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Abstract

Major depressive disorder (MDD) is characterized by pervasive mood disturbance as well as 

deficits in emotional processing, reactivity, and regulation. There is accumulating evidence that 

MDD is characterized by emotional patterns consistent with environmental disengagement, as 

reflected in attenuated positive and negative emotional reactivity, consistent with Emotion Context 

Insensitivity (ECI) theory. However, MDD individuals vary considerably in the extent to which 

they exhibit specific alterations in patterns of emotional responding. Emotions are complex, 

multicomponent processes that invoke responses across multiple functional domains and levels of 

analysis, including subjective experience, behavior, autonomic regulation, cognition, and neural 

processing. In this article, I review the current state of the literature on emotional responding and 

MDD from the lens of ECI. I focus on the importance of assessing emotional indices from 

multiple levels of analysis across development and contexts. I also discuss methodological and 

measurement issues that may contribute to inconsistent findings. In particular, I emphasize how 

psychophysiological measures can help elucidate emotional processes that underlie the 

pathophysiology of MDD as part of an integrated and contextualized approach.
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1 | INTRODUCTION

Alterations in mood, including persistent elevations in negative affect and deficient positive 

affect, are consistently identified as key features of Major Depressive Disorder (MDD) 

(APA, 2013). However, despite a rapidly growing scientific literature examining emotional 

processes in MDD, how exactly the mood alterations in MDD relate to specific emotional 

deficits remains elusive, both in terms of the phenomenology as well as associated 

mechanisms underlying these relationships (e.g., Rottenberg, 2017; Rottenberg & Bylsma, 

2014). Given the high prevalence and chronicity of MDD, achieving a better understanding 

of the emotional processes that characterize this debilitating disorder is of paramount 

importance.
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In this article, l review the current state of the literature on emotional reactivity and 

depression through the lens of Emotion Context Insensitivity (ECI). Although there is 

accumulating evidence for ECI in MDD, meta-analytic findings have also revealed 

significant heterogeneity of findings even within response systems (Bylsma et al., 2008). 

More recent daily life investigations of emotional reactivity in MDD have also observed a 

notable divergence in findings (Bylsma et al., 2011). These inconsistent results suggest that 

ECI may only hold in certain contexts (Rottenberg & Hindash, 2015) or that ECI may be the 

manifestation of multiple underlying mechanisms or subprocesses, such that depressed 

individuals may vary to the extent they show impairment on one or more subprocesses. 

Where associations between MDD and physiological alterations are observed, it is often 

unclear what specific mechanisms might underlie these relationships. Throughout this 

article, I elaborate on several key issues that contribute to heterogeneity in findings on 

emotional reactivity and related regulation processes in MDD, and I conclude with a path 

forward for future research. Figure 1 presents an integrated heuristic framework to guide 

assessments of emotional functioning in MDD, illustrating proposed relationships among 

emotional reactivity functional domains (positive and negative valence systems), emotion 

component outputs, regulatory processes, as well as the influence of context, developmental 

processes, and biological substrates.

2 | CURRENT EVIDENCE FOR ECI IN MDD

Consistent with ECI, accumulating evidence has suggested that MDD may be associated 

with an overall pattern of emotional disengagement to both positive and negative stimuli, 

reflected as blunted positive and negative emotional reactivity across physiological, 

behavioral and self-report response systems (Bylsma et al., 2008). These alterations in 

emotional reactions to positive and negative stimuli can be conceptualized in terms of 

positive and negative valence systems (from the National Institute of Mental Health 

Research Domain Criteria Framework, NIMH RDoC; Insel et al., 2010). In this section, I 

review some of the most robust evidence for ECI in MDD organized by positive and 

negative valence systems, with a focus on evidence from psychophysiological research. In 

subsequent sections, I will review examples of notable divergences in findings and possible 

contributions to heterogeneity in findings.

2.1 | Positive valence systems

Much of the evidence for ECI in MDD has come from studies of neural response to positive 

or rewarding stimuli. It is well established that depression is linked with impaired reward 

functioning, including reduced positive affectivity, anhedonia, and reward insensitivity (see 

Forbes & Dahl, 2012). Some of the strongest evidence has been from studies of neural 

processing of reward, including neuroimaging and electrophysiology, which overall show 

evidence of reduced activation for reward anticipation and receipt in MDD (Keren et al., 

2018).

The physiological assessment of neural activity from scalp recorded event-related potentials 

(ERPs) extracted from the electroencephalogram (EEG) may be particularly valuable in 

isolating-specific alterations in emotional processing in MDD. ERPs have increasingly been 
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used to examine aspects of affective processing in a variety of populations, as ERPs have the 

advantage of a high degree of temporal resolution. Most prior ERP research on reward 

processing has focused on the Feedback Negativity (FN), which occurs approximately 250–

350 ms following feedback of reward loss versus gains—also referred to as the Reward 

Positivity (RewP) when computed as response to gains versus loss (see Proudfit, 2015; 

Proudfit et al., 2015). The FN is associated with self-report and behavioral measures of 

reward sensitivity (Bress & Hajcak, 2013) and is generated primarily by the anterior 

cingulate cortex and the ventral striatum, key neural structures involved in reward processing 

(Carlson et al., 2011; Foti et al., 2014, 2015). Consistent with neuroimaging evidence that 

MDD is associated with reduced neural response to reward (e.g., Forbes, 2009; Forbes & 

Dahl, 2012), adults with current and remitted depression and youth with depressive 

symptoms all show a reduced FN amplitude following feedback of loss versus gains (e.g., 

Bress et al., 2012; Foti & Hajcak, 2009; Weinberg & Shankman, 2017).

Another relevant ERP component for examining emotional processing in depression is the 

Late Positive Potential (LPP). The LPP is thought to reflect facilitated processing of 

emotional or motivationally salient stimuli and is sensitive to instructed emotion regulation 

(e.g., Cuthbert et al., 2000; Hajcak et al., 2010; Schupp et al., 2000). The LPP is a sustained 

positive deflection in the ERP waveform over occipital and parietal electrodes that typically 

begins approximately 300 ms post stimulus onset and continues for the duration of stimulus 

presentation (i.e., typically emotional pictures), suggesting it may reflect sustained attention 

to emotional stimuli (Hajcak et al., 2010, for review). The LPP may be considered an index 

of emotional reactivity as it is reliability enhanced for high-arousing emotional (positive or 

negative) relative to neutral stimuli (Olofsson et al., 2008) and has been consistently 

associated with greater autonomic and self-reported arousal (Cuthbert et al., 2000). 

However, although the LPP reliably tracks emotional arousal, it does not differentiate 

valence (positive vs. negative). There is evidence that the LPP is generated in part, in 

occipital and parietal cortices, which both receive projections from the amygdala, a region 

critical for processing rewarding and emotionally salient information (Liu et al., 2012). The 

LPP is also sensitive to positive reward feedback (gains) in monetary guessing tasks (Broyd 

et al., 2012). Depressed adults (Klawohn et al., 2020) and adolescents (Webb et al., 2017) 

show a reduced LPP in response to reward relative to healthy individuals. Reductions in LPP 

amplitude in response to positive stimuli in depression are also not only specific to monetary 

reward tasks. For example, in an adult college student sample, depressive symptoms were 

associated with a reduced LPP in response to positive pictures (Hill et al., 2019). Further, in 

a clinical sample of MDD and controls, both the LPP and FN in response to positive pictures 

were independently associated with MDD, suggesting the importance of examining multiple 

components of reward processing in characterizing MDD (Klawohn et al., 2020). Overall, 

these findings provide support for a general insensitivity to reward and lack of engagement 

with positive stimuli in MDD, consistent with ECI as well as findings across other response 

systems, including self-report and expressive behavior (Bylsma, et al., 2008).

2.2 | Negative valence systems

Evidence for ECI in negative valence systems is somewhat more mixed, with the most 

robust findings also based in physiological research. For example, a few studies have also 
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investigated the LPP in response to negative stimuli in depressed or high-risk samples. For 

example, MDD adults show less of an increase in LPP amplitude to threatening faces (Foti 

et al., 2010). Further, Hill et al. (2019) found that depressive symptoms were associated with 

a reduced LPP to negative pictures more generally. Adults with current or remitted MDD 

also fail to show decreases in LPP following reappraisal relative to passive viewing of 

negative images (Bylsma, 2012). Similarly, reduced modulation of LPP following 

reappraisal has been associated with anxiety and depression symptoms among healthy 

children (Dennis & Hajcak, 2009). Overall, these results suggest that MDD individuals may 

have more difficulties with flexibly regulating their negative emotional responses 

appropriately to the context.

Some of the strongest evidence for ECI is found in alterations in autonomic functioning, 

including differences in autonomic indices at baseline and in response to negative emotional 

stimuli, such as laboratory stressors. Heart rate variability (HRV), also known as respiratory 

sinus arrhythmia (RSA), is an index of parasympathetic activity and indirect measure of the 

influence of the vagus nerve on the heart (Berntson et al., 1993) that is thought to index the 

integration of neural circuits that are important for guiding flexible control over behavior via 

autonomic regulation, as described by the neurovisceral integration model (Freidman, 2007; 

Pace-Schott et al., 2019; Thayer et al., 2012; Thayer & Lane, 2000). Along these lines, low 

resting HRV and blunted HRV reactivity have been increasingly considered to be reflective 

of poor self-regulation (Balzoretti et al., 2017; Pace-Schott et al., 2019). MDD has been 

repeatedly associated with low resting parasympathetic nervous system activity, as indexed 

by resting levels of RSA (Kemp et al., 2010; Koch et al., 2019; Rottenberg et al., 2007), 

although these findings have not always been consistent (e.g., Lehofer et al., 1997; Licht et 

al., 2008; Yeragani et al., 1991). Somewhat more consistent findings have been observed for 

RSA reactivity in response to laboratory tasks, with MDD adults exhibiting blunted RSA 

withdrawal to psychological stressors, such as a speech or mental arithmetic stressor task 

(Bylsma et al., 2014; Rottenberg et al., 2007; Schiweck et al., 2019, for review), as well as 

physical effort mobilization challenges (e.g., handgrip task, Nugent et al., 2011). To a 

somewhat lesser extent, MDD individuals also show abnormalities in sympathetic nervous 

system (SNS) activity. For example, Salomon et al. (2009) and Salomon et al. (2013) found 

blunted sympathetic nervous system reactivity (i.e., lengthened pre-ejection period, PEP), to 

a laboratory speech stressor task, although others have also found the opposite association 

(Light et al., 1998). Taken together, these findings suggest that MDD tends to be associated 

with less flexible autonomic reactions to stress, consistent with ECI, although the specific 

direction of the effects may vary across studies.

3 | THE HETEROGENEITY OF MDD AS A DIAGNOSTIC CATEGORY

A first critical issue for understanding how emotional processes are altered in depression is 

the fact that MDD is a heterogeneous disorder where individuals can vary significantly in 

phenotype, including specific emotional deficits and symptom patterns, with over 1,000 

unique symptom profiles identified (Fried & Nesse, 2015a). Even for the two gateway 

symptoms of depression (i.e., anhedonia and depressed mood), only the presence of one of 

the two symptoms is required to meet diagnostic criteria for MDD. It has been suggested 

that it may be more useful to focus on specific depressive symptoms rather than sum scores 
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or diagnostic categories, as individual symptoms may have distinct underlying biology 

(Fried & Nesse, 2015b). For example, alterations in reward processing seen in MDD may be 

specific to those experiencing anhedonia. Indeed, there is evidence that within MDD 

individuals, reductions in neural response to reward (i.e., as indexed by the FN) are 

associated with severity of anhedonia, even after adjusting for overall depression severity 

(Liu et al., 2014). Further, evidence from unselected samples suggests that while anhedonia 

may predict both blunted positive and negative emotional reactivity, depressed mood may 

predict potentiated negative reactivity, although this research was based on self-report 

ratings of positive and negative images, which may reflects appraisals rather than true 

emotional reactivity (Saxena et al., 2017).

However, while there may be utility in investigations at the symptom level, the level of 

individual symptoms may not necessarily be the optimal level of analysis. Some depressive 

symptoms may be more strongly related than others and may reflect alterations in specific 

underlying biological processes or endophenotypes. Along these lines, specific clusters of 

symptoms may also show distinct physiological patterns. For example, cognitive symptoms 

such as feelings of guilt, worthlessness, suicidal thoughts, and concentration difficulties may 

all be related to patterns of perseverative negative thinking. Alternatively, difficulties with 

sleep, energy, and appetite could all reflect an underlying disruption in circadian systems. 

Thus, specific symptoms or clusters of symptoms may be more strongly related to neural or 

physiological markers rather than the diagnostic category itself and may have more utility in 

elucidating the nature of emotional dysfunction in depression. Some research has begun to 

focus on such clusters of related symptoms or deficits.

For example, we have found that much of the variance in RSA reactivity for MDD versus 

healthy controls could be explained by group differences in sleep quality, with poor sleep 

quality being associated with greater deficits in RSA reactivity (Bylsma et al., 2014). Others 

have found that low resting RSA moderates the relationship between sleep disturbance and 

depression, suggesting that individuals with lower resting RSA may be particularly 

vulnerable to the negative effects of sleep disturbance (Hamilton et al., 2019). Sleep quality 

has also been associated with subsequent alterations in daily life affect (Bower et al., 2010) 

and emotional reactivity (O’Leary, Small, et al., 2017) in MDD, and the relationship 

between sleep quality and daily life emotional functioning may be mediated by maladaptive 

emotion regulation (O’Leary, Bylsma, et al., 2017). There is also evidence that sleep may be 

disturbed in high familial risk adolescents (i.e., those with a parental history of depression) 

who have not yet experienced depression themselves, suggesting sleep disturbance may be a 

possible risk marker for depression that precedes first depression onset (Hamilton et al., 

2020). We have also found that sleep disturbance among high familial risk youth may also 

be moderated by other environmental or behavioral factors, such as social media use (e.g., 

Hamilton, et al., 2020).

Adding further complexity to the heterogeneity of depression as a diagnostic category, MDD 

is also highly comorbid with other disorders, such as anxiety disorders. Some alterations 

seen in depression, such as alterations in autonomic functioning, may actually represent a 

transdiagnostic factor that cuts across multiple disorders (e.g., Friedman, 2007). For 

example, a reductions in baseline RSA is thought to reflect a deficit in emotion regulation 
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capacity that may represent a transdiagnostic marker of psychopathology (Balzarotti et al., 

2017; Beauchaine, 2015). Along these lines, research has started to focus on specific 

regulatory processes and behaviors that may be more reflective of underlying alterations in 

autonomic functioning, rather than diagnostic categories, consistent with the Research 

Domain Criteria (RDoC) initiative (Insel et al., 2010). For example, maladaptive emotion 

regulation processes involved in preservative cognition, such as worry and rumination 

(related to cognitive symptoms of depression), have been associated with reductions in RSA 

(Ottaviani et al., 2016, for review). Continuing to focus on overall group differences among 

diagnostic groupings and healthy controls has limited utility in improving our 

characterization of affective dysfunction as it relates to psychopathology.

4 | EMOTIONS A DYNAMIC MULTILEVEL MULTICOMPONENT EMERGENT 

PHENOMENA

A second key issue in understanding how emotional reactivity is altered in MDD is that 

emotions are inherently multilevel multicomponent emergent phenomena. Indeed, emotions 

have long been viewed as multicomponent processes that help an individual adaptively and 

flexibly respond to features of the environment, including coordinated changes in 

experience, physiology, behavior, cognition, and neural activity (Lang & Bradley, 2010; 

Levenson, 2003). However, it has become increasingly clear that facets of emotion across 

response domains are only loosely coupled (Bylsma et al., 2016; Mauss et al., 2005).

Along these lines, there is increasing evidence that discrete emotions do not really exist in 

nature in an objective and measurable way (i.e., where emotions can be objectively defined 

in terms of biology rather than just psychological constructs), also referred to as the natural 
kinds theory of emotion (see Barrett, 2006, 2012; Barrett et al., 2009). Specifically, a natural 

kinds view suggests that emotions exist as neural circuits (or some other biological 

substrate) which drive the multicomponent emotional responses across domains, including 

experience, physiology, cognition, and behavior (Coan, 2010). According to such a latent 

variable model of emotion, all indicators of emotion from these varied response domains 

would be expected to be associated, such that a specific emotion reflects some consistency in 

responses that can be measured across multiple indicators.

However, no one-to-one relationships have been found between subjective emotional 

experience and any other biological or behavioral indicators. For example, physiological 

changes can occur in the absence of experiential changes, and vice versa (Kreibig, 2010). 

Meta-analytic findings have demonstrated that while several brain areas are sensitive to 

emotional stimuli (e.g., amygdala, dorsolateral prefrontal cortex), no brain areas have been 

linked invariably to specific discrete emotions (Lindquist et al., 2012). Similarly, while 

studies of the autonomic functioning have been successful at measuring components of 

emotion, such as arousal (Lang et al., 1998), these component measures have shown limited 

utility in distinguishing among various discrete emotions, such as happiness, sadness, anger, 

etc. (Cacioppo et al., 2000). For example, a meta-analysis of autonomic measures of 

emotion, only a small set of 37 autonomic indices showed any differentiation of discrete 

emotions, but even these findings were not consistent and may be explained by other 
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processes, such as differences in arousal associated with specific emotions (i.e., anger tends 

to be a more highly arousing emotion than sadness) (Cacioppo et al., 2000). Other more 

recent reviews also observe a lack of consistency or autonomic specificity for specific 

discrete emotions (Kreibig, 2010).

Given the lack of consistency or coherence across emotion response systems, as well as 

evidence that coherence may vary depending on context (such as environmental or task 

demands), there has been increasing emphasis on emergent or psychologically constructed 

theories of emotion (Clore & Ortony, 2008; Coan, 2010; Gross & Feldman Barrett, 2011). 

According to these views, there may be a number of fundamental neural processes, or other 

component phenomena (e.g., arousal), that may be combined or coordinated in various ways 

to construct emotions contingent upon context (e.g., Wilson-Mendenhall et al., 2011). Along 

these lines, emotion categories are conceptualized as populations of highly variable 

instances of emotional features (i.e., components) that are tied to context-specific needs 

(Hoemann et al., 2020; Siegel et al., 2018).

Importantly, emergent or constructionist views of emotion do not predict that different 

indicators of emotion from multiple domains would covary either across situations within 

the same individual or across different individuals. Instead, demands of a given situation 

may determine which indicators covary and under what conditions (Coan, 2010). Relatedly, 

appraisal models of emotion (i.e., where emotions are presumed to depend on our 

evaluations of situations) also consider emotions to be loosely coordinated response 

tendencies that configure in a contextually sensitive manner. Along these lines, emotions 

may be characterized as dispositional tendencies to respond to features of the environment in 

a specific way, but there is no assumption of specific stereotypical outputs—rather, 

variability is expected across individuals and situations (Barrett et al., 2007; Gross & Barret, 

2011). Therefore, it is insufficient to measure only a single emotion response system in a 

single context if one wants to understand the nature of emotional disturbance in MDD or 

other forms of psychopathology. Importantly, emergent or constructionist emotion theories 

are not inconsistent with ECI theoretical models of MDD, as more recent conceptualizations 

frame ECI as emotional responses that are flexibly sensitive to context (e.g., Kashdan & 

Rottenberg, 2010; Rottenberg, 2017; Rottenberg & Hindash, 2015). Along these lines, 

inflexibility across multiple affective domains (e.g., physiological, cognitive, and behavioral) 

has been viewed as a marker of depression vulnerability (Stange et al., 2017).

It is not yet clear what response domain or level of analysis (or combination thereof) will 

have the greatest utility in elucidating mechanisms underlying affective dysfunction in 

MDD. Even within the same functional domain and measurement level, it can be critical to 

examine multiple components of emotional processing. This is particularly well illustrated 

by reward processing, which is known to involve multiple components, including 

anticipation and consummation phases, as well as learning processes (Berridge et al., 2009; 

Glazer et al., 2018). Importantly, evidence suggests that while some reward components may 

overlap and show associations (e.g., reward learning can interface with multiple stages of 

processing), other components seem to be unrelated to each other and may represent discrete 

psychological processes with distinct neurobiological mechanisms (Zhang et al., 2013). 

Along these lines, it has been suggested that alterations in reward processing in MDD may 
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differ by reward component (anticipation vs. receipt) and task context (type of reward, 

monetary vs. social) (Zhang et al., 2013). There is a critical need for research to examine 

different components of reward processing in MDD using multiple methods to better 

understand these findings.

5 | CHARACTERIZATION OF WITHIN AND CROSS-LEVEL INTERACTIONS 

ACROSS EMOTION RESPONSE DOMAINS

A third key issue is that the vast majority of studies on emotional reactivity and MDD focus 

on only one or two different physiological indices or functional domains. However, there is 

evidence of complex with-in and cross-level interactions, as well as interactions across 

different functional domains, that remain largely unexplored in the context of depression. 

Further, the lack of coherence among emotion response domains highlights the importance 

of examining within and cross-level associations to gain a full picture of emotional 

functioning in MDD, as these complex interactions may also contribute to divergent 

findings. Although prior research has revealed only modest and inconsistent associations 

between physiology and self-reported emotion and affective behavior (Mauss et al., 2005; 

Mauss & Robinson, 2009), complex interactions may still be uncovered, and associations 

may change with context (e.g., Stone et al., 2020).

5.1 | Within-level interactions: Autonomic regulation

One example of within-level interactions is in the domain of autonomic functioning. 

Research investigating autonomic functioning in MDD has focused almost exclusively on 

individual parasympathetic or sympathetic indices. However, consideration of the 

relationship between sympathetic and parasympathetic regulation is critically needed for a 

more complete understanding of alterations in autonomic functioning associated with 

depression (Berntson et al., 1991; Pace-Schott et al., 2019; Sunagawa et al., 1998). One 

useful (and relatively understudied) index for examining relative contributions of 

sympathetic and parasympathetic influences on stress or emotional reactivity is cardiac 

autonomic balance (CAB), defined as the difference between normalized sympathetic (e.g., 

PEP) and parasympathetic activity (e.g., RSA) (Berntson et al., 2008). Lower resting CAB 

has been observed in adults with MDD, reflecting greater sympathetic relative to 

parasympathetic dominance, although, as with the individual indices, there is notable 

individual variation (Brush et al., 2019). Further, we have examined changes in CAB in 

response to psychological challenges in youth with a history of juvenile onset depression in 

comparison to healthy controls and found that while controls showed an expected shift from 

sympathetic relative to parasympathetic activation in response to the laboratory stressors, 

youth with a depression history exhibited the opposite pattern, but examination of 

parasympathetic and sympathetic indices alone did not yield significant effects (Bylsma et 

al., 2015). Thus, indices like CAB may better reflect the ability to flexibly recruit autonomic 

systems to respond effectively to stressors, where a lack of context-appropriate changes may 

reflect evidence of ECI.

Even within the sympathetic nervous system there may still be divergence among indicators, 

suggesting that different sympathetic indices may confer complementary information 
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regarding emotional processes in MDD. Typically, researchers interested in sympathetic 

activity assess either skin conductance (electrodermal activity, EDA), or PEP, as both are 

assumed to be relatively “pure” indices of sympathetic activity. However, recent work 

reveals that these indices may not even be significantly correlated (Stone et al., 2020) and 

may show differential relationships with parasympathetic activity and emotion regulation 

processes (Stone et al., 2020). This could be due to differences in temporal resolution in PEP 

and electrodermal measures (i.e., as electrodermal measures tend to have a slower onset and 

offset), or the fact that PEP is primarily driven by beta-adrenergic neurotransmission, while 

electrodermal measures reflect primarily cholinergic neurotransmission (Stone et al., 2020; 

Stone et al., 2020). Further, skin conductance reactivity has been more associated with threat 

of punishment, while PEP reactivity is more sensitive to reward receipt or anticipation 

(Obradović & Boyce, 2012), suggesting that the nature of the stimuli and context may be 

particularly relevant.

For parasympathetic activity, examining interactions between resting levels and reactivity 

has also shown utility in characterizing specific profiles associated with psychopathology 

(Yaroslavsky et al., 2013). For example, atypical patterns of resting RSA and RSA reactivity 

in response to a sad film have been associated with emotion regulation deficits (i.e., deficits 

in mood repair) in youths with remitted depression (Yaroslavsky et al., 2016) and predict 

internalizing symptoms (i.e., depression and anxiety) longitudinally in youth (Hinnant & El-

Sheikh, 2009). Further, there is evidence that specific combinations of resting RSA and RSA 

reactivity moderate the relationship between maladaptive emotion regulation and depression. 

For example, high resting RSA in the context of context-appropriate RSA withdrawal to a 

sad film is associated with a reduction in maladaptive emotion regulation responses and 

mitigation of the depressogenic effect of maladaptive attempts to repair negative mood 

(Yaroslavsky et al., 2013). These findings underscore the importance of assessing multiple 

physiological indices of parasympathetic and sympathetic activity.

5.2 | Cross-level interactions: Behavior

It is also important to consider cross-level interactions between psychophysiological indices 

and other response domains, such as behavior. Affective behavioral responses have 

historically received significant attention in the emotional reactivity literature, although 

interest has seemingly declined somewhat in recent years. Alterations in facial behavior in 

depression have been observed for some time, although results have not always been 

consistent and have shown poor correspondence with physiological measures of emotion 

(Mauss et al., 2005). There is some convergence in findings that MDD individuals exhibit 

decreased positive facial expressions, with less consistent findings for negative facial 

expressions (Davies et al., 2016, for meta-analytic review), although electromyography 

(EMG) findings demonstrate evidence of ECI in MDD individuals, as reflected by less 

corrugator muscle activity relative to controls in response to a sad film (Rottenberg et al., 

2005). Much of the prior work has primarily used manual coding systems which are time 

and labor intensive, and EMG is limited to specific facial muscle groups. As a result, 

research in this area is relatively limited and sample sizes have been quite modest.
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More recently, it has been shown that examining dynamic changes affective behavior over 

time, such as changes in intensity or variability of specific facial expressions, may prove 

valuable for uncovering more subtle alterations (Panaite, et al., 2019). Recent advances in 

automatic affective computing, may open new opportunities for examination of affective 

dynamics in depression. For example, Dibeklioğlu et al. (2015) were able to successfully 

classify depressed patients in three levels of depression severity using automatic detection of 

depression from multimodal behavioral indicators, including facial movement dynamics, 

head movement dynamics, and vocal prosody. Prior work has focused on identifying current 

depression, but computational approaches may be superior for detecting more subtle 

alterations that may appear prior to the onset of a depressive episode—or changes that may 

occur during an episode that may predict remission or response to treatment. It also remains 

to be examined how affective behavioral dynamics may track changes in other systems, such 

as psychophysiological responses. Affective behavior is also particularly well suited for 

examination of dyadic affective dynamics between individuals, such as couples, peers, or 

parent–child interactions that may be important for understanding interpersonal emotion 

regular processes or emotional development.

Crying is a relatively understudied affective behavioral response that has potential utility for 

increasing our understanding of emotional functioning in depression (e.g., Vingerhoets & 

Bylsma, 2016, for review). Notably, crying represents a well-defined, observable behavior 

with a relatively clear onset and offset. An increasing number of studies have already 

examined autonomic correlates of crying (see Bylsma et al., 2019).

Although prior research on crying has been primarily conducted in nonclinical samples, 

examination of normative emotional processes can lead to a better understanding of or 

alterations associated with depression and other forms of psychopathology. Evidence has 

converged to suggest that the period immediately preceding crying onset is characterized by 

increased sympathetic activity among criers, while parasympathetic activity increases just 

after crying onset (see Bylsma, Gračanin, & Vingerhoets, for review). Along these lines, 

there is evidence that crying may have a self-soothing regulatory function via physiological, 

cognitive, or social mechanisms (Gračanin et al., 2014). Only one study thus far has 

examined physiological correlates of crying in the context of MDD: Rottenberg et al. (2003) 

found that MDD individuals do not exhibit an increase in parasympathetic activity 

corresponding to the onset and resolution of crying, suggesting that the physiological self-

regulatory mechanisms associated with crying may be compromised in depression. These 

results are also consistent with self-report findings that depressed individuals typically report 

experiencing less subjective mood benefit following crying (Rottenberg et al., 2008; 

Rottenberg et al., 2008; Vingerhoets & Bylsma, 2016), although mood benefits from crying 

may also vary by context and assessment method (Bylsma, et al., 2008; Bylsma et al., 2011). 

Depressed individuals also show alterations in their crying behavior, such as increases in 

crying frequency, although decreases in the ability to cry have also been observed at more 

severe levels of depression (Rottenberg et al., 2008). Crying has also been long considered 

an important focus of psychotherapy that may facilitate emotional processing, attachment, 

and interpersonal functioning (Bylsma, Gračanin, et al., 2020); however, little is known 

about how crying changes with the course of depression or in response to intervention.
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5.3 | Interactions across functional domains: Reward and stress

More research examining interactions across functional domains in the context of depression 

is also needed. One growing area of research that is highly relevant for depression is the 

consideration of interactions between reward and stress response systems. Much of this work 

has been done with nonclinical samples, but thus far results have revealed potential 

bidirectional relationships between reward and stress response, as well as interactive effects 

in predicting depressive symptoms longitudinally. For example, it is well known that stress 

is a robust predictor for MDD, and interpersonal stressors can play a central role in the onset 

of a major depressive episode (Auerbach et al., 2014; Tottenham & Galvan, 2016). Early life 

stress is also associated with alterations in autonomic stress regulation, including reduced 

RSA (e.g., Cyranowski et al., 2011; Miskovic et al., 2009; Stone et al., 2018) and less 

flexible patterns of parasympathetic activity, as indexed by less vagal withdrawal to a sad 

film and impaired physiological recovery during mood repair among adolescents with 

depression histories (Daches et al., 2017). It is also well-established that early life adversity, 

such as child maltreatment, can disrupt neural processing of reward (e.g., Auerbach et al., 

2014; Novick et al., 2018).

Several researchers have posed a reward mediation model of depression, such that acute and 

chronic stress contribute to reward dysfunction, which, in turn, can lead to the development 

of depression (e.g., Auerbach et al., 2014). Stressful life events have also been shown to 

moderate the effect of neural response to reward on depression symptoms longitudinally, 

such that a blunted reward response (RewP) in combination with stressful life events 

predicted higher depression symptoms at follow-up (Goldstein et al., 2020). There is also 

evidence that these effects can operate on shorter time scales. For example, Foti et al. (2011) 

found that high familial risk adolescents were more sensitive to a negative mood induction, 

which predicted greater reductions in neural sensitivity to monetary gains versus losses 

(RewP). Potential bidirectional relationships have also been proposed, whereby reward 

dysfunction can lead to poorer stress regulation (Auerbach et al., 2014), and a blunted neural 

response to reward (RewP) also predicts greater generation of stressful life events (Mackin et 

al., 2019). However, the majority of prior research on stress and reward interactions has 

focused on the impact of early life or recent stressors on reward functioning and has not 

assessed physiological responses to stressors, which is critical for understanding how 

dysregulated stress responding may contribute to reward dysfunction.

5.4 | Cross-system interactions: Interface with other neurobiological systems

Examinations of how other neurobiological systems may interface with emotional indices 

from other levels of analysis (i.e., autonomic, behavioral) may also reveal important insights 

about mechanisms underlying the pathogenesis of MDD and may ultimately lead to a better 

understanding of how various biological alterations observed in MDD are linked. For 

example, an interest in characterizing the gut microbiome in depression has been rapidly 

increasing in recent years. An accumulating body of research has demonstrated that 

depression is associated with reduced richness and diversity of gut microbiota (Kelly et al., 

2016), and alterations in relative abundance of specific bacterial species (Cheung et al., 

2019, for review). Preclinical studies with rodents suggest a causal role of gut microbiota on 

neural affective processing, including reward response and stress regulation (Cryan & Dinan, 
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2012; Foster et al., 2017; Rea et al., 2016; Sajdel-Sulkowska & Zabielski, 2013). Much of 

the work conducted thus far is based on preclinical studies in animal models, but research in 

human samples is beginning to emerge. A small number of studies in nonclinical human 

samples have demonstrated positive effects of probiotic consumptions on improving mood, 

lowering depression symptoms, reducing rumination (Benton et al., 2007; Messaoudi et al., 

2011; Steenbergen et al., 2015), and altering neural emotional processing (Tillisch et al., 

2013).

While the pathways are not yet fully understood, there is evidence of several mechanisms by 

which the gut microbiome can influence neural function, including via inflammatory 

processes (e.g., increasing or decreasing inflammatory cytokines) or generation of 

metabolites important for neurotransmitter synthesis (e.g., short-chain fatty acids), but the 

most direct link is via the vagus nerve, which extends from the brain through the heart, 

lungs, and gastrointestinal tract and contains both afferent (80%) and efferent (20%) fibers, 

suggesting bidirectional relationships (Cryan et al., 2019; Fülling et al., 2019). For example, 

Kelly et al. (2016) demonstrated that when researchers transplanted gut microbiota from 

depressed humans to rats, the rats subsequently showed behavioral and physiological 

characteristics (i.e., changes in HPA-axis function) consistent with depression (i.e., reduced 

reward seeking behavior for sucrose) and increased anxiety-related behaviors (i.e., decrease 

in visits to open arms of a maze). Importantly, the influence of gut microbiota on behavior in 

rodents ceases when the vagus is severed (i.e., vagectomy), suggesting a causal influence of 

the gut microbiome on behavior and brain function (e.g., Bravo et al., 2011). There is also 

evidence from preclinical studies that specific microbiota can directly contribute to vagal 

neural firing, which transmits information to the brain via afferent connections, including 

vagal protections to the paraventricular nucleus (PVN), an area critical for autonomic stress 

regulation (Perez-Burgos et al., 2013). Further, a neural circuit for gut microbiome 

influences on reward processing has recently been identified, where activation of gut-

innervating vagal afferents is linked to increased neural activity in the striatum via dopamine 

release from the substantia nigra (Han et al., 2018).

The potential key role of the vagal pathway in the relationship between gut microbiome and 

depression is particularly intriguing considering the literature demonstrating alterations in 

vagal activity (i.e., RSA) associated with depression. Artificial stimulation of the vagus has 

also been shown to be efficacious for treatment-resistant depression (Rush et al., 2005) and 

inflammatory gastrointestinal disorders, such as irritable bowel disease (Bonaz et al., 2018), 

which has high comorbidity with depression, suggesting that this may also be an important 

pathway in humans. It may be possible for gut microbiota-induced vagal-activation to be 

indirectly observed via assessment of RSA. The relationship between gut microbiota and 

vagal activity has only been explored in one human study to date, where vagal activity (i.e., 

assessed using the pNN50 index) predicted significant variance in gut microbiome 

characteristics (including lower alpha diversity) among a nonclinical sample of adolescents, 

even after adjustment for other confounds (Michels et al., 2019). Thus, dysfunction of the 

gut microbiome may represent an important missing piece of the puzzle that can help 

elucidate mechanisms underlying other behavioral, physiological, and neurobiological 

alterations that have been observed in MDD. It may be that a healthy gut microbiome is 

critical for flexible regulation of emotional responding, including responses to stress and 
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reward. However, there is a need for longitudinal investigations tracking gut microbiota 

changes over time in relation to depression symptom trajectories and a better 

characterization of the mechanistic pathways by which gut microbiota influence emotional 

processing in MDD.

6 | THE INFLUENCE OF CONTEXT ON EMOTIONAL REACTIVITY AND 

REGULATION

A fourth critical issue that obscures our understanding of how emotions are altered in 

depression is the influence of context. Evidence points toward the importance of context in 

whether an emotion regulation strategy is effective (Aldao, 2013; Aldao et al., 2015). 

Indeed, situational demands have been shown to predict different patterns of autonomic 

responding in nonclinical samples (Laborde et al., 2018). Further, there is evidence that 

contextually appropriate autonomic responses facilitate effective emotion regulation, such 

that the effectiveness of specific emotion regulation strategy use may be moderated by 

specific patterns of parasympathetic and sympathetic activity (Stange et al., 2017). Along 

these lines, both blunted and potentiated reactivity to laboratory challenges have been 

associated with maladaptive emotional reactivity and regulation (see Obradović & Boyce, 

for review). Similarly, we have found that both maladaptive (i.e., dysphoric rumination) and 

adaptive (i.e., positive savoring) emotion regulation strategies are associated with increases 

in sympathetic activation among healthy individuals (Stone et al., 2020). The association 

between crying and corresponding emotional changes also is dependent upon context, 

particularly in relation to interpersonal factors (Bylsma, et al., 2008). These findings further 

underscore the importance of context and ability to flexibly respond in a way that is adaptive 

to the demands of a given situation, consistent with ECI (Kashdan & Rottenberg, 2010). 

However, examining context is challenging, as it is not always clear in a given scenario what 

is an adaptive or maladaptive response, and there is substantial variability in how individuals 

respond to different contexts. Laboratory studies are also limited in their ability to examine a 

rich range of ecologically valid contexts.

Some of the most compelling evidence of the importance of context comes from 

discrepancies between laboratory and daily life assessments of emotional reactivity. 

Laboratory findings of emotional reactivity in MDD samples in daily life have been notably 

discrepant from laboratory findings, providing further evidence for the importance of context 

(Bylsma, et al., 2016; Rottenberg, 2017). One of the key issues is that although there is 

evidence of ECI in laboratory studies (Bylsma, et al., 2008), with results particularly 

consistent with regard to positive emotional reactivity, ecological momentary assessment 

(EMA) studies of emotional reactivity in daily life in depressed individuals reveal a very 

different pattern of results. Most notably, a “mood brightening” effect has been observed, 

where depressed individuals are even more responsive to positive stimuli, even when 

controlling for baseline affect (Bylsma, et al., 2011; Khazanov et al., 2019; Panaite, Koval, 

et al., 2018; Peeters et al., 2003; Thompson et al., 2012). Further, only one study has 

observed evidence of blunted negative emotional reactivity in daily life in depression, also 

contrary to the predictions of ECI (Peeters et al., 2003). It is important to note that despite 

the increased reactivity, depressed individuals still have higher levels of negative affect 
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relative to controls even following positive events, suggesting inflexibility (e.g., Bylsma, et 

al., 2011).

Several possible explanations have been suggested for these discrepant findings. For 

example, since the assessment of daily life emotional reactivity relies on individuals to self-

identify positive and negative events, the sampled events may differ for MDD individuals 

versus control (in contrast to standardized laboratory stimuli). Along these lines, self-

appraised positive events are relatively less frequent in depression, and thus, may elicit 

stronger reactions due to a contrast effect (Bylsma, et al., 2011). For negative reactivity, 

depressed individuals may be more responsive to events that are of personal relevance to 

them and which may be contributing to their depressed state, such as interpersonal stressors. 

It is plausible that depressed individuals preoccupied with personal stressors, may be less 

reactive to standardized negative emotional stimuli. Indeed, there is some evidence that 

depressed individuals show greater neurophysiological reactivity to personally relevant 

positive and negative stimuli, as indexed by the LPP (Benau et al., 2019). The differences in 

timescale between laboratory and daily life measures may also play a role, as laboratory 

measures typically assess changes on the level of seconds or minutes, while daily life 

measures assess over the course of minutes, hours, or days.

However, despite the surge in daily life research in recent years, studies combining 

laboratory and EMA methods are still notably lacking. Other environmental and social 

contextual features that are more controlled in the laboratory setting may also moderate the 

impact of depression on daily life emotional reactivity. Only one study to date has 

investigated emotional reactivity in MDD in both the lab and daily life, which also replicated 

blunted positive reactivity in response to an emotional film in the laboratory along with 

greater decreases in dysphoric affect in daily life in response to personal positive events 

(Panaite, Whittington, et al., 2018). These authors also observed that lower positive 

appraisals of the neutral laboratory film predicted a larger mood brightening effect in daily 

life. This further supports the idea of a contrast effect, as the MDD individuals may also 

experience their neutral daily life events as less positive. However, while emotional 

reactivity in both laboratory and daily life studies is typically assessed as emotional changes 

in response to emotional stimuli or events relative to neutral stimuli or events, differences in 

responses to neutral stimuli are rarely examined independently. It will be important for 

future research to address potential differences in responses to neutral reactivity that may 

have implications for interpretation of emotional reactivity findings.

Other lab-life work has also attempted to link similar constructs in daily life and laboratory 

measures, although this work is limited in MDD samples. For example, in nonclinical 

samples, lower levels of resting RSA predict affective instability Koval et al., 2013) and 

persistence of negative affect (inertia) in daily life (De Longis et al., 2020), suggesting that 

there may be links between experience and physiology on measures that assess flexibility in 

responding to the environment. Further supporting this idea, Ottaviani et al., (2015), also in a 

nonclinical sample, found associations between lower ambulatory HRV and concurrent self-

reports of perseverative negative thought in daily life, which is associated with cognitive 

inflexibility. Resting RSA has also been found to mediate links between rumination and 

depression longitudinally in a nonclinical sample (Carnevali et al., 2018). However, further 
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work is needed assessing whether MDD may moderate these relationships. Research linking 

laboratory and daily life measures have found evidence that autonomic functioning may 

impact daily life socioemotional functioning. Specifically, Hamilton and Alloy (2016) found 

in a remitted MDD young adult sample that blunted RSA reactivity predicted increased 

interpersonal stress generation in daily life, and interpersonal stress generation mediated the 

relationship between RSA reactivity and daily depression symptoms.

Some limited work has also found evidence of brain–behavior relationships, which are 

important for establishing the functional significance of neural indices of emotional 

processing. For example, Compton and colleagues () have found that a larger error-related 

negative (ERN, an index of self-monitoring associated with sensitivity to errors), is 

associated with reduced daily life stress reactivity among healthy adults as well as those with 

elevated depression symptoms. We have also observed preliminary associations between 

neural indices of reward and affective processing (i.e., FN, LPP) and daily life emotional 

functioning (e.g., affect, emotional reactivity, and regulation) among adolescents varying in 

familial depression risk (Bylsma et al., 2018), as well as associations among neural indices 

of performance monitoring (i.e., ERN), emotion processing (i.e., LPP), and daily life 

emotional functioning among youth with anxiety disorders (Bylsma, Tan, et al., 2020; Tan, 

Bylsma, et al., 2020). Further work is needed to improve characterization of how alterations 

in neural indices of emotional processes are reflected in daily life functioning in MDD and 

depression risk across development.

Ambulatory assessment technology incorporating passive sensing technology is rapidly 

increasing. It has become increasingly feasible to assess multiple indices of emotional 

functioning in daily life, including self-report, behavior, and physiology, although the 

richness of this intensively sampled multimodal data also leads to numerous methodological 

and analytic challenges (e.g., Stange et al., 2019; Wilhelm & Grossman, 2010; Wright & 

Zimmerman, 2019). Future work leveraging this developing technology along with advanced 

statistical methods that can manage large amounts of densely sampled data from multiple 

response systems will be critical in gaining a better understanding of emotional reactivity 

and regulation in the context of daily life. It is apparent that many contextual factors likely 

impact emotional processes, yet, these remain to be systematically described and are 

difficult to assess in a laboratory context. In line with emergent or constructionist views of 

emotion, examining self-reported emotional experience in combination with 

psychophysiology in daily life can help elucidate context-dependent patterns of 

physiological activity at both the between and within-person level (Hoemann et al., 2020). 

Further, combining laboratory and daily life assessments provides greater ecological validity 

and informs clinical significance of commonly used laboratory indices of emotional 

functioning.

7 | THE INFLUENCE OF DEVELOPMENT AND EARLY ENVIRONMENTAL 

FACTORS ON EMOTION AND DEPRESSION RISK

The fifth issue concerns the need for consideration of developmental processes and 

contributions of the early environment (e.g., early life adversity, parenting) to emotional 
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development and depression risk. Besides the challenge of integrating measures of emotion 

across multiple levels, systems, and functional domains, a further challenge is consideration 

of the environmental and developmental context in which these are embedded (Bylsma, et 

al., 2016). Measures of emotion dysregulation and the influence of environmental risk 

factors may dynamically change or interact in different ways across the life span 

(Beauchaine, 2001; Cicchetti & Rogosch, 1996; Rutter & Stroufe, 2000). For example, high 

resting RSA has been associated with negative emotionality in infants (Porges, 1994; Stifter 

& Fox, 1990), but by late childhood high resting RSA is associated with better emotion 

regulation abilities (Beauchaine, 2001; Blair & Peters, 2003; Fabes et al., 1993). Differences 

in emotional functioning or interactions across response systems or functional domains 

could lead to different symptom presentations and developmental psychopathology 

frameworks that could inform RDoC approaches that integrate across multiple systems 

(Franklin et al., 2015). Importantly, autonomic functioning continues to develop from 

infancy through adulthood with some evidence of sex-related differences, although 

longitudinal studies examining the same individuals over time are limited (e.g., Bar-Haim et 

al., 2000; Hamilton & Alloy, 2016; Koenig & Thayer, 2016; Obradović & Boyce, 2012).

The consideration of developmental processes on emotional functioning in depression is 

particularly important, as emotional systems continue to develop well throughout 

adolescence and young adulthood. For example, adolescence represents a key period of 

increasing flexibility and the development of neural systems supporting cognitive-affective 

processes (Crone & Dahl, 2012; Ladouceur, 2012). Neural substrates underpinning reward 

processing undergo significant maturational changes during adolescence, which is a 

developmental period characterized by increases in reward seeking behavior (Galvan, 2010). 

The onset of depressive disorders also rises sharply during this developmental stage, 

particularly in girls (Forbes et al., 2010; Kessler et al., 2001), suggesting that there may be 

possible alterations in the neurodevelopment of reward circuity that may confer risk (Forbes, 

2009). Emotion regulation abilities, such as cognitive reappraisal skills, critical for the 

regulation of negative affect, also increase with age (McRae et al., 2012). Family 

interactions and parenting behaviors are particularly important in the development of 

emotion regulation skills (Bylsma, et al., 2016; Morris et al., 2007; Tan et al., 2020).

Few laboratory studies have examined measures of emotional reactivity in youth samples 

with depression, so it remains even less clear to what extent ECI may manifest in pediatric 

depression. However, consistent with ECI, there is some evidence of emotional blunting in 

behavioral and neuroimaging studies of emotional attention in depressed youth, which may 

be due to use of more avoidance and disengagement emotion regulation strategies (Jazbec et 

al., 2005; Silk et al., 2007; Thomas et al., 2001). Depressed adolescents also show reduced 

physiological reactivity in response to parent behavior (Allen et al., 2012) and to sad stimuli, 

although fearful stimuli tend to elicit increased reactivity in this population, which may be a 

result of comorbid anxiety (Somers et al., 2018). Similar to adults, low resting RSA is also 

observed in children and adolescents with depression (Koenig et al., 2016). However, a 

review of RSA reactivity in depressed children and adolescents revealed mixed findings, 

with some studies showing blunted RSA to be associated with depression in youth, while 

others finding the opposite pattern (Hamilton & Alloy, 2016). Other developmental studies 

tend to focus on dimensions of temperament or dimensional measures of internalizing or 
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externalizing symptoms rather than diagnostic categories. For example, high trait behavioral 

inhibition, high levels of fearfulness, and internalizing symptoms are associated with 

potentiated sympathetic and parasympathetic reactivity. On the contrary, high levels of trait 

impulsivity, disinhibition, emotional lability, or externalizing symptoms are associated with 

low sympathetic reactivity, and, to some extent, low parasympathetic reactivity (Obradović 

& Broyce, 2012, for review).

Another important area of focus has been on understanding mechanisms conferring risk for 

depression in families and identifying vulnerability markers that may be present prior to the 

onset of depression. There is ample evidence that offspring of depressed parents, particularly 

mothers, are at significantly increased risk for developing depression themselves (Beardslee 

et al., 1988; Weissman et al., 1997; Williamson et al., 2004), although the specific 

mechanisms underlying these relationships remain elusive. There may be familial 

associations in emotion regulation repertoires, which may be one pathway conferring risk or 

resilience (Bylsma et al., 2015), but it is unclear whether there may be physiological or other 

biological mechanisms underlying these relationships. Youth at high familial risk for 

depression have shown alterations in both positive and negative valence systems. For 

example, high-risk female adolescents with a parental history of depression exhibit a 

reduced FN amplitude in response to monetary loss versus rewards (Foti et al., 2011), and a 

blunted FN has also been found to prospectively predict onset of major depression in 

adolescent girls (Bress et al., 2013). High-risk children also show a blunting of their LPP 

response to emotional faces, similar to findings for depressed adults (Kujawa et al., 2014). 

Similarly, we have found that youth with a history of early onset depression and their high-

risk siblings also show blunted positive affect (Kovacs et al., 2016), dysregulated affective 

facial behavior in response to positive emotional stimuli (Panaite, et al., 2019), and deficits 

in positive autobiographical memory (Begovic et al., 2017), although in these samples we 

did not find physiological differences in response to rewarding laboratory stimuli. We have 

also found that youth with a history of juvenile onset depression show blunted autonomic 

responses to physical and psychological laboratory challenges, as indexed by changes in 

CAB (Bylsma et al., 2015). Further, reward processing deficits have been observed in 

remitted MDD and high-risk samples in neural and behavioral studies (Foti et al., 2011; 

Luking et al., 2016), suggesting that alterations in reward function may represent a 

vulnerability factor for depression (Auerbach et al., 2014; Gotlib et al., 2010). However, we 

have also found that deficits in reward learning behavior may only be apparent in youth 

experiencing current symptoms and not high familial risk youth more generally (Morris et 

al., 2015).

Some studies have examined interactions between environmental factors and neural or 

physiological indices in youth. For example, according to differential susceptibility models 

based on evolutionary biology perspectives, there may be specific endophenotypes (such as 

physiological reactivity patterns) that confer greater susceptibility to positive and/or negative 

environmental influences in some individuals (Belsky & Pluess, 2009). Along these lines, 

there is evidence that certain parental emotion socialization behaviors have a differential 

influence on youth emotional reactivity and regulation that is depending on functional and 

structural brain development, including functional connectivity of emotion circuits, 

highlighting the importance of cross-level interactions between socio-environmental 
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influences in the development of neurobiological systems (Tan et al., 2020). In addition, 

bidirectional effects have been found in examinations of relationships between early life 

adversity and physiology, such that early life adversity is associated with reduced RSA, but 

parasympathetic or sympathetic physiological reactivity can also buffer or moderate the 

impact of early life adversity on emotional or behavioral difficulties (Orbradovic & Boyce, 

2012, for review). Further, we have found that patterns of RSA at rest and in response to a 

sad film predicts emotion regulation effectiveness (both trait and state measures) among 

adolescents varying in depression history (Yaroslavsky et al., 2016). Additional research is 

needed to develop experimental paradigms and stimuli that elicit response in specific 

domains (rather than expecting comparable reactions across domains), as well as 

comprehensive investigation of contextual moderating factors that may explain conditions 

under which specific emotional domains may be activated.

There is some evidence that emotional functioning may predict the course of depression (see 

Morris et al., 2009, for review). Along these lines, we have also observed in separate studies 

that patterns of daily life emotional dynamics (Panaite et al., 2020) and autonomic 

responding (Panaite et al., 2016) predict the naturalistic course of depression in adults. Other 

work has found that baseline RSA predicts depression symptoms 1 year later among healthy 

emerging adults (Yaptangco et al., 2015). However, how these patterns of affective dynamics 

track physiological changes in emotional processing longitudinally across development and 

over the course of depression remains to be fully characterized. More research is needed to 

gain a better understanding of what affective alterations track the current depressed state 

versus which may represent a trait like marker that may confer vulnerability for depression, 

and how these markers may change across development and the course of the disorder.

8 | RELIABILITY, VALIDITY, AND METHODOLOGICAL ISSUES IN EMOTION 

MEASUREMENT

A final key issue related to the multicomponent emergent nature of emotion is reliability of 

experimental paradigms to reliability elicit emotion, given that emotion is a multifaceted 

process with loosely corresponding components upon which a variety of regulation 

processes may have an influence at different temporal stages. Most standardization of 

emotional stimuli has focused on self-report measures of specific emotions or valence and 

arousal ratings, such as emotional films (Gross & Levenson, 1995; Rottenberg et al., 2007), 

positively or negatively valenced pictures (International Affective Picture System, IAPS; 

Lang & Bradley, 2007), or emotional faces (e.g., Egger et al., 2011). However, these stimuli 

are developed based on self-report ratings of discrete emotions (Samson et al., 2016), and 

are not typically able to produce reliable responses in psychophysiological or behavioral 

response domains (Carvalho et al., 2012; Fernandez et al., 2012; Gilman et al., 2017).

ERP components elicited in response to emotional stimuli, such as emotional pictures or 

reward, are an exception to this, as components such as the LPP or FN (RewP) can be 

reliably elicited using emotional pictures/faces (Olofsson et al., 2008) and reward stimuli 

(Ethridge & Weinberg, 2018; Proudfit, 2015). In particular, the FN has demonstrated good 

psychometric properties and high reliability longitudinally (Ethridge & Weinberg, 2018). 
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This may be because stimuli used in ERP studies tend to be less complex, more static, and 

presented for very brief intervals (seconds), which allows for examining more specific 

component processes of emotion (such as sustained attention or reward processing). 

Laboratory stressor tasks, such as the Trier Social Stress Task (TSST), have also shown to be 

more reliable in terms of eliciting consistent physiological responses (e.g., physiological 

arousal and HPA activity) and self-reports of stress or negative affect (Kirschbaum et al., 

1993), although there is a wide degree of variability in the strength of the responses, and 

changes in physiological arousal in response to stress are also only one specific component 

of emotional experience.

Although a growing number of studies have examined the influence of specific emotion 

regulation processes on an emotional response, such as reappraisal or suppression (e.g., 

Gross, 1998), research is only just beginning to unravel emotional reactions from regulatory 

processes. Emotion regulatory processes can operate on both the conscious (effortful) and 

unconscious (automatic) level at multiple stages of an emotional response, making it 

particularly difficult, if not impossible, to fully disentangle “pure” emotional reactivity from 

associated regulatory processes. However, research can continue to chip away at this issue in 

both healthy and clinical samples by investigating a broader array of regulatory processes in 

investigations of emotional reactivity across multiple contexts, levels of analysis, and 

functional domains.

Besides the challenge of differentiating emotional reactivity from regulation, it is also often 

quite challenging to differentiate emotional reactivity from appraisal processes. For example, 

if an individual provides valence and arousal self-ratings in response to emotional pictures, it 

is unclear if that truly reflects an emotional reaction or simply an appraisal of an emotional 

stimulus. Responses to emotional faces are also contingent upon the ability to perceive and 

process the nature of the facial affect being expressed and may reflect processing biases 

more than emotional reactivity (e.g., Suzuki et al., 2015), and there is also evidence that face 

stimuli may be less arousing in comparison to emotional images in healthy individuals 

(Britton et al., 2006). For daily life research, an inherent limitation is that the categorization 

of positive and negative events has to be based to some extent on the appraisals of the 

individual (e.g., Bylsma, et al., 2011). Even when objective coding of event descriptions are 

used by independent raters, the descriptions provided by the participants may still be biased 

in a way that may influence the objective ratings (i.e., a depressed person may describe a 

situation using more negative language than a healthy person).

Some attempts have been made to develop self-report scales that assess relevant components 

of emotional reactivity, which have potential utility in identifying the most relevant features 

of emotional reactivity that may be relevant for psychopathology in larger samples where 

laboratory or daily life assessments may be impractical (e.g., Emotion Reactivity Scale, 

Nock et al., 2008; Perth Emotional Reactivity Scale, Becerra et al., 2019). However, these 

scales are yet to be validated against physiological reactivity or other indicators of emotional 

reactivity, which will be important in determining how these components of emotional 

reactivity map on to emotional outputs across functional domains and units of analysis.
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The lack of consistent results across emotion response domains in studies of emotional 

reactivity for discrete emotions is not surprising given the accumulating evidence for 

conceptualizing emotion as emergent phenomena, where coherence across emotional 

indicator is not expected (Gross & Barrett, 2011). Further, emotion regulation processes can 

be difficult (or even impossible) to disentangle from emotional reactivity, and, like emotional 

reactivity, can occur on many different levels as well as stages in the ongoing emotional 

process (Gross & Thompson, 2007). However, it is important to note that even if an 

emotional stimulus fails to consistently elicit a response in a particular domain (i.e., 

physiology, behavior, etc.), it does not necessarily mean that the experimental paradigm or 

measure is unreliable, as emotional changes occur in different response domains at multiple 

levels of analysis that are not expected to be coherent (except perhaps in some special 

circumstances). Along these lines, if a measure does not replicate across individuals or 

across time, it is not necessarily a reflection of poor reliability or validity, as there are many 

potential dynamic contextual moderators of emotional reactions, including internal states, 

external environmental features, individual differences, prior experiences, and 

developmental processes. Thus, it is critical to examine emotional processes across a variety 

of indicators, levels of analysis, temporal dimensions, and contexts. Any one measure alone 

is unlikely to provide an accurate picture of emotional functioning in depression, which 

makes it challenging to evaluating the theoretical predictions of ECI.

9 | CONCLUSIONS

While it is clear that MDD involves alterations in emotional processing, reactivity, and 

regulation, the nature of these alterations across development and the course of the disorder 

remain to be fully characterized. Although there is converging evidence for ECI across 

multiple response systems and methodologies, there are also many examples of apparently 

divergent findings, particularly for daily life studies of emotion. These findings suggest the 

importance of context in predicting variation in patterns of emotional responding in MDD. It 

is possible that these seemingly discrepant findings may still be broadly consistent with ECI, 

as they may reflect a general pattern of insensitivity to changing contexts. For example, an 

emotional response pattern may be appropriate (adaptive) to one context, but inappropriate 

(maladaptive) for another. Discrepant findings highlight the need for a better understanding 

of specific proximal and distal contextual factors (including both internal state and external 

environment) that may moderate emotional responding in both healthy and depressed 

individuals, including the influence of individual differences, developmental processes, and 

early life experiences.

Given that emotions likely represent emergent phenomena where indicators are not expected 

to cohere, examination of emotional processes in MDD across multiple levels, response 

domains, and biological systems are needed to better understand the complex patterns of 

response and potential within-level and cross-level interactions, including studies that 

incorporate the complementary advantages of both laboratory and daily life measures. 

Assessment of emotional processes from different units of analyses and contexts is likely to 

provide unique variance that will increase our understanding of emotional deficits as they 

relate to current depression and depression risk. For example, creative integration of 

different emotion measures across multiple response systems at different levels of analysis 
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can be used to complement the strengths and weaknesses of existing measures. For example, 

fNIRS and electrodermal activity have been combined to utilize the strengths of fNIRS in 

assessing in assessing cognitive control of emotion and electrodermal activity to index 

emotional arousal, as fNIRS is limited in assessing activity of deeper limbic structures 

(Bandara et al., 2016; Grabel, 2019).

Recent advances in data analytic and machine learning approaches facilitate the integration 

of large amounts of densely sampled data across different measures. Technological advances 

in ambulatory assessment that now allow for better integration of multiple response systems, 

including experience, behavior, and physiology, hold promise for a better understanding of 

the influence of contextual factors on emotional functioning in MDD. This will result in 

assessments that have greater ecological validity and clinical utility than standardized 

laboratory measures. Advances in these methodologies will support efforts to incorporate a 

multimodal, multimethod, developmentally informed contextual framework for 

understanding emotional functioning in MDD that will inform prevention and intervention 

efforts for this prevalent, disabling, and chronic condition.
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Box 1

What is emotion context insensitivity (ECI)?

ECI posits that the pervasive mood disturbance in MDD influences ongoing emotional 

reactions in a way that leads to a general disengagement with the environment and a 

reduction in motivated activity (Rottenberg et al., 2005). This disengagement can be 

manifested in affective inflexibility and a lack of contextually appropriate responses in 

response to both positive and negative stimuli. ECI is derived from evolutionary 

perspectives on depression, where depression is viewed as an evolved defensive response 

to adverse environmental situations, such that continued action could be dangerous or 

wasteful (Nesse, 2000).
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Box 2

Key challenges in depression emotion research

1. The heterogeneity of MDD as a diagnostic category

2. Emotions are dynamic multilevel multicomponent emergent phenomena

3. Characterization of within and cross-level interactions across emotion 

response domains

4. The influence of context on emotional reactivity and regulation

5. The influence of development and early environmental factors on emotion and 

depression risk

6. Reliability, validity, and methodological issues in emotion measurement
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FIGURE 1. 
Proposed heuristic framework to guide research on emotional functioning in major 

depressive disorder (MDD) through the investigation of emotion reactivity across functional 

domains (i.e., positive and negative valence systems), emotion component outputs (i.e., units 

of analysis), and regulatory processes, while incorporating the influence of environmental 

context, developmental processes, and biological substrates. Most pathways are likely 

bidirectional and interactive. For example, a current MDD episode may result in alterations 

in functional domains, component outputs, and/or regulatory processes. Preexisting 

alterations may also contribute to risk for development of MDD with individual variation 

due to other moderating influences on these systems (i.e., environment, biology). 

Components of this framework are informed by the NIMH Research Domain Criteria 

(RDoC) framework (see Insel et al., 2010)
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