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Abstract
Objective—Impairment in cardiac parasympathetic (vagal) control may confer risk for cardiac
mortality in depressed populations. We evaluated the impact of acute stress and relationship-
focused imagery on cardiac vagal control, as indicated by levels of respiratory sinus arrhythmia
(RSA), in depressed and non-depressed women.

Methods—EKG and respiration rate were evaluated in 15 non-medicated depressed women and
15 matched controls during two laboratory conditions: (1) a relationship-focused imagery
designed to elicit vagal activation, and (2) a speech stressor designed to evoke vagal withdrawal.

Results—As expected, the relationship-focused imagery increased RSA [F(3,66)=3.79, p=.02]
and the speech stressor decreased RSA [F(3,66)=4.36, p=.02] across women. Depressed women
exhibited lower RSA during the relationship-focused imagery, and this effect remained following
control for respiratory rate and trauma history [F(1,21)=5.65, p=.027]. Depressed women with a
trauma history exhibited the lowest RSA during the stress condition [F(1,22)=9.61, p=.05].
However, after controlling for respiratory rate, Trauma History × Task Order (p=.02) but not
Trauma History × Depression Group (p=.12) accounted for RSA variation during the stress
condition.

Conclusion—Depression in women is associated with lower RSA, particularly when women
reflect on a close love relationship, a context expected to elicit vagal activation and hence increase
RSA. In contrast, depression-related variation in stressor-evoked vagal activity appears to covary
with women's trauma history. Associations between vagal activity and depression are complex,
and should be considered in view of the experimental conditions under which vagal control is
assessed, as well as physiological and behavioral factors that may affect vagal function.
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INTRODUCTION
Depression is associated with multiple indicators of physiological dysregulation, including
potentially diminished levels of cardiac vagal control [1]. Of clinical relevance, impaired
cardiac vagal control represents one of several autonomic mechanisms that putatively
increases risk for cardiac mortality among depressed populations [2–4]. Anatomically, the
myocardium is dually innervated by sympathetic and parasympathetic branches of the
autonomic nervous system. Functionally, parasympathetic inputs provide constant, though
fluctuating, inhibitory control of heart rate via direct innervation of the heart by the vagus
nerve. The vagus nerve terminates on the sinoatrial node of the heart, considered the heart’s
pacemaker. Often referred to as the vagal brake, cardiac control via the vagus nerve acts to
slow heart rate to favor energy conservation and parasympathetic dominance during times of
rest or perceived safety [5]. Alternately, the vagal brake can be rapidly withdrawn to allow
for greater sympathetic dominance during times of perceived threat or stress [6–7].

Notably, collateral branches of the vagus nerve also terminate on the soft palate, pharynx,
larynx, esophagus, and facial muscles. These areas are known for their role in emotional
expressiveness and social communication, which similarly tend to be dysregulated or
impaired among depressed individuals. According to his Polyvagal Theory, Porges posits
that the evolution of vagal pathways enabled mammals to flexibly employ behavioral
responses that allowed for social affiliation via vagal modulation of sympathetic fight-or-
flight responses and facilitation of emotional expression and social communication [5]. The
vagal system is thought to facilitate flexible adaptation to changing environmental demands
by rapidly shifting autonomic activity in response to environmental cues that elicit
relaxation and social affiliation (e.g., relative parasympathetic dominance via the vagal
brake) versus fight-or-flight responses to environmental threats (e.g., relative sympathetic
dominance via vagal withdrawal). Thus, the vagal system may play a role in concurrent
emotional, social, and cardiac-hemodynamic regulation. By extension, the common patterns
of emotional, social and cardiac-hemodynamic dysregulation observed in patients with
major depressive disorder (MDD) may be associated with impaired vagal control
mechanisms.

Indirect indicators of cardiac vagal control such as respiratory sinus arrhythmia (RSA) can
be quantified from continuous EKG signals using spectral analyses and related procedures.
Because vagally-mediated parasympathetic effects on heart rate occur rapidly (in
milliseconds), changes in heart rate that occur in the high-frequency range of heart rate
variability (0.15–0.50 Hz) are typically used to index RSA [8]. Notably, low RSA levels
have been associated with features of emotional dysregulation, cardiac risk, and social
dysfunction that commonly accompany MDD. For example, lower RSA levels are
associated with: (1) greater symptoms of depression and anxiety [1, 9–11]; (2) elevated risk
for cardiovascular disease and mortality [3–4, 12]; and (3) diminished social functioning or
being unmarried, alone or socially isolated [13–16].

Given the patterns of emotional dysregulation, cardiovascular risk, and social dysfunction
exhibited among clinically depressed individuals, it is reasonable to speculate that vagal
modulation may be compromised in MDD. In a meta-analysis of 13 studies including 312
depressed individuals and 374 non-depressed individuals, Rottenberg [1] found that
depression covaried with a reduction in cardiac vagal control; however, the overall effect
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size for depression across the studies was in the small-to-medium range (d = 0.332). This
modest effect size reflects the mixed nature of study findings, including reports of lower
levels of RSA among depressed samples as compared with controls [17–19], as well as no
differences in RSA levels between depressed and non-depressed groups [20–22].

Such mixed findings may stem from a variety of variables that can obscure detectable
relationships between depression and RSA. One critical variable is the impact of
antidepressant medications, which may suppress cardiac vagal control [23–24]. Given that
most studies of cardiac vagal control among clinically depressed individuals include some
individuals taking antidepressants, at least some of the relationship between depression and
diminished RSA may be attributed not to the depressive state per se, but to antidepressant
medications. Indeed, in a report evaluating CVD risk factors in 2,373 adults in Sweden,
Licht et al [24] found that depressed individuals who were taking tricyclics, selective
serotonin reuptake inhibitors or other antidepressants had significantly reduced RSA levels;
moreover, the relationship between MDD history and reduced RSA was appreciably
attenuated following control for psychotropic medication use.

Other modifying factors include gender, respiratory influences on RSA, prior experience of
trauma, and the laboratory or social contexts in which RSA is measured. For instance, two
studies have pointed to potential differences in RSA observed in male versus female
depressed patients [10, 25]. In aggregate, however, most previous studies have included a
mix of males and females, with sample sizes too modest to evaluate or control for potential
gender differences or interactions that may influence RSA outcomes. In addition to gender,
an ongoing controversy also persists with regard to the need to control for respiratory
variables when employing RSA as a marker of cardiac vagal control. At rest, RSA
magnitude inversely relates to respiration rate. Moreover, changes in respiration rate are not
uncommon when individuals engage in laboratory-based tasks. Using pharmacological
autonomic blockades to evaluate the degree of covariation among RSA, respiratory
parameters and vagal tone, Grossman and colleagues demonstrated that changes in RSA
observed in response to mental tasks may be more closely related to task-induced changes in
respiration rate than to changes in cardiac vagal tone per se [26–27]. Thus, respiratory
changes that occur in response to laboratory-based tasks may confound the relationship
between observed RSA and cardiac vagal control. As such, Grossman and Taylor [27] noted
that “it was only when respiratory variables were statistically controlled (using a within-
individual regression approach) that there was a clearly improved but still imperfect
association between RSA and vagal tone” (p. 266). Despite the important contributions of
respiration rate, surprisingly few published RSA studies control for respiratory factors using
a within-subject regression approach, particularly in depressed individuals.

It is also surprising that no previous research has attempted to evaluate whether diminished
RSA levels among depressed populations relates to subjects’ lifetime trauma history. Indeed,
it is well established that traumatic experiences are disproportionately reported by depressed
individuals. Moreover, exposure to lifetime trauma can have lasting effects on limbic brain
systems that govern autonomic outflow [28]. Further, preliminary reports have shown
reduced resting RSA levels in patients with post-traumatic stress disorder (PTSD) relative to
controls [29–31]. Hence, because lower RSA in depressed samples may relate to elevated
trauma exposure in this group, we sought to explore whether depression-related reductions
in RSA could be accounted for by lifetime trauma history.

A final, yet important issue includes consideration of the social context in which RSA level
or task-related RSA changes are evaluated. The Polyvagal Theory emphasizes the adaptive
sensitivity of the vagal system to changing social or environmental demands, including cues
related to environmental threat or stress (associated with vagal withdrawal or sympathetic
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dominance), as well as cues signaling safety or social engagement (associated with
activation of the vagal brake or parasympathetic dominance). However, with the exception
of laboratory-based stress tasks, few (if any) studies have examined or manipulated social
factors when evaluating RSA levels or RSA changes observed across depressed and non-
depressed groups.

Accordingly, the current study compared RSA level and RSA changes in clinically
depressed women and matched controls. A secondary study aim was to address
methodological issues identified in prior evaluations of RSA in depressed populations. To
this end, we studied only medically healthy women free of antidepressant medications for at
least 4 weeks prior to assessment. In this way we controlled for (but did not directly test) the
potential impact of gender and antidepressant medication use on RSA. In addition, we
assessed and tested the impact of respiratory rate and lifetime trauma history on RSA
outcomes. As part of the study, women completed (1) a speech stress task designed to
invoke cardiac vagal withdrawal, and (2) a relationship-focused imagery task, designed to
invoke a behavioral state of social warmth or comfort and vagal activation. We hypothesized
that depressed women – and particularly depressed women with a lifetime trauma history –
would display lower levels of RSA during the stress task as compared with non-depressed
controls. In addition, we explored depression group differences in RSA levels evaluated
over the course of the relationship-focused imagery task, and evaluated whether any
observed group differences in RSA would persist following control for respiration rate.

METHODS
Recruitment and Screening Procedures

Recruitment—Women aged 20–40 years were recruited to participate in a study of
peripheral oxytocin release in depressed and non-depressed women [32]. Because EKG
assessments were added later to the parent study, a sub-sample of 15 depressed subjects and
15 controls recruited between June 2003 and October 2005 contributed EKG data to this
report. Depressed women aged 20–40 were recruited from a sample of depressed adults
undergoing screening for inclusion within depression treatment protocols conducted by the
Depression and Manic-Depression Prevention Program at the Western Psychiatric Institute
and Clinic (WPIC). Thus, the depressed sample included in the current study was drawn
from a treatment-seeking group of depressed outpatients. All depressed subjects were
required to be medically healthy, and to be free of antidepressant medications for at least 4
weeks prior to assessment (patients being tapered from antidepressant treatments were not
eligible). Never-depressed women were recruited from local advertisements, and matched to
the depressed sample based on race and age (within 3 years). Interested women were
screened by phone for basic study eligibility. Informed consent was obtained before in-clinic
screening procedures and laboratory participation. All procedures were reviewed and
approved by the University of Pittsburgh institutional review board.

Psychiatric Screening—Depressed women were required to meet criteria for current
MDD of at least moderate severity, as documented by a Structured Clinical Interview for
Axis I DSM-IV Disorders (SCID) [33] diagnosis and a 17-item Hamilton Rating Scale for
Depression (HRSD) [34] score of 14 or more at initial evaluation. Women with a lifetime
history of manic episodes or psychosis, those with a current diagnosis of bulimia or anorexia
nervosa, and those meeting criteria for drug or alcohol abuse or dependence in the past 3
months were excluded. Non-depressed participants did not meet criteria for any current or
lifetime Axis I mood or anxiety disorder.
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Medical Screening—All subjects provided medical history information, as well as blood
samples for complete blood count and serum pregnancy screening within one month of
participation. Subjects who were anemic, pregnant, or taking anti-depressant medications
were excluded, as were those who reported (or displayed evidence of) unstable medical
illness. Women who had a hysterectomy/oophorectomy, took estrogen replacement therapy,
were lactating or less than 6 months postpartum, or who reported significant gynecological
problems were also excluded.

Laboratory Testing Procedures
Participants underwent laboratory testing procedures in the Clinical Neuroscience Research
Center (CNRC) at the Western Psychiatric Institute and Clinic. Testing sessions were
scheduled during the follicular phase of the menstrual cycle, based on self-reported bleeding
patterns. All laboratory sessions began at approximately 2:00 pm. Participants were asked to
abstain from alcohol for 48 hours prior to participation, and to abstain from eating, drinking
caffeinated beverages, and smoking after 12:30 pm on the day of testing.

Participants were situated in a comfortable chair, and were instrumented with three
disposable spot electrodes placed in a 3-lead configuration for assessment of
electrocardiographic (EKG) signal. In addition, a strain gauge was secured around the lower
chest for assessment of respiration rate. Both EKG and respiration were captured using the
BioLog system (BioLog model 3992, UFI, Morro Bay CA). Following instrumentation,
subjects engaged in a 25-minute habituation period followed by two, one-hour laboratory
conditions: a speech stress condition and a relationship-focused imagery condition. In the
speech stress condition, participants were given two minutes to prepare a speech defending
themselves against a hypothetical shoplifting charge, followed by four minutes of
videotaped speech delivery. The relationship-focused imagery included a guided imagery
task developed to elicit feelings of love or infatuation. This task represented a modified
version of Ekman’s Relived Emotions Task [35] in which subjects imagined and relived in
their memory a past experience in which they felt strong feelings of love or infatuation.

Each laboratory condition took one hour and included three assessment periods: a 20-minute
resting baseline period; a 10-minute task period (in which participants completed the speech
stress task or guided imagery task); and a 30-minute recovery period. Participants rested
quietly without distraction during both baseline and recovery periods, and were given a 20-
minute break between the two hour-long tasks. Task order was counterbalanced across
participants. Participants completed self-report assessments of trauma history following the
laboratory task procedures.

Measures
Respiratory Sinus Arrhythmia (RSA)—RSA was assessed via EKG signal sampled
continuously at 1000 Hz. RSA was calculated using MindWare HRV 2.16 Software
(MindWare Technologies, Ltd., Gahanna, OH). R-wave markers in the EKG signal were
evaluated for artifacts by visual inspection and by the MAD/MED artifact detection
algorithm [36] implemented in MindWare. Suspected artifacts were corrected manually (less
than 1% of all R-waves in past work have needed correction). Spectral-power values were
determined (in ms2/Hz) for 1-minute time intervals with fast Fourier transformations, and
the power values in the 0.15–0.50 Hz spectral bandwidth were integrated (ms2) as the
indicator of RSA for each one-minute epoch. RSA values for one-minute epochs obtained
during each task period were averaged to provide mean RSA levels for each Period.
Baseline RSA was evaluated over a 10-minute period (minutes 6–15 of the initial resting
baseline). Because speaking may be associated with both breathing changes and movement
artifacts, RSA levels for the speech task were obtained during the 2-minute speech
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preparation period (i.e., prior to speech initiation). RSA for the imagery task was evaluated
over the 4-minute guided imagery task. Finally, RSA during the first 20 minutes of the post-
task recovery period was evaluated in two 10-minute segments (defined as Recovery 1 and
Recovery 2). Finally, numbered Biolog-based time markers were inserted into EKG data
sets obtained during each laboratory session, to ensure accurate capture of each EKG
assessment period.

Respiration Rate—Number of breaths per minute was calculated from continuous strain
gauge data sample at 5 Hz using the Biolog system. Breaths per minute were calculated by
summing visually-identified respiratory peaks over each of the 1-minute epochs during
which RSA was evaluated.

Psychosocial Assessment—Current levels of depressive and anxiety symptoms were
assessed using the observer-rated 17-item Hamilton Rating Scale for Depression (HRSD;
41), the self-reported 21-item Beck Depression Inventory (BDI) [37], and the self-reported
21-item Beck Anxiety Inventory (BAI) [38]. These instruments evaluate symptoms of
depression or anxiety experienced over the past week. Subjects’ lifetime history of trauma
was evaluated with the Trauma History Questionnaire [39]. This 24-item self-report
questionnaire assesses the lifetime occurrence of a variety of traumatic events falling into
one of three general categories: crime, general disaster/trauma, and sexual and physical
assault experiences. Because of the skewed nature of the distribution in the number of
lifetime traumatic events endorsed by study subjects, a median split was used to dichotomize
subjects into those with low (0–2 events) versus high (> 2 events) levels of lifetime trauma.

Analysis Plan
Statistical models evaluated the effect of study Group (depressed versus non-depressed) and
lifetime Trauma History (high versus low trauma history) within separate 2 (Group) X 2
(Trauma History) × 2 (Task Order) repeated measures ANOVAs for RSA outcomes
obtained during the baseline, task, and recovery periods of the 1-hour speech stress
condition and the 1-hour relationship imagery condition. Greenhouse-Geisser corrections
were utilized for all reported ANOVA results. To investigate whether obtained Trauma
History effects were driven by a history of post-traumatic stress disorder (PTSD), post-hoc
analyses were conducted eliminating patients with a current or lifetime history of this Axis I
anxiety disorder (n=2).

The above analyses were repeated in models controlling respiration, using methods
advocated by Grossman and colleagues [26–27] to control for the impact that within-subject
respiration rate fluctuations may have on RSA. Specifically, we utilized within-subject
linear regression models to calculate standardized residual scores representing the variance
in RSA level for each 1-minute epoch that could not be attributed to within-subject
fluctuations in respiration rate for the same 1-minute epoch. We then reran study models
using each subject’s standardized residual scores as an index of RSA fluctuations that are
independent of the potential impact of respiratory rate changes.

RESULTS
Clinical and Demographic Characteristics

The sample consisted of predominantly young (mean age = 29.83 years, SD = 5.95), white
(86.6%) women. The depressed and non-depressed groups did not significantly differ on
age, race, education or body-mass index (BMI). Not surprisingly, the depressed group
displayed significantly more depressive symptoms based on self-reported BDI scores and
observer-rated HRSD scores. The depressed group also reported significantly greater levels
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of self-reported anxiety symptoms based on BAI scores (see Table 1), with the modal
subject meeting criteria for at least one comorbid anxiety disorder. The most commonly
observed anxiety comorbidities included: generalized anxiety disorder (GAD; 11 subjects),
social phobia (5 subjects) and specific phobia (4 subjects), followed by panic disorder (2
subjects), post-traumatic stress disorder (PTSD; 2 subjects) and agoraphobia without a
history of panic (1 subject). In contrast, none of the non-depressed controls met criteria for
an anxiety disorder. Notably, the depressed and non-depressed groups did not differ in the
proportion of subjects falling into the high lifetime trauma category (53.3% of depressed vs
40% of non-depressed women). See Table 1 for further detail.

RSA Observed During the Speech Stress Condition
Model Predicting Non-Adjusted RSA Levels—Results of a 2 (Group) × 2 (Trauma
History) × 2 (Task Order) analysis indicated a significant effect of Period [F(3,66)=4.36, p=.
02, partial eta squared= .17] and a marginally significant Group × Trauma History
interaction [F(1,22)=9.61, p=.05, partial eta squared=.16]. The Period effect represented a
withdrawal of cardiac vagal control during the stress task, followed by post-task recovery
(see Figure 1). As hypothesized, depressed women with a high lifetime trauma history
tended to display the lowest average RSA levels over the course of the 1-hour stress session
(see Figure 2). No other within- or between-subjects effects were significant. Notably, these
study findings were unchanged in post-hoc analyses eliminating the two depressed subjects
with a history of PTSD [Group × Trauma History interaction, F(1,20)=5.64, p=.03].

Model Predicting RSA Levels Following Control for Respiration Rate—Results
of a 2 (Group) × 2 (Trauma History) × 2 (Task Order) analysis predicting residualized RSA
scores indicated a main effect of Period [F(3, 60)=3.79, p = .04, partial eta squared=.16], a
trend-level effect of Trauma History [F(1,20)=4.05, p=.058, partial eta squared=.17], and a
Trauma History X Task Order interaction [F(1,20)=6.46, p=.02, partial eta squared=.24].
Replicating findings from the above model, a reduction in residualized RSA scores was
observed during the speech preparation period, followed by post-task recovery. In addition,
after controlling for respiration, women with low levels of lifetime trauma exhibited
significantly higher average RSA scores, but only when the Stress Task was presented first
(see Figure 3). The Group × Trauma History interaction was not, however, significant in this
model. Notably, the obtained effects were essentially unchanged in post-hoc analyses
eliminating the two depressed subjects with a history of PTSD [main effect of Trauma
History, F(1,18)=5.66, p=.03; Trauma History × Task Order interaction effect, F(1,18)=8.29,
p=.01].

RSA Observed During the Relationship Imagery Condition
Model Predicting Non-Adjusted RSA Levels—Results of a 2 (Group) × 2 (Trauma
History) × 2 (Task Order) analysis indicated a significant effect of Period [F(3,66)=3.79, p=.
02, partial eta squared=.15] and a main effect of Group [F(1,22)=5.54, p=.028, partial eta
squared=.20]. The Period effect reflected an increase in RSA from the baseline to the
imagery task, followed by a post-task RSA reduction. In addition, the depressed group
displayed significantly lower RSA levels during the 1-hour imagery task as compared with
the non-depressed group (see Figures 4 and 5).

Model Predicting RSA Levels Following Control for Respiration Rate—Results
of a 2 (Group) × 2 (Trauma History) × 2 (Task Order) analysis predicting residualized RSA
scores indicated a trend-level effect of Period [F(3,63)=2.75, p=.059, partial eta squared=.
12] and a significant effect of Group [F(1,21)=5.65, p=.027, partial eta squared=.21]. In line
with the above, after control for within-subject respiratory rate changes, residualized RSA
increased while women thought about a love relationship, followed by a post-task RSA
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decrease. Moreover, even after control for respiratory changes, the depressed women
continued to exhibit lower average RSA over the 1-hour imagery task, as compared with
their non-depressed counterparts.

DISCUSSION
Relative to non-depressed controls, physically healthy, unmedicated depressed women
displayed diminished cardiac vagal control, as indicated by reduced RSA. These study
findings are based on a carefully selected, yet relatively small group of depressed and non-
depressed women, and thus should be replicated in future research. Nevertheless, the current
study design highlights the importance of taking a nuanced approach to the assessment of
RSA in depressed samples that carefully considers both the heterogeneity of MDD, as well
as the social and experimental context in which RSA is assessed.

Exposure to adversity, trauma or stress can have lasting effects on brain systems that play a
dual role in mood and physiological regulation, particularly limbic brain systems that govern
autonomic outflow [28]. Early life trauma increases risk for major depressive disorder, and
some have argued that depressed individuals with a trauma history make up a biologically
distinguishable subtype of depression [40], which shows a differential treatment response
[41]. Thus, it is notable that during the speech stress condition, depressed women with an
elevated trauma history showed appreciably lower levels of RSA, as compared with the non-
depressed controls and depressed women with little or no trauma history (see Figure 2).
Moreover, these findings could not be accounted for by current or lifetime PTSD diagnoses
within the depressed group.

These findings further highlight the importance of subtyping depressed groups based on
trauma history, particularly in research paradigms that examine dysregulation of stress-
related autonomic responses. Notably, these results are based on a simple summary measure
of lifetime traumatic events which assessed neither the intensity nor the precise timing of
these life events. Thus, it is possible that more comprehensive trauma assessments would
better capture additional subgroup differences related to either the intensity or childhood
occurrence of traumatic events, factors that may play a significant role in the pathogenesis of
both mood and stress dysregulation along the autonomic and neuroendocrine axes [40].

As would be expected, the speech stressor evoked a withdrawal of vagal cardiac control (or
withdrawal of the vagal brake on heart rate), followed by post-stress vagal recovery (see
Figure 1). In contrast, we found an opposite effect in the relationship-focused imagery task.
Specifically, thinking about a close love relationship elicited a small increase in vagal
control across the groups (see Figure 4). While several previous studies have documented
vagal withdrawal during acute stress tasks [42–44], relatively few have reported laboratory
manipulations that increase vagal activation or control [45–47]. In this respect, it is notable
that the most robust depression group differences in RSA (that held following control for
both trauma history and respiratory parameters) were obtained in the experimental condition
designed to enhance feelings of social comfort and thus elicit vagal activation.

This latter finding is novel, and calls for greater attention to the particular conditions in
which RSA is assessed in depressed subjects and non-depressed controls – as such attention
would inform inferences regarding vagal function in depression. Porges’ polyvagal theory
posits that positive social affiliation should relate to increases in cardiac vagal control.
However, depressed individuals have long been shown to display deficits in social or
interpersonal function, including elevated levels of social isolation, decreased levels of
social support, and greater levels of relationship distress [48–50]. For these reasons,
depressed individuals may be less likely to mount enhanced cardiac vagal control during
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daily social interactions, and thus may not reap the protective cardiovascular benefits of
supportive social relationships documented in healthy samples without clinical depression.

A second advantage of evaluating RSA in the context of the relationship-imagery condition
is that within-subject respiratory fluctuations had less impact on RSA outcomes in this
laboratory condition. While we refrained from assessing RSA while subjects actively gave
their speech, respiratory fluctuations across the speech stress condition did affect RSA
outcomes. Indeed, the Trauma History × Task Order interaction obtained for respiration-
controlled RSA outcomes during the stress condition was unexpected, and may reflect
potential spill-over effects from the preceding imagery condition. Other intriguing
possibilities are that such interactions may have been driven by trauma-induced alterations
in neuroendocrine function or inflammatory activity, which have been related to both
depressive symptomatology and impaired cardiac vagal control [51]. Lacking measures of
neuroendocrine function (e.g., cortisol) and inflammation (e.g. interleukin-6), further
research including such measures and reporting both standard and respiration-controlled
RSA levels is needed to clarify this finding. In contrast, control for respiratory variables
using the same within-subject regression approach advocated by Grossman and Taylor [27]
had little to no impact on study outcomes obtained during the relationship-focused imagery
task.

It is noteworthy that we observed a high level of anxiety comorbidity in the depressed
women included in this report. Anxiety disorders represent the most common psychiatric
comorbidity observed among depressed individuals [52]. Community-based epidemiological
research indicates that nearly 60% of individuals reporting MDD in the past year also meet
criteria for one or more past-year anxiety disorders [53], and anxiety comorbidity rates are
particularly high among treatment-seeking depressed patients [54–56]. The elevated anxiety
comorbidity obtained in the current study also reflects the fact that we limited our study to
women, who report higher anxiety disorder prevalence rates relative to males. In particular,
11 of the 15 depressed women met current criteria for GAD. This finding may reflect the
often-cited overlap across MDD and GAD disorders, as well are our research group’s
decision to ignore hierarchical SCID diagnostic rules for GAD (which instructs raters not to
code GAD that occurs exclusively during MDD episodes). The level of co-occurring GAD
reported in the current sample may therefore represent an accurate reflection of the high
levels of worry and anxious rumination observed within many depressed females. Both
experimentally induced and naturally occurring worry episodes, as well as dispositional
measures of worry and generalized anxiety associated with GAD are associated with lower
levels of RSA [9, 57–59]. Unfortunately, given the small sample size and study design, the
current study was unable to disentangle whether RSA outcomes were driven by depression
per se, or by concomitant levels of anxiety or worry. Future trials that include sufficient
numbers of depressed (but non-anxious) and anxious (but non-depressed) individuals will be
needed to address this important study question.

Additional study limitations included the fact that we controlled for the potential impact of
gender and antidepressant medication use by restricting the study sample to nonmedicated
women. Thus, the current study cannot speak to potential gender differences in RSA, nor to
potential RSA differences between depressed and non-depressed men. In addition, given
recent epidemiologic data to suggest associations between antidepressant medication use
and diminished RSA [24], future experimentally-controlled research is needed to test the
impact of antidepressant medication use on RSA levels within subjects over time. Finally,
we would note that the relationship-focused imagery condition did not include an actual
social interaction, and thus does not address the direct impact of social engagement or
affiliation on RSA levels across the depressed and non-depressed groups.
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Strengths of the current work include the fact that the depressive sample was well-
characterized and relatively homogeneous in nature. The depressed group was assessed to
exclude any frank medical or cardiovascular disease, and was free of antidepressant
medications or other medications that may impact outcomes of interest. The group was
limited in both gender and age, and both RSA and respiratory parameters were rigorously
assessed across two separate laboratory conditions deigned to evaluate both vagal
withdrawal and vagal activation. By design, this investigation included a high level of
experimental control and careful sample selection. Not surprisingly (given the small sample
size), all of reported study findings were associated with large effect sizes (i.e., partial eta
squared > .14). While such effect sizes speak to the strength of our study findings, the extent
to which such findings will generalize to larger samples of depressed outpatients needs to be
tested within future research protocols. Specifically, these results should be replicated in
future research paradigms that evaluate RSA outcomes across larger and more
heterogeneous samples of trauma-relevant depressive subgroups, and in social contexts that
would be expected to promote both activation and withdrawal of cardiac vagal control.
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MDD major depressive disorder

RSA respiratory sinus arrhythmia
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Figure 1.
Main Effect of Period on RSA Levels Observed Over the Course of the Speech Stress
Condition
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Figure 2.
Average RSA Levels Observed During the 1-Hour Speech Stress Condition: Depression
Group × Trauma History Interaction
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Figure 3.
Standardized Residual RSA Scores During the 1-Hour Speech Stress Condition Following
Adjustment for Respiration: Trauma History X Task Order Interaction
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Figure 4.
RSA Levels Obtained Over the Course of the Relationship Imagery Condition
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Figure 5.
Depression Group Effect: Average RSA Levels Observed During the 1-Hour Relationship
Imagery Condition
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Table 1

Characteristics of the Study Sample

Study Group

Depressed (n = 15) Non-Depressed (n = 15)

Age in years, mean (SD) 31.77 (6.65) 27.89 (4.58)

% (N) white 86.6% (13) 86.6% (13)

BMI, mean (SD) 24.08 (2.81) 24.69 (4.34)

HRSD, mean (SD) ** 16.20 (5.43) 3.73 (2.84)

BDI, mean (SD) ** 19.36 (7.19) 2.4 (2.87)

BAI, mean (SD) ** 17.07 (10.40) 3.07 (4.38)

Proportion categorized as high trauma history 53.3% (8) 40% (6)

**
p < .001; HRSD = Hamilton Rating Scale for Depression, BDI = Beck Depression Inventory, BAI = Beck Anxiety Inventory
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