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Abstract
Objective—Low resting respiratory sinus arrhythmia (RSA) levels and blunted RSA reactivity
are thought to index impaired emotion regulation capacity. Major Depressive Disorder (MDD) has
been associated with abberant RSA reactivity and recovery to a speech stressor task relative to
healthy controls. Whether impaired RSA functioning reflects aspects of the depressed mood state
or a stable vulnerability marker for depression is unknown.

Methods—We compared resting RSA and RSA reactivity between individuals with MDD
(n=49), remitted depression (RMD, n=24), and healthy controls (n=45). ECG data were collected
during a resting baseline, a paced-breathing baseline, and two reactivity tasks (speech stressor,
cold exposure).

Results—A group by time quadratic effect emerged (F=4.36(2,109), p=.015) for RSA across
phases of the speech stressor (baseline, instruction, preparation, speech, recovery). Follow-up
analyses revealed that those with MDD uniquely exhibited blunted RSA reactivity, whereas RMD
and controls both exhibited normal task-related vagal withdrawal and post-task recovery. The
group by time interaction remained after covariation for age, sex, waist circumference, physical
activity, and respiration, but not sleep quality.

Conclusions—These results provide new evidence that abberant RSA reactivity marks features
that track the depressed state, such as poor sleep, rather than a stable trait evident among
asymtomatic persons.
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Introduction
Respiratory sinus arrhythmia (RSA) is a measure of heart rate variability that indexes the
extent to which the vagus nerve exerts parasympathetic influence on the heart (1). RSA level
and RSA fluctuation (task-related RSA changes) have been conceptualized as indexing
emotion regulation capacity and biobehavioral flexibility (2). RSA is thus an index of
autonomic flexibility, reflecting the degree to which cardiac activity is modulated to meet
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changing situational demands. Low RSA level and inappropriate context-related RSA
fluctuation are associated with dysfunction in regulatory systems and are documented in
MDD (3) and in other psychopathology (4). Findings associating MDD and resting RSA
have been somewhat mixed, with some studies finding no relationship (5-6). It is important
to examine both RSA level and RSA fluctuation as potentially distinct constructs that
independently predict health outcomes (7). Given the mixed findings for resting RSA, RSA
fluctuation may represent a more robust index of regulatory functioning.

The literature on resting RSA and depression has yet to produce a clear picture of this
relationship. A meta-analysis found that major depression was associated with lower resting
RSA relative to healthy controls, with a modest effect size (8). Low resting RSA was more
recently associated with an MDD diagnosis in a large clinical sample (N=498 MDD, 462
healthy controls)(9). In contrast, a large study of 1075 individuals with current MDD, 774
with remitted depression, and 524 controls found associations between depression (current
and remitted) and low resting RSA that were largely attribuable to antidepressant use (10),
and longitudinal designs have also found that initiation of antidepressant treatment predicted
reduced RSA 2 years later (9). In another meta-analysis, lower resting RSA was associated
with higher depression severity and with tricyclic antidepressant, but not SSRI, use (11).
Finally, other data has suggested MDD is associated with resting RSA, secondary to co-
morbid anxiety disorders (12-13), and some studies find no association between MDD and
resting RSA (5-6).

The smaller body of work on RSA fluctuation has been more consistent in demonstrating
MDD-related effects. We have observed blunted RSA fluctuation in MDD persons relative
to healthy controls during laboratory stressor tasks (14) and during intense emotional
reactions, such as crying (15). RSA fluctuation abnormalities have also been reported among
dysphoric individuals with elevated depression symptom levels (16).

The course and severity of depression have been associated with abnormal RSA levels and
fluctuation. Increases in RSA level over time have been associated with a clinically
significant response to depression treatment (17). Other studies have not observed this
pattern (18) and a meta-analytic review found that symptomatic improvement after
antidepressant treatment was not associated with increased RSA levels (19). However,
higher vagal withdrawal in response to negative emotional stimuli has predicted subsequent
recovery from depression 6 months later (3).

Importantly, low resting RSA and abnormalities in RSA fluctuation may have deleterious
physical health consequences. Several meta-analyses have demonstrated a link between
depression and increased risk for cardiovascular disease CVD morbidity and mortality
(19-21). Low RSA may be a plausible mechanisms by which depression increases risk for
CVD, as low RSA levels have been associated with increased CVD risk, more severe
symptoms, poorer prognosis, and mortality (22-25). The relationship between RSA
fluctuation and CVD is less clear because of a lack of empirical work. One study found that
greater reductions in RSA to a stress task were associated with greater subclinical signs of
CVD (26), consistent with the hypothesis that heightened cardiovascular reactivity to
psychological stressors has been proposed as a key factor in increased CVD risk (22).
Nevertheless, more recent research suggests that low cardiovacular reactivity has serious
adverse health consequences, and that moderate responses may be optimal (27). Blunted
reactivity has been associated with both depression and obesity, and each confers risk for
CVD (27), leaving open the possibility that blunted RSA fluctuation may relate to CVD risk
in some circumstances.
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Despite the potential significance of low resting RSA and abnormalities in RSA reactivity
for mental and physical health, the description of these effects in MDD is underspecified.
Perhaps most critically, it is unclear whether these RSA patterns are transient and reflect
some aspect of the depressed mood state, or whether these patterns represent a stable
vulnerability marker for depression. Heretofore researchers have rarely tested a critical
group that bears on this issue: Asymptomatic people who have a well-defined history of
depression. Consistent with state-dependence, one study of resting RSA level in remitted
depressed persons found no difference relative to controls (28). No studies, to our
knowledge, have examined RSA reactivity in remitted depression.

To comprehensively assess these issues, the present study included participants with current
depression (MDD), fully remitted depression (RMD), and healthy non-psychiatric controls.
Resting RSA levels were assessed with well-established baselines (rest, paced breathing). To
examine RSA reactivity in distinct contexts, we used a speech task, which elicits vagal
withdrawal in normative samples, as well as a cold exposure stressor known to elicit vagal
activation. We also controlled for variables known to impact RSA, including age, gender,
waist circumference, sleep quality, physical activity level, and medication use.

Method
This study was approved the the Institutional Review Board of the University of South
Florida. Data collection occurred from July 2008 to June 2010.

Participants
Recruitment and Clinical Assessment—Participants were recruited from fliers and
online postings in the Tampa Bay metropolitan area. Respondants were initially screened by
phone to determine eligibility. Screening items were based on diagnostic questions from the
Structured Clinical Interview for DSM-IV (SCID; 29). A total of 820 individuals were
screened. Of those, 271 were scheduled to complete SCID diagnostic interviews, which
were administered by clinical psychology doctoral students to determine final diagnoses for
study inclusion. A total of 240 participants completed the SCID interview session (31
individuals failed to attend their interview appointment and were unable to be rescheduled or
decided against further participation). Participants were excluded at the phone pre-screen or
SCID interview if they reported diagnosed CVD (n=20), diagnosed hypertension or
hypotension (n=39), or insulin-dependent diabetes (n=2). Individuals were also excluded
who used beta blockers or antihistamines, had a history of a major head injury, hearing
impairment, diagnosis of bipolar disorder, substance abuse occurring within 6 months prior
to study entry, or history of psychotic symptoms. Participants were not excluded for regular
antidepressant use; however antidepressant use was relatively uncommon (see Table 2).

Of those participants completing a SCID, 99 did not meet one or more inclusion/exclusion
criteria, leaving 143 eligible participants. Of those, 23 failed to complete the
psychophysiological assessment, primarily due to scheduling difficulties. Participants
completing the psychophysiology assessment fell into 3 groups: MDD with a current
episode (n=51), History of MDDwithout current symptoms (RMD, n=25), and no history of
any Axis-I disorder (healthy controls, n=45). Strict remission criteria required RMD
individuals to achieve full remission for 4+ weeks with no more than one subthreshold
symptom and no subthreshold depressed mood or anhedonia over that interval. Sample
demographic and clinical characteristics are provided in Table 1.

Clinical symptom severity measures—Participants were administered the 17-item
Hamilton Rating Scale for Depression (HRSD), a well-validated, clinician-rated depression
severity measure (30). The Beck Depression Inventory (BDI-II) and the Beck Anxiety
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Inventory (BAI) assessed depression and anxiety symptom severity (31-32). We assessed
the dimensions of state positive and negative affect (PA and NA) with the state version of
the Positive and Negative Affect Scale (PANAS), a well-validated 20-item inventory (33).

Health, sleep, and physical activitiy measures—On the day of the
psychophysiological session, participants completed health, sleep, and physical activity
measures. Waist circumference was measured at the level of the umbilicus in cm. The
Paffenbarger Physical Activity Questionnaire (PPAQ), a well-validated self-report
instrument of physical activity was included to measure physical activity (34-35). The
Pittsburgh Sleep Quality Index (PSQI) was also administered, which is a well-validated
measure sleep quality, with higher global scores indicating poorer sleep quality (36).

Diagnostic reliability—Diagnostic reliability was monitored on an ongoing basis.
Diagnostic agreement was assessed by having a second rater independently code 15 cases
based on audiotaped SCID responses. For classification of current MDD, the raters agreed in
all cases, (k =1.00); for RMD, the raters agreed in 14/15 cases (k =.81); and for healthy
control subjects, both raters agreed in all cases, (k=1.00).

Procedure for Psychophysiological Assessment
Psychophysiological assessments were conducted within 3 weeks of the clinical assessment.
If more time had passed due to scheduling difficulties, participants were re-administered the
SCID mood modules. One person was deemed ineligible because of a changed diagnostic
status.

After obtaining informed consent, participants completed questionnaires and were assessed
for height, weight, and waist circumference. Next, the experimenter attached cardiovascular
sensors, and participants were seated comfortably in a small recording room. The
experimenter noted the presence of a video camera and informed the participants that they
would be continously monitored. Participants then viewed a neutral travelogue film for a 10-
minute acclimation and assessment of resting RSA, followed by a 4-minute paced breathing
baseline where participants were instructed to pace their breathing to a rising and falling
tone. The two RSA reactivity tasks were then administered in counterbalanced order. The
speech stressor required participants to prepare and deliver a speech on a specific topic (i.e.,
defending themselves against a traffic ticket). The preparation and delivery phases of the
speech task were each 3 minutes. To increase evaluation apprehension during the speech
task, participants were made aware of the camera recording their speech, and an
experimental observer was present and silently pretending to take notes on the participant’s
behavior. The second RSA reactvity task was a forehead cold pressor, which required
participants to have a cold icepack placed on their foreheads for 2 minutes. This task elicits
vagal activation and increased RSA (37) via the “dive reflex,” characterized by reduced
heart rate in response to cold exposure (38). Each task was separated by a 5-minute
recovery, during which participants rested, and a 5-minute buffer period, where participants
watched more of the travelogue film. Finally, sensors were removed, and participants were
paid and debriefed.

Data Recording, Reduction, and Processing
Heart rate values were obtained continuously via electrocardiogram (ECG) according to
published guidelines (39). ECG acquisition used a PC with AcqKnowledge 3.7.2 software,
and recorded continuously during baseline, task, and recovery phases. Cleartrace LT
disposable Ag/AgCl electrodes (Conmed Andover Medical, Haverhill, MA) were placed in a
modified Lead-II configuration on the chest, and ECG was amplified using a Biopac MP150
system with an ECG100 amplifier (Biopac Instruments Inc., Goleta, CA). Respiration Rate

Bylsma et al. Page 4

Psychosom Med. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(RR) was measured with two RSP100C amplifiers, each with an TSD100C respiratory
transducer. One transducer was placed around the abdomen, the other was placed around the
chest, crossing under the armpits and atop the breastbone. All signals were sampled at
1000Hz. Impedence caridiography and blood pressure were also recorded and reported
elsewhere (40). We collected systolic and diastolic blood pressure measurements at rest and
throughout the protocol every 1-2 minutes using an Accutorr Plus blood pressure monitor
(Datascope Corp., Mahwah, NJ).

Computation of RSA—RSA was calculated using MindWare HRV 2.51 software
(MindWare Technologies, Ltd., Gahanna, OH). R-wave markers in the ECG signal were
processed with the MAD/MED artifact detection algorithm (41) implemented in the
MindWare software. The signals were also manually inspected and suspected artifacts were
corrected. Our approach accords with current guidelines for frequency domain methods to
determine heart rate variability and is well suited for short-term (~5 min) recordings (42). To
compute minute-by-minute estimates of heart rate and RSA during baselines and tasks, a 60s
time series of interbeat intervals (IBIs: the time in milliseconds between sequential ECG R-
spikes) was created from an interpolation algorithm that has a 250ms sample time. This 60s
IBI time series was (a) linearly-detrended, (b) mean-centered, and (c) tapered using a
Hanning window. Spectral-power values were determined (in ms2/Hz) with fast Fourier
transformations, and the power values in the 0.15-0.50 Hz spectral bandwidth were
integrated (ms2). These spectral-power values were natural-log transformed prior to
statistical analyses because of distributional violations, and the natural-logged (ln) spectral-
power value in the high frequency (HF) 0.15-0.50 Hz bandwidth was the indicator of RSA
for each epoch. The HRV software also provided calculation of respiration rate using the
signal from the abdominal respiration band.

Computation of Task Mean and Recovery Mean Scores—Baseline, task, and
recovery values for each measure (RSA, RR) were computed by averaging the available
epochs for each phase. Recovery scores were calculated as arithmetic differences between
recovery and resting baseline values, such that smaller values indicate greater recovery.

Statistical Analysis
Of 121 eligible participants, RSA data from 3 were unusable because of suspected heart
arrhythmias (1 MDD), equipment failure (1 MDD), or excessive noise (1 RMD). Therefore,
the final sample used in data analyses included 49 MDD, 24 RMD, and 45 controls.

To statistically control the impact of RR on RSA, we regressed average RR on RSA for the
baselines and each task phase and saved the unstandardized residuals (43). These residuals
were used in subsequent analyses and will be referred to as “Adjusted RSA.”

To examine baseline, we used adjusted RSA levels for the two baseline tasks (resting and
paced-breathing) utilizing two one-way ANOVAs with group (MDD, RMD, Control) as a
between-subjects factor. Follow-up Tukey’s LSD t-tests were planned to explore any group
effects. Secondary analyses were planned adding covariates known to affect RSA to models
(age, gender, BMI, physical activity).

For each of the two stressor tasks (speech and cold pressor), we conducted an omnibus
repeated measures ANOVA on adjusted RSA values during each segment of the tasks using
group as the between-subjects factor. Follow-up Tukey’s LSD t-tests were planned to
explore any group effects. For analyses demonstrating a significant group effect, secondary
analyses were planned to address whether group differences in RSA fluctuation were
accounted for by demographic and physical health variables, with age, gender, BMI,
physical activity, and sleep quality added to models as covariates. Finally, we performed
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exploratory correlational analyses to measure the strength of association between RSA (level
and reactivity) and clinical variables (i.e., depression and anxiety severity, affect,
antidepressant use).

Results
Demographic, Physical, and Clinical Variables

There were no differences among the three groups on any demographic variable (all Cramer
V’s>.05; see Table 1). Clinical and physical characteristics are presented in Table 2. The
groups differed on clinical symptom measures in expected ways, with the MDD group
reporting the highest scores on symptom severity measures, and the RMD group falling
between the MDD group and healthy controls on these measures. As anticipated, the MDD
group was also less physically active, had higher BMIs, and reported poorer sleep quality,
with the RMD group again falling between the other two groups. Although a larger
percentage of MDD participants (18.4%) were taking antidepressants relative to the RMD
group (12.5%), this difference was not statistically significant. Groups also did not differ in
resting blood pressure, with a mean systolic blood pressure of 113 and mean diastolic blood
pressure of 68 (systolic range=82-148; diastolic range=48-95). Preliminary exploratory
analyses examined whether antidepressant use impacted resting RSA. One-way ANOVAs
were conducted within the MDD and RMD participants (healthy controls were excluded
from this analysis as none were using antidepressants) with antidepressant use dummy-
coded (1=used antidepressants regularly in past month, 0=did not use antidepressants
regularly in past month). Results revealed that antidepressant use was not significantly
related to RSA levels (resting or paced breathing) or reactivity (speech or cold pressor) and
this variable was not considered further (all ps>.05).

Resting RSA Levels
RSA and RR means for both baseline tasks by group are shown in Table 3. No group
differences in RSA were observed for the resting baseline, F(2,114)=1.78, p=.17. However,
analyses of paced breathing revealed a marginal group effect on RSA, F=2.82(2,113), p=.
064. Follow-up LSD analyses indicated that the MDD group exhibited lower RSA relative
to the healthy controls (p=.020), while the RMD group did not differ from the MDD or the
controls (ps>.05). However, group effects for paced breathing were no longer significant
when age, gender, waist circumference, and physical activity were covaried, F=1.93(2,116),
p=.150. Age was strongly negatively related to paced-breathing RSA values,
F=42.69(1,116), p<.001, with higher age being associated with lower paced-breathing
baseline RSA, but no other covariates had a significant relationship with baseline RSA (ps>.
05).

Manipulation Checks
To ensure that the stress tasks elicited RSA changes, we next conducted manipulation
checks. Paired-sample t-tests found the task RSA means for the cold pressor, speech
instructions, speech prepartion, and speech delivery all differed from resting baseline RSA
means (unadjusted for respiration), with increased RSA in response to the cold task and
decreased RSA for speech preparation and delivery, as expected (all ps<.001).

RSA Fluctuation
A significant group by task phase quadratic effect, F=4.36(2,109), p=.015 emerged for
adjusted RSA during the the speech task (see Figure 1). Consistent with mood state-
dependence, follow-up ANOVAs revealed that the MDD group uniquely exhibited blunted
RSA fluctuation during the stressor phases of the task (preparation, delivery, and recovery),
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whereas RMD and healthy controls both exhibited normal task-related vagal withdrawal and
post-task vagal recovery.

After entering age, sex, waist circumference, and physical activity as covariates, the
significant group by task phase quadratic effect still remained, F=4.46(2,106), p=.01.
However, the group by phase quadratic effect disappeared after sleep quality (PSQI) was
added to the model, F(2,102)=0.87, p=.42.

There were no significant group or group by phase interaction effects for the cold pressor
task. Results remained unchanged with or without co-variates (all ps>.05).

Correlations with symptom severity measures
Resting and paced-breathing adjusted RSA means were marginally correlated with
depression severity, but not anxiety, such that depression severity scores were marginally
negatively correlated with resting baseline RSA (BDI: r=-.175, p=.059, HRSD: r=-.172, p=.
065) and paced-breathing RSA (BDI: r=-.174, p=.062, HRSD: r=-.171, p=.068). Similarly,
NA, but not PA, had a trend relationship to both resting (r=-.168, p=.071) and paced-
breathing baseline adjusted RSA (r=-.171, p=.067). PSQI scores (where higher scores
indicate poorer sleep) were correlated with both resting baseline adjusted RSA (r=-.337, p<.
001) and paced-breathing baseline adjusted RSA (r=-.336, p<.001). Average daily total
kilocalories expended (PPAQ scores) was also correlated with paced-breathing baseline
adjusted RSA (r=-.195, p=.036), but not resting RSA. Finally, there was no relationship
between RSA reactivity for the speech task (instructions, preparation, or delivery) and other
metrics of symptom severity (BDI, BAI, HRSD, PANAS, all ps>.05).

Discussion
Low RSA level and diminished context-related RSA fluctuations have been associated with
MDD, although these findings have been far from unanimious. It remains unclear from prior
work whether these dysfunctions reflect a trait-like vulnerability marker for depression, or
transient states that wax and wane with the manifestation of depression symptoms. Our
study was the first to examine RSA level and fluctuation in a sample that included
individuals with current MDD, fully remitted depression, and healthy controls.

We found fragile evidence of low resting RSA in the MDD group, where this difference did
not remain once several covariates were considered, suggesting that other factors may
explain this relationship. However, we did observe blunted RSA fluctuation to a speech
stressor task in the MDD group when relevant covariates were controlled for, suggesting
that this effect may be more reliable, though effects lost significance when an additional
control was added for sleep quality. No group effects were observed for the cold pressor
task, indicating that MDD-related findings may be specific to vagal withdrawal.
Importantly, the RMD group, despite having prior depression history, did not differ from
healthy controls in baseline RSA or RSA reactivity to the stressor tasks. These results mirror
Chang and colleagues (28), who found essentially normal resting RSA levels among
remitted depressed individuals. Group-level results suggest that RSA abnormalities may co-
vary with mood state or other depression-related symptoms rather than being trait-like
depression vulnerability markers. Consistent with this possibility, lower baseline RSA was
marginally associated with more severe depression in continuous analyes. Although it is
conceivable that RSA results are driven by the MDD group having a weaker affective
response to the speech task, in an earlier study using a similar speech task, depressed
individuals appraised the speech as more stressful, but still exhibited blunted RSA reactivity
(44).
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We found intriguing relationships between impaired sleep quality, a typical symptom of
depression, and both RSA level and RSA fluctuation. Poorer sleep quality was associated
with low RSA level and blunted RSA fluctuation. Further, when sleep quality was added to
models, group reactivity effects were no longer significant. Although our design is
correlational, these data suggest that sleep disturbance may contribute to and account for the
patterns of low resting RSA and blunted RSA fluctuation repeatedly observed in MDD.
These findings, along with the contribution of physical activity to the model, are also
consistent with De Jong et al. (45) who found in cardiovascular disease patients that low
RSA was more related to somatic symptoms of depression than to cognitive symptoms.
Elsewhere, RSA has been associated with disturbed or insufficient sleep. For example, better
sleep efficiency has been related to higher ambulatory resting RSA (46). Similarly, disturbed
sleep predicted reduced next-day RSA, even after controlling for daily affect (47). Causal
links between RSA and sleep may operate in the other direction-higher baseline RSA in
children predicted better sleep duration and efficiency in subsequent days (48). Little sleep
research has considered RSA fluctuation, but less RSA suppression during a reaction time
task predicted increased sleep problems in subsequent days (49). Therefore, based on
research on nondepressed persons, and given the importance of sleep disturbance for self-
regulation and mood, (50-53) sleep disturbance may partially account for depression-related
RSA abnormalities.

Our results have several treatment implications. Since changes in RSA appear to track
symptoms associated with the depressed state, RSA may be an objective indicator of
treatment response. At the same time, our data suggest that RSA changes may have strong
relationships to particular depression symptoms, such as sleep disturbance. Elsewhere,
targeting sleep disturbance has been underlined as a component in depression interventions
(54-56), and disturbed sleep may be relevant to abnormal RSA findings in other conditions,
such as alcohol dependence (57). Few studies have examined RSA as a treatment response
indicator, and with mixed results (11,18,58), and treatment studies thus far have rarely
considered RSA fluctuation (17).

These results may also have physical health implications. Depression has been associated
with increased risk for CVD and cardiac-related mortality (19-21), and CVD has also been
associated with low RSA even in the absence of depression (22-25). Again, it may help to
consider sleep disturbance as a means to integrate these findings. Indeed, Schwartz
speculated that reduced RSA might be a potential pathway linking sleep problems with
CVD, and sleep disruption may be part of a larger syndrome that encompasses poor health
and depression that may be related to autonomic dysfunction (i.e., RSA) or other factors,
such as environmental stress that increase cardiovascular risk (59). Along these lines, sleep
disturbance has been associated with coronary heart disease events, even when controlling
for other potential confounds (59), and longitudinal studies have demonstrated that poor
sleep predicts hypertension (60-61), and heart disease mortality (62). Recent work has also
shown that depressive symptomatology is also related to blunted heart rate reactivity
(63-64). These authors speculate that blunted reactivity reflects dysregulated motivational
systems that contribute to unhealthy states such as obesity, depression, and addiction (65).
Thus, while exaggerated reactivity may reflect a direct pathway to CVD risk, blunted
reactivity may contribute to CVD risk via indirect pathways, such as poor sleep or other
factors related to poor health.

We acknowledge several study limitations. First, our cross-sectional design does not address
how changes in RSA over time might correspond to the unfolding and remission of MDD
episodes; longitudinal designs are needed. Another limitation is that some partipants were
taking medications. Although preliminary analyses found no significant impact of
antidepressants, these analyses were not well-powered to examine medication effects.
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Indeed, larger studies have found an association between antidepressants and reduced RSA
levels both concurrently (10) and prospectively (9). Another limiting issue was low
statistical power to examine whether comorbid diagnoses, particularly anxiety disorders,
contributed to low resting RSA and abnormal RSA fluctuations (4). Future studies should
attempt to untangle relative contributions of depression and anxiety symptoms. Indeed, sleep
disturbance may be a common link between depression, anxiety, and deficient RSA. Finally,
although we excluded individuals with insulin-dependent diabetes, in future work abnormal
glycemic control should be considered since depression predicts future onset of diabetes
(65) and impairments in RSA are associated with impaired insulin resistance (66).

Our investigation also has notable strengths. It was the first study to examine RSA level and
RSA fluctuation in MDD and RMD persons. Second, participants were well-characterized
and received comprehensive diagnostic assessments, with strict remission criteria for the
RMD group. Finally, results were relatively clear cut, with group-level and correlational
findings suggesting that low RSA and blunted RSA fluctuation mark features that track the
depressed state, like poor sleep, rather than a stable trait observed in all depression-
vulnerable individuals.
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Glossary

BAI Beck Anxiety Inventory

BDI Beck Depression Inventory

ECG electrocardiography

ECI Emotion Contet Insensitivity

HDRS Hamilton Depression Rating Scale

IBI interbeat interval

MDD major depressive disorder

PA positive affect

PANAS Positive and Negative Affect Schedule

PPAQ Paffenbarger Physical Activity Questionnaire

PSQI Pittsburgh Sleep Quality Index

NA negative affect

RMD remitted major depression

RR respiratory rate

RSA respiratory sinus arrythymia
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Figure 1.
Change in Unadjusted RSA from Resting Baseline by Condition. Error bars represent
standard errors.
*ps<.05 MDD vs. Controls and RMD vs. Controls.
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Table 1

Demographic Characteristics of the Eligible Recruited Sample.

MDD (n=49) RMD (n=24) Control (n=45)

Age 31.20 (11.46) 29.33 (10.18) 29.82 (12.25)

% Caucasian 59.2% 66.7% 68.9%

% Female 83.7% 66.7% 71.1%

% Completed at least some college 89.8% 87.5% 91.1%

Median Income $20-24,999 $25-34,999 $25-34,999

% Married or Domestic Partner 26.5% 16.7% 22.2%

% With Children 38.8% 25% 20%

Note: All group comparisons non-significant (ps>.05).
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Table 2

Clinical Characteristics of the Final Sample.

MDD (n=49) RMD (n=24) Control (n=45)

Post Hoc Group
Comparisons

(ps<.05)

Antidepressants
Past Month 18.4% 12.5% 0%

MDD>CTRL
RMD>CTRL

BDI-II 31.33(9.63) 6.58(5.75) 2.80(4.37) MDD>RMD>CTRL

HDRS 17.96(4.79) 1.46(2.11) .84(1.24)
MDD>CTRL
MDD>RMD

BAI 18.96(9.06) 7.04(8.31) 2.02(3.14) MDD>RMD>CTRL

PANAS-PA 23.45(6.30) 34.63(6.00) 34.33(6.97)
MDD<CTRL
MDD<RMD

PANAS-NA 25.19(7.78) 15.83(5.17) 12.22(2.46) MDD>RMD>CTRL

BMI 28.45 (9.03) 26.49 (7.08) 24.65 (4.82)
MDD>CTRL
MDD>RMD

PPAQ Total
Kcal/Day 476.95(1194.23) 1197.67(1418.08)

1430.12(1946.6
2)

MDD<CTRL
MDD<RMD

PSQI1 10.35(3.53) 6.09(3.02) 3.87(2.34) MDD>RMD>CTRL

1
Note: Higher scores on the PSQI indicate poorer sleep and scores of >5 are generally considered indicative of poor sleep quality.
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Table 3

Interbeat interval (IBI), respiratory rate (RR), and unajdusted respiratory sinus arrhythmia (RSA) mean (SD)
values for each task by group.

Measure MDD RMD Control
Post Hoc Group

Comparisons
(ps<.05)

IBI (ms)

 Baseline 830.87 (112.35) 857.06 (110.58) 881.22 (111.25)

 Paced breathing 819.73 (109.77) 827.11 (100.40) 866.50 (103.15) MDD<CTRL

 Speech instructions 787.61 (121.70) 762.94 (107.38) 680.61 (110.84)

 Speech preparation 782.69 (116.11) 752.68 (110.30) 786.65 (118.74)

 Speech delivery 731.94 (108.44) 683.37 (124.61) 708.75 (121.01)

 Speech recovery 819.84 (118.09) 829.57 (110.70) 872.36 (113.55) MDD<CTRL

 Cold pressor 889.58 (140.23) 886.98 (136.89) 924.13 (146.26)

 Cold pressor recovery 839.05 (122.76) 840.21 (110.82) 887.15 (118.33)

RR (breaths/minute)

 Baseline 14.46 (3.24) 13.00 (4.62) 14.53 (4.12)

 Paced breathing 9.16 (.80) 8.99 (.14) 9.14 (1.06)

 Speech instructions 15.53 (3.98) 16.28 (5.20) 17.11 (4.54)

 Speech preparation 14.10 (4.24) 14.52 (5.60) 16.21 (4.37) MDD<CTRL

 Speech delivery 14.11 (3.60) 13.87 (4.41) 14.54 (3.97)

 Speech recovery 12.48 (2.64) 12.31 (4.19) 13.08 (3.80)

 Cold pressor 12.57 (4.31) 12.38 (4.16) 13.81 (4.46)

 Cold pressor recovery 12.89 (3.32) 12.69 (3.80) 13.99 (3.83)

RSA (ln HF Power)

 Baseline 5.99(1.28) 6.23(1.48) 6.52(1.41)

 Paced breathing 6.71(1.27) 6.89(1.45) 7.38(1.44) MDD<CTRL

 Speech instructions 5.81(1.19) 5.74(1.71) 5.82(1.39)

 Speech preparation 5.93(1.08) 5.79(1.37) 6.20(1.25)

 Speech delivery 5.62(1.14) 5.52(1.49) 5.82(1.18)

 Speech recovery 6.04(1.32) 6.27(1.24) 6.61(1.32) MDD<CTRL

 Cold pressor 6.54(1.34) 6.60(1.58) 6.77(1.41)

 Cold pressor recovery 6.10(1.19) 6.10(1.26) 6.50(1.36)
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