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Abstract

Discrepancies regarding the link between autonomic nervous system (ANS) activity and 

psychopathology may be due in part to inconsistent measurement of non-psychological factors, 

including eating, drinking, activity, posture, and interacting with others. Rather than sources of 

noise, behaviors like being active and being with others may be the behavioral pathways that 

connect psychopathology symptoms to autonomic activity. The present study examined whether 

behaviors mediate the association of depression, anxiety, and hypomanic traits with ANS by using 

experience sampling methodology and ambulatory impedance cardiography. Participants (n = 49) 

completed measures of affect and one day of experience sampling and ambulatory impedance 

cardiography. The association of hypomanic traits with heart rate variability and heart rate was 

mediated by physical activity, and social activity mediated the association of depressive symptoms 

and respiration. These results highlight the importance of considering the pathways between 

psychopathology and ANS and the mediating role that everyday behaviors play.
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1. Introduction

The autonomic nervous system (ANS) is widely linked to health and psychological 

functioning. Specifically, under conditions of stress, dysregulation of the ANS can 
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potentially increase vulnerability for psychopathology (Beauchaine, 2001). 

Psychophysiology has been used to examine the contributions of the two branches of the 

ANS: the sympathetic system, responsible for mobilization, and the parasympathetic system, 

responsible for restoration. The cardiac pre-ejection period (PEP), a measure of contractility 

that reflects beta-adrenergic sympathetic impact on the heart, is a common measure of 

sympathetic activity (Kelsey, 2012), especially in research on effort and motivational 

engagement (Obrist, 1976; Silvia et al., 2013). Heart rate variability (HRV) has been used as 

an index of parasympathetic activity or vagal control, and it has been proposed to be a 

physiological index of emotional functioning (Gruber et al., 2011; Kogan et al., 2013; Oveis 

et al., 2009).

Changes to the dynamic balance of the sympathetic and parasympathetic systems have been 

associated with both personality and psychopathology. Specifically, studies have examined 

the associations of HRV with depression, anxiety, and hypomania/mania, and found that 

affective disorders are linked to increased risk for cardiovascular disorders (Gorman and 

Sloan, 2000). Anxiety is robustly associated with dysregulation of the ANS, particularly 

with reduced HRV (Thayer et al., 1996). A recent meta-analysis reported that anxiety 

disorders (specifically panic disorder, post-traumatic stress disorder, generalized anxiety 

disorder, and social anxiety disorder) and trait measures of anxiety are associated with 

reduced high-frequency HRV with small to moderate effects (Miu et al., 2009).

Findings are more mixed regarding depression and ANS, with several studies finding 

decreased HRV and others finding no differences between depressed people and healthy 

controls. Recent meta-analyses of HRV in depression, however, reported a small to medium 

effect of depression on HRV, suggesting that depression, like anxiety, was associated with 

decreased vagal control of heart rate and respiration (decreased HRV) during increased 

environmental demands (Kemp et al., 2010; Rottenberg, 2007). Note that Rottenberg (2007) 

highlighted the difficulty of parsing the effects of reduced HRV on depression given its 

comorbidity with anxiety.

For bipolar spectrum psychopathology and hypomania/mania, the literature is mixed. 

Studies of bipolar disorder have variously reported elevated HRV (Gruber et al., 2015, 2011; 

Kang and Gruber, 2013), decreased HRV and increased LF/HF ratio (proposed to reflect the 

sympathovagal balance; Chang et al., 2014; Henry et al., 2010; Levy, 2014; Quintana et al., 

2016), decreased HRV and decreased LF/HF ratio (Cohen et al., 2003), decreased HRV and 

no differences in the LF/HF ratio (Moon et al., 2013), and no differences in HRV (Todder et 

al., 2005). In addition, several studies have found that decreased HRV was associated with 

severity of mania symptoms (Chang et al., 2014; Henry et al., 2010). Thus, it is unclear 

whether bipolar spectrum psychopathology is associated with increased or decreased HRV 

or whether this varies as a function of context.

Significantly less work has examined the association of the sympathetic nervous system with 

personality or psychopathology. Previous studies have suggested that increased risk for 

cardiovascular and metabolic disease in anxiety and depression may be associated with 

increased activity of the sympathetic nervous system (Glassman, 2008; Penninx et al., 2001), 

whereas others suggest no changes or decreased activity of the sympathetic nervous system 
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associated with psychopathology. The majority of studies that have found decreased activity 

of the sympathetic system have concentrated on the link between effort and depression 

(Gendolla et al., 2012; Silvia et al., 2013). Silvia et al. (2016) specifically found that 

depression was associated with reduced effort, as indexed by lower reactivity of the 

sympathetic nervous system (pre-ejection period; PEP), during difficult tasks. In contrast, 

others have reported that PEP was unrelated to trait anxiety during a stressful task (Burns et 

al., 1992). Of note, inconclusive results regarding sympathetic nervous system functioning 

and depression and anxiety may be in part due to medication effects (Licht et al., 2012).

Increasing evidence suggests that the discrepancies in the literature regarding the link 

between the ANS and personality or psychopathology may be in part due to inconsistent 

measurement of non-psychological factors (Houtveen and de Geus, 2009). Everyday 

behaviors that exist in naturalistic settings highly influence cardiac functioning but are 

outside of experimental control. Yet, most laboratory-based psychophysiological studies 

typically hold them constant at some level (e.g., requiring all participants to be seated). 

However, Houtveen and de Geus argue that researchers need to examine physiological 

processes in more naturalistic settings to better understand the role that day-to-day behaviors 

play in the measurement of the parasympathetic and sympathetic influences and their links 

to outcomes of interest.

Behaviors known to affect measures of sympathetic and parasympathetic systems include 

physical activity and posture (Houtveen et al., 2005), diurnal variation and sleep (van 

Eekelen et al., 2004), speech (Reilly and Moore, 2003; Weber and Smith, 1990), and 

nicotine use (Houtveen and de Geus, 2009). Factors like these are not merely “noise” but 

rather behavioral and lifestyle factors that may, in part, carry the effects of psychopathology 

symptoms on physiological activity. Stated differently, factors like depression and anxiety 

might predict daily physiology by virtue of their effects on people’s everyday activities like 

how much they move, whether are alone or with others, and how often they are eating, 

drinking, and smoking.

Previous research examining links between the ANS and psychopathology has largely 

emphasized the common neurobiological mechanisms shared between psychopathology and 

ANS functioning (Thayer et al., 1998). Given the lack of evidence that ANS dysregulation is 

a biomarker for the development of psychopathology, it is perhaps more important to 

understand the relationship between clinical symptoms of a disorder and ANS functioning. 

One potential aforementioned behavior that may provide relevant information regarding the 

connection between psychopathology and ANS functioning is psychomotor activity. 

Specifically, a common symptom of depression is psychomotor retardation, which may be 

related to ANS functioning or potentially caused by low ANS functioning (Parker, 2000). It 

could be that low psychomotor activity seen in depression and ANS dysfunction (low heart 

rate variability or parasympathetic functioning) are both related to the cholinergic system 

changes seen in depression (Volkers et al., 2003). Likewise, bipolar disorder is characterized 

by psychomotor agitation and increases in goal-directed activities and behaviors. Increased 

physical activity and movement has been associated with lower resting heart rate and higher 

heart rate variability, indicating more adaptive sympathetic and parasympathetic nervous 

system functioning (Levy et al., 1998; Rennie et al., 2003). Limbic-frontal projections are 
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crucial for the regulation of goal-directed activities and behavior and are largely related to 

the availability and firing of dopaminergic and noradrenergic activity (see Grace et al., 2007 

for review). Importantly, a recent meta-analysis showed decreased frontal activity and 

abnormal limbic activity in bipolar disorder (Chen et al., 2011) Perhaps the common 

mechanism that could explain ANS dysregulation and bipolar disorder exists in underlying 

dysfunction of limbic-frontal dopaminergic and noradrenergic projections that contribute to 

goal-directed behaviors and increased psychomotor activity as well as ANS functioning. 

This thinking would suggest that it is not likely that ANS dysfunction is an underlying 

predictor of a psychological disorder, but rather a consequence of either central nervous 

system dysfunction or clinical behaviors related to the central nervous system dysfunction in 

the disorder of interest. This is not a new hypothesis given earlier theoretical work on the 

neurovisceral integration model, which proposed that the connection between the central 

nervous system and autonomic nervous system may set constraints on behaviors given one’s 

environmental context (Thayer and Lane, 2009, 2000).

One way to examine the interaction between psychological, physiological, and non-

psychological factors is through ambulatory assessment, a method by which participants are 

measured in their normal daily environments (Houtveen and de Geus, 2009). Technological 

advances now allow for the non-invasive measurement of cardiac function in daily life 

through ambulatory psychophysiology devices. Specifically, ambulatory devices are able to 

measure sympathetic and parasympathetic activity as well as heart rate (de Geus and Van 

Doornen, 1996) based on the extraction of the interbeat-interval time series from the raw 

electrocardiogram (ECG), respiration, and impedance cardiogram (ICG) signals (Houtveen 

& de Geus, 2009). Additionally, experience sampling methodology (ESM), a structured 

daily diary method, can be used to assess participants’ affect, cognition, stress, and behavior 

in the moment (Csikszentmihalyi and Larson, 2014; Mehl & Conner, 2012). Both of these 

methods provide high ecological validity to findings regarding personality and 

psychopathology and allow the research to examine contextual factors—such as eating, 

being physically active, and spending time with other people—rather than hold them 

constant.

Studying the behavioral pathways from psychopathology to physiology using ambulatory 

assessment may help disentangle the relationship of depression, anxiety, and hypomania 

with autonomic nervous system functioning. The present study was a preliminary 

examination of these associations in a non-clinically ascertained sample, given that 

subclinical manifestations of depression, anxiety, and hypomania predict impairment and 

risk for developing clinical disorders and enable the examination of psychophysiology 

without the confounds of disease burden (e.g., medication effects). Thus, the present 

preliminary study had two goals. First, it aimed to examine contextual factors and cardiac 

function in the real-world outside of the laboratory environment using ESM and ambulatory 

psychophysiology to improve the ecological validity of previous psychophysiological 

findings. Second, it aimed to examine the behavioral pathways that might mediate the 

association between psychopathology and physiology in real world settings. Specifically, it 

was hypothesized that behaviors in daily life as measured by ESM may account for or 

mediate the associations between depression, anxiety, and hypomanic personality traits and 

Sperry et al. Page 4

Int J Psychophysiol. Author manuscript; available in PMC 2018 November 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



parasympathetic and sympathetic ANS functioning. Specific directional relationships were 

not hypothesized because this preliminary study was exploratory in nature.

2. Materials and Methods

2.1 Participants

The study enrolled 49 participants from psychology courses at University of North Carolina 

at Greensboro (UNCG) for credit toward a voluntary research option. The mean age was 

19.3 years (SD = 1.7, range = 18–25 years) and the sample was 77.6% female. Participants 

were 36.7% Caucasian/European American, 38. 8% African American, 6.1% Hispanic/

Latino, 8.2% Asian/Pacific Islander, 4.1% biracial, and 6.1% declined to state their ethnicity. 

The average Body Mass Index (BMI) (based on self-reported height and weight) was 24.2 

(SD = 5.6).

2.2 Materials and procedures

This research was approved by the UNCG Institutional Review Board, and all participants 

provided informed consent. All participants worked with same-gender researchers. 

Participants came into the lab and were briefed regarding the purpose of the experiment—to 

examine how the body responded to normal activities in daily life. Participants were told that 

after completing measures of personality and individual differences in the lab, they would be 

connected to an ambulatory physiological recording device during the day and would 

complete brief self-report surveys throughout on an electronic tablet provided by the lab. 

The experimenter placed electrodes on the participants and allowed the signals to stabilize. 

Afterwards, the participants completed demographics and questionnaires. Participants were 

instructed on how to use the tablets and then sent into their normal daily lives for a period of 

at least 6 hours.

2.2.1 Psychopathology symptom scales—Depressive symptoms were measured via 

the 7-item Depression subscale of the Depression Anxiety Stress Scales-21 (DASS-21; 

Lovibond and Lovibond, 1995). Anxiety symptoms were measured via the 7-item Anxiety 

subscale of the DASS-21. The DASS-21 uses a 4-point response format from 0 = Did not 

apply to me at all to 3 = Applied to me very much. The DASS-21 has been used to assess 

depression, anxiety, and stress in large non-clinical samples (Henry and Crawford, 2005) and 

has shown validity in distinguishing depression in both clinical and healthy community 

samples (Antony et al., 1998). Bipolar spectrum psychopathology was measured using the 

Hypomanic Personality Scale (HPS; Eckblad and Chapman, 1986). The HPS consists of 48 

true-false items and taps affective lability, grandiosity, and hypomanic-like behaviors. The 

HPS was created to measure hypomanic traits in non-clinical samples and has been shown to 

predict the later development of bipolar spectrum disorders (Eckblad and Chapman, 1986; 

Kwapil et al., 2000; Walsh et al., 2015).

2.2.2 Experience sampling methodology—Participants completed ESM surveys on 

7” Android tablets via the Qualtrics Offline application. The tablets signaled participants at 

12 randomized times roughly every 45 minutes (loosely constrained to around 8–9 hours) 
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via a flashing screen and an alarm sound. When signaled, participants opened the Qualtrics 

Offline survey application and responded to the questions.

To examine the effect of behavioral factors on cardiac functioning, we asked about a range 

of common behaviors that could affect ambulatory cardiac activity and that might be 

associated with psychopathology symptoms. Table 1 shows the items and their response 

scales. For some of the items, people reported on what they were doing during the past 10 

minutes, such as their posture (e.g., laying down versus sitting or standing), their social 
activity (whether they were alone or interacting with other people), and how much they were 

talking. For other items, people responded based on their behavior since the last signal 

(roughly 30–40 minutes), such as whether they were eating or drinking, using caffeine or 

nicotine, or being physically active.

After data collection, some of the behavioral factors were omitted from analysis. For 

example, caffeine use had a high positive correlation with drinking (i.e., people consumed 

caffeine almost exclusively through caffeinated beverages), so drinking was included as the 

variable of interest in all analyses. In addition, talking and social activity were highly 

correlated, so talking was dropped from all analyses. Finally, reported nicotine use was 

surprisingly low and near zero in our sample, so it too was omitted from subsequent 

analyses. Thus, the ESM items used as behavioral factors for all analyses were posture, 
eating, drinking, physical activity, and social activity.

2.2.3 Ambulatory physiological recording—Cardiac autonomic activity was 

assessed using MindWare Mobile Impedance Cardiograph devices (Model 50–2303–00; 

Mindware Technologies, Gahanna, OH). Electrocardiogram (ECG) signals were acquired 

using 3 electrodes placed in a modified Lead II configuration on the right collarbone and 

both lower ribs. Impedance cardiogram (ICG) signals were acquired using 4 electrodes in a 

standard tetrapolar configuration. Receiving electrodes were placed on the chest (an upper 

electrode on the left collarbone and the lower electrode at the base of the sternum). Sending 

electrodes were placed on the back and displaced 4 cm above and below the receiving 

electrodes. The devices were clipped to the participant’s clothing (e.g., belt or pants). The 

signals were acquired at 500 Hz, filtered and amplified internally, and saved locally to an SD 

card for later analysis.

Ambulatory physiology was assessed continuously. For data analysis, 10 minutes of 

continuous recording prior to the ESM questionnaire signal were parsed so the ECG and 

ICG data mapped on to the time period just prior to the self-report survey. Each 10-minute 

segment was divided into 60-second periods, and the signals were screened and corrected as 

needed prior to analysis using the Mindware IMP and HRV software. The physiological 

outcomes were calculated for each 60-second period and then averaged across the 10 

minutes for a summary average value for that period. This was done for all the participant’s 

available physiological segments, up to the maximum of 12 segments during the day.

To assess sympathetic influence on the heart, we measured the cardiac PEP (Kelsey, 2012) 

and the RZ interval. PEP is the time (in ms) between the ECG Q point (Berntson et al., 

2004) and the dZ/dt B point (Lozano et al., 2007). The RZ interval is the time (in ms) 
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between the ECG R point and the dZ/dt Z point (Meijer et al., 2008; van Eijnatten et al., 

2014). The points were based on ensemble averages (Kelsey et al., 1998). Q was identified 

as the lowest point in the 35 ms window preceding R (Berntson et al., 2004); B was 

estimated via the Lozano et al. (2007) slope/intercept formula (RB = RZ*.55 + 4 ms). RZ is 

an increasingly used measure of contractility that has the virtues of using the salient R and Z 

points, so it might be especially suitable for ambulatory recordings (van Lien et al., 2013). 

RZ has been comparable to PEP in several recent studies (Harper et al., in press; Silvia et al., 

2014a, 2014b; Silvia et al., in press).

The primary outcome for parasympathetic influence on the heart was the root mean square 

of successive interbeat interval differences (RMSSD), a time-domain measure (Schaffer & 

Ginsberg, 2017) that relies on the measurement of interbeat intervals (IBI). We selected 

RMSSD because its computation requires only the ECG R-peaks in the IBI series, so it 

should be relatively robust to potential signal quality issues that could arise in ambulatory 

assessment. Finally, we calculated heart rate and respiration rate (Ernst et al., 1999).

3. Results

3.1 Analytic approach

The data were analyzed using cluster-robust standard error (CR-SE) models (McNeish et al., 

2017; Skrondal and Rabe-Hesketh, 2004). Like hierarchical linear models, CR-SE models 

correct for the clustering introduced by the repeated measures. These models offer several 

advantages over multilevel models for the present type of study. First, they afford properly-

defined standardized effect sizes (McNeish et al., 2017), even for mediational path models 

with categorical mediators. Second, many participants had no variance for some of the 

mediator variables (e.g., their activity level or posture was the same for all assessments), so 

these variables were “within-person” for some participants but not others. This occasional 

within-cluster invariance is more easily accommodated with CR-SE models than with 

multilevel models, which seek to partition variance into two levels. All the behavioral factors 

(except posture) were treated as categorical when they were outcomes or mediators. The 

analyses were run in Mplus 8 using maximum likelihood with robust standard errors or with 

weighted least squares, depending on whether the model had categorical mediators.

Participants completed an average of 8.65 (SD = 2.11, range = 4–12) ESM questionnaires. 

Descriptive statistics for depression, anxiety, and hypomanic personality as well as the five 

psychophysiological outcomes are presented in Table 2. Means for the HPS were consistent 

with prior non-clinical samples collected at UNCG (Kwapil et al., 2011; Sperry and Kwapil, 

2017). Means for the DASS were consistent with those reported in non-clinical validation 

samples (Henry and Crawford, 2005). Hypomanic traits were moderately correlated with 

depression (r = .39, p = .005) and anxiety (r = .39, p = .005). Not surprisingly, depression 

and anxiety were highly correlated (r = .76, p < .001).

3.2 Influence of behavioral factors on psychophysiological outcomes

We first examined the relationships between the behavioral factors— posture, eating, 

drinking, physical activity, and social activity—and the physiological outcomes. Five models 
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were estimated, one for each physiological outcome, and the behavioral factors were entered 

as simultaneous predictors. Table 3 summarizes the results.

Posture predicted several of the ambulatory physiological outcomes. As people’s postures 

shifted to be more upright, they had higher HR (β = .43, p < .001), shorter PEP intervals (β 
= −.27, p < .001), shorter RZ intervals (β = −.32, p < .001), and lower RMSSD (β = −.28, p 
< .001). The pattern collectively suggests higher sympathetic and lower parasympathetic 

activity during the day as posture changed.

Likewise, social activity during the day predicted several ambulatory physiological 

outcomes. As people went from being alone to interacting with others, they had slower 

respiration rates (β = −.18, p = .005), longer PEP intervals (β = .13, p = .038), marginally 

longer RZ intervals (β = .11, p = .081), and marginally lower RMSSD (β = −.12, p = .065). 

Taken together, the findings suggest lower sympathetic cardiac activity as social activity 

increased.

For the remaining behavioral factors, greater physical activity predicted marginally higher 

HR (β = .11, p = .075) and eating predicted lower RMSSD (β = −.10, p = .039). Drinking 

had no relationships with physiological outcomes.

3.3 Influence of psychopathology symptoms on behavioral factors

We next examined the relationships between psychopathology symptoms—depression, 

anxiety, and hypomania symptom scores—and the frequency of the behavioral factors 

(posture, eating, drinking, physical activity, social activity) in daily life. We ran 5 models, 

one for each behavioral factor, with the three psychopathology symptoms as predictors. 

Table 4 summarizes the results.

Several findings emerged that are consistent with the underlying symptoms. People higher in 

hypomania were more likely to be physically active during day (β = .23, p = .045), 

consistent with their higher energy and activity levels. People higher in depression 

symptoms were more sedentary, in that they were more likely to be laying down or sitting 

than standing or walking (β = −.13, p = .060); they were marginally less likely to be eating 

(β = −.15, p = .086). People higher in anxiety symptoms were marginally more likely to be 

eating (β = .15, p = .082) and less likely to be drinking (β = −.12, p = .064) during the day.

3.4 Influence of psychopathology symptoms on physiological outcomes

Finally, we explored whether depression, anxiety, and hypomanic symptoms directly 

predicted ambulatory physiological activity during the day. We estimated 5 models, one for 

each physiological outcome (RZ, PEP, RMSSD, HR, and respiration rate), with depression, 

anxiety, and hypomanic personality scores as predictors. No marginal or significant 

relationships were found; Table 5 displays the findings.

3.5 Exploring mediational relationships

Thus far, the results have shown that many common behavioral factors, from posture to 

social activity, affect ambulatory physiological activity in daily life, and that 

psychopathology symptoms, in turn, predict the likelihood of engaging in several of these 
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behaviors. A natural next step is to explore mediation models that estimate whether 

behavioral factors act as mediators between psychopathology symptoms and daily 

physiological activity. Given the large set of predictors, mediators, and outcomes, we 

narrowed the set of variables based on the prior analyses. First, any behaviors that were 

significantly related to either psychophysiological functioning or depression, anxiety, and 

hypomanic personality were included in the mediation models. Second, any behavioral 

factors that had a standardized effect size greater than 0.15 were included. Five models were 

run for each personality trait (1 for each outcome, for 15 models total). The CR-SE models 

do not afford the higher-powered significance tests of indirect effects, such as bias-corrected 

bootstrapping (Fritz and MacKinnon, 2007), but the available Sobel test was conducted to 

provide some information.

3.5.1 Hypomania—For hypomanic personality, posture and physical activity were 

chosen to mediate the five psychophysiological outcomes. Physical activity mediated 

hypomanic personality and RMSSD (see Figure 1). As hypomania increased, people were 

significantly more likely to report being physically active during the day (β = .22, p = .028). 

Higher physical activity, in turn, predicted significantly lower RMSSD (β = −.19, p = .010; 

indirect effect β = −.04 [−.10, .01], p = .121).

A similar pattern appeared for heart rate (see Figure 2). As hypomania increased, people 

were more likely to report being physically active during the day (β = .22, p = .028), and 

higher physical activity, in turn, significantly predicted higher HR (β = .20, p = .017; 

indirect effect β = .04 [−.01, .10], p = .092).

3.5.2 Depression—For depression, posture, eating, and social activity were included to 

predict the five psychophysiological outcomes. Figure 3 illustrates the mediating role of 

social activity as a mediator between depression and respiration rate. As depression scores 

increased, people were more likely to be alone and less likely to be interacting with others (β 
= −.18, p = .048). In turn, as people interacted with others, their respiration rate declined (β 
= −.23, p = .001; indirect effect β = .04 [−.01, .09], p = .086).

3.5.3 Anxiety—For anxiety, posture, eating, and physical activity were chosen to predict 

the five psychophysiological outcomes. No mediation was observed for any behavioral 

factors for anxiety.

4. Discussion

Previous psychophysiological research has largely emphasized examining the main effect of 

psychopathology on ANS functioning. Basic laboratory-based studies typically hold 

contextual variables (posture, activity, eating, drinking) constant via the study’s procedures 

and design. However, Houtveen and de Geus (2009) emphasize the importance of 

understanding how these non-psychological factors influence the association of 

psychopathology and psychophysiology. Thus, the present study explicitly examined the 

behavioral pathways between psychopathology and ANS functioning using ambulatory 

assessment.
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By measuring impedance cardiography in daily life, the present preliminary study was able 

to examine the behavioral pathways between psychophysiology and depression, anxiety, and 

hypomanic personality. Rather than controlling for or holding constant behaviors, such as 

physical activity and social interaction, we were interested in how changes in everyday 

behaviors were affected by psychopathology and subsequently predicted sympathetic and 

parasympathetic ANS functioning. Ambulatory assessment, including experience sampling 

and ambulatory psychophysiology, is a powerful family of assessment tools for measuring 

dynamic real-world fluctuations in these constructs and for answering complex questions 

about the context of psychological findings.

We found that hypomanic personality was associated with increased reports of being 

physically active in the moment and that physical activity mediated the association between 

hypomanic personality, HRV, and HR. As participants became more physically active during 

the day, HR increased and HRV decreased. This finding has implications for thinking about 

discrepancies in the literature regarding the association of HRV and bipolar spectrum 

disorders. Previous research has been mixed as to whether bipolar spectrum disorders are 

associated with increased, decreased, or comparable HRV compared to healthy controls. 

Several studies have indicated elevated HRV (Gruber et al., 2015, 2011; Kang and Gruber, 

2013), decreased HRV (Chang et al., 2014; Henry et al., 2010; Levy, 2014; Quintana et al., 

2016), or no differences in HRV (Todder et al., 2005). Notably, all of these studies involved 

participants sitting still in a chair in the laboratory during testing. In thinking about how we 

characterize bipolar spectrum psychopathology, it is not surprising that physical activity is 

an important contextual variable to measure. Hypomanic personality, or bipolar spectrum 

psychopathology, is characterized by increased restlessness, increased energy, affective 

lability, and increased involvement in goal-directed activities (Kwapil et al., 2011; Sperry 

and Kwapil, 2017; Walsh et al., 2012). Thus, we might expect that as individuals experience 

more intense symptoms of mania or hypomania, they are likely going have increased 

physical activity, psychomotor agitation, or increased goal-directed activity, something that 

is constrained, to varying degrees, in laboratory experiments. These findings potentially lend 

support for theory that symptoms, or behaviors, of bipolar disorder and decreased 

parasympathetic nervous system functioning may share underlying neurobiological 

mechanisms. Future research should examine whether fronto-limbic functioning may play a 

role in both psychomotor activation and decreased HRV in bipolar disorder.

Social activity mediated the association of depressive symptoms and respiration rate: people 

who reported more severe symptoms of depression were less likely to be interacting with 

and around others (more likely to be alone). When with others, however, they were more 

likely to experience decreased respiration rate. This is consistent with our finding that being 

with others versus being alone was associated with decreased respiration. Respiration rate is 

not something that has attracted much attention in research on depression, so there’s no 

salient explanation anchored in past work; however, research has examined connections 

between social situations and ANS system functioning. Broadly speaking, the vagal nerve 

has been proposed as the intracranial nerve associated with emotional expression and 

communication in social settings, and low levels of RSA have subsequently been associated 

with emotional rigidity and poor social functioning (Carney et al., 2000; Rechlin et al., 

2018). Furthermore, RSA has been more strongly or robustly associated with emotional 
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processes in social contexts (Butler et al., 2006). While the present study found no 

associations between heart rate variability and depression, respiration is related to vagal 

control of the heart. The finding that those with depression display decreased respiration in 

social contexts is consistent with these findings; however, it is contrary to other findings that 

suggest that in general, increased respiration is usually found when communicating with 

others (Butler et al., 2006). Of note, studies that have seen respiration increases when 

communicating with others take into account time spent speaking with others, which the 

present study did not measure. Nevertheless, the finding is intriguing in light of the large 

literature on depression and HRV (Rottenberg, 2007), an outcome closely linked to 

respiratory dynamics (Grossman and Taylor, 2007).

Given past evidence for dysregulation of the ANS and anxiety, we were surprised to see that 

anxiety was not associated with any of the psychophysiological variables in daily life and 

that everyday behaviors did not mediate the association between anxiety and sympathetic 

and parasympathetic indices. It is important to note that there were relatively low levels of 

anxiety reported in this sample, which may be influencing these findings given that previous 

studies have reported both parasympathetic and sympathetic associations with trait anxiety 

symptoms outside of anxiety disorders (Miu et al., 2009). Furthermore, it is possible that in 

terms of mediation, the behaviors measured in this study (e.g., eating, drinking, posture) 

may have been less likely to be influenced by anxiety rather than depressive or hypomanic 

traits. However, anxiety was associated with eating and drinking in the moment. 

Alternatively, one interpretation is that the robust direct association of heart rate variability 

and anxiety found in a previous study (Miu et al., 2009; Thayer et al., 1996) reflects a more 

pathophysiological process and is less directly influenced by changes in behaviors than other 

forms of psychopathology.

4.1 Limitations and future directions

There were several limitations of the present study. First, this study was a preliminary 

examination of the behavioral mediation between depression, anxiety, and hypomanic traits 

with ANS functioning. Given its preliminary nature, the sample size of the study was likely 

underpowered to detect mediational effects. Thus, all significant findings should be 

interpreted with caution and need replication in larger sample sizes. Nevertheless, an 

important use of these results is to aid in forecasting likely effect sizes for future research.1

Second, due to the small sample size, we were unable compare alternative models that may 

have provided context for the relationships between psychopathology, behaviors, and ANS 

functioning. For example, the present study assumed that psychopathology predicted ANS 

functioning; however, some alternative theories, such as the polyvagal theory (Porges, 2001, 

1995), explicitly theorize that ANS functioning predicts symptoms of psychopathology 

rather than the other direction. Alternative models could have disentangled reverse causation 

such that ANS dysregulation may have caused behaviors that in combination with emotions 

and cognitions, produce psychopathology. Future research should examine both potential 

models and compare fit.

Third, due to the limited sample size and low endorsement of behaviors of interest, potential 

interactions between different behaviors in predicting psychophysiology were not examined. 
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For example, social activity and eating/drinking may have interacted to predict decreased 

respiration. Additionally, this study was primarily concerned with physical and social 

behaviors rather than intraindividual cognitive factors given evidence of their effect on ANS 

functioning. However, behaviors are inexplicably intertwined with cognitions. Future studies 

may examine where cognitive factors (e.g., rumination) may interact with behaviors to 

mediate psychopathology and ANS functioning.

Finally, future studies should examine the potential underlying neurobiological mechanisms 

that may be shared between everyday behaviors associated with psychopathology and ANS 

functioning such as front-limbic dopaminergic and noradrenergic pathways as well as 

cholinergic activity indicated in both depression and bipolar disorder. Longitudinal studies 

that involve both ecological assessments as well as neuroimaging studies will further 

disentangle the relationships between psychopathology, behaviors, and psychophysiology 

and the potential pathways by which they are connected.

4.2 Conclusions

The present study provided evidence that simultaneously measuring behavior and 

physiology using ambulatory assessments is worthwhile and may help elucidate mechanisms 

between behavior, psychopathology, and biology. Findings suggest that studies of 

psychophysiology could fruitfully examine, rather than hold constant or control for, 

everyday behaviors that are likely pathways from psychopathology symptoms to changes in 

parasympathetic and sympathetic ANS functioning.
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Figure 1. 
Mediation model for hypomanic personality, physical activity, and RMSSD.

Note. The regression coefficients are standardized; 95% confidence intervals are in brackets.
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Figure 2. 
Mediation model for hypomanic personality, physical activity, and HR.

Note. The regression coefficients are standardized; 95% confidence intervals are in brackets.
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Figure 3. 
Mediation model for depression, social activity, and respiration rate.

Note. The regression coefficients are standardized; 95% confidence intervals are in brackets.
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Table 1.

Experience Sampling Items About Behavioral Factors.

Variable Item Response Scale

Posture During the past 10 minutes, were you mostly: laying down; sitting 
down; standing up; walking

0 (laying down), 1 (sitting down), 2 (standing up), 3 
(walking)

Talking In the past 10 minutes, were you talking? 1 = Not at all, 7 = Very much

Social Activity During the past 10 minutes, were you mostly: alone, by yourself; 
with other people, but not interacting with them; interacting with 
other people

0 (alone, by yourself), 1 (with other people, but not 
interacting with them), 2 (interacting with other 
people)

Eating Since the last signal, have you had something to eat? 0 (No), 1 (Yes)

Drinking Since the last signal, have you had something to drink? 0 (No), 1 (Yes)

Physical Activity Since the last signal, have you been physically active? 0 (No), 1 (Yes)

Caffeine Since the last signal, have you had caffeine? 0 (No), 1 (Yes)

Nicotine Since the last signal, have you had nicotine or smoked? 0 (No), 1 (Yes)
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Table 2.

Descriptive Statistics for Psychopathology Symptoms and Psychophysiological Indicators.

Mean SD Range

Traits

 Depression 0.41 0.49 0–2.29

 Anxiety 0.52 0.51 0–2.43

 Hypomanic Personality 0.40 0.18 0.15–0.88

Physiological Indicators

 Respiration Rate 18.51 2.36 11.04 – 25.94

 Heart Rate 92.13 16.57 54.69 – 145.86

 RMSSD 34.54 27.02 2.91 – 192.61

 PEP 95.78 10.64 59.75 – 128.20

 RZ 113.36 17.31 59.20 – 169.80

Note. Hypomania scores are the percent of questions endorsed; Depression and Anxiety scores are the mean on a scale from 0 – 3. Means for 
physiological indicators are averaged across the 12 daily segments. Respiration rate is in cycles per minute; heart rate is in beats per minute; PEP 
and RZ are in ms.
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Table 3.

Behavioral Factors Predicting Psychophysiological Outcomes.

RZ PEP RMSSD HR Respiration Rate

Posture −.32 (.04)*** −.27 (.04)*** −.28 (.05)*** .43 (.05)*** .02 (.06)

Eating −.09 (.05) −.03 (.06) −.10 (.05)** .05 (.05) −.01 (.05)

Drinking .05 (.06) .03 (.06) .01 (.05) .04 (.06) .02 (.06)

Physical Activity −.02 (.05) −.05 (.05) −.03 (.05) .11 (.06)* .00 (.05)

Social Activity .11 (.06)* .13 (.06)** −.12 (.07)* .10 (.07) −.18 (.06)***

Note. The regression coefficients are standardized. Standard errors are in parentheses.

*
p < .10

**
p < .05

***
p < .01
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Table 4.

Psychopathology Symptoms Predicting Daily Behavioral Factors.

Hypomania Depression Anxiety

Posture .07 (.05) −.13 (.07)* .08 (.07)

Eating −.01 (.05) −.15 (.09)* .15 (.09)*

Drinking .01 (.06) .02 (.06) −.11 (.06)*

Physical Activity .23 (.11)** −.08 (.18) −.19 (.16)

Social Activity .09 (.06) −.17 (.11) −.03 (.09)

Note. The regression coefficients are standardized; standard errors are in parentheses.

*
p < .10

**
p < .05

***
p < .01

Int J Psychophysiol. Author manuscript; available in PMC 2018 November 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sperry et al. Page 24

Table 5.

Psychopathology Symptoms Predicting Daily Psychophysiological Outcomes.

Hypomania Depression Anxiety

RZ −.17 (.13) −.14 (.12) .18 (.16)

PEP −.13 (.14) −.19 (.17) .19 (.15)

RMSSD .06 (.11) .01 (.15) .17 (.14)

HR .00 (.07) −.02 (.10) −.15 (.11)

Respiration Rate −.01 (.08) −.10 (.10) .11 (.10)

Note. The regression coefficients are standardized; standard errors are in parentheses.

*
p < .10

**
p < .05

***
p < .01
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