and
endothelial dysfunction in a healthy, young cohort provides further

Results
Sociodemographic and clinical characteristics of the sample are highlighted in Table 1.
The sample included 14 women and 23 men pursuing training in a range of medical
specialties with a mean age of 27.0 years. The most common specialties pursued were

Fig. 1. Depression worsens endothelial function. This scatterplot (N = 37) demonstrates
the relationship between change in depressive symtpoms from baseline to the mean
depressive symptoms score across the 3, 6, 9, and 12 month timepoints, as measured by
the PHQ-9, and the observed changes in endothelial function, based on the Reactive
Hyperemia Index (RHI), from baseline to 12 months. Participants with the greatest increases in depressive symptoms, as measured by the PHQ-9, had the greatest decreases
in endothelial function as quantiﬁed by the RHI (r = 0.41, p = 0.01). Female participants
are indicated with open circles and male participants with closed circles.
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evidence of a causal relationship between depression and cardiovascular health, suggesting that vascular dysfunction may be a key link.
Although there have been several case–control studies supporting a relationship between mood disorders and vascular function, there has
been limited prospective study to establish temporality. In one prospective study of adolescent and young adult females with a family history of
mood disorders, Tomfohr et al. similarly found an inverse relationship
between depression and subsequent endothelial functioning [7]. Our
cohort was at risk of depression due to occupational stress rather than
family history and yielded similar ﬁndings, suggesting that the temporal
relationship between depression and vasculopathy may be generalizable. We also demonstrated that internship stress, inferred from changes observed over the course of internship, independent of depression,
was associated with substantial decreases in EPCs, which play a role in
vessel repair and regeneration and whose decline may be an early harbinger of vascular disease [21]. EPC levels may be affected earlier in the
progression from stress to vascular disease than endothelial function
and lower levels of EPCs may impede recovery from any vascular insults.
If this hypothesis is correct, we would predict that longer term prospective study of similar intensity stressors would lead to corresponding
decreases in endothelial function with stress, regardless of depressive
symptoms.
Limitations of the current study primarily involve the small samples
size. We had a relatively high participation rate for a study involving
physicians and the sample was representative of the larger cohort,
even demonstrating a nearly identical proportion with signiﬁcant
depressive symptoms based on the PHQ-9 threshold [16]. The sample
size also precluded any assessment of potential mediators or moderators, such as diet or inﬂammation, and limited the ability to assess
confounding although the prospective design allowed individual participants to serve as their own matched control and improved statistical
efﬁciency. Three or more assessments of RHI would have allowed a
more reﬁned assessment of the temporal relationship between depression and this outcome and more deﬁnitely determine the causal
relationship between the two variables. The generalizability of these
ﬁndings to those who develop depressive symptoms due to
other stressors or at other ages invites further investigation of this
phenomenon.
This study prospectively demonstrates that the development of
depression exerts physiological effects on vascular function in young
adults with severe occupational stress. Such physiological effects could
explain the dose–response between depressive symptom burden and
vascular outcomes [22,23]. The neurobiological underpinnings of depression may most plausibly mediate any such vascular effects through
alterations in the hypothalamic–pituitary–adrenal axis, the autonomic
nervous system, and inﬂammation. Further prospective studies, with
repeated assessments, will be critical to identify the most clinically
relevant mediators of depression on endothelial function and potential
targets for intervention. Moderators such as sex may also be examined.
The results reported herein would suggest that one year of follow-up
may provide an adequate timeline to reliably characterize such relationships, in the setting of a sustained, chronic stressor such as medical
internship.
Acknowledgments
The authors thank Srilakshmi Yalavarthi, M.S. who completed the
EPC experiments. We are grateful to interns who participated in
the study. Funding was provided by the NIMH (R01 MH101459,
K23 MH095109) and the Michigan Institute for Clinical and Health
Research (UL1RR024986). Dr. Fiedorowicz is funded by the NIMH

3

(K23 MH083695) and the NHLBI (P01HL014388). Dr. Ellingrod is also
funded by the NIMH (R01 MH082784). These funding organizations
played no role in the design and conduct of the study, collection, management, analysis, and interpretation of the data, preparation and review of the manuscript or the decision to submit the manuscript for
publication. This article was prepared while Dr. Kaplan was employed
at the University of Michigan. The opinions expressed in this article
are the author's own and do not reﬂect the view of the National
Institutes of Health, the Department of Health and Human Services, or
the United States government.

References
[1] Ormel J, Von Korff M, Burger H, Scott K, Demyttenaere K, Huang YQ, et al. Mental
disorders among persons with heart disease—results from World Mental Health
surveys. Gen Hosp Psychiatry 2007;29:325–34.
[2] Osby U, Brandt L, Correia N, Ekbom A, Sparen P. Excess mortality in bipolar and
unipolar disorder in Sweden. Arch Gen Psychiatry 2001;58:844–50.
[3] Fiedorowicz JG, He J, Merikangas KR. The association between mood and anxiety
disorders with vascular diseases and risk factors in a nationally representative
sample. J Psychosom Res 2011;70:145–54.
[4] Fiedorowicz JG. Depression and cardiovascular disease: an update on how course of
illness may inﬂuence risk. Curr Psychiatry Rep 2014;16:492.
[5] Stanley SC, Brooks SD, Butcher JT, d'Audiffret AC, Frisbee SJ, Frisbee JC. Protective
effect of sex on chronic stress- and depressive behavior-induced vascular dysfunction in BALB/cJ mice. J Appl Physiol 2014;117:959–70.
[6] Bouzinova EV, Norregaard R, Boedtkjer DM, Razgovorova IA, Moeller AM,
Kudryavtseva O, et al. Association between endothelial dysfunction and
depression-like symptoms in chronic mild stress model of depression. Psychosom
Med 2014;76:268–76.
[7] Tomfohr LM, Murphy ML, Miller GE, Puterman E. Multiwave associations between
depressive symptoms and endothelial function in adolescent and young adult
females. Psychosom Med 2011;73:456–61.
[8] Dome P, Teleki Z, Rihmer Z, Peter L, Dobos J, Kenessey I, et al. Circulating endothelial
progenitor cells and depression: a possible novel link between heart and soul. Mol
Psychiatry 2009;14:523–31.
[9] Harris KF, Matthews KA, Sutton-Tyrrell K, Kuller LH. Associations between psychological traits and endothelial function in postmenopausal women. Psychosom Med
2003;65:402–9.
[10] Sherwood A, Hinderliter AL, Watkins LL, Waugh RA, Blumenthal JA. Impaired endothelial function in coronary heart disease patients with depressive symptomatology.
J Am Coll Cardiol 2005;46:656–9.
[11] Pizzi C, Manzoli L, Mancini S, Costa GM. Analysis of potential predictors of
depression among coronary heart disease risk factors including heart rate
variability, markers of inﬂammation, and endothelial function. Eur Heart J 2008;
29:1110–7.
[12] Cooper DC, Milic MS, Tafur JR, Mills PJ, Bardwell WA, Ziegler MG, et al. Adverse
impact of mood on ﬂow-mediated dilation. Psychosom Med 2010;72:122–7.
[13] Chen H, Zhang L, Zhang M, Song X, Zhang H, Liu Y, et al. Relationship of depression,
stress and endothelial function in stable angina patients. Physiol Behav 2013;118:
152–8.
[14] Tomfohr LM, Martin TM, Miller GE. Symptoms of depression and impaired endothelial function in healthy adolescent women. J Behav Med 2008;31:137–43.
[15] Osika W, Montgomery SM, Dangardt F, Wahrborg P, Gan LM, Tideman E, et al. Anger,
depression and anxiety associated with endothelial function in childhood and
adolescence. Arch Dis Child 2011;96:38–43.
[16] Sen S, Kranzler HR, Krystal JH, Speller H, Chan G, Gelernter J, et al. A prospective
cohort study investigating factors associated with depression during medical
internship. Arch Gen Psychiatry 2010;67:557–65.
[17] Grant F, Guille C, Sen S. Well-being and the risk of depression under stress. PLoS ONE
2013;8 [e67395].
[18] Spitzer RL, Kroenke K, Williams JB. Validation and utility of a self-report version of
PRIME-MD: the PHQ primary care study. Primary Care Evaluation of Mental
Disorders. Patient Health Questionnaire. JAMA 1999;282:1737–44.
[19] Rubinshtein R, Kuvin JT, Sofﬂer M, Lennon RJ, Lavi S, Nelson RE, et al. Assessment of
endothelial function by non-invasive peripheral arterial tonometry predicts late
cardiovascular adverse events. Eur Heart J 2010;31:1142–8.
[20] Shantsila E, Watson T, Lip GY. Endothelial progenitor cells in cardiovascular
disorders. J Am Coll Cardiol 2007;49:741–52.
[21] Yoder MC. Human endothelial progenitor cells. Cold Spring Harb Perspect Med
2012;2 [a006692].
[22] Fiedorowicz JG, Jancic D, Potash JB, Butcher B, Coryell WH. Vascular mortality in
participants of a bipolar genomics study. Psychosomatics 2014;55:485–90.
[23] Sodhi SK, Linder J, Chenard CA, Miller del D, Haynes WG, Fiedorowicz JG. Evidence
for accelerated vascular aging in bipolar disorder. J Psychosom Res 2012;73:175–9.

Please cite this article as: Fiedorowicz JG, et al, The development of depressive symptoms during medical internship stress predicts worsening
vascular function, J Psychosom Res (2015), http://dx.doi.org/10.1016/j.jpsychores.2015.06.004

