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Abstract

Multiple models of aberrant emotional processing in depression have been advanced. However, it 

is unclear which of these models best applies to emotional disturbances in subclinical depressive 

symptoms. The current study employed a battery of psychophysiological measures and emotional 

ratings in a picture viewing paradigm to examine whether the underarousal, low positive emotion, 

heightened negative emotion, or emotion context insensitivity model of emotional dysfunction in 

subclinical depressive symptoms received greatest support. Postauricular reflex and skin 

conductance response potentiation for pleasantminus neutral pictures (measuring low positive 

emotion), overall skin conductance magnitude and LPP amplitude (measuring underarousal), and 

pleasant minus aversive valence ratings (measuring emotion context insensitivity) and aversive 

minus neutral arousal ratings (measuring heightened negative emotionality) were all negatively 

related to depressive symptomatology. Of these, postauricular reflex potentiation and overall LPP 

amplitude were incrementally associated with depressive symptoms over the other measures. 

Postauricular reflex potentiation, overall skin conductance magnitude, and aversive minus neutral 

arousal ratings were incrementally associated with depressive symptomatology after controlling 

for other symptoms of internalizing disorders. Though no model was unequivocally superior, the 

low positive emotion and underarousal models received the most support from physiological 

measures and symptom reports, with self-report data matching patterns consistent with the 

emotion context insensitivity model.
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Depression is a common yet debilitating affliction characterized by a disturbance of mood. 

Common symptoms of depression include anhedonia (inability to experience pleasure and 

reduced responsiveness to rewards), heightened negative affect, or a combination of the two 
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(American Psychiatric Association, 2013; Pizzagalli, Iosifescu, Hallett, Ratner, & Fava, 

2008). Subclinical depression is a significant risk factor for experiencing a major depressive 

episode (Cuijpers, de Graaf, & van Dorsselaer, 2004; Eaton, Badawi, & Melton, 1995; 

Lewinsohn, Solomon, Seeley, & Zeiss, 2000) and may be considered as part of the 

prodromal phase of depression (Eaton et al., 1995). The substantial decrease in quality of 

life and increased service utilization entailed in subclinical depression (Angst and 

Merikangas, 1997; Cuijpers et al., 2004; Rapaport and Judd, 1998; Wagner et al., 2000; 

Wells, Burnam, Rogers, Hays, & Camp, 1992) may result from reductions and elevations of 

normal-range emotional processes. Though many models of emotional dysfunction have 

been studied with respect to major depressive disorder, few of these models have been tested 

in subclinical depression. Early models emphasized the importance of physiological 

underarousal (Grossberg, 1972). Subsequent work implicated the unique role of low positive 

emotion in depression, whereas heightened negative emotion represents the emotional 

dysfunction depression has in common with other internalizing disorders (Clark & Watson, 

1991b). Recent theorists have sought to combine findings from prior models into the 

emotion context insensitivity model of depression (Rottenberg, Gross, & Gotlib, 2005). 

Although each perspective takes a unique approach to the emotional dysfunctions observed 

in severe depression, it remains unclear which model best explains less severe forms of 

depression.

Theoretical Models of Emotional Dysfunction in Depression

Underarousal

Early theories of emotion in depression emphasized the behavioral and physiological 

underarousal that is a prominent part of depressive symptomatology (Grossberg, 1972). As 

depicted in Figure 1A, an overall mean shift level down strongly characterizes physiological 

arousal levels in this model. In the underarousal model, patterns of emotional reactivity are 

preserved in individuals with depression, though the mean level of response is reduced 

across all stimulus valences. Thus, depressed individuals exhibit some levels of arousal; 

however, in comparison to healthy individuals, they show reduced activity across all 

categories of stimuli. Psychomotor retardation, a form of depressive underarousal 

characterized by diminished mental and physical activity, is a common component of 

depressive symptomatology (Nelson & Charney, 1981). Moreover, psychomotor retardation 

is often associated with other vegetative symptoms like hypersomnia (Mitchell et al., 2001), 

exemplifying the possible manifestations of underarousal in depression.

Low positive emotion

The low positive emotion model of depression posits that reduced positive affectivity is 

crucial in understanding fundamental aspects of emotional reactivity in depression (Clark, 

Watson, & Mineka, 1994). Low positive emotion distinguishes depression from other 

internalizing disorders, including anxiety (Clark & Watson, 1991b; Nitschke, Heller, Imig, 

McDonald, & Miller, 2001). Diurnal and seasonal variations in positive emotion have been 

implicated in the development of depression (Depue, Krauss, & Spoont, 1987; Clark, 

Watson, & Leeka, 1989), and dampening of positive emotion is prospectively associated 

with depressive symptomatology (Raes, Smets, Nels, & Schoofs, 2012). In the low positive 
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emotion model, depressed participants show strong and selective deficits in reactivity to 

pleasant stimuli specifically rather than to all stimuli; this pattern is depicted in Figure 1B. 

As a consequence, these deficits may cause weak reductions in the overall response 

magnitude and differentiation between pleasant and aversive stimuli in depression.

Heightened negative emotion

Low positive emotion accounts for only some of the emotional dysfunction observed in 

depression. Negative affectivity, a general distress factor shared by internalizing disorders 

(e.g., anxiety), is central to abnormal emotional reactivity in depression (Clark & Watson, 

1991b). Negative affectivity is a multifaceted personality trait (Clark & Watson, 1991a) 

whose fundamental component is a temperamental sensitivity to aversive stimuli (Tellegen, 

1985). Individuals high on this personality trait will exhibit pervasive negative moods 

ranging from guilt to hostility (Watson & Clark, 1984). Pervasive negative moods enable 

schemas that serve to negatively distort the processing of emotional stimuli (Beck, 1976; 

Beck, Rush, Shaw, & Emery, 1979). Specifically, negative moods activate schemas (Scher, 

Ingram, & Segal, 2005) that facilitate negative emotion when confronted by schema-

matching negative stimuli. In the heightened negative emotion model, depressed participants 

would be expected to have greater reactivity specifically to aversive stimuli compared to 

controls. Predictions from this model are shown in Figure 1C. The key prediction of this 

model is that larger reactivity to aversive minus neutral stimuli should be strongly related to 

depressive symptomatology. Because of the larger reactivity to aversive stimuli, this pattern 

may also cause weak increases in mean response magnitude and a weakly exaggerated 

difference in reactivity to pleasant minus aversive stimuli in depression.

Emotion context insensitivity

To integrate data from prior models in favor of a more comprehensive model, theorists 

formulated a fourth perspective called the emotion context insensitivity (ECI) model. It 

states that those with depressive symptomatology display reduced emotional reactivity to 

aversive and pleasant stimuli (Rottenberg et al., 2005). Although loosely similar to previous 

models, the ECI model is deeply rooted in an evolutionary perspective of depression, which 

posits that depressed mood is a defensive mechanism promoting disengagement from the 

environment. Depressed people are thus prevented from engaging in dangerous or life 

threatening actions during turbulent times (Nesse, 2000). Therefore, diminished motivational 

activity brought about by negative mood inhibits overall emotional reactivity (Bylsma et al., 

2008). In this model, depressed people show similar reactivity as that predicted by the low 

positive emotion model but the opposite emotional response predicted by the heightened 

negative emotion model. However, depressive symptomatology should not be related to 

different levels of reactivity to emotionally neutral stimuli. Thus, the ECI model of 

depression contrasts against the underarousal model: The ECI model predicts deficits in 

reactivity only to emotionally evocative stimuli (causing a flatter pattern of reactivity in 

depressed compared to non-depressed people), whereas the underarousal model predicts 

deficient reactivity to all stimuli (preserving patterns of emotional reactivity across 

depressed and non-depressed people).
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Predictions from the ECI model are summarized in Figure 1D. Overall, reactivity to pleasant 

minus neutral and aversive minus neutral stimuli should be strongly reduced in depression, 

though unlike the underarousal model, reactivity to neutral stimuli should be the same 

between depressed and non-depressed individuals. The precise pattern these deficits take 

varies based on whether a particular measure assesses arousal, positive emotion, or negative 

emotion. Measures of arousal will show negative correlations between depressive 

symptomatology and reactivity during both pleasant minus neutral stimuli and aversive 

minus neutral stimuli, leading to a moderately diminished mean response magnitude. In 

contrast, measures keyed to assess positive emotional valence will display negative 
correlations between depressive symptomatology and reactivity during pleasant minus 

neutral stimuli but positive correlations with reactivity during aversive minus neutral stimuli. 

As a result, measures of positive emotion will also evidence a moderately reduced 

differentiation in reactivity to pleasant minus aversive stimuli. The reverse pattern will be 

true for measures keyed to assess negative emotional valence in the ECI model.

Measures of Emotional Processes in Clinical and Subclinical Depression

Arousal

Measures of arousal are typically larger during both pleasant and aversive stimuli compared 

to neutral stimuli. Skin conductance is a peripheral psychophysiological measure of 

sympathetic nervous activity with diffuse neural correlates (Critchley, Elliott, Mathias, & 

Dolan, 2000) that is reduced in clinical depression. These reductions are not limited to 

subclinical or other high-risk depression groups; they also extend across depression subtypes 

(Ward, Doerr, & Storrie, 1983). Diminished response magnitude consistent with the 

underarousal model is also believed to be a long-term physiological characteristic of 

depression. Attenuated skin conductance magnitude in depression is stable between test-

retest intervals as short as three weeks (Storrie, Doerr, & Johnson, 1983) and as long as one 

year (Iacono et al., 1983). The latter study also concluded that antidepressant treatment does 

not explain these results. This vulnerability is not only present in unipolar depression, but 

also across other psychopathologies, including bipolar disorder (Lenhart, 1985).

Brain event-related potentials (ERPs) have often been used to assess underarousal in 

depression (Bruder, Kayser, & Tenke, 2012). The P3, a parietally maximal ERP component 

peaking at 300–400 ms, has been found to be sensitive to task relevant stimuli and those of 

motivational significance (Polich & Kok, 1995). Emotionally arousing stimuli provoke 

larger P3 amplitudes compared to neutral stimuli (Johnston et al., 1986; Kayser et al., 1997; 

Olofsson, Nordin, Sequiera, & Polich, 2008; Palomba et al., 1997), and P3 amplitude is 

reduced in depression during a wide variety of auditory and visual ERP paradigms (Bruder 

et al., 1995; Diner, Holcomb, & Dykman, 1985; Pfefferbaum, Wenegrat, Ford, Roth, & 

Kopell, 1984; Roth, Pfefferbaum, Kelly, Berger, & Kopell, 1981). However, complex stimuli 

like photo realistic pictures elicit a subsequent centro-parietal voltage offset termed the late 

positive potential (LPP) ERP that can overlap the P3 and is also greater during emotional 

than neutral stimuli (Weinberg, Venables, Proudfit, & Patrick, 2015). The LPP reflects 

sustained attention to complex arousing stimuli (Cuthbert, Schupp, Bradley, Birbaumer, & 

Lang, 2000). Its amplitude is also negatively associated with depression (Proudfit, Bress, 
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Foti, Kujama, & Klein, 2015), especially for rewarding pictures, though depressed patients 

with early-onset episodes also have reduced reactivity to rewarding and threatening images 

compared to patients with adult-onset depression (Weinberg, Perlman, Kotov, & Hajcak, 

2016).

Subclinical depression is not associated with reduced overall electrodermal reactivity (Sloan 

& Sandt, 2010). Instead, it may be associated with a lack of emotional arousal specific to 

particular emotional valences. Students with subclinical depression show reduced P3 

amplitudes to pleasant visual faces compared to healthy controls (Cavanagh & Geisler, 

2006). Children’s own subclinical depressive symptoms (Dennis & Hajcak, 2009) and their 

mothers’ histories of depression (Kujawa, Hajcak, Torpey, Kim, & Klein, 2012) are related 

to blunted LPP reactivity to aversive pictures and faces, respectively.

Positive emotion

Measures of positive emotion should be largest for pleasant stimuli, smallest during aversive 

stimuli, and intermediate during neutral stimuli. One such measure is the zygomaticus major 
EMG, which is involved in smiling (Ekman, Davidson, & Friesen, 1990) and is greater 

during pleasant than neutral stimuli, particularly those depicting nurturant scenes (Bradley, 

Codispoti, Cuthbert, & Lang, 2001). Depressed individuals show reduced zygomatic EMG 

activity when thinking about happy scenarios compared to non-depressed individuals 

(Schwartz et al., 1976a), and pre-treatment zygomatic EMG magnitudes correlate with 

treatment response in depressed individuals (Carney, Hong, O’Connell, & Amado, 1981; 

Greden, Price, Genero, Feinberg, & Levine, 1984). Thus, decreased facial EMG activity 

during emotional stimuli appears to predict the presence and persistence of depression. 

Nevertheless, zygomatic EMG is a relatively weak measure of positive emotion for non-

nurturant stimuli, particularly for men (Bernat, Patrick, Benning, & Tellegen, 2006; Bradley, 

Codispoti, Sabatinelli, & Lang, 2001).

Another psychophysiological measure that is greater during pleasant than neutral stimuli is 

the postauricular reflex, a microreflex behind the ear (Benning, Patrick, & Lang, 2004). 

Prior investigations consistently report potentiated postauricular reflex responses during 

pleasant as opposed to neutral or aversive stimuli (Benning, 2011; Hess, Sabourin, & Kleck, 

2007; Sandt, Sloan, & Johnson, 2009), indicating its utility as a measure of appetitive 

emotional experience. Surprisingly, this measure has not been used to investigate low 

positive emotion in clinical depression. Contrary to the low positive emotion model, 

emotional postauricular reflex modulation was unrelated to subclinical depression scores in 

undergraduates (Sloan & Sandt, 2010). Rather, this study found that depressive 

symptomatology was correlated with reduced overall postauricular reflex magnitude, which 

is more consistent with the underarousal model. In contrast, individuals with subclinical 

levels of depression fail to potentiate zygomatic EMG response during pleasant faces 

compared to those during neutral faces (Sloan, Bradley, Dimoulas, & Lang, 2002), 

suggesting that this measure may be more sensitive to low positive emotion in subclinical 

depression.
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Negative emotion

Measures of negative emotion are largest for aversive stimuli, smallest for pleasant stimuli, 

and intermediate for neutral stimuli. The magnitude of the corrugator supercilii EMG, which 

is typically larger during aversive than neutral emotional states and is associated with brow 

furrowing, has been used to examine heightened negative emotional expressivity in 

depression. Individuals with depression tend to show greater corrugator EMG activity while 

imagining scenes involving anger and scenes from a typical day, whereas non-depressed 

individuals do not (Schwartz, Fair, Salt, Mandel, & Klerman, 1976a, b; cf. Oliveau & 

Willmuth, 1979). Pre-treatment corrugator EMG magnitudes correlated with treatment 

response in individuals with depression (Carney et al., 1981; Schwartz et al., 1978). Thus, 

clinical depression is marked by heightened negative emotion as assessed through corrugator 

EMG.

The startle blink is another psychophysiological measure that is associated with increased 

reactivity during aversive minus neutral stimuli. The startle blink reflex is an involuntary 

response to an abrupt acoustic probe that is modulated by the emotional valence of a 

foreground stimulus, acting as a measure of aversive emotional experience. This effect 

reflects the amygdala’s input into the startle reflex circuit through the nucleus pontis 

recticularis caudalis (Davis, 2006). Prior investigations confirmed the utility of this affect-

startle paradigm in gauging emotional reactivity (Bradley et al., 1990; Bradley et al., 2001), 

demonstrating the startle reflex is potentiated and attenuated in the presence of aversive and 

pleasant stimuli, respectively (Vrana, Spence, & Lang, 1988). However, results of multiple 

startle studies contradict the heightened negative emotional theory; depressed and control 

participants showed similar startle blink potentiation during aversive images (Allen et al., 

1999; Dichter et al., 2004, 2008; Kaviani et al., 2004). In these studies, startle blink 

magnitudes were less potentiated in severely depressed patients compared to controls, 

though mildly or moderately depressed patients showed patterns of startle blink modulation 

comparable to controls. Thus, the bulk of startle blink studies provide psychophysiological 

evidence for the ECI model in clinical depression (Dichter et al., 2008), reflecting a 

protective disengagement from aversive stimuli (Nesse, 2000).

With respect to subclinical depression and negative emotion, Sloan et al. (2002) found that 

both dysphoric and non-dysphoric participants showed similar potentiation of corrugator 

EMG response during aversive faces compared to those during neutral faces. Dysphoric 

participants also showed potentiation of corrugator EMG response during pleasant faces 

compared to those during neutral faces, whereas non-dysphoric participants did not show 

this pattern of modulation. Some dysphoric undergraduate samples show blunted (Taubitz, 

Robinson, & Larson, 2013) or absent (Mneimne, McDermut, & Powers, 2008) startle blink 

potentiation during aversive minus neutral pictures. However, other undergraduate samples 

provide evidence of heightened or normal startle potentiation in subclinical depression 

(Larson, Nitschke, & Davidson, 2007; Sloan & Sandt, 2010). Thus, subclinical depression is 

unlikely to be associated strongly or consistently with psychophysiological measures of 

negative emotion.
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Self-report

Self-report valence ratings have provided evidence for the ECI model of depression. In a 

study comparing depressed participants to healthy controls, depressed participants exhibited 

overall blunted emotional reactivity on self-reported affective ratings when exposed to a 

series of valenced film clips (Kaviani et al., 2004). Furthermore, in the first systematic 

quantitative review of emotional reactivity in depression, researchers reported data in 

support of the emotional context insensitivity model (Bylsma et al., 2008). A meta-analysis 

of 19 studies comparing depressed participants and healthy controls revealed diminished 

emotional reactivity among participants with depression. In self-report and behavioral 

measures, depressed patients showed less reactivity in both pleasant and aversive conditions, 

though there were greater deficits in positive emotion than negative emotion in that meta-

analysis. Subsequent work presented evidence that contradicted the emotional context 

insensitivity model. In daily life events, depressed participants reported potentiated daily 

negative affect compared to controls (Bylsma, Taylor-Clift, & Rottenberg, 2011), a pattern 

of findings more congruent with the heightened negative emotion model. Curiously, this 

model does not appear to have been systematically examined in subclinical depression.

Current Study

In this study, a sample of undergraduates was used to explore which model of emotion in 

depression is most applicable to individuals with subclinical levels of depressive 

symptomatology. Participants viewed pleasant, neutral, and aversive emotional pictures 

while their psychophysiology was recorded. We collected skin conductance responses and 

LPP amplitude, corrugator and zygomatic EMG, and startle blink and postauricular reflexes 

during each picture, along with self-reported valence and arousal ratings of each picture. 

Data from this sample have been reported previously (Aaron & Benning, 2016; Benning, 

Rozalski, & Klingspon, 2015). However, Aaron and Benning (2016) examined the time 

course of postauricular reflex modulation, and Benning et al. (2015) focused on ERP 

measures of emotional picture and startle probe processing as they related to the personality 

trait of absorption.

The underarousal model of depression predicts that reduced overall reactivity to all stimuli 

would occur with greater depressive symptomatology, such that mean responses would be 

lower across all stimuli. If the data followed predictions from the low positive emotion 

model of depression, depressive symptomatology would be negatively correlated most 

strongly with contrasts involving pleasant minus neutral pictures. Depression scores 

positively correlating with contrasts involving aversive minus neutral pictures would be 

congruent with the heightened negative emotion model. The emotion context insensitivity 

model would be supported if blunted reactivity to pleasant and aversive pictures minus 

neutral pictures were observed with no differences in reactivity to neutral pictures 

themselves. Significant correlates of depressive symptomatology were parsed to examine 

whether they were associated more with the anhedonic or negative emotional symptoms of 

depression. These correlates were also entered into regression equations to determine which 

correlates were incrementally associated with depression after controlling for a) each other 

and b) symptoms of other internalizing disorders.

Benning and Oumeziane Page 7

Psychophysiology. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Method

Participants

Participants in this study were 90 undergraduates from psychology courses who took part in 

the study for course credit. Participants were 19.7 years old (SD = 2.09) on average. In this 

sample, 52% were women; 84% were White, 9% were Black, 4% were Asian, and 4% were 

Hispanic.

For each measure, varying numbers of participants had scoreable data. SAM ratings data 

were excluded from three participants because they gave average valence ratings more than 

2.5 SD above the mean or arousal ratings more than 2.5 SD below the mean, leaving 87 

participants in these analyses. Three participants were lost for each psychophysiological 

measure due to equipment failure, leaving 87 participants with valid corrugator and 

zygomatic EMG data. One participant had excessively noisy postauricular EMGs, and three 

participants did not have mean postauricular reflexes above 2 μV, leaving 83 participants 

with valid postauricular data. A total of 83 participants had valid startle blink data, with four 

excluded because their mean startle blink reflex magnitude was less than 2 μV. Eight 

participants had EEG activity exceeding 100 μV at Cz on more than 30% of the trials, 

leaving 79 participants with valid EEG data. Finally, because a module for recording skin 

conductance response (SCR) was added to the psychophysiological equipment after data 

from the first 22 participants were collected, SCR was available for 65 participants.

Stimuli

The acoustic noise probe was a bilateral 50 ms, 105 dB white noise probe with nearly 

instantaneous rise time; probes were presented 3000, 4000, or 5000 ms after the onset of 

most pictures. A total of 55 pictures from the International Affective Picture System (IAPS; 

CSEA-NIMH, 1999) were used in the experiment.1 Maximally intense exemplars of 

pleasant and aversive picture contents depicting stimuli that are directly or indirectly related 

to an organism’s survival were included. All picture contents were gender balanced on 

dimensions of normatively rated valence (median t(6) between men and women = 0.35, p = .

735) and arousal (median t(6) between men and women = 0.13, p = .897).

The first three pictures (IAPS numbers 4650, 7080, and 9252) were probed at the beginning 

of the experiment to habituate abnormally large initial reflex magnitudes (Graham, 1979); 

data from these pictures were not analyzed. Probes were not presented during four pictures 

during the experiment (IAPS numbers 2220, 5460, 7233, and 8485); instead, probes were 

presented during the inter-trial interval (ITI) after these pictures to reduce the predictability 

of the startle probes.

1The following IAPS pictures comprised each content category. Pleasant content: adventure: 5623, 8034, 8180, 8210; nurturant: 
(1811, 2071, 2160, 2340/1463, 1722, 2341, 2655); erotic: 4640, 4660, 4680, (4255/4572); food: 7200, 7230, 7260, 7460. Neutral 
content: buildings: 5731, 7180, 7490, 7491; humans: 2190, 2393, 2870, 2890; landscapes: 5120, 5390, 5740, 9210; objects: 7002, 
7004, 7034, (7031/7038). Aversive content: disgust: 9342, 9520, 9560, 9830; mutilation: (3051, 3061, 9253, 9420/9042, 9265, 9440, 
9490); threat: 6250, 6260, 9630, (6243/6190); victim: 6570, 9920, (6312, 6540/6530, 6561). Pictures not in parentheses were 
presented to participants of either gender; pictures within parentheses to the left of the slash were presented only to men, and those 
within parentheses to the right of the slash were presented only to women. These substitutions ensured that each content had similar 
normative valence and arousal ratings between men and women.
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A total of eight run orders were used in this study. Four different serial positions of the 

pictures were used, with appropriate stimulus substitutions made for women and men in the 

study to keep normative ratings of valence and arousal of each category of stimuli essentially 

identical between women and men. In each run order, no more than two pictures of the same 

valence occurred contiguously, and pictures of the same content did not follow each other. 

Startle probes were presented only once during each picture.

Self-Report Measures of Internalizing Psychopathology

Generalized Anxiety Disorder Inventory (GADI; Argyropoulos et al., 2007)—The 

GADI consists of 18 items that assess the cognitive-emotional, somatic, and sleep-related 

symptoms of generalized anxiety disorder (GAD). Each item is rated on a Likert scale from 

1 (a little of the time) to 4 (most of the time). In the initial validation studies of this 

instrument, patients with GAD had higher scores on this inventory than either controls or 

patients with other anxiety disorders. Coefficient α for GADI total scores was .87 in this 

sample (M = 39.3, SD = 8.63).

Obsessive-Compulsive Inventory – Revised (OCI-R; Foa et al., 2002)—The OCI-

R comprises 18 items that comprehensively assess obsessive-compulsive symptomatology. 

Each item is rated on a Likert scale from 1 (not at all) to 5 (extremely). Scores on this 

inventory adequately discriminate non-anxious controls from patients with obsessive-

compulsive disorder, though they are also correlated strongly with self-reported symptoms 

of depression. Coefficient α for OCI-R total scores was .86 in this sample (M = 32.3, SD = 

8.85).

Fear Survey Schedule – III (FSS-III; Arrindell, Emmelkamp, & van der Ende, 
1984)—The 52-item FSS-III was designed to provide a comprehensive assessment of 

phobic symptomatology, with separate subscales developed for various diagnostically 

relevant classes of fears. Each item is rated on a Likert scale from 1 (not at all) to 5 (very 
much). Coefficients α for the subscales of the FSS-III were .69 (fears of sex and aggression, 

8 items M = 14.2, SD = 3.63), .81 (agoraphobia, 13 items, M = 21.0, SD = 5.51), and .86 

(social phobia, 13 items, M = 33.5, SD = 7.73; blood-injection-injury phobia, 12 items, M = 

26.0, SD = 7.68; and fear of harmless animals, 6 items, M = 12.0, SD = 4.61).

Symptom Checklist – 14 (SCL-14; Lipman, Covey, & Shapiro, 1979)—The 14 

items empirically identified as somatization items on the Hopkins Symptom Checklist-90 

(Derogatis, Lipman, & Covey, 1973) were administered to provide a measure of 

experiencing wide-ranging and diffuse physical symptoms consistent with somatization 

disorder. Each item is rated on a Likert scale from 1 (not at all) to 5 (extremely). Coefficient 

α for SCL-14 total scores was .87 in this sample (M = 22.5, SD = 6.68).

Self-rating Depression Scale (SDS; Zung, 1965)—The SDS was developed to 

provide a comprehensive assessment of the symptoms of depression. Each of the 20 items is 

rated on a Likert scale from 1 (a little of the time) to 4 (most of the time). Relative to the 

Beck Depression Inventory, the Center for Epidemiological Studies – Depression scale, and 

the Hamilton Rating Scales for Depression, the SDS has essentially equal coverage of the 
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anhedonic and negative affective symptoms of depression, though at the expense of coverage 

of the somatic symptoms of depression (Shafer, 2006). Coefficient α for SDS total scores 

was .78 in this sample (M = 34.3, SD = 7.15). This level of symptomatology is at the median 

(50th percentile) of what would be expected in a large, representative sample of the general 

population (Crawford et al., 2011). Coefficients α for the anhedonia and negative affect 

factors were .74 and .68, respectively.

Psychophysiological Recordings

All physiological channels were recorded using reusable Ag/AgCl electrodes and sampled at 

2000 Hz with a Neuroscan SynAmps2 bioamplifier at DC with a 500 Hz lowpass filter to 

avoid aliasing of the physiological signals. Postauricular electrodes were placed according to 

locations PAM 5 and PINNA 2 detailed in O’Beirne and Patuzzi (1999), and recordings of 

the EMG activity in the postauricular muscles were taken from each ear. Startle blink 

magnitude was recorded from the orbicularis oculi muscle underneath the right eye, 

zygomatic EMG was recorded from the right cheek, and corrugator EMG was recorded from 

above the right eyebrow. These EMG electrodes had a 4 mm interior diameter. EEG was 

collected using a Neuroscan Quik-Cap, and SCR was collected from the thenar and 

hypothenar eminences with 8 mm inner diameter electrodes connected to a UFI 2701 

BioDerm skin conductance meter. Impedances were kept below 10 kΩ for all measures.

Procedure

Participants completed a consent form after being escorted into the laboratory. They then 

completed the study questionnaires in the order noted above using a computer keyboard as 

the electrodes were attached. Once hookups were completed, participants were told to follow 

the directions on the screen, keeping as still as possible at all times. Participants were 

instructed to watch each picture the entire time it appeared on the 1280×1024 pixel 

resolution 19” LED monitor 1 m away and to keep their gaze directed toward the fixation 

cross whenever no picture was on the screen. In addition, participants were told that they 

could simply ignore the brief noises they would hear through the headphones. They were 

then presented with the three habituation pictures and given a demonstration of the ratings 

procedure they would use to rate each picture. After the demonstration, participants attended 

to each stimulus in the sequence determined by the run order.

Pictures were preceded by a 3 s baseline consisting of a blank screen with a fixation point; 

each was presented for 6 s, followed by a 3 s recovery period, during which the ITI startle 

probes were presented halfway through. After each trial, participants completed valence and 

arousal ratings of their current emotional state using the Self-Assessment Manikin (SAM; 

Bradley & Lang, 1994) via computer keyboard. The ratings were followed by a blank screen 

lasting 3 s to allow participants to prepare for the next picture. After participants viewed and 

rated all pictures, they were debriefed and compensated.

2In this sample, trait absorption correlated .05 with SDS total scores, −.05 with SDS anhedonia, and .16 with negative affect (all ps > .
13), indicating that the effects in this sample were independent of those reported in Benning et al. (2015). Furthermore, the pattern of 
results was identical in zero-order correlations that did not control for absorption.
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Data Reduction

Offline, startle blink and postauricular EMGs were epoched from 100 ms pre-probe onset to 

250 ms post-probe onset. Postauricular EMGs were not filtered further, and startle blink 

EMGs were bandpass filtered from 28–250 Hz (Blumenthal et al., 2005). Startle blink and 

postauricular EMGs were then rectified; startle blink data were additionally smoothed with a 

single-pole recursive infinite impulse lowpass 5th order Butterworth filter with a 10 ms time 

constant. Corrugator and zygomatic EMGs were epoched from 1050 ms pre-picture onset to 

6050 ms post-picture onset, then they were highpass filtered at 20 Hz before rectification 

(van Boxtel, 2001). Skin conductance data were epoched similar to the corrugator and 

zygomatic EMG data before being lowpass filtered at 20 Hz. EEG data were referenced to 

linked mastoids before being epoched from 250 ms pre-picture onset to 1550 ms post-

picture onset. An ocular artifact correction was applied (Semlitsch, Anderer, Schuster, & 

Presslich, 1986) to correct for blinks before data were lowpass filtered at 20 Hz. All filters 

were applied at 24 dB/octave; including 50 ms of data at both ends of each epoch permitted 

filter artifacts to be discarded before data of interest were analyzed.

Because the postauricular reflex is a microreflex, postauricular muscle activity was assessed 

using aggregate rectified waveforms. Postauricular EMG activity to noise probes was 

averaged across all pictures of a given valence, yielding average waveforms comprising 16 

trials. In each aggregation, postauricular reflex magnitudes were assessed as the peak EMG 

activity occurring 8–35 ms after noise probe onset minus the mean 50 ms pre-probe EMG 

baseline activity (Sloan & Sandt, 2010). LPP amplitude was assessed using similar 

aggregate waveforms at Cz (the site with the strongest effects related to depression in this 

study; see supplemental Figure S1 and Table S3 for more details) as the mean activity 500–

800 ms after picture onset minus the mean 200 ms pre-picture baseline activity (Benning et 

al., 2015). For these measures, valid data from at least 8 out of 16 trials per valence were 

required for a participant to be included in further analyses. Prior to signal averaging, trials 

were excluded if baseline activity exceeded 100 μV.

Startle blink reflexes were scored on a trial by trial basis as the maximum smoothed activity 

30–120 ms after noise probe onset minus the mean 50 ms pre-probe EMG baseline activity 

(Blumenthal et al., 2005). Rectified corrugator and zygomatic EMGs were scored trial by 

trial as the mean activity during the 6 s picture presentation minus the mean activity 1 s 

before picture presentation (Bradley et al., 2001). Skin conductance magnitude was scored 

as the peak activity 900–4000 ms after picture onset minus the mean skin conductance level 

1 s before picture onset (Bradley et al., 2001). Within each of these measures, trials were 

excluded if baseline activity exceeded 3 SD above the mean. For all non-ERP measures, 

negative peaks were set to 0 and included in the analyses (Bradley et al., 2001). 

Furthermore, there were no corrections in the EMG or SCR data for startle probe 

presentation, as probed and non-probed trials do not typically differ in their modulations by 

emotion (Bradley et al., 2001).

Data Analysis

All statistical analyses were conducted in SPSS 22.0, and a critical α of .05 was used for all 

comparisons. Our data and analytic script are included as supplemental files to enhance 
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reproducibility. We examined the effects of picture valence on each measure through a series 

of repeated measures MANOVAs. Significant effects of valence were followed up using 

polynomial contrasts. In each case, the linear contrast assessed whether responses during 

pleasant and aversive pictures differed from each other. The quadratic contrast examined 

whether responses during both pleasant and aversive pictures differed from those during 

neutral pictures. Furthermore, internal consistency reliabilities for each psychophysiological 

measure were computed using Cronbach’s alpha (coefficient α) following Aaron and 

Benning (2016). Reliabilities for mean responses were computed across pleasant, neutral, 

and aversive valences; reliabilities for pleasant minus neutral and aversive minus neutral 

responses were computed across each of the four contents within a valence minus the overall 

response during neutral pictures. The latter two reliabilities assessed the internal consistency 

of each measure’s emotional modulation after removing variance associated solely with each 

measure’s mean scores, which the first reliability coefficient captured (see supplemental 

Table S4 for reliabilities of each valence for each measure).

Next, in the sample as a whole, partial correlations (controlling for trait absorption)2 were 

computed for each measure between depressive symptomatology and mean 

psychophysiological response magnitude or picture rating along with emotional modulation 

of each psychophysiological measure or rating. Modulation scores were computed as scores 

for pleasant pictures minus scores for neutral pictures, scores for aversive pictures minus 

scores for neutral pictures, and scores for pleasant pictures minus scores for aversive 

pictures.

We also conducted a number of follow-up analyses. To examine whether significant 

correlates were more strongly associated with the heightened negative emotion common 

among all internalizing disorders or the low positive emotion specific to depression, we 

correlated each measure significantly related to depression with the Anhedonia and Negative 

Affect factors of the SDS separately. To determine which measures were incrementally 

related to depressive symptomatology after controlling for other internalizing 

symptomatology, a regression analysis predicting depression scores from the measures 

significantly related to depression was conducted. Missing values for each 

psychophysiological measure were replaced with the mean for that measure in this analysis, 

which used one-tailed tests because the directions of the expected effects were established in 

the partial correlations described above. To examine the specificity of the relationships 

found above to depressive symptomatology alone, significant correlations were followed up 

with regression analyses predicting responses from the measures of internalizing 

psychopathology described above. Across all regressions, coefficients featured variance 

inflation factors (VIF) less than 3, which is substantially below the VIF value of 10 that 

typically indicates potentially problematic multicollinearity (Belsley, Kuh, & Welsch, 1980; 

see supplemental Table S1 for the full correlation matrix for all of these analyses).

Results

Manipulation Checks

Figure 2 depicts the main effect of valence on each measure in this study. Both 

psychophysiological measures of arousal performed as expected. SCR magnitude was 
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modulated by picture valence, F(2,63) = 4.20, p = .019, ηp
2 = .12. It was greater during both 

pleasant and aversive pictures compared to neutral pictures, quadratic F(1,64) = 8.51, p = .

005, ηp
2 = .12, but it did not differ during pleasant and aversive pictures, linear F(1,64) = 

0.80, p = .374, ηp
2 = .01. Coefficient α for mean SCR magnitude was .94, SCR pleasant-

neutral α was .34, and SCR aversive-neutral α was .45. Likewise, LPP amplitude was 

modulated by picture valence, F(2,77) = 36.0, p < .001, ηp
2 = .48. It was greater during both 

pleasant and aversive pictures compared to neutral pictures, quadratic F(1,78) = 69.2, p < .

001, ηp
2 = .47, but it did not differ during pleasant and aversive pictures, linear F(1,78) = 

0.03, p = .855, ηp
2 = .00. Coefficient α for mean LPP amplitude at CZ was .91, LPP 

pleasant-neutral α was .40, and LPP aversive-neutral α was .51.

One psychophysiological measure of positive emotion performed as expected, but another 

did not. Postauricular reflex magnitude was modulated by picture valence, F(2,81) = 4.80, p 
= .011, ηp

2 = .11. It was greater during pleasant than aversive pictures, linear F(1,82) = 3.95, 

p = .050, ηp
2 = .05, and it was intermediate during neutral pictures, quadratic F(1,82) = 3.23, 

p = .076, ηp
2 = .04. Coefficient α for mean postauricular reflex magnitude was .99, 

postauricular pleasant-neutral α was .30, and postauricular aversive-neutral α was .48. 

Conversely, zygomatic EMG magnitude was not modulated by picture valence, F(2,85) = 

2.73, p = .071, ηp
2 = .06. Coefficient α for mean zygomatic magnitude was .89, zygomatic 

pleasant-neutral α was .11, and zygomatic aversive-neutral α was .36.

Both psychophysiological measures of negative emotion were affected by emotional pictures 

as expected. Startle blink reflex magnitude was modulated by picture valence, F(2,81) = 

8.09, p = .001, ηp
2 = .17. It was greater during aversive than pleasant pictures, linear F(1,82) 

= 16.4, p < .001, η2
p = .17, and it was intermediate during neutral pictures, quadratic F(1,82) 

= 0.09, p = .762, ηp
2 = .00. Coefficient α for mean startle blink magnitude was .99, startle 

blink pleasant-neutral α was .60, and startle blink aversive-neutral α was .29. Likewise, 

corrugator EMG magnitude was modulated by picture valence, F(2,85) = 6.15, p = .003, ηp
2 

= .13. It was greater during aversive than pleasant pictures, linear F(1,81) = 10.7, p = .002, 

ηp
2 = .11, though it was also larger during emotional than during neutral pictures, quadratic 

F(1,86) = 4.16, p = .045, ηp
2 = .05. Coefficient α for mean corrugator magnitude was .90, 

corrugator pleasant-neutral α was .31, and corrugator aversive-neutral α was .46.

Scores on both self-report measures of emotion were strongly influenced by emotional 

pictures. SAM valence ratings were modulated by picture valence, F(2,85) = 280, p < .001, 

ηp
2 = .87. They were greater for pleasant than aversive pictures, linear F(1,86) = 565, p < .

001, ηp
2 = .87, though neutral pictures were rated slightly more akin to pleasant pictures 

than aversive pictures, quadratic F(1,86) = 38.0, p < .001, ηp
2 = .31. Consistent with the 

negative correlation between ratings of positive and negative affective adjective ratings (e.g., 

−.43 in Tellegen, Watson, & Clark, 1999), coefficient α for mean valence ratings was −.22, 

largely because the correlation between valence ratings of pleasant and aversive pictures was 

−.41 in this study. However, αs for contents within each valence were substantially higher (.

73 for pleasant, .76 for neutral and aversive). The valence rating pleasant-neutral α was .71, 

and the valence rating aversive-neutral α was .84. SAM arousal ratings were also modulated 

by picture valence, F(2,85) = 171, p < .001, ηp
2 = .80. They were greater for pleasant and 

aversive pictures compared to neutral pictures, quadratic F(1,86) = 324, p < .001, ηp
2 = .79, 
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and aversive pictures were rated as more arousing than pleasant pictures, linear F(1,86) = 

37.4, p < .001, ηp
2 = .30. Coefficient α for mean arousal ratings was .70, arousal rating 

pleasant-neutral α was .81, and arousal rating aversive-neutral α was .89.

Correlations and Congruence with Models of Emotional Dysfunction in Depression

For each measure shown in a panel of Figure 3, negative correlations solely in the first 

column support the underarousal model. Negative correlations primarily in the second 

column support the low positive emotion model. Positive correlations primarily in the third 

column support the heightened negative emotion model. The emotion context insensitivity 

model would be supported by correlations indicative of reduced emotional reactivity in the 

second and third columns combined with either a) the corresponding correlation in the 

fourth column (for measures of emotional valence) or b) a negative correlation in the first 

column (for measures of emotional arousal). To illustrate these findings, inset panels depict 

participants with an SDS total score more than 1 SD above the sample mean (corresponding 

to a score of 42 or more; n = 14) compared to all other participants (n = 73). Similar 

cutpoints have identified clinically depressed participants with at least mild levels of 

symptomatology in previous studies (Fountoulakis et al., 2001; Zung, 1973; see 

supplemental Table S2 for further details).

Supporting the underarousal model, mean SCR magnitude, rp(61) = −.30, p = .019, and 

mean LPP amplitude, rp(75) = −.29, p = .011, during all pictures were negatively related to 

depression symptoms. During pleasant minus neutral pictures, skin conductance magnitude, 

rp(61) = −.27, p = .033, and postauricular reflex magnitude, rp(79) = −.25, p = .021, were 

negatively related to depressive symptomatology. Overall, the patterns of correlations with 

self-report scores were nearly identical to those predicted by the emotion context 

insensitivity model. However, only valence ratings for pleasant minus aversive pictures, 

rp(84) = −.23, p = .031, and arousal ratings for aversive minus neutral pictures, rp(84) = −.

23, p = .037, were significantly correlated with depression scores.

No contrasts involving zygomatic EMG, corrugator EMG, or startle blink were significant. 

The lack of relationships of depression symptoms with zygomatic EMG activity was 

particularly unsurprising given the lack of zygomatic EMG valence modulation in this 

sample.

Relationships with Factors of Depressive Symptomatology

Table 1 gives the correlations with factors of depressive symptomatology (Shafer, 2006) of 

each measure that was significantly correlated with depression total scores.3 Mean LPP 

amplitude and both skin conductance measures were associated with anhedonia. Mean skin 

conductance, postauricular reflex potentiation during pleasant minus neutral pictures, and 

3It is possible that excluding from Table 1 all the non-significant contrasts reported in Figure 3 might have obscured their relationships 
with anhedonia or negative affect in depression specifically. However, none of the measures and contrasts excluded from Table 1 were 
significantly correlated with the anhedonia factor of depression (|r|s <.21, ps > .05). The negative affect factor of depression was 
correlated with LPP amplitude for pleasant minus aversive pictures, r = −.31, p = .006. No other correlations were significant with the 
negative affect factor, |r|s < .23, ps > .05. Thus, based on the binomial test with an α level of .05, there were not significantly more 
correlations found with the negative affect factor in the 26 excluded contrasts than would be expected by chance alone, p = .736.
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valence ratings for pleasant minus aversive pictures were correlated with the negative 

emotion symptoms of depression.

Incremental Validity Analyses

To demonstrate which contrasts were incrementally associated with depressive symptoms 

above and beyond the others in this study, Table 2 displays the standardized coefficients 

from regressions predicting total depression symptoms from all measures that were 

significantly associated with these symptoms. Reduced mean LPP amplitude and 

postauricular reflex magnitude during pleasant minus neutral pictures remained as 

predictors, indicating that they alone contributed uniquely to the assessment of depression 

symptoms. However, it is reasonable to assume that the multicollinearity between the two 

SCR contrasts (r = .54) removed a substantial portion of variance from each of these 

contrasts in the regressions.

Therefore, two additional regressions were conducted, dropping one SCR contrast or the 

other from the analysis. In both regressions, mean LPP amplitude, postauricular reflex 

potentiation during pleasant minus neutral pictures, and valence ratings of pleasant minus 

aversive pictures were included. In this set of analyses, mean SCR magnitude (but not SCR 

magnitude during pleasant minus neutral pictures) emerged as an incrementally valid 

predictor of depressive symptomatology along with reduced mean LPP amplitude and 

postauricular reflex potentiation during pleasant minus neutral pictures.

Specificity to Depression

To show whether the significant contrasts were specifically related to depression symptoms 

above and beyond other internalizing symptoms, Table 3 gives the standardized coefficients 

from regressions predicting each experimental measure from the assessments of 

internalizing symptomatology. Most contrasts remained associated with depression 

symptoms after controlling for other internalizing symptomatology. Skin conductance 

magnitude during pleasant minus neutral pictures, mean LPP amplitude, and valence ratings 

during pleasant minus aversive pictures were no longer associated with depressive 

symptoms. Mean LPP amplitude was positively predicted by social phobia, whereas 

postauricular reflex magnitude during pleasant minus neutral pictures was negatively 

predicted by social phobia. Mean skin conductance magnitude was negatively predicted by 

fears related to sex and aggression.

Discussion

In this study, four models of deviant emotional processing in depression were tested in 

subclinical depression using multiple psychophysiological and self-report measures. Though 

no model won unequivocal support from the data, the results of this study were most 

consistent with the low positive emotion and underarousal models. Reduced potentiation of 

the postauricular reflex and SCR to pleasant minus neutral pictures was associated with 

depressive symptomatology, and these measures were also most congruent with the low 

positive emotion model. Conversely, reduced overall SCR magnitude and LPP amplitude 

was associated with depressive symptomatology, even after controlling for other measures or 
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symptoms of other internalizing disorders in the case of mean SCR magnitude. Reduced 

differentiation for valence ratings of pleasant minus aversive pictures represented the sole 

contrast associated with depression symptoms for the emotion context insensitivity model, 

though the patterns of valence and arousal picture ratings were highly congruent with this 

model. There was no evidence supporting the heighted negative emotion model of 

subclinical depression; indeed, the results for arousal ratings for aversive minus neutral 

pictures ran counter to this model.

Emotion in Subclinical and Clinical Depression

Our results suggest better continuity between subclinical and clinical depression in central 

and autonomic measures of arousal than previous studies of subclinical depression. We 

found that mean LPP amplitude and skin conductance magnitude were negatively associated 

with subclinical depressive symptomatology, mirroring previous findings with P3 (Bruder et 

al., 1995; Diner et al., 1985; Pfefferbaum et al., 1984) and skin conductance (Iacono et al., 

1983; Ward et al., 1983) in depressed participants. Furthermore, consistent with our findings 

for subclinical depression, depressed patients have specific skin conductance deficits to 

pleasant pictures (Margada & Hansenne, 2009). However, our results contrast against 

previous P3 work in subclinical depression (Cavanaugh & Geisler, 2006), which indicated 

that P3 was a better marker of low positive emotion than underarousal in subclinical 

depression. Also unlike our study, previous work on skin conductance in subclinical 

depression has not found evidence of underarousal using that measure (Sloan & Sandt, 

2010).

Though the postauricular reflex has yet to be used in studies of clinical depression, our 

findings with this reflex also conflict with those from the other study that used this reflex in 

subclinical depression. In this study, potentiation of the postauricular reflex during pleasant 

minus neutral pictures was most consistently and uniquely related to subclinical depression. 

These results contrast against those in Sloan and Sandt (2010), in which reduced mean 

postauricular reflex magnitude was most strongly related to subclinical depression scores. 

Their findings would suggest that underarousal in subclinical depression, not reduced 

positive emotion, would be best measured through the postauricular reflex. The sample in 

that study was similar in composition to this sample and the two experimental procedures 

were nearly identical, suggesting that these factors were not responsible for the differences 

observed between the two studies. Furthermore, our sample’s mean level of depressive 

symptoms (50th percentile; 95% CI: 44th – 55th percentile) was similar to theirs (58th 

percentile; 95% CI: 48th – 68th percentile) according to population-based norms (Crawford 

et al., 2011) for the SDS and 21-item version of the Depression Anxiety Stress Scales 

(DASS; Lovibond & Lovibond, 1995) used in their study, respectively. In our study, the SDS 

had the same pattern of correlations with positive emotionality (r = −.26) and negative 

emotionality (r = .31) on the Multidimensional Personality Questionnaire (Patrick, Curtin, & 

Tellegen, 2002) as did the DASS Depression scale with trait positive affectivity (r = −.48) 

and negative affectivity (r = .59) in a large-scale study (Henry & Crawford, 2005). Thus, the 

differences in the constructs assessed by these depression scales deserve further exploration, 

as their items do not load together strongly in joint confirmatory factor analyses, particularly 

the SDS anhedonia items (Taylor et al., 2005).
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Contrary to Sloan et al. (2002), neither corrugator nor zygomatic EMGs correlated with 

depressive symptomatology. These results are also incongruent with Schwartz et al. (1976a), 

who found potentiated corrugator and diminished zygomatic EMG activity in depression. 

However, the type of emotion-eliciting stimuli employed by Schwartz et al. (1976a) may 

account for the discrepancy between our studies. Schwartz et al. (1976a) asked participants 

to envision scenes of either anger or happiness, whereas this study required participants to 

view IAPS pictures. Additional research suggests that depressed individuals can vividly 

imagine aversive impending scenes but not pleasant scenes (Holmes, Lang, Moulds, & 

Steele, 2008). Therefore, facial EMGs may be better measures of low positive emotion in 

depression during mental imagery than during picture viewing, due in part to difficulties 

depressed individuals may have imagining pleasant scenarios. Nevertheless, the lack of 

valence modulation of the zygomatic EMG in this study vitiates making strong conclusions 

about the utility of this measure in understanding subclinical depressive symptoms.

Following previous work (Bylsma et al., 2008), self-reported valence and arousal ratings 

matched the emotion context insensitivity model of depression well. However, the 

psychophysiological measures in this study did not, indicating that subclinical depression 

may preserve emotional reactivity compared to clinical depression. This study found no 

evidence supporting the heightened negative emotion model of subclinical depression. 

Consistent with the broader literature, our participants with subclinical levels of depressive 

symptomatology had similar levels of fear-potentiated startle as those without depression or 

with mild depressive symptoms (Dichter et al., 2008; Kaviani et al., 2004; Larson et al., 

2007). Thus, the startle blink reflex may not be the best measure of amygdala-related 

dysfunction in low-grade depression. The strongest evidence for heightened negative 

emotion in depression comes from startle potentiation during pleasant minus neutral pictures 

in individuals with depression that is severe (Allen et al., 1999) or recurrent (Vaidyanathan, 

Melo, Malone, Burwell, & Iacono, 2014). However, this finding is not consistent across the 

literature (Dichter et al., 2004, 2008; Kaviani et al., 2004), and further work is needed to 

explore the participant or symptom characteristics associated with heightened startle blink 

potentiation in depression.

Low Positive Emotion and Underarousal as Diatheses to Depression

This study implicates underarousal and low positive emotion as core emotional components 

of subclinical depression, whereas previous studies have emphasized genetic (for a review, 

see Levinson, 2006) and cognitive (Ingram, Miranda, & Segal, 1998) predispositions for 

depression. Low positive emotionality may be a temperamental precursor or risk factor for 

depression (Shankman, Tenke, Bruder, Durbin, Hayden, & Klein, 2005) and depressotypic 

cognitions (Hayden, Klein, Durbin, Olino, 2006). Furthermore, low reward sensitivity is 

associated with the first onset of a major depressive episode in adolescent girls (Bress, Foti, 

Kotov, Klein, & Hajcak, 2013). Similarly, a broad cortical underarousal characterizes 

depression (Jaworska, Blier, Fusee, & Knott, 2012) even before the disorder manifests itself 

fully (Grin-Yatsenko, Baas, Ponomarev, & Kropotov, 2011). Further highlighting the role of 

underarousal in depression, smaller skin conductance responses also correlate specifically 

with depression rather than other internalizing disorders (Argyle, 1991). Depressed children 

of depressed mothers show reduced skin conductance responses compared to children of 
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mothers with anxiety disorders or no psychopathology (Waters, Peters, Forrest, & Zimmer-

Gembeck, 2014). Thus, depressive underarousal affects both measures, even though the 

brain networks that generate skin conductance responses (thalamus, medial orbital gyri, and 

right supramarginal gyrus; Anders, Lotze, Erb, Grodd, & Birbaumer, 2004) and LPP 

(occipito-temporal junction, insula, amygdala, hippocampus, temporal poles, and left orbital 

frontal cortex; Liu, Huang, McGinnis-Deweese, & Keil, 2012) during picture viewing do not 

overlap strongly.

If underarousal and low positive emotion are key components of depression, interventions 

that ameliorate these two deficits simultaneously may prove particularly efficacious in 

treating depression. For instance, behavioral activation treatments, which increase 

participants’ frequency of partaking in pleasant activities, increase well-being and positive 

emotion above and beyond providing symptom relief equally well for people with clinical or 

subclinical depression (Mazzucchelli, Kane, & Rees, 2010). Such interventions may also 

ameliorate the psychomotor slowing and lack of energy that are symptoms of underarousal 

in depression (Salamone, Correa, Mingote, Weber, & Farrar, 2006). Conversely, stimulant-

like drugs (but not traditional psychostimulant medications) show promise in treating the 

fatigue and sleepiness specifically that are implicated in depressive underarousal (Malhi et 

al., 2016). Such drugs may ameliorate patterns of cortical activity in depression that are 

consistent with both underarousal and low positive emotionality (Bruder et al., 1997).

Limitations and Future Directions

As is typical in psychophysiological work, psychometric limitations were present in this 

study. The power available to detect effects in this study varied substantially across contrasts 

as a function of the number of participants with interpretable scores on each measure, and 

the zygomatic EMG essentially had no power to detect these relationships, as it was not 

modulated by picture valence. Nevertheless, the measure with the lowest ostensible power – 

skin conductance – was the only measure to have multiple significant contrasts in this study. 

Because this was an exploratory study, we used analytic strategies that maximized our power 

to detect relationships between depressive symptomatology and measures of emotion, and 

we found more relationships of emotion with depression than chance alone would predict. 

The follow-up analyses reported in Tables 2 and 3 were designed in part to examine which 

findings were robust when controlling for multiple confounds. Even though the reduced 

postauricular reflex potentiation and overall skin conductance results were robustly 

associated with depression across these analyses, there is no guarantee that they were not 

false positive (Type I) errors. Future studies would benefit from more focal contrasts derived 

from this study to confirm these results, especially when combined with more stringent α 
levels to control Type I error rates.

The reliabilities for mean psychophysiological responses were excellent, indicating that each 

participant has a relatively stable raw response magnitude or amplitude across valences. 

However, the reliability for raw postauricular and startle blink reflex potentiation in this 

dataset was less than that for within-subject standardized data in this sample (Aaron & 

Benning, 2016). Reliabilities were also lower than desirable for many measures in this study, 

though the results for startle blink modulation were better than those obtained for picture 

Benning and Oumeziane Page 18

Psychophysiology. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



viewing in previous studies (Kaye, Bradford, & Curtin, 2016). Further work should 

determine the optimal methods for creating reliable psychophysiological measures of 

positive and negative emotion.

Participants only completed self-reports of psychopathology in this study, which limits its 

generalizability to the construct of depression as a whole. Future studies should employ 

multiple assessments of depression, including clinical ratings of depressive symptoms, to 

assess whether these results would replicate across various measures of depression, differing 

in their coverage of anhedonia and other depressive symptomatology. Likewise, even though 

our sample had a substantial range of subclinical depressive symptomatology, the 

demographics of further samples should be broadened beyond college students to ensure the 

generalizability of these results to a larger population. Other studies of depressed 

undergraduates found evidence of emotion context insensitivity after picture offset (Moran, 

Mehta, & Kring, 2012), indicating that future studies would benefit from considering how 

long the deficits in positive emotion last after stimuli are no longer displayed. With respect 

to broader models of positive emotion (Berridge & Kringelbach, 2008), we also assessed 

only the “liking” component of positive emotional processing in depression. Additional 

laboratory studies of the “wanting” (e.g, Treadway, Buckholtz, Schwartzman, Lambert, & 

Zald, 2009) and “learning” (e.g., Pizzagalli et al., 2008) components of positive emotion 

would be fruitful to examine the generality of deficits in positive emotion in depression.

Future studies should investigate multiple methods of eliciting different kinds of positive 

emotion in the laboratory. For instance, deficits in emotional reactivity to films inducing 

pride, which is difficult to instantiate with pictures, appear to be uniquely associated with 

depressive symptomatology (Gruber, Ovies, Keltner, & Johnson, 2011). Such stimuli may 

overcome the well-established difficulties in obtaining modulation of the zygomatic EMG 

by emotional pictures (Bernat et al., 2006; Bradley et al., 2001), which was evident in our 

study. Furthermore, though this study implicates reduced positive emotion as a diathesis for 

depression, it did not follow up participants longitudinally to determine whether those 

participants who had reduced positive emotion subsequently developed depression as rated 

by clinicians. Prospective studies in samples at risk of developing depression could examine 

whether deficits in positive emotion uniquely predict the onset of depression, as deficits in 

positive emotion appear to lengthen the course of depressed episodes (Morris, Blysma, & 

Rottenberg, 2009).

Nevertheless, this study demonstrated the unique contribution of low positive emotion and 

emotional underarousal to subclinical levels of depression, even after accounting for 

symptoms of other internalizing disorders (cf. Beck et al., 2001). Furthermore, we found 

emotion context insensitivity and heightened negative emotion received limited to no 

support, respectively. The findings suggest that the psychophysiological measures like the 

postauricular reflex and skin conductance response may be sensitive markers for emotional 

reactivity in depression. These measures could become valuable tools for investigating 

emotional deficiencies, particularly positive affective states, in psychopathology. Overall, 

results of this study set the stage for studies of the potential continuity between normal 

functioning and subclinical and clinical depression using behavioral and biological measures 
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(Ingram, Siegle, & Steidtmann, 2014), consistent with the Research Domain Criteria 

approach to psychopathology (Woody & Gibb, 2015).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Schematic representation of patterns of results predicted from various models of emotional 

dysfunction in depression. Each panel represents the pattern of correlations between 

depressive symptomatology and various emotional contrasts that would support the model 

depicted. Panel A represents the underarousal model of depression, panel B the low positive 

emotion (PEM) model, panel C the high negative emotion (NEM) model, and panel D the 

emotion context insensitivity (ECI) model. Mean = overall mean magnitude (green), +/0 = 

pleasant minus neutral (blue), −/0 = aversive minus neutral (red), +/− = pleasant minus 

aversive (purple). To clarify these expected results, each inset diagram depicts the patterns of 

emotional modulation predicted for depressed (Hi) versus nondepressed (Lo) participants in 

each model of emotional dysfunction with arbitrary y axis units. + = pleasant, 0 = neutral, − 

= aversive.
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Figure 2. 
Main effects of valence on all measures in this study. Error bars represent the standard error 

of the mean. + = pleasant, 0 = neutral, − = aversive.
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Figure 3. 
Correlations of total depressive symptomatology with the mean and emotional modulation 

of each measure. The patterns of correlations in each panel may be compared with those 

depicted in Figure 1 to ascertain which models of emotional dysfunction in depression are 

supported for a given measure. Correlations outside the dashed lines are significant at an α 
level of .05. Mean = overall mean magnitude (green), +/0 = pleasant minus neutral (blue), 

−/0 = aversive minus neutral (red), +/− = pleasant minus aversive (purple). n = 65 for skin 

conductance response, n = 79 for LPP amplitude, n = 83 for postauricular and startle blink 
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reflexes, n = 87 for zygomatic and corrugator EMGs and for pleasantness and arousal 

ratings. Given the α level of .05, there were more significant correlations than would be 

expected by chance alone, binomial test p = .005. To clarify these results, each inset diagram 

displays the patterns of emotional reactivity for participants 1 SD above the mean in 

depressive symptoms (Hi) compared to all other participants (Lo). Error bars represent the 

error term of the Valence × Group interaction.
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Table 1

Correlations between Factors of Depressive Symptomatology and Experimental Measures

Measure Anhedonia Negative Affect

Skin conductance: mean magnitude −.28* −.30*

Skin conductance: pleasant > neutral −.30* −.19

LPP: mean amplitude −.27* −.18

Postauricular reflex: pleasant > neutral −.20 −.25*

Valence ratings: pleasant > aversive −.18 −.25*

Arousal ratings: aversive > neutral −.20 −.13

Note. n = 65 for skin conductance response, n = 79 for LPP amplitude, n = 83 for postauricular reflexes, n = 87 for emotion ratings.

*
p < .05.
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Table 2

Standardized Regression Coefficients of Experimental Measures as Predictors of Depression Total Scores

Measure All Predictors Only Mean SCR Contrast Only +/0 SCR Contrast

Skin conductance: mean magnitude −.16(.13) −.18*(.10) –

Skin conductance: pleasant > neutral −.04(.13) – −.15(.10)

LPP: mean amplitude −.18*(.10) −.18*(.10) −.18*(.10)

Postauricular reflex: pleasant > neutral −.18*(.10) −.18*(.10) −.18*(.10)

Valence ratings: pleasant > aversive −.08(.13) −.09(.13) −.12(.11)

Arousal ratings: aversive > neutral −.05(−.13) −.05(−.13) −.07(−.11)

Note. n = 65 for skin conductance response, n = 79 for LPP amplitude, n = 83 for postauricular reflexes, n = 87 for emotion ratings. Standard errors 
of the coefficients are displayed in parentheses. +/0 = pleasant minus neutral.

*
p < .05 (one-tailed).
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