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Empirical Article

Depression is a severe disorder associated with signifi-
cant individual and societal costs (Greenberg, Fournier, 
Sisitsky, Pike, & Kessler, 2015; Kessler et  al., 2009). 
Beyond major depression, subthreshold depression is 
associated with a similar course and impairment (Kessler, 
Zhao, Blazer, & Swartz, 1997) and predicts the first onset 
of a major depressive episode (van Lang, Ferdinand, & 
Verhulst, 2007). Part of depression’s debilitating effect is 
due to its high rates of recurrence, with approximately 
50% of individuals who recover from a depressive epi-
sode likely to have another episode in their life (Ameri-
can Psychiatric Association, 2000), and up to 80% of 
those with a history of two or more depressive episodes 
are apt to have another recurrence (Burcusa & Iacono, 
2007). Although many factors are implicated in depres-
sion onset and recurrence, the occurrence of stressful 
events is considered to be among the most robust pre-
dictors (for a review, see Burcusa & Iacono, 2007; 
Monroe, Slavich, & Georgiades, 2014), particularly stress-
ors that involve interpersonal relationships (Kendler, 
Karkowski, & Prescott, 1999). However, given that most 
individuals encounter interpersonal stressors throughout 

their lifetime without developing depression, it is impor-
tant to consider how individuals’ physiological response 
to stress may contribute to processes that predict depres-
sion risk and recurrence (for a review, see Hamilton & 
Alloy, 2016). In particular, we propose that individuals 
with atypical or maladaptive physiological stress 
responses may inadvertently contribute to the occur-
rence of stressful events in their interpersonal relation-
ships (i.e., interpersonal stress generation), to which they 
are then less physiologically able to respond, thereby 
increasing the risk for depression. Thus, the current 
study sought to clarify and disentangle the relationship 
between these two important stress-related processes in 
depression by evaluating the psychophysiological stress 
response as an objective marker of interpersonal stress 
generation, a potent and modifiable mechanism of 
increased depression risk.
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Abstract
Abnormalities in parasympathetic nervous system activity have been linked to depression, but less is known about 
processes underlying this relationship. The present study evaluated resting and stress-reactive respiratory sinus arrhythmia 
(RSA) to a laboratory stressor as predictors of daily interpersonal stress generation and depressive symptoms, whether 
stress generation mediated the relationship between RSA and depressive symptoms, and potential sex differences. A 
sample of formerly depressed 102 emerging adults (18–22 years; 79% female) completed a laboratory stressor and 
daily assessments of stressors and depressive symptoms over 2 weeks. Multilevel modeling revealed that (a) lower 
resting RSA predicted daily depressive symptoms, (b) less RSA reactivity predicted interpersonal stress generation, (c) 
interpersonal dependent stressors mediated the relationship between RSA reactivity and daily depressive symptoms, 
and (d) sex differences occurred in the resting RSA-depression relationship. These findings highlight the importance of 
resting RSA and RSA reactivity in the examination of depression and interpersonal processes.
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Psychophysiological Stress Response 
and Depression

According to research and theory, the brain receives 
input from the internal and external environment and 
transmits output to the sinoatrial node of the heart, the 
heart’s primary “pace maker” to adjust physiological 
arousal (Appelhans & Luecken, 2008; Berntson et al., 
1997). Specifically, the parasympathetic nervous system 
(PNS) exerts its influence on the heart via the vagus 
nerve (i.e., tenth cranial nerve) and acts as a vagal 
“brake” to inhibit heart rate and sympathetic activation 
(Porges, 2007). A marker of PNS’s influence on the heart 
that has garnered significant attention in the depression 
literature is respiratory sinus arrhythmia (RSA), which 
is variability in the interbeat intervals in heart rate or 
heart rate variability (HRV) that occurs in the high-
frequency range of respiration (HF-HRV; hereafter 
referred to as RSA). In this sense, higher levels of rest-
ing RSA reflect a greater capacity to apply the vagal 
“brake” and self-regulate (Beauchaine, 2001; Porges, 
2007; Thayer & Lane, 2000). In response to environ-
mental challenges or stress, the vagal “brake” is typi-
cally released, thereby decreasing control of the heart 
via the vagus nerve. Release of the vagal “brake” also 
facilitates heart rate acceleration to mobilize physiologi-
cal and cognitive resources to effectively manage and 
cope with stress. Given that the PNS influences on the 
heart occur in milliseconds compared to the slower-
acting sympathetic activation of the heart, flexibly and 
quickly responding to changing demands is more effi-
cient. Therefore, greater RSA withdrawal is generally 
considered an adaptive stress response promoting cop-
ing responses and behaviors (Fabes & Eisenberg, 1997), 
whereas less RSA withdrawal or amplification (increases) 
of RSA is indicative of less efficient responses to stress-
ors (Porges, 1995, 2003a). Although RSA is an indirect 
index of vagal tone (Berntson, Cacioppo, & Quigley, 
1993), research indicates that resting RSA levels and 
RSA reactivity may serve as important indices of indi-
vidual differences in the ability to self-regulate and react 
to stress in the environment (Thayer, Ahs, Fredrikson, 
Sollers, & Wager, 2012). Consistent with this, research 
has found that higher levels of resting RSA and RSA 
reactivity reflect better cognitive and attentional control, 
emotion regulation, executive functioning, and social 
engagement (Appelhans & Luecken, 2008; Hansen, 
Johnsen, & Thayer, 2003; Porges, 2003a; Thayer & 
Brosschot, 2005).

Given that depression is characterized by deficits in 
emotion regulation (Bylsma, Morris, & Rottenberg, 
2008), cognitive control (Gotlib & Joormann, 2010), and 
interpersonal dysfunction (Hammen, 2005; Hammen & 
Brennan, 2002), it is not surprising that studies also link 

RSA levels with depression. Specifically, lower levels of 
RSA have been demonstrated among children, adoles-
cents, and adults with current and past depression (for 
reviews, see Kemp et  al., 2010; Koenig, Kemp, 
Beachaine, Thayer, & Kaess, 2016; Rottenberg, 2007). 
It is surprising that fewer studies have focused on RSA 
reactivity to psychosocial stressors, such as speeches, 
mental arithmetic, or emotion-induction films, in 
depression. Those studies that have indicate that indi-
viduals with current depression exhibit less RSA with-
drawal to laboratory stressors (e.g., Bylsma, Salomon, 
Taylor-Clift, Morris, & Rottenberg, 2014; Rottenberg, 
Clift, Bolden, & Salomon, 2007). However, studies of 
past depression yield mixed findings, with some studies 
finding that adults with past depression also exhibit 
blunted RSA stress reactivity (e.g., Yaroslavsky, Bylsma, 
Rottenberg, & Kovacs, 2013), whereas others suggest 
that adults with remitted depression exhibit similar 
reactivity to healthy controls (e.g., Bylsma et al., 2014). 
It is important that recent research also indicates the 
importance of assessing the interactive effects of resting 
RSA and reactivity (Yaroslavsky, Rottenberg, & Kovacs, 
2013, 2014), finding that atypical RSA patterns, such as 
lower resting RSA and greater RSA withdrawal, increase 
the risk of depression (for a review of RSA reactivity 
and depression, see Hamilton & Alloy, 2016).

Although maladaptive RSA patterns have been docu-
mented in depression, less is known about the role of 
RSA in processes known to confer risk for the mainte-
nance, recurrence, and onset of depression. In under-
standing potential mechanisms underlying the 
relationship between RSA reactivity and depression, it 
is important to consider that individuals with adaptive 
RSA reactivity (i.e., appropriate RSA withdrawal or reac-
tivity) have the ability to flexibly respond to changing 
demands and modulate their emotional and behavioral 
responses, which facilitate effective coping strategies 
and more adaptive interpersonal behaviors (Fabes & 
Eisenberg, 1997; Geisler, Kubiak, Siewert, & Weber, 
2013; Porges, 2003a). It is interesting that despite recent 
research demonstrating that the interpersonal environ-
ment influences RSA reactivity (e.g., McLaughlin, Alves, 
& Sheridan, 2014), fewer studies have evaluated whether 
RSA reactivity contributes to the interpersonal environ-
ment. However, it is possible that individuals with lower 
resting RSA or blunted RSA reactivity may have more 
difficulty with self- and stress-regulation, thereby con-
tributing to more negative events in their lives, particu-
larly in interpersonal relationships.

Stress Generation and Depression

The notion that individuals shape their interpersonal 
environments and directly or indirectly contribute to 
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stressful events dependent on their characteristics or 
behaviors is coined stress generation (Hammen, 1991). 
Stress generation theory has received considerable 
support over the past few decades, with research 
demonstrating that individuals with current, past, or 
subthreshold depression generate negative events in 
their interpersonal relationships (hereafter referred to 
as interpersonal dependent events) that are at least in 
part dependent on them (e.g., Liu & Alloy, 2010). 
However, this is specific to interpersonal dependent 
events and does not hold for events that are indepen-
dent (i.e., fateful events to which we would typically 
not expect someone to contribute), such as parent 
losing a job or illness of a loved one. The types of 
stressors generated within the stress generation frame-
work, specifically dependent stressors that occur 
within interpersonal relationships and are a result of 
an individual’s characteristics or behaviors (Hammen, 
2005), are robust predictors of first onset and recur-
rent depression (Liu, 2013). More broadly, the occur-
rence of stressful events is one of the best predictors 
of depression, including first onset, relapse, and 
depressive symptoms (Burcusa & Iacono, 2007; 
Kendler et al., 1999; Stroud, Davila, & Moyer, 2008). 
Although major life events occur prior to 50% of first 
episodes of depression, there is also evidence of a 
“kindling” effect of stress, whereby less severe events 
or daily hassles precipitate depression onset among 
individuals with subthreshold or past history of 
depression (Monroe & Harkness, 2005; Stroud et al., 
2008). Thus, identifying markers of stress generation 
is critical for identifying individuals at heightened 
vulnerability to experience interpersonal dependent 
stressors, a potent and malleable risk factor for 
depression onset and recurrence.

Although stress generation is documented among 
individuals with current and past depression, consider-
able research has extended the examination of the 
stress generation process to vulnerability factors for 
depression to better understand why certain individuals 
may contribute to negative events in their interpersonal 
relationships. These studies have found that individuals 
who possess certain vulnerabilities to depression, such 
as maladaptive cognitive and interpersonal styles (e.g., 
Eberhart & Hammen, 2009; Hamilton et  al., 2013; 
Safford, Alloy, Abramson, & Crossfield, 2007), generate 
interpersonal dependent stressors beyond the effects 
of current depressed mood. Although a number of self-
reported vulnerabilities for stress generation have been 
identified (Liu, 2013), less research has focused on bio-
logical markers for the generation of interpersonal 
dependent stressors, which may provide insight into 
the neurobehavioral processes that contribute to stress-
ors and depression.

Psychophysiological Stress Response 
and Stress Generation

Although no known study has examined biological pro-
cesses, such as RSA, in stress generation theory, it is 
possible that atypical RSA patterns may underlie many 
of the risk factors implicated in stress generation. Specifi-
cally, lower RSA and less RSA withdrawal is associated 
with negative interpersonal behaviors (Porges, 2003b), 
including poor social skills (Blair & Peters, 2003), reduced 
interpersonal warmth (Diamond & Cribbet, 2013), and 
social disengagement (Geisler et al., 2013), as well as 
maladaptive cognitive strategies, such as emotional sup-
pression and rumination (Thayer & Brosschot, 2005; 
Yaroslavsky, Bylsma, et  al., 2013). These maladaptive 
responses, in turn, have been linked to the occurrence 
of interpersonal dependent stressors. In particular, these 
negative traits and behaviors have been found to predict 
poor interpersonal relationships more generally, and 
specifically, interpersonal dependent stressors (i.e., inter-
personal stress generation; for a review, see Liu, 2013). 
Thus, given that individuals with lower resting RSA or 
blunted RSA reactivity have more difficulty with self- and 
social-regulation and associated behaviors (Thayer et al., 
2012; Thayer & Lane, 2000), and many of these maladap-
tive cognitive, emotional, and interpersonal styles are 
known risk factors for interpersonal stress generation, it 
is surprising that no known research to date has evalu-
ated the role of RSA in interpersonal stress generation.

Although there is no direct evidence for this hypoth-
esis, there is preliminary evidence from one study that 
demonstrates that lower RSA reactivity predicted more 
daily negative interactions among couples (Diamond, 
Hicks, & Otter-Henderson, 2011), thereby suggesting a 
potential relationship between blunted RSA reactivity 
and heightened daily interpersonal stressors. Thus, it is 
possible that individuals with less RSA stress reactivity 
would specifically experience the occurrence of more 
interpersonal dependent stressors, but not independent 
stressors. These stressors, in turn, may further contrib-
ute to their dysregulated physiological reactivity and 
inability to effectively cope, thereby leading to a cycle 
of increased risk for depression. Identifying resting RSA 
or RSA reactivity as a predictor of daily stressors might 
provide more objective markers of risk for interpersonal 
stress generation, and a more targeted point of inter-
vention into a potent process for the first onset and 
recurrence of depression.

The Current Study

Recent research points to the importance of assessing 
daily stressors to gain insight into the everyday pro-
cesses that confer risk for depression at the level of 
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analysis at which they unfold (aan het Rot, Hogenelst, 
& Schoevers, 2012). Thus, micro-longitudinal or daily 
study designs are well suited to explore the idiographic 
and complex relationships that may exist. The primary 
aim of the present study was to evaluate whether indi-
vidual differences in RSA patterns predicted daily inter-
personal stress generation and depressive symptoms 
among individuals with a history of clinical and sub-
clinical depression (and therefore at risk for subsequent 
depression). Specifically, we examined whether resting 
RSA, RSA reactivity, and the interactive effects of RSA 
resting and reactivity would predict higher levels of 
depressive symptoms and interpersonal dependent 
stressors, but not independent stressors, over 2 weeks 
of daily diary assessments. Although not primary to our 
hypotheses, we also explored the effects of RSA reactiv-
ity to anticipatory threat and RSA recovery from stress 
on interpersonal stress generation and depressive symp-
toms, particularly given the importance of RSA recovery 
in depression (Bylsma et  al., 2014). In addition, our 
second aim was to examine whether interpersonal stress 
generation would mediate the relationship between RSA 
patterns and depressive symptoms. Finally, we exam-
ined potential sex differences in the relationship 
between RSA patterns and depression, given that women 
are at greater risk than men for both stress generation 
and depressive disorders (Hankin et al., 1998).

Method

Recruitment

The current sample of 102 emerging adults (ages 18–22) 
was recruited as part of the Stress and Emotion Study 
at Temple University to evaluate the predictive associa-
tion between physiological reactivity to a laboratory 
stressor task and the occurrence of stressful events and 
depressive symptoms among individuals with a history 
of subthreshold or clinical depression. Participants were 
recruited from Temple University through flyers posted 
around campus, in-class announcements in psychology 
courses, and the Temple University Psychology Research 
Participation System (a HIPAA-compliant online 
research management system). Individuals interested 
in the study were invited to complete an online screen-
ing, which included demographic questions, a self-
report measure of current and lifetime depressive 
episodes (Inventory to Diagnose Depression–Lifetime; 
IDD-L; Zimmerman & Coryell, 1987), and measures of 
depressive symptoms (Beck Depression Inventory–II; 
BDI-II; Beck, Steer, & Brown, 1996) and (hypo)manic 
symptoms (7 Up 7 Down Inventory; 7U7D; Youngstrom, 
Murray, Johnson, & Findling, 2013) to evaluate inclusion 
and exclusion criteria.

Eligible participants included individuals fluent in 
written and spoken English between the ages of 18 and 
22 years old, which is a time during which individuals 
experience a wide variety of stressors (Compas, Wagner, 
Slavin, & Vannatta, 1986). In addition, eligible partici-
pants had to have a history of at least one major or 
minor (subthreshold) depressive episode, given that 
individuals with a history of depression are most vul-
nerable to future depressive episodes (Burcusa & 
Iacono, 2007). Subthreshold depression was catego-
rized as (a) having two or more symptoms (one of 
which must be depressed mood or anhedonia) nearly 
all day every day for 2 weeks or more, or (b) having 
five or more symptoms (one of which is depressed 
mood or anhedonia) most of the day every day for at 
least a week, and (c) functional impairment must be 
present. Depression diagnoses were confirmed with a 
diagnostic interview (described later). Including indi-
viduals with a full range of past depressive symptoms 
(both clinical and subclinical past depression) allowed 
us to examine depression on a continuum (Goldberg, 
2011) and to examine these processes among individu-
als vulnerable to, but not currently experiencing, 
depression.

Participants were excluded only if they met diagnos-
tic criteria for current major depressive disorder (MDD) 
based on the IDD-L or exhibited moderate or severe 
depressive symptoms currently on the BDI-II (indicated 
by a score of 20 or higher; Beck et al., 1996). Individu-
als currently experiencing MDD or with moderate to 
severe depressive symptoms were excluded given the 
importance of identifying markers of future risk that 
are distinct from the depression itself. Furthermore, 
given our interest in depression, participants who 
scored greater than 3 for (hypo)mania symptoms (using 
the case scoring method) on the 7 Up scale of the 7U7D 
Inventory, which may indicate greater risk for bipolar 
spectrum disorders, also were excluded.

Of the 892 individuals who participated in the 
screener, 457 (51%) did not endorse a past major or 
subthreshold depressive episode, 111 (12.44%) met 
inclusion criteria, but endorsed moderate to severe 
depressive symptoms currently, and 44 (4.93%) met 
inclusion criteria, but endorsed current hypomanic 
symptoms. In addition, 159 (17.83%) were eligible and 
invited to participate in the study, but did not respond 
to invitations to complete the study. There were no 
significant differences on symptoms of depression (t = 
1.33, p = .16, d = 0.16) or hypomania (t = 1.88, p = .06, 
d = 0.23), sex (χ2 = 0.06, p = .80, OR = 1.07), age (t = 
0.27, p = .79, d = 1.09), or type of depressive episode 
(χ2 = .01, p = .92, OR = 0.96) between those who com-
pleted the study and those who were eligible and did 
not participate. An additional 19 students participated 
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in the study but did not meet criteria for a past sub-
threshold or major depressive episode based on the 
diagnostic interview and therefore were not included 
in the present analyses. Furthermore, three additional 
participants reported that they had a cardiovascular 
condition. Given that this may influence HRV (Licht 
et  al., 2008), these participants were excluded from 
analyses. However, there were no differences between 
those who did and did not meet diagnostic criteria for 
depression on demographic or clinical variables (all ts 
and χ2s < 1.11, all ps > .29).

Procedure

Eligible individuals were invited to participate in the 
full micro-longitudinal study, which included a baseline 
assessment and 2 weeks of daily surveys. During the 
baseline assessment, individuals first provided written 
consent to participate in the full study. Participants then 
completed questionnaires, a diagnostic interview 
assessing current and past mood disorders, and the 
Trier Social Stress Test (TSST), during which partici-
pants were connected to an electrocardiogram (ECG) 
to measure HRV. Participants then were asked to 
remotely complete 14 days of daily diaries to assess life 
events and depressive symptoms using any device con-
nected with internet capability. This study was approved 
by the Temple University Institutional Review Board.

Participants

Participants (N = 102) in the final sample were 19.86 
years old on average (SD = 1.17 years) and 79% were 
female. In addition, 74% self-identified as Caucasian, 
7% as African American, 6% as Biracial, 15% as Asian, 
and 2% as Other. In our sample, 7% also identified as 
Hispanic. In terms of sexuality, 80% of participants 
identified as heterosexual, 12% as lesbian, gay, or bisex-
ual, and 8% as “something else” or “other.” Although 
79% of the sample currently lived in an urban area (e.g., 
Philadelphia), only 26% reported living in an urban area 
previously, and the majority of participants previously 
lived in suburban (59%) or rural (15%) areas.

At the diagnostic assessment, 76 (74.5% of the sam-
ple) met criteria for past MDD and 26 (25.5%) for a past 
subthreshold depression. The mean age of first onset 
of MDD was 15.77 years (SD = 3.32 years) and 15.16 
years (SD = 3.29 years) for a subthreshold episode. Of 
those with MDD, 46 (45.1%) had one MDD episode, 24 
(23.5%) had two episodes, and 5.9% had three or four 
MDD episodes. Of those only with subthreshold epi-
sodes, 22 participants (21.6%) only had one episode. 
The average length of the most severe depressive epi-
sode ranged considerably, with 17% reporting that the 

depressive episode lasted for greater than a year, 18% 
for 6 to 12 months, 24% for 2 to 6 months, 16% for 1 
to 2 months, and 16% for 2 to 4 weeks; also, 14% 
reported a subthreshold depressive episode that lasted 
for 1 to 2 weeks.

Screener measures

Inventory to Diagnose Depression–Lifetime version 
(IDD-L). The IDD-L (Zimmerman & Coryell, 1987) is a 
22-item self-report measure that indexes the number of 
depressive symptoms that a person has experienced dur-
ing his or her worst lifetime period of depression. Each 
item is rated on a 5-point scale (0–4; 0 = I did not lose 
interest in my usual activities to 4 = I have lost interest in 
all of my usual activities) to assess the severity, duration, 
and impairment of clinically significant symptoms of 
depression. The IDD-L is scored using the criteria for the 
fourth edition of the Diagnostic and Statistical Manual of 
Mental Disorders (DSM–IV; American Psychiatric Associa-
tion, 1994). As previously mentioned, individuals who 
endorsed subthreshold depression (e.g., two or more 
symptoms (one of which must be depressed mood or 
anhedonia) nearly all day every day for 2 weeks or more, 
or five or more symptoms (one of which is depressed 
mood or anhedonia) most of the day nearly every day for 
at least a week) were included. Functional impairment 
also must be present to meet for a diagnosis of any 
depressive disorder. This scale has excellent sensitivity 
and specificity for diagnoses made using structured diag-
nostic interviews (Zimmerman & Coryell, 1987). In the 
present study, the internal reliability was α = .94.

Beck Depression Inventory–II (BDI-II). The BDI-II 
(Beck et al., 1996) is a 21-item self-report questionnaire 
that assesses cognitive, affective, and somatic depressive 
symptoms experienced over the past 2 weeks. Items are 
scored on a Likert-type scale (0–3), with higher scores 
indicative of more severe depression. The BDI-II has 
demonstrated strong psychometric support, including 
good internal consistency, test–retest reliability (r = .93), 
concurrent validity, and convergent validity (Beck et al., 
1996; Beck, Steer, Ball, & Ranieri, 1996). In the current 
study, the BDI-II had good internal consistency (α = .90).

7 Up 7 Down Inventory (7U7D). The 7U7D (Youngstrom 
et al., 2013) is a 14-item measure of manic and depressive 
tendencies of an individual. Participants respond using a 
4-point scale based on frequency of experience (1 = 
never or hardly ever to 4 = very often or almost con-
stantly). Only the 7 Up subscale of the 7U7D was used in 
the present study to determine the presence of manic or 
hypomanic symptoms. Item scores of 3 or 4 were recoded 
as 1, and item scores of 1 or 2 were recoded as 0 
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(Youngstrom et al., 2013). All items then were summed 
for a total score, with scores ranging from 0 to 7. In the 
present study, individuals with scores greater than 3 were 
deemed ineligible, given findings that 3 or more on the 
7U is associated with clinically significant (hypo)mania 
(Alloy et al., 2008).

Baseline assessment

Diagnostic Interview. An expanded version of the 
Schedule for Affective Disorders and Schizophrenia–Life-
time (exp-SADS-L; Alloy et al., 2008; Endicott & Spitzer, 
1978) is a semistructured diagnostic interview used to 
assess past and current psychopathology. The present 
study utilized the depression and bipolar modules of the 
exp-SADS-L to determine whether individuals’ depressive 
symptoms met criteria for past major or minor/subthreshold 
depressive disorder according to DSM–IV criteria (for 
inclusion criteria), and current MDD or bipolar disorder 
(for exclusion criteria). In the present study, subthresh-
old depression was defined as having five or more symp-
toms of depression nearly all day every day for 1 week 
(n = 15; 14% of full sample) or two or more symptoms all 
day nearly every day for 2 weeks (n = 12; 11%). Consis-
tent with DSM–IV criteria, depressed mood or anhedonia 
and significant associated functional impairment must be 
present to meet criteria for any depressive disorder. In 
prior studies, the exp-SADS-L has demonstrated excellent 
interrater reliability, with κ > .90 for unipolar depression 
diagnoses based on 80 jointly rated interviews (Alloy 
et al., 2000). In the present study, interviews were audio-
recorded for reliability coding and agreement on pres-
ence of symptoms and diagnosis were examined in a 
randomly selected 20 interviews. Reliability raters were 
blind to the outcome of the original interview. Our inter-
viewers demonstrated excellent agreement (κ = .95, p < 
.001).

Trier Social Stress Test (TSST). The TSST is a valid, 
reliable, and widely used method to induce psychosocial 
stress and elicit an autonomic stress response (Kudielka, 
Buske-Kirschbaum, Hellhammer, & Kirschbaum, 2004). 
The TSST consists of socioevaluative threat of a public 
speaking task and performance threat of mental arithme-
tic. First, participants were instructed to sit still and 
breathe normally for 3 min to establish baseline levels of 
HRV. To increase the socioevaluative threat for individu-
als, after the baseline assessment of HRV, participants 
were informed that they would be asked to give a 3-min 
speech about themselves in front a camera (where they 
would be seeing themselves on screen) and the video 
would be recorded and streamed live to a group of their 
peers who would rate how much they liked them and would 
want to spend time with them. In addition to participants 

viewing themselves on the screen, the experimenter was 
present and silently observed the participants while pre-
tending to take notes on their speech and behavior. Prior 
to beginning the speech, participants were instructed to 
think about and prepare their speech (without writing 
anything down) for the next 3 min while the interviewer 
left the room. After 3 min elapsed, participants were 
instructed to give a speech for the full 3 min. After 3 min, 
participants then completed a calculation task (subtract-
ing increments of 13 from 2,083) for 60 s. The partici-
pants then were told to breathe normally for the next 3 
min to monitor physiological recovery.

Heart Rate Variability (HRV). ECG data were mea-
sured using a BioPac BioHarness MP150 with AcqKnowl-
edge version 4.2 software, a system that monitors, 
analyzes, and records physiological parameters (Biopac 
Systems, Inc., Santa Barbara, CA). The BioHarness is a 
wireless device that is attached to individuals via a stan-
dard three-electrode setup sampled at 1000 Hz. Heart 
rate was monitored continuously during the TSST, with 
markers placed throughout the experiment to indicate 
the beginning and end of each component of the TSST. 
There were four distinct epochs in the present study: 
baseline, anticipatory threat, stressor task, and recovery. 
Data collected from AcqKnowledge then were imported 
into Kubios HRV software (version 2.2; Tarvainen, Niskanen, 
Lipponen, Ranta-Aho, & Karjalainen, 2013), where they 
were visually inspected for artifacts and corrected manu-
ally. We used Kubios default parameters, which included 
piecewise cubic spline interpolation with the default rate 
of 4 Hz for RR interpolation rate and did not detrend the 
data. Power spectral analysis was conducted by integrat-
ing the power estimates over each frequency band with 
a fast Fourier transformation with a 256-s window with 
50% overlap (Welch’s periodogram) for each phase of the 
TSST. Consistent with the recommendations by the Task 
Force of the European Society of Cardiology and North 
American Society of Pacing and Electrophysiology (1996), 
the absolute power density (ms2) for each band of high 
frequency (HF; .15–.40 Hz), low frequency (LF; .04–.15), 
and very low frequency (VLF; 0–.04) was calculated and 
the average for each period was used. Only HF HRV was 
included in subsequent analyses because of our focus on 
HF-HRV (hereafter referred to as RSA). RSA variables for 
each portion of the task (baseline, anticipatory threat, full 
stressor [speech and math], and recovery) were log-
transformed to normalize the distribution, which violated 
normality assumptions, prior to calculating variables 
(Bylsma et al., 2014; Yaroslavsky, Rottenberg, et al., 2013). 
Because RSA may be influenced by respiration rates 
(RRs), we controlled for respiration by regressing average 
RR on RSA for each task phase and used the unstandard-
ized residuals (Bylsma et al., 2014; Ritz & Dahme, 2006). 
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RSA reactivity was then calculated by subtracting the 
residualized RSA scores during the full stressor (speech 
and math) from RSA during the baseline period. To 
explore the full stress process, we also created variables 
of RSA anticipation and RSA recovery by subtracting the 
residualized RSA values of the anticipatory phase and 
recovery period from baseline, respectively. Unless noted 
otherwise, residualized RSA variables were used for study 
hypotheses.

PROMIS-Depression-Long Form (PROMIS-Depression-
LF). The Patient Reported Outcomes Measurement Infor-
mation System (PROMIS) network used Item Response 
Theory to develop a measure to assess depression as per 
the National Institutes of Health initiatives. The PROMIS-
Depression-LF (Pilkonis et al., 2011) is a 27-item measure 
that assesses the severity of symptoms of depression. It 
measures the presence of depressive symptoms over the 
prior 2 weeks. The PROMIS-Depression-LF has been 
found to have better psychometric properties and be 
more sensitive to the dimensionality of depressive sever-
ity than other well-known self-report scales of depres-
sion (Olino et al., 2012; Olino et al., 2013; Pilkonis et al., 
2011). The PROMIS-Depression-LF was used as a covari-
ate for analyses predicting to depressive symptoms over 
the subsequent 2 weeks using the short form of this mea-
sure (described later). In the present study, the internal 
reliability of the PROMIS-Depression-LF was α = .97.

Life Events Scale (LES) and Interview (LEI). The 
LES (Safford et  al., 2007) asks individuals to indicate 
which events occurred to them over the past 4 weeks 
(specific dates and a calendar are provided to the partici-
pant). The LES includes 100 major and minor life events 
in a variety of domains, including school, work, finances, 
family, peer, and romantic relationships. Then, individu-
als were interviewed to validate that the events occurred 
during the given period and met a priori definitional cri-
teria to reduce potential biases. The LES events were a 
priori rated on the extent to which they were indepen-
dent (fateful) or dependent (i.e., an event to which an 
individual would be expected to contribute), and indi-
vidually adjusted accordingly based on information pro-
vided by the participant (Safford et al., 2007). Dependent 
events also were categorized as interpersonal. The LEI 
does not consider the extent of independence or depen-
dence of events, but considers whether the event was 
“fateful” or one that may have occurred within the realm 
of the individual’s control. For example, if an individual 
reported a conflict or fight with a friend, this event would 
qualify as interpersonal dependent, given that this event 
could have occurred as a result of their own actions (or 
inactions) or characteristics (regardless of the individu-
al’s own perceptions). The a priori component of this 

prevents subjective bias from affecting the relative depen-
dence and independence of these events. In this study, 
the LES and LEI were administered at baseline to control 
for the effects of prior stressors. Thus, only interpersonal 
dependent and independent stressors were included. 
The LES and LEI have demonstrated excellent reliability 
and validity (Safford et al., 2007).

Daily diary

For the convenience of participants and feasibility, par-
ticipants were emailed the daily survey at 6 p.m. and 
instructed to complete the daily diary between the 
hours of 6 p.m. and 12 a.m. This time frame was 
designed to allow participants ample time to accom-
modate school and work obligations. Participants were 
instructed to report events that occurred since they last 
completed the diary the previous day. In the event that 
participants did not complete the survey the day prior, 
they were instructed to complete the survey based on 
the past 24 hr.

Daily diary events. To assess stressors that participants 
experienced each day, participants completed the Daily 
Diary, which included 26 events that are both major and 
minor negative events in the daily lives of emerging 
adults, including achievement (e.g., did poorly on a 
graded assignment) and social events (e.g., excluded or 
left out by group of friends). Interpersonal events also 
included an option for participants to endorse multiple 
parties (e.g., family, friend, significant other, coworker, or 
other). For instance, for the event “I got into a fight or 
argument with someone,” participants were able to select 
any individual to which the statement applied. This 
enabled us to more comprehensively assess events that 
could have occurred within one item. Thus, there were a 
total of 64 possible items that participants could have 
endorsed across the entire daily diary. At the end of the 
daily diary, participants were invited to report additional 
events that may have occurred but are not represented. 
Examples reported included “My family and I attended a 
funeral today,” “I woke up with hives,” “My dog had a 
seizure today,” “My apartment flooded,” and “I missed 
my train and was late for class.” All endorsed and added 
events were coded based on whether or not the event 
occurred that day (0 = no, 1 = yes). All events were 
categorized as dependent (i.e., a result of the individu-
al’s behaviors or characteristics; Liu & Alloy, 2010) or 
in de pendent (i.e., fateful events) based on the preexist-
ing LEI event-specific criteria (Francis-Raniere, Alloy, & 
Abramson, 2006), which a priori defines any event that 
may have occurred directly or indirectly as a result of the 
individual’s behavior or characteristics as dependent (as 
noted earlier). In total, there were 38 dependent events 
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and 26 independent events (e.g., “I had a minor illness or 
injury”), in addition to events added by the participant. 
Of these, 23 events were interpersonal dependent events 
(e.g., “I had a fight or conflict with a friend”). The present 
study focused on events that were interpersonal depen-
dent and independent. On average, participants com-
pleted 12.20 diaries (87.14%; range = 6–14; SD = 2.03) 
over the 14-day period.

PROMIS-Depression-Short Form (PROMIS-Depression-
SF). The PROMIS-Depression-SF (Pilkonis et al., 2011) is an 
8-item measure that assesses the severity of symptoms of 
depression. Although it typically inquires about depres-
sive symptoms over the past 2 weeks, the present study 
adapted it to assess depressive symptoms on a daily basis 
and was included on the daily diary measures. The 
PROMIS-Depression-SF also has been found to have 
sound psychometrics similar to the longer version (Olino 
et al., 2012; Olino et al., 2013; Pilkonis et al., 2011). In the 
present study, the internal reliability of the PROMIS-
Depression-SF was α = .90.

Statistical analyses

Preliminary analyses. Preliminary analyses were con-
ducted using SPSS Version 21.0. We used the unadjusted 
RSA values (not residualized) for these analyses. Specifi-
cally, t tests examining differences in the primary variables 
of interest (RSA, average daily interpersonal dependent 
stressors, independent stressors, depressive symptoms) as 
a function of sex and depression history (MDD versus sub-
clinical) were conducted. We also conducted paired-samples 
t tests comparing HRV levels at each phase of the stressor 
task to ensure that the stressor task induced the expected 
physiological stress. Bivariate correlations between the 
primary variables of interest also were examined.

Primary analyses. To determine whether RSA pre-
dicted daily stress generation and depressive symptoms, 
hypotheses were tested using multilevel modeling in 
Mplus 7.0 (Muthén & Muthén, 2007). This provided for 
more accurate and powerful tests than possible with a 
nomothetic approach. For our analyses, there were two 
levels of data, including the daily diary assessments 
(Level 1) nested within the individual (Level 2). Thus, 
data (e.g., stressors and depressive symptoms) from the 
14 daily assessments are Level 1 variables and data from 
the Time 1 assessment (e.g., resting RSA and RSA reactiv-
ity) are Level 2 variables. Mplus also is advantageous 
because it uses maximum likelihood to estimate param-
eters for individuals with missing data (e.g., daily diary), 
which maximizes data use and prevents unnecessary 
exclusion of participants from analyses. All analyses were 

conducted covarying for history of MDD and sex, as well 
as depression medication use, age, and body mass index. 
We also covaried for Time 1 depressive symptoms and 
events (interpersonal dependent and independent events 
when each was examined as the outcome) that occurred 
in the prior 4 weeks to ensure that atypical RSA patterns 
predicted depressive symptoms and stressors controlling 
for previous effects.1

Direct and interactive effects. We examined whether 
resting RSA or reactivity to the lab-induced stressor pre-
dicted depressive symptoms and interpersonal stress 
generation over the 2 weeks of daily diary assessments. 
For our first hypothesis, daily depressive symptoms were 
entered as the Level 1 outcome variable. For our second 
hypothesis, the total number of interpersonal dependent 
stressors from the daily diary assessments was entered 
as the Level 1 outcome variable, such that participants’ 
resting RSA and RSA reactivity predicted the intercept 
of depressive symptoms and interpersonal dependent 
stressors across the daily diary assessments. For our 
results to indicate stress generation, it is crucial that rest-
ing RSA and RSA reactivity only predict to interpersonal 
dependent stressors and not independent stressors. Thus, 
independent stressors also were examined to confirm the 
specificity of findings to the generation of dependent 
events.

To examine the interactive effects of resting RSA and 
RSA reactivity predicting interpersonal stress generation 
and depressive symptoms, we also centered and created 
an interaction term between resting RSA and RSA reac-
tivity predicting stressful events and depressive symp-
toms. When there was evidence of a significant 
interaction, we probed the interaction at high and low 
levels (plus or minus 1 SD) of the moderator. We also 
conducted exploratory analyses to examine the full 
physiological stress process. Therefore, we also exam-
ined RSA reactivity to anticipatory threat and RSA recov-
ery as predictors of depressive symptoms and 
interpersonal stress generation.

Mediational hypotheses. To test our mediational hypo- 
theses that stress generation would mediate the rela-
tionship between RSA and depressive symptoms, we 
conducted three mediational analyses within a 2-1-1 mul-
tilevel modeling framework with resting RSA and RSA 
reactivity. The number of daily interpersonal dependent 
stressors from the daily diary assessments was entered 
as the Level 1 mediating variable and daily depressive 
symptoms was entered as the Level 1 dependent variable, 
controlling for previous levels of depressive symptoms 
(lagged depressive symptoms). For all mediation analy-
ses, we regressed the dependent and mediating variables 
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on the Level 2 predictor variables (RSA) and all covari-
ates. We also regressed the dependent variable on the 
mediating variable and covariates. Thus, we examined 
each part of the mediation model with resting RSA and 
RSA reactivity predicting dependent stressors and depres-
sive symptoms separately. We also estimated the slope 
of the within-person effects for interpersonal dependent 
stressors on depressive symptoms and constrained the 
slope of the between-person effects of interpersonal 
dependent stressors on depressive symptoms.

Furthermore, we tested the indirect effect of resting 
RSA and RSA reactivity on daily depressive symptoms 
via stress generation. The indirect effect is calculated 
by estimating the interactive effects (a × b) of the inde-
pendent to mediating variable (a) and mediating vari-
able to dependent variable (b). Although direct effects 
are important for mediation in traditional mediation 
models (Baron & Kenny, 1986), more recent statistical 
approaches indicate that indirect effects may be present 
even without a significant direct effect between the 
independent and dependent variables (Hayes, 2009). 
Thus, we conducted our mediational analyses as 
planned regardless of whether there was a significant 
direct effect. Although bootstrapping is the recom-
mended approach for tests of mediation, bootstrapping 
in multilevel models is a current area of research and 
multilevel modeling does not allow for bootstrapping.

Sex differences. To investigate whether there were 
potential sex differences in these relationships, we con-
ducted additional analyses using an interaction term 
between resting RSA and sex or RSA reactivity and sex 
predicting daily depressive symptoms and interpersonal 
stress generation (conducted separately). When there was 
evidence of a significant interaction, we probed the inter-
action for males and females separately to understand the 
direction of the effect. Thus, the full interaction term and 
the simple slopes for males and females are presented.

Results

Preliminary analyses

First, we evaluated whether there were significant dif-
ferences across each phase of the stressor task (base-
line, anticipation, stressor, recovery) for the full sample 
for heart rate and unadjusted RSA levels (Table 1). 
These analyses revealed that participants experienced 
increases in heart rate across each phase of the stressor 
task, from baseline to anticipation (t = 10.78, p < .001, 
d = 0.58), anticipation to stressor (t = 13.34, p < .001, 
d = 0.78), and baseline to stressor (t = 18.17, p < .001, 

d = 1.33), as well as decreases from stressor to recovery 
(t = −17.27, p < .001, d = 1.31). In addition, participants 
experienced the expected decreases in RSA from base-
line to stressor (t = 5.51, p < .001, d = 0.54) and from 
anticipation to stressor (t = 4.88, p < .001, d = 0.49) and 
increases in RSA from stressor to recovery (t = 3.98,  
p < .001, d = 0.38). However, there were no differences 
in RSA from baseline to anticipation (t = −1.15, p = .25, 
d = 0.11). These findings suggest that our stressor task 
induced physiological stress for most participants.

For our bivariate correlations of primary study vari-
ables, higher resting RSA levels were significantly asso-
ciated with greater RSA stressor reactivity (r = .57, p < 
.001), reactivity to anticipatory threat (r = .29, p < .01), 
and RSA recovery from stress (r = .35, p < .001). RSA 
reactivity also was associated with anticipatory threat 
(r = .41, p < .001) and RSA recovery (r = .79, p < .001). 
RSA reactivity to anticipatory threat was not associated 
with RSA recovery (r = .04, p = .71). Depressive symp-
toms were significantly associated with interpersonal 
dependent stressors (r = .21, p < .05). However, RSA 
variables were not associated with stressors or depres-
sive symptoms across the daily assessments (rs < .20, 
ps > .05). It is interesting that interpersonal dependent 
and independent stressors also were not correlated  
(r = .17, p > .05). We also compared individuals by sex 
on mean levels of primary study variables and found 
no significant sex differences (ts < 1.80, ps > .05).

Demographic characteristics and primary study vari-
ables are displayed in Table 1 for the overall sample 
and by depression history. Although the main hypoth-
eses were conducted with both clinical and subclinical 
depression, we examined the study variables by depres-
sion history to better understand the characteristics of 
our sample and potential physiological differences 
among those with clinical versus subclinical depression. 
Overall, there were no significant differences between 
participants with clinical and subclinical depression his-
tory on demographic (age, race, sex) or clinical vari-
ables (e.g., age of first onset, depression symptoms, 
depression medication). In terms of physiological dif-
ferences, there were no significant differences in levels 
of RSA or HR between those with past MDD and sub-
threshold depression across the stressor task phases (ts <  
1.22, ps > .05), or RSA reactivity (t = 1.19, p = .24), 
reactivity to anticipatory threat (t = 1.86, p = .07), or 
RSA recovery from the stressor (t = 0.78, p = .44). In 
addition, individuals with a history of MDD reported 
greater depressive symptoms on average during the 
daily diaries than those with subclinical depression his-
tory, as well as greater interpersonal dependent stress-
ors (Table 1).
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Primary analyses

Daily depressive symptoms. In partial support of our 
hypotheses, only resting RSA predicted depressive symp-
toms over the 2 weeks of daily diary assessments (Table 
2). This relationship was such that lower resting RSA lev-
els predicted more subsequent depressive symptoms 
over the 2-week period (intercept), controlling for MDD 
history, sex, age, BMI, depression medication, and Time 
1 depressive symptoms. However, there was no effect of 
RSA reactivity on depressive symptoms over the daily 
diary assessments (Table 2). In addition, contrary to prior 
literature, there was no significant interaction between 
resting RSA and RSA reactivity predicting depressive 
symptoms (t = 0.13, p = .90). Furthermore, there were no 
direct effects of RSA anticipatory threat (t = −0.16, SE = 
0.36, p = .88) or RSA recovery (t = 0.10, SE = 0.46, p = .83) 
on depressive symptoms, indicating that the effects were 
specific to resting RSA.

Daily stress generation. Consistent with our hypothe-
ses, there was a main effect of RSA reactivity on daily inter-
personal dependent stressors (Table 3; Fig. 1), controlling 

for MDD history, sex, age, BMI, depression medication, 
and Time 1 interpersonal dependent stressors that occurred 
in the previous 4 weeks. However, there was no direct 
effect of resting RSA predicting interpersonal dependent 
stressors. Furthermore, consistent with our hypotheses 
and stress generation literature, there were no direct 
effects of resting RSA or RSA reactivity predicting inde-
pendent stressors (Table 3). In addition, our analyses 
examining the combined effects of resting RSA and RSA 
reactivity indicated that there was no significant interac-
tive effect on daily interpersonal dependent stressors (t = 
−0.44, p = .66). Furthermore, there were no direct effects 
of RSA anticipatory threat (t = 0.11, SE = 0.07, p = .91) or 
RSA recovery (t = −0.94, SE = 0.10, p = .35) on interper-
sonal dependent stressors symptoms.

Stress generation as mediator of RSA reactivity 
and depressive symptoms. When examining the rela-
tionship between our mediating and dependent vari-
ables, there was a direct relationship from daily 
interpersonal dependent stressors to depressive symp-
toms (B = 0.70, SE = 0.15, t = 4.59, p < .001), even control-
ling for prior day depressive symptoms. For our first 

Table 1. Descriptive Statistics and Physiological Characteristics Across Sample by Depression 
History

Overall sample 
(N = 102) MDD (n = 76)

Subthreshold 
(n = 26)

Statistical 
difference

Measure M SD M SD M SD t or χ2

Demographic  
 Sex (female) (n, %) 79 77.45 61 80.26 18 69.23 1.35
 Race (White) (n, %) 72 74.51 54 71.05 18 69.23 0.03
 Age 19.86 1.17 19.91 1.16 19.73 1.22 0.67
 BMI 23.75 3.82 23.98 4.04 23.04 3.06 1.08
RSA  
 Baseline RSA 6.49 1.14 6.57 1.10 6.28 1.22 1.09
 Anticipatory RSA 6.41 1.15 6.41 1.19 6.43 1.05 0.07
 Stressor RSA 5.93 1.02 5.93 1.02 5.92 1.03 0.03
 Recovery RSA 6.31 1.13 6.35 1.17 6.19 1.02 0.62
HR  
 Baseline HR 75.43 10.16 75.20 10.06 76.10 10.65 0.39
 Anticipatory HR 81.61 11.38 81.77 12.11 81.13 9.10 0.24
 Stressor HR 91.33 14.00 91.34 14.53 91.28 12.60 0.02
 Recovery HR 75.60 10.44 75.30 10.44 76.51 10.64 0.49
Daily Diary  
 PROMIS-Dep 10.89 2.95 11.28 3.20 9.77 1.61 3.12**
 Int Dep Stress 1.49 0.51 1.55 0.59 1.35 0.30 2.20*
 Indep Stress 0.36 0.34 0.38 0.36 0.31 0.27 0.97

Note: Values are means and standard deviations, unless otherwise noted. In the rightmost column, values are 
χ2 for sex and race, t otherwise. BMI = body mass index; Dep Sx = depressive symptoms; HR = heart rate; 
Indep = independent; Int Dep = interpersonal dependent; MDD = major depressive disorder (coded as 0 = 
none, 1 = present); RSA = respiratory sinus arrhythmia (unadjusted).
*p < .05. **p < .01.
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round of mediation analyses, although there was no evi-
dence of a significant direct effect from RSA reactivity to 
depressive symptoms, there was a significant indirect 
effect of RSA reactivity on depressive symptoms via inter-
personal stress generation (B = −0.09, SE = 0.05, t = −1.98, 
p < .05, 95% CI [–0.19, −0.001]). Specifically, these find-
ings indicated that less RSA reactivity (or less RSA with-
drawal) predicted greater interpersonal dependent stressors, 
which, in turn, predicted greater depressive symptoms. 
To confirm that this effect was specific to interpersonal 
dependent stressors, we evaluated the effect of RSA reac-
tivity to depressive symptoms via independent stressors 
and found there was no significant indirect effect (B = 
−0.03, SE = 0.04, t = −0.78, p = .43). In addition, although 
there was a direct effect from lower resting RSA to depres-
sive symptoms, our results indicated that this was not 
mediated by interpersonal stress generation (i.e., no sig-
nificant indirect effect; B = 0.04, SE = 0.05, t = 0.94, p = 
.35). Furthermore, there was no indirect effect from the 
combined indices of resting RSA and RSA reactivity to 
depressive symptoms via interpersonal dependent stress-
ors (B = −0.01, SE = 0.03, t = −0.24, p = .81).

Sex differences. First, there was a significant interac-
tion between resting RSA and sex predicting depressive 
symptoms (t = 2.53, SE = 0.49, p = .01; Fig. 2). The nature 
of this interaction was such that the association between 
resting RSA and subsequent depressive symptoms was 
significant only for females (B = −0.73, SE = 0.23, t = 
−3.14, p < .01), but not for males (B = 0.51, SE = 0.44, t = 
1.17, p = .24). Specifically, women with lower resting RSA 

were more likely to report depressive symptoms com-
pared to those with greater resting RSA, who had the 
lowest depressive symptoms. However, there was no 
relationship between resting RSA and depressive symp-
toms for male emerging adults. Also, there was no inter-
action between RSA reactivity and sex in predicting to 
depressive symptoms (B = −0.49, SE = 0.74, t = −0.66, p = 
.51). Finally, there were no sex differences predicting 
interpersonal dependent stressors for resting RSA (B = 
−0.11, SE = 0.10, t = −1.04, p = .30) or reactivity (B = 0.07, 
SE = 0.15, t = 0.45, p = .66).

Discussion

Considerable research has documented the atypical pat-
terns of resting RSA and RSA reactivity exhibited among 
individuals with depression (Bylsma et  al., 2014; 
Rottenberg, 2007). However, less research has moved 
beyond this to examine the role of RSA, particularly 
RSA reactivity, in processes known to confer risk for 
depression. In particular, stress generation is a robust 
predictor of depression onset and recurrence, and vul-
nerabilities to depression have been found to predict 
the occurrence of stressors (Liu, 2013). Given the 
importance of RSA and stressful events in depression, 
it is surprising that no known study has examined rest-
ing and fluctuating RSA levels in the process of inter-
personal stress generation. Thus, the aim of the present 
study was to examine resting RSA and RSA reactivity 
(and their interactive effects) as prospective predictors 
of interpersonal stress generation and depressive symp-
toms among individuals with a history of depression, 
as well as potential sex differences in these relation-
ships. Furthermore, the second aim of our study was 
to examine whether interpersonal stress generation 
mediated the relationship between RSA and depressive 
symptoms, increasing the risk for recurrence.

First, our preliminary results suggest that our stressor, 
the TSST, induced physiological stress among most indi-
viduals, as the majority of individuals exhibited the 
expected heart rate increase and RSA withdrawal across 
the phases of the socio-evaluative stressor, including 
increases in HR and decreases in RSA during the antici-
patory threat and stressor phases, as well as decreases 
in HR and increases in RSA during the recovery phase. 
Second, individuals with a history of MDD did not differ 
from those with a subclinical depression history on 
resting RSA and RSA reactivity. Specifically, individuals 
with subclinical depression exhibited similar levels of 
resting RSA and RSA fluctuation to the stressor (as well 
as anticipatory threat and recovery from the stressor) 
as those with past MDD. Although we were unable to 
compare these groups to healthy controls to determine 
whether they have unique RSA patterns compared to 

Table 2. Main Effects of Resting RSA and RSA Reactivity 
on Depressive Symptoms

Depressive symptoms

Variable B SE t

Between level  
 Intercept (Dep Sx) 8.01 4.60 1.74
 MDD 1.07 0.55 1.96*
 Sex 0.89 0.60 1.53
 Past Dep Med 0.59 0.59 1.00
 BMI 0.07 0.01 1.04
 Age 0.02 0.21 0.09
 T1 Dep Sx 0.07 0.01 6.11***
 Resting RSA –0.46 0.22 –2.13*
 RSA Rx 0.16 0.25 0.63
Random effects  
 Intercept (Dep Sx) 4.34 0.76 5.73***

Note: BMI = body mass index; Dep Med = depressive medication use; 
Dep Sx = depressive symptoms; MDD = major depressive disorder 
(coded as 0 = none, 1 = present); RSA = respiratory sinus arrhythmia; Rx = 
reactivity; T1 = Time 1. RSA levels are adjusted for respiration rates.
*p < .05. ***p < .001.
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never-depressed individuals, this finding represents an 
important step in evaluating the heterogeneity of 
depression in psychophysiological processes. Accord-
ing to our findings, there may not be meaningful dif-
ferences between individuals with past clinical and 
subclinical depression on RSA levels (including base-
line, stressor task, and recovery), which suggests that 
these individuals may demonstrate similar levels of 
adaptive (and maladaptive) physiological self- and 
stress-regulation following depressive episodes. 

However, it is important to note that there may still be 
differences in RSA patterns between individuals with 
current major and subthreshold depression, which were 
not examined in the present study.

One of the main findings of the present study was 
that lower resting RSA, but not RSA reactivity, prospec-
tively predicted depressive symptoms over 2 weeks of 
daily diary assessments, controlling for depressive 
symptoms at the initial assessment, history of MDD, 
and a number of variables associated with RSA (depres-
sion medication, age, BMI). Specifically, formerly 
depressed individuals with lower resting RSA experi-
enced greater daily depressive symptoms on average 
than those with higher levels of resting RSA. This find-
ing is consistent with prior research indicating that 
lower RSA is associated with greater depressive symp-
toms one year later (Vazquez et al., 2016), but highlights 
the impact of resting RSA on daily depressive symptoms 
and extends these findings to a sample of emerging 
adults with a major or subclinical depression history. 
To our knowledge, this is the first study to document 
that individual differences in RSA predict subsequent 
depressive symptoms among individuals with remitted 
depression, which is notable given that individuals with 
a history of depression typically exhibit lower levels of 
RSA than never-depressed individuals (Yaroslavsky 
et  al., 2014). These results suggest that formerly 
depressed individuals with lower resting RSA may be 
at greater risk for depression recurrence than individu-
als with a history of depression and higher resting RSA, 
and therefore RSA levels could serve as a potential 
indicator of future depression risk.

Consistent with our hypotheses, our second main 
finding was that only RSA reactivity significantly pre-
dicted more interpersonal dependent stressors over the 
next 2 weeks, controlling for prior interpersonal depen-
dent stressors, depression history, current depressive 
symptoms, and cardiac-related variables (BMI, depres-
sion medication use). Furthermore, these results were 
specific to interpersonal dependent stressors, which is 
consistent with the stress generation theory that indi-
viduals’ characteristics or behaviors would only be 
expected to contribute to dependent events (Hammen, 
1991). These findings suggest that individuals with less 
RSA withdrawal prospectively contributed to subse-
quent interpersonal dependent stressors, but not inde-
pendent stressors, controlling for RSA-related variables 
and stressors that occurred in the prior 4-week period. 
Thus, it is possible that individuals who are not able to 
effectively and adequately mobilize resources to respond 
to changing or stressful environmental demands may 
inadvertently generate more negative stressful events, 
especially in their interpersonal relationships. Specifically, 

Table 3. Main Effects of Resting RSA and RSA Reactivity 
on Stressors

Interpersonal dependent 
stressors

Variable B SE t

Between level  
 Intercept (Int Dep Stress) 2.40 0.92 2.61**
 MDD 0.13 0.11 1.15
 Sex 0.11 0.12 0.83
 Past Dep Med 0.06 0.12 0.49
 BMI 0.02 0.01 1.59
 Age 0.10 0.04 2.44*
 T1 Dep Sx <0.01 <0.01 0.16
 T1 Neg Int Dep 0.04 0.02 2.07*
 Resting RSA 0.04 0.04 1.02
 RSA Rx –0.10 0.05 –2.09*
Random effects  
 Intercept (Int Dep Stress) 0.17 0.03 5.57***

Independent stressors

Variable B SE t

Fixed effects  
 Intercept (Indep Stress) 0.03 0.63 0.05
 MDD 0.03 0.07 0.47
 Sex 0.07 0.08 0.82
 Age 0.01 0.03 0.45
 Dep Med –0.07 0.08 –0.87
 BMI 0.03 0.01 3.60***
 T1 Dep Sx <0.01 <0.01 0.15
 T1 Indep Stress 0.06 0.02 3.21***
 Resting RSA –0.03 0.03 –1.02
 RSA Rx –0.03 0.03 –0.88
Random effects  
 Intercept (Indep Stress) 0.06 0.01 4.82***

Note: BMI = body mass index; Dep Med = depressive medication 
use; Dep Sx = depressive symptoms; Indep = independent; Int dep = 
interpersonal dependent; MDD = major depressive disorder (coded 
as 0 = none, 1 = present); Neg = negative; RSA = respiratory sinus 
arrhythmia; Rx = reactivity; T1 = Time 1. RSA levels are adjusted for 
respiration rates.
*p < .05. **p < .01. ***p < .001.
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individuals with less RSA withdrawal may have certain 
negative interpersonal behaviors, such as lack of inter-
personal warmth, social disengagement, and maladap-
tive affective responses (Diamond & Cribbett, 2013; 
Porges, 2003a), that reduce interpersonal functioning 
and elicit more negative daily interactions or stressors 
with friends, family, romantic partners, and coworkers, 
among others. Furthermore, given the proximity of the 
vagus nerve to facial nerves (Porges, 2003a, 2007), indi-
viduals with lower RSA withdrawal also may have con-
textually inappropriate facial expressions and 
microexpressions that contribute to difficulties with 

social communication and interpersonal relationships 
(Porges, 2003a). Thus, this study identified RSA reactiv-
ity as an objective marker of interpersonal stress gen-
eration, which may help in identifying those at risk for 
greater self-generated exposure to interpersonal stress-
ors to which they are subsequently less physiologically 
able to respond. It is particularly notable that these 
findings are documented among individuals with a his-
tory of depression, who already are at risk for stress 
generation (Liu & Alloy, 2010). Of note, it is possible 
that atypical RSA patterns may serve as the biological 
underpinnings of other known cognitive, interpersonal, 
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and affective risk factors for interpersonal stress genera-
tion. However, this study did not directly examine this 
possibility, which should be explored in future research.

It is notable that we did not find direct effects of RSA 
reactivity on depressive symptoms. However, we did 
find evidence of an indirect effect for less RSA reactivity 
on depressive symptoms via interpersonal stress gen-
eration, controlling for prior day depressive symptoms. 
Specifically, individuals with less RSA withdrawal expe-
rienced more average daily interpersonal stressors, 
which, in turn, predicted higher levels of daily depres-
sive symptoms. This suggests that maladaptive physi-
ological stress responses may predict interpersonal 
stress generation and subsequent depressive symptoms 
among individuals who are formerly depressed, and 
potentially distinguish those who are at greater risk for 
interpersonal dysfunction and depression recurrence. 
We also did not find main effects of resting RSA on 
interpersonal dependent stressors. This suggests that 
only resting RSA may directly predict depression symp-
toms, but RSA reactivity contributes to maladaptive 
interpersonal processes (i.e., stress generation) that 
predict greater levels of depressive symptoms. These 
findings suggest that there may be something specific 
about RSA reactivity’s role in interpersonal stress gen-
eration, and resting RSA’s role as a predictor of depres-
sive symptoms. Specifically, it could be that resting RSA 
is a better index of depressive symptoms and affect 
dysregulation, whereas RSA reactivity may be associ-
ated more strongly with stress-specific and social regu-
lation and maladaptive responses to stress, which elicits 
interpersonal stress generation. Our lack of support for 
a mediational effect of resting RSA to depressive symp-
toms via stress generation supports this, and suggests 
that there may be other mechanisms through which 
resting RSA contributes to depression.

Furthermore, we did not find any significant interac-
tions between resting RSA and RSA reactivity on inter-
personal stress generation or depressive symptoms, 
which is in contrast to prior research on atypical RSA 
patterns and depression (Yaroslavsky et  al., 2014; 
Yaroslavsky, Rottenberg, et al., 2013). One possibility 
for these discrepant findings may be that the present 
study utilized a socio-evaluative stressor for our stressor 
task, whereas these prior studies (Yaroslavsky et  al., 
2014) used an emotion-induction task, which may elicit 
different patterns of RSA response (Panaite et al., 2016). 
It is also possible that the short-term nature of our study 
design precluded our ability to detect effects of RSA 
patterns over longer follow-up intervals. In addition, 
we did not find significant effects of RSA reactivity to 
anticipatory threat or RSA recovery from the stressor 
on interpersonal stress generation or depressive symp-
toms. It is interesting that the threat of stress did not 

sufficiently induce changes in RSA from baseline in the 
present study, which may indicate the inability to ade-
quately prepare for an impending stressor among for-
merly depressed individuals in the present study. Most 
individuals did experience significant increases in RSA 
following the stressor task (i.e., RSA recovery). How-
ever, individual differences in RSA reactivity to anticipa-
tory threat and RSA recovery did not predict depressive 
symptoms or interpersonal stress generation. The latter 
was particularly surprising given research indicating 
that poorer RSA recovery is associated with major 
depression (Bylsma et al., 2014). One possibility is that 
poorer RSA recovery may better distinguish between 
those with and without depression rather than serve as 
a marker of risk among individuals with a history of 
depression. In this sense, only baseline and stress-reac-
tive RSA may have unique effects on interpersonal stress 
generation and depressive symptoms among those with 
a history of depression. However, it is also possible that 
a longer recovery period may better highlight individual 
differences in recovery poststressor, which may better 
reflect the effects of poor recovery in real-world 
contexts.

In contrast to several studies of current depression 
(Chambers & Allen, 2007; Thayer, Smith, Rossy, Sollers, 
& Friedman, 1998), we did not find any sex differences 
in resting RSA or RSA reactivity among individuals with 
past depression. Although there were not main differ-
ences by sex in resting RSA, we did find sex differences 
in the predictive association between resting RSA and 
daily depressive symptoms. Specifically, women with 
lower resting RSA were significantly more likely to have 
daily depressive symptoms than women with higher 
levels of resting RSA, but there was no effect of resting 
RSA on depression for men. It is interesting that there 
were no sex differences in the effects of lower resting 
RSA on depression between men and women. There 
also were no significant sex differences in the effects 
of resting RSA or RSA reactivity on interpersonal stress 
generation, or RSA reactivity on depressive symptoms. 
Thus, it appears that there is something specific about 
higher resting RSA that is protective for women with a 
history of depression, whereas women with lower rest-
ing RSA may be more vulnerable to depressive symp-
toms, thereby heightening the risk for future depression. 
One possible explanation for this sex difference is that 
affective regulation may be more important for women, 
given that women experience greater emotional inten-
sity and arousal than men (Kelly, Tyrka, Anderson, 
Price, & Carpenter, 2008). However, it is also possible 
that the smaller number of men in the study may have 
limited the variance of our variables (RSA, depression, 
stressors) and ability to detect effects among men. 
Research should further examine potential sex differences 



Physiological Markers of Interpersonal Stress 925

in the relationship between RSA and depressive symp-
toms with a sample more evenly distributed by sex.

Although our study has a number of strengths, 
including a micro-longitudinal design with laboratory 
and daily assessments and a sample with past depres-
sion, there are also several weaknesses that should be 
addressed to enhance future research. First, we included 
only a sample of individuals who experienced past 
major or subclinical depression, but did not have groups 
of healthy controls or individuals currently depressed. 
Including these additional groups with this design 
would provide more information about the unique and 
common elements of resting RSA and RSA reactivity 
that confer risk for depression and depression-related 
processes. In addition, although we examined sex dif-
ferences, we had relatively few men in our sample due 
to the greater prevalence of depression among women 
(Hankin et  al., 1998), which may have limited our 
power to detect effects. Thus, it is important that future 
research replicates this work with more equal sample 
sizes, which would allow for more statistical power to 
detect sex differences. Furthermore, we evaluated only 
a socioevaluative stressor task, whereas some research 
with RSA has used an emotion-induction task. Although 
a socioevaluative task has been demonstrated to elicit 
significant RSA withdrawal, subsequent studies should 
conduct research on RSA fluctuations using both socio-
evaluative stressor and emotion-induction tasks to allow 
for comparability of study effects, which also may pro-
vide information about the influences of active (speak-
ing) versus passive (watching emotional clip) stressors. 
In addition, our daily diary assessments of daily stress-
ors did not include an interview portion to evaluate the 
dependency of the stressors. Although we utilized the 
a priori coding scheme employed in stress generation 
studies, future research should utilize the accompany-
ing life events interview to more objectively assess the 
occurrence and dependence of stressors.

Furthermore, we did not examine or observe behav-
iors related to physiological reactivity, which would 
allow us to make more direct claims about the behav-
iors related to RSA reactivity that are contributing to 
interpersonal stress generation. In particular, future 
studies would benefit from conducting in-lab interac-
tion tasks following a variety of induced stressors to 
identify these behaviors and possible social communi-
cation signals (e.g., facial microexpressions) to better 
understand this relationship. Furthermore, there were 
several potential limitations in our measurement of RSA, 
including our instruction to participants to “breathe 
normally” during the baseline period, which may have 
had the unintended effect of altering breathing in this 
condition. It will therefore be important to provide a 

longer baseline period with uninstructed breathing 
with the goal of capturing a “true” baseline reading of 
resting RSA. In addition, it is possible that the speaking 
portions of the TSST stressor tasks (speech and calcula-
tion tasks) may have biased our estimates of RSA. How-
ever, we regressed RRs on RSA levels for each phase to 
account for respiration in our analysis. We also did not 
control for all possible variables that are associated with 
cardiac activity (e.g., caffeine intake, exercise), which 
may influence our results. Finally, we evaluated physi-
ological levels and reactivity only at one assessment in 
the laboratory. It would be particularly valuable to 
examine physiological processes with ambulatory 
assessment (Schwerdtfeger & Friedrich-Mai, 2009), 
which would yield rich information about the relation-
ship between RSA reactivity and naturally occurring 
stressors. Related to this, we tested only a model in 
which RSA patterns predict interpersonal stressors; 
however, it should be noted that there is likely a trans-
actional relationship in which stress and adversity (e.g., 
trauma, poverty) contribute to the development of 
atypical RSA patterns (Evans et al., 2013; McLaughlin 
et al., 2014), and these atypical patterns subsequently 
contribute to maladaptive interpersonal processes as 
demonstrated in the present study. Thus, it is possible 
that current stressors and RSA processes work syner-
gistically to increase depression risk, and these dynamic 
and complex relationships should be further explored 
in future research.

Despite these limitations, the present study has 
important clinical implications for future research and 
practice. For one, our preliminary findings indicate that 
individuals with past subthreshold or clinical depres-
sion may have similar physiological responses to stress, 
as well as subsequent risk for daily stress generation 
and depressive symptoms. Thus, future research should 
consider examining depression using a more dimen-
sional approach, and examine individual differences 
within depression to better understand individual risk. 
Second, our findings highlight the importance of resting 
RSA and RSA reactivity in depression risk. In particular, 
our findings indicate that resting levels of RSA may have 
a direct impact on affective mood states and thus may 
be a better physiological marker of self- and affective 
dysregulation, whereas RSA reactivity may have an indi-
rect effect on depression through its influence on inter-
personal functioning. Specifically, individuals with less 
RSA withdrawal may not appropriately cope or regulate 
their stress response, inadvertently contributing to 
stress in their interpersonal relationships. In this sense, 
RSA reactivity may be a better marker of stress-
regulation, particularly related to interpersonal rela-
tionships. Thus, our findings suggest that resting RSA 
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and RSA reactivity may contribute risk for depression 
via distinct processes. It is important that future 
research examine whether this risk is unique to depres-
sion or whether atypical RSA patterns serve as trans-
diagnostic risk factors for disorder through interpersonal 
stress generation, which is a mutable risk factor for 
disorder. Future research is needed to further evaluate 
these processes in the prospective development of 
depression onset and recurrence, as well as to integrate 
our findings with other automatic nervous system, 
immune system, and neurobiological indices of depres-
sion vulnerability. Finally, given research demonstrating 
the impact of early adversity on RSA patterns in depres-
sion (e.g., McLaughlin et al., 2014), it will be crucial to 
examine environmental influences on the development 
of atypical RSA patterns and consider the transactional 
relationships between stress and RSA reactivity across 
development.
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