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Abstract 

In the present study, we examined how sex and age shape cardiovascular, electrodermal, and 

pupillary reactivity to picture series within the valence-arousal affective space in a sample of 

176 healthy younger, middle-aged, and older men and women. Across participants, heart rate 

(HR) decelerated with increasing self-reported unpleasantness, whereas skin conductance 

level (SCL) and pupil size (PS) increased with increasing self-rated arousal. Systolic (SBP) 

and diastolic (DBP) blood pressure increased with increasing self-rated arousal when valence 

was pleasant but much less when valence was unpleasant. Compared to women, men 

exhibited a stronger correlation between valence and HR and an SBP response characterized 

by larger increases for pleasant high-arousal states and lower change scores for unpleasant 

low- and high-arousal and pleasant low-arousal states. Men’s largest SCL change scores were 

for pleasant high-arousal states, whereas women’s largest SCL change scores were for 

unpleasant high-arousal states. The arousal-PS relationship was stronger among women, in 

particular for unpleasant series. From younger to older age, there were decreases in the 

strength of the valence-HR, arousal-SCL, and arousal-PS relationships. Older adults had 

larger overall increases in SBP and DBP than younger adults, but the relationships with self-

reported valence and arousal were not age dependent. We discuss how the observed sex and 

age effects may reflect sex and age differences in emotional processing and in basic 

autonomic nervous system functioning. 

 

 

Keywords: age differences; cardiovascular reactivity; emotion; pupillary response; sex 

differences; skin conductance level  
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Autonomic nervous system reactivity within the valence-arousal affective space: 

modulation by sex and age 

1. Introduction 

At the level of subjective experience, valence summarizes how well one is feeling and ranges 

from pleasant/good to unpleasant/bad, whereas arousal refers to a sense of mobilization or 

energy and ranges from very calm/sleepy to very aroused/excited (Russell and Barrett, 1999). 

These two dimensions are supposed to define the engagement of two evolutionarily primitive 

motivational systems, an appetitive one associated with positive valence and approach 

motivation toward resources and a defensive one associated with negative valence and 

aversive motivation towards threats. Arousal describes the vigor of motivational activation 

(Lang and Bradley, 2010). With this model of emotion as the guiding theoretical framework, 

we aimed at investigating the reactivity of heart rate (HR), systolic and diastolic blood 

pressure (SBP, DBP), skin conductance level (SCL), and pupil size (PS) to series of affective 

pictures in healthy adults. Empirical evidence regarding response coherence among 

experiential and physiological response systems in emotion is mixed (Evers et al., 2014), and 

how this coherence is affected by individual factors is poorly understood, despite the 

importance of individual differences in emotion has been highlighted (Hamann and Canli, 

2004). Therefore, we focused here on how these measures regulated by the autonomic 

nervous system (ANS) covary with self-reported valence and arousal and how sex and age 

modulate these relationships. 

Reactions of most healthy individuals to appetitive (e.g., appetizing food, attractive nudes) 

and aversive (e.g., attacking humans, blood) pictures are supposed to index the early stage of 

approach and defense characterized primarily by orienting, attentive processing, and 

preparation for potential action (Lang and Bradley, 2010). ANS responses vary as a function 

of the valence and arousal level of affective pictures. HR deceleration, mediated primarily by 
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increases in vagal tone (Campbell et al., 1997), is generally greater when viewing unpleasant, 

compared to either pleasant or neutral pictures and correlates positively with self-rated 

unpleasantness (Burriss et al., 2007; Gomez and Danuser, 2010; Greenwald et al., 1989; Lang 

et al., 1993).  Blood pressure (BP) increases with increasing self-rated arousal (Gomez and 

Danuser, 2010) but may also depend on valence, showing larger increases in response to 

pleasant as opposed to unpleasant arousing material (Hempel et al., 2005; Hempel et al., 

2007; Richter et al., 2011; Sarlo et al., 2005). Skin conductance, which depends on the 

activity of the sympathetically innervated eccrine glands, has been shown to correlate 

positively with self-reported arousal (Burriss et al., 2007; Gomez and Danuser, 2010; Gomez 

et al., 2004; Greenwald et al., 1989; Hempel et al., 2007; Lang et al., 1993; Neiss et al., 2009; 

Sanchez-Navarro et al., 2005). PS depends on the activity of the dilator and sphincter muscles 

of the iris, which are innervated by the sympathetic (SNS) and parasympathetic nervous 

system (PNS) branches, respectively. Most studies point to a positive correlation between PS 

and arousal (Bradley et al., 2008; Bradley et al., 2015; Bradley and Lang, 2015; Dietz et al., 

2011; Henderson et al., 2014; Jin et al., 2015; Lemaire et al., 2014; but see Franzen et al., 

2009), but the relationship between PS and self-rated valence and arousal remains to be 

explicitly tested. 

Sex differences in emotion have been investigated and discussed from different points of view 

(e.g., biological, socio-cultural, evolutionary, Bradley et al., 2001b; Fischer, 2000; Rupp and 

Wallen, 2008; Troisi, 2000; Wood and Eagly, 2002). Women may show a stronger disposition 

to engage the defensive motivational system when exposed to aversive cues than men, 

whereas men may show a stronger disposition to engage the appetitive motivational system 

when exposed to appetitive material (Andreano et al., 2014; Bradley et al., 2001b; Gard and 

Kring, 2007; Grossman and Wood, 1993; Hamann et al., 2004; Hillman et al., 2004; Rupp 

and Wallen, 2008; Sabatinelli et al., 2004; Stevens and Hamann, 2012). However, this 
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evidence is based primarily on studies with young adults, and whether sex differences in 

emotional reactivity observed among young adults persist, attenuate, or increase in later life is 

unclear (Burriss et al.; 2007; Denburg et al., 2003; Gavazzeni et al., 2008; Kunzmann and 

Grühn, 2005; Labouvie-Vief et al., 2003; Neiss et al., 2009; Seider et al., 2011).   

Normal aging is associated with widespread biological changes, including changes of the 

ANS (Barnett et al., 1999; Matsukawa et al., 1996; Winn et al., 1994) that are likely to 

substantially influence neurophysiological responses of older adults to affective stimuli. 

However, age differences in patterns of neurophysiological activity may also reflect age-

related changes in emotional processing. The amygdala activity to unpleasant vs. pleasant 

pictures is reduced in older adults compared to younger adults, whereas unpleasant pictures 

induce greater prefrontal cortex activity compared with neutral stimuli in older individuals 

than in younger ones (Dolcos et al., 2014; Leclerc and Kensinger, 2011; Mather et al., 2004; 

Nashiro et al., 2012). These patterns of neural activity are consistent with an age-related 

positivity effect, i.e., an age-related increase in the preference for pleasant over unpleasant 

information in attention and memory (Reed et al., 2014). 

It is unclear whether age differences in peripheral physiological reactivity consistent with an 

age-related positivity effect are also observed, and, more generally, whether late adulthood is 

associated with more, less, or similar activation of the appetitive and defensive systems than 

early adulthood. Compared to younger adults, older adults have been found to exhibit both 

blunted (e.g., Burriss et al., 2007; Smith et al., 2005; Tsai et al., 2000), augmented (e.g., 

Kunzmann and Grühn, 2005; Seider et al., 2011; Smith et al., 2005) and similar (e.g., 

Kunzmann et al., 2005; Kunzmann and Richter, 2009; Overbeek et al., 2012) physiological 

reactivity to affective challenges. A number of factors - including the specific emotional 

contexts or measures and whether or not age-associated differences in response magnitude or 

pattern are considered – may explain these differences (Levenson, 2000).  
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The goal of the present study was to investigate the relationships between self-rated valence 

and arousal and HR, SBP, DBP, SCL, and PS and how these relationships are influenced by 

sex and age. Across subjects, we predicted HR deceleration to increase with increasing 

unpleasantness, and SBP, DBP, SCL, and PS changes to increase along the arousal 

dimension. We were uncertain as to whether SBP and DBP could be influenced by self-

reported valence because of the mixed nature of the existing literature. Regarding sex effects, 

the primary question was whether there are sex differences in the relationship between self-

rated affect and ANS activation consistent with the hypothesis that women respond with 

greater defensive reactivity to unpleasant arousing contents, and men respond with increased 

appetitive activation to pleasant arousing contents from early to late adulthood. Concerning 

age effects, our main question was whether advancing age is associated with a shift in 

appetitive activation relative to defensive activation in line with an age-related positivity 

effect. Because normal aging is accompanied by functional and anatomical changes of the 

ANS, we predicted that there would be significant age effects for all five physiological 

parameters. However, given mixed findings, we wondered whether the age group effect 

would concern the overall response magnitude (defined as the overall increase or decrease 

from baseline) and/or the response pattern within the valence-arousal affective space (defined 

as the relationship between self-reported affective ratings and ANS responses). Whether age 

effects would be different in magnitude and pattern for different ANS indices was treated as 

an exploratory issue. 

2. Method 

2.1 Participants 

Participants were 75 men and 101 women belonging to three age groups: younger (ages 20-34 

years), middle-aged (ages 40-54 years), and older (ages 60-74 years). Studies of aging and 

emotion often compare young adults with an older sample. With the inclusion of a middle-
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aged sample nonlinear age effects can be explored. Other sample characteristics are presented 

in Table 1. Three additional participants completed the study protocol, but their data were 

unusable due to procedural flaws. The study was approved by the local ethics committee. 

A screening questionnaire was used to include only respondents who: (i) were proficient in 

French; (ii) had scores lower than 11 on the anxiety and depression scales of the Hospital 

Anxiety Depression Scale (Zigmond and Snaith, 1983, 14 items, example items “I get sudden 

feelings of panic”, “I still enjoy the things I used to enjoy”, Anxiety and Depression scale min 

= 0, max = 21). This was done to avoid the experience of excessive emotional distress among 

vulnerable people; (iii) reported at least “satisfactory” current general health on a 5-point 

scale ranging from “very good” to “very bad”; (iv) were not pregnant or breastfeeding; (v) did 

not use recreational/illicit drugs; (vi) had normal or corrected-to-normal vision and did not 

suffer from color blindness; (vii) did not have a cardiac pacemaker; and (viii) were not 

currently under medical treatment for any psychiatric disorder.  

The participants were well-functioning individuals as shown by several indices given in Table 

1. Anxiety and depression scores were very low. Mental health, physical functioning, and 

general health perception were better than average scores of the general local population 

(Richard et al., 2000). Participants’ mean scores of verbal fluency were above average 

compared to normative data (Tombaugh et al., 1999). 

2.2 Stimuli 

Stimuli were 84 pictures chosen from the International Affective Picture System (IAPS; Lang 

et al., 2005). They were arranged into 14 series each consisting of 6 different pictures. The 

series represented different thematic contents. Six series were expected to be pleasant, six 

unpleasant, and two neutral. Moreover, the six pleasant and the six unpleasant series were 

expected to vary in arousal from relatively low to high. The six pleasant contents were 

appetizing food, erotic heterosexual couples, pleasant family scenes, pleasant nature, romantic 
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heterosexual couples, and sport scenes. The unpleasant contents included environmental 

contamination, human loss, mutilated/burned bodies, physical violence, sick/injured human 

beings, and suffering/dead animals. The two neutral series showed household objects and 

neutral human activities. All pictures were landscape in orientation. Using Adobe Photoshop, 

mean brightness of nine pictures was modified such that mean brightness across picture series 

was very similar. Brightness was defined as the mean RGB (red green blue) value for each 

pixel, averaged across all pixels. Values can range from 0 (black) to 255 (white) for each of 

the RGB components in a color picture. Mean brightness of the 14 series ranged from 99 to 

112. The library numbers of the pictures are given in the supplementary material at (enter 

URL here). 

2.3 Measures 

ANS measures. The following ANS measures were assessed: heart rate (HR), systolic blood 

pressure (SBP), diastolic blood pressure (DBP), skin conductance level (SCL), and pupil size 

(PS). The cardiovascular parameters were measured beat-to-beat by finger-cuff 

photoplethysmography with the Finometer™ using a sampling rate of 200 Hz (FMS Finapres 

Medical Systems, Amsterdam, The Netherlands). The finger cuff was wrapped around the 

middle phalanx of the middle finger of the left hand, which lay on the table during the entire 

experiment. 

SCL was recorded with two pre-wired 8 mm diameter Ag/AgCl electrodes filled with TD-246 

Skin Conductance Electrode Paste (Med Associates Inc., St. Albans, VT) and placed on the 

hypothenar eminence of the left hand. The electrodes were connected to a digital amplifier 

that applied a constant 0.5 V electrode excitation (Contact Precision Instruments, London, 

UK). The sampling rate was 40 Hz. 

PS was recorded using a dark pupil remote eye tracking system (iView X, SensoMotoric 

Instruments, Teltow, Germany), which allows free movement of the head and uses infrared 
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illumination and computer-based image processing. Images of the eye are analyzed in real-

time by detecting the pupil, calculating the center, and eliminating artifacts. The eye tracking 

system recorded both horizontal (diaX) and vertical (diaY) pupil diameter in pixels (px) with 

a sampling rate of 50 Hz. 

Respiratory variables were also measured. The results for these measures are reported in 

Gomez et al. (2016).  

Valence and arousal ratings. We used the pencil-and-paper version of the 9-point Self-

Assessment Manikin (SAM, Lang et al., 2005) to register self-reports of valence and arousal 

(scale min = 1, max = 9). We scored valence and arousal ratings so that higher values 

indicated more positive and more aroused, respectively. 

Self-rated health.  A few days prior to the experimental session, participants filled in the 

Medical Outcomes Study 36-Item Short Form (SF-36, Ware and Sherbourne, 1992, scores 

between 0 and 100 with higher scores indicating better health), which was used to determine 

mental health (5 items), physical functioning (10 items), and general health perception (5 

items).  

Verbal fluency. Verbal fluency was assessed with the Animal Naming Task (1 minute, 

Kertesz, 1982). This test shows a strong association with general intellectual ability and has 

been extensively used with older adults (Lindenberger et al., 1993). 

2.4 Procedure 

Participants were run in individual sessions. The experiment took place in a windowless room 

with the same lighting conditions during the entire session for all participants. First, the 

experimenter provided the participants with an outline of the experimental procedure and an 

explanation of the measurements. They were told that 14 series, consisting of 6 pictures each, 

would be displayed on the screen in front of them. They were also informed that the pictures 
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would depict life events, objects, and persons that could evoke positive and negative 

emotions. Then, participants filled out an informed consent. 

After attaching the sensors, the picture presentation and the self-rating procedure were 

explained to the participants. It was clearly stated that the ratings should be performed quickly 

and spontaneously and reflect the emotions felt during picture viewing. Participants were also 

told to keep their left arm on the table and to avoid excessive body movements. Then, the eye 

tracking system was calibrated by having the participants fixate nine dots that appeared one 

after the other on the screen. Note that this calibration is important for accurate measurement 

of the eye gaze, which is not analyzed here, but is irrelevant for recording pupil diameter as 

the pupil is detected by the eye camera. Subsequently, participants were shown an exemplary 

series of images of mushrooms followed by the 14 series, each lasting 1 min (10 s per 

picture), with 75-s pauses in between. Fourteen 10-s intervals before onset of each series were 

defined as baseline periods. The pictures were displayed on a 19-inch computer monitor 

placed at a viewing distance of about 70 cm. After each series, participants gave one valence 

and one arousal rating reflecting their affective experience and then relaxed until the next 

series. Participants were instructed to look at the monitor at all times except when rating the 

series. 

There were six different presentation orders of the series. These orders were constructed with 

the constraint that no more than two series of similar valence were presented consecutively. 

Further, we made sure that over the six presentation orders the same series was presented on 

average both at the beginning, in the middle, and in the final part of the experiment. These 

orders were counterbalanced across age groups and gender. For each of the six presentation 

orders of the fourteen series, the six pictures within each series were presented in one specific 

order. Across the six presentation orders of the series, the same picture was shown in first, 

second, third, fourth, fifth, and sixth position, respectively. 
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Upon completing the picture viewing session, sensors were removed. After a 10-min break, 

the animal naming task was performed, together with other tasks that are irrelevant to the 

present report. Finally, the participants were debriefed, paid 100 Swiss francs, and thanked.  

2.5 Data reduction and response definition 

The software packages Beatscope 1.1a (FMS Finapres Medical Systems BV), Psylab 8 

(Contact Precision Instruments), and BeGazeTM 3.4 (SensoMotoric Instruments) were used to 

extract the cardiovascular parameters, SCL, and PS data, respectively. PS was computed as an 

ellipse area using the formula PS = diaX/2 * diaY/2 * π. The cardiovascular data were not 

available for five participants, and PS was not available for three participants. 

Mean values of the ANS measures were calculated for each participant for the 10-s period 

before onset of each picture series (baseline) and for the 60-s series. The baseline values were 

subtracted from the values of the stimulus intervals to compute change scores for each series. 

The use of change scores as measure of ANS reactivity was deemed appropriate on the basis 

of a test of correlated variances by Geenen and van de Vijver (1993) that showed no 

significant dependency between scores of the baseline periods and the series for any ANS 

measures. The baseline periods did not include the time that participants rated the previous 

series.  

2.6 Statistical analyses 

All analyses were performed using SPSS Statistics version 23 (IBM Corp., Armonk, NY, 

USA). An alpha level of .05 was used for all tests. 

First, we evaluated differences between age groups and sexes in baseline ANS activity. Mean 

scores of the fourteen baseline intervals were calculated for each ANS measure and each 

participant and subjected to univariate ANOVAs with Age Group (3 levels: younger, middle-

aged, older) and Sex as between-subject factors. Body mass index (BMI) and Educational 
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Level were also included. For significant Age Group effects, we report Bonferroni-adjusted 

pairwise comparisons of the estimated marginal means. 

Second, linear mixed models (LMM) with marginal maximum likelihood estimation were 

calculated for each ANS variable to determine the ANS response pattern within the valence-

arousal model and evaluate the influence of age and sex. The predicted variable was the 

change scores of the ANS measures as defined above. First, we tested the model including a 

random intercept for each participant, in order to take into account the nested structure of the 

data, and four fixed effects for the factors of main interest valence ratings V, arousal ratings 

A, Age Group, and Sex (basic model). BMI and Educational Level were also included. V and 

A are the subjective valence and arousal judgments given by the participants centered around 

the respective grand mean. Significant effects for Age Group and Sex in this model indicate 

significant differences between age groups and sexes in the average level of ANS reactivity 

(i.e., response magnitude). Subsequently, we added the six two-way interactions V x A, V x 

Age Group, A x Age Group, V x Sex, A x Sex, and Age Group x Sex, the four three-way 

interactions V x Age Group x Sex and A x Age Group x Sex, V x A x Age Group, and V x A 

x Sex, and the four-way interaction V x A x Age Group x Sex, and then, removed from this 

model nonsignificant terms to obtain the final model. As measure of effect size, we report for 

each model conditional R2 (R2
LMM(c)) as proposed by Nakagawa and Schielzeth (2013). 

R2
LMM(c) indicates the variance explained by the full model. 

For HR, SBP, and DBP, all aforementioned analyses were also performed after excluding 

individuals taking cardiovascular medication (four middle-aged and 21 older adults using 

primarily antihypertensive agents). For PS, Brightness of the pictures was also included in all 

analyses. For the sake of brevity, statistics for BMI, Educational Level, and Brightness are not 

reported as these variables served only as control variables. 
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Twenty-one younger women were using hormonal contraception (HC), and 12 older women 

were on hormonal replacement therapy (HRT). We tested for main and modulatory effects of 

HC and HRT. 

Finally, for ANS measures with significant Age Group or Sex effects in the LMM analyses, 

we performed complementary ANOVAs to determine whether there were Age Group and Sex 

differences for specific series. We reasoned that this information would help us better 

understand the origin of the observed effects in the LMM analyses and may also be valuable 

to those interested in the psychophysiological response to distinct thematic contents.  For the 

sake of succinctness, we report only significant effects together with their corresponding 

partial eta squared.  

3. Results 

3.1 Baseline means of the ANS variables 

There were age differences in the baseline means of all five variables, and men had higher 

baseline SCL than women. Means and statistics are reported in Table 2. 

3.2 Relationships between affective ratings and ANS responses and sex and age effects 

3.2.1 Heart rate (HR). The estimated models for HR are presented in Table 3. In the basic 

model, HR change scores increased with increasing pleasantness and were overall lower for 

younger participants compared to older participants. However, the effect of V on HR 

interacted significantly with both Age Group and Sex. As shown in Figure 1, the V estimate 

was highest (i.e., steeper slope) for younger adults and lowest for older adults and was higher 

for men than women. These Age Group and Sex effects combined so that all three age groups 

of male participants had a significant V effect, whose estimate decreased across age groups 

(younger: V estimate = 0.24, SE = 0.08, p = .002; A estimate = -0.10, SE = 0.08, p = .24; 

middle-aged: V estimate = 0.20, SE = 0.06, p = .002; A estimate = 0.05, SE = 0.07, p = .47; 
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older: V estimate = 0.10, SE = 0.05, p = .032; A estimate = -0.01, SE = 0.06, p = .89). Among 

females, the V effect was significant for the younger women (V estimate = 0.15, SE = 0.07, p 

= .044; A estimate = 0.05, SE = 0.08, p = .53), approached significance for the middle-aged 

women (V estimate = 0.10, SE = 0.06, p = .066; A estimate = 0.11, SE = 0.06, p = .070) and 

was not significant for the older women (V estimate = -0.02, SE = 0.03, p = .54; A estimate = 

0.05, SE = 0.04, p = .22). The three-way interactions V x Age Group x Sex, V x A x Age 

Group, V x A x Sex were not significant (ps > .33), indicating that the modulatory effects of 

Age Group and Sex were not significantly dependent on each other or on arousal. When 

participants using cardiovascular medication were excluded from the analyses, the same 

pattern of effects was obtained.  

3.2.2 Systolic and diastolic blood pressure (SBP, DBP). The estimated models for SBP and 

DBP are presented in Table 4. In the basic model, SBP change scores increased with 

increasing arousal and were overall lower for younger participants compared to the other two 

age groups and for men compared to women. However, when we tested for interactions, both 

the V x A interaction and the V x A x Sex interaction were significant. These effects indicate 

that the A effect was dependent on V and that this dependency was different for men and 

women. Figure 2 illustrates the estimated models for men and women, averaged across age 

groups. It can be seen that the change in SBP from low A to high A was larger the more V 

became positive, i.e., when V was unpleasant, the change in SBP along A was relatively 

small, whereas it was relatively large when V was pleasant. Moreover, this pattern was more 

evident among men than women, with men exhibiting a larger range of SBP changes along A 

for pleasant V. The V x A x Age Group x Sex interaction was not significant (p = .87) 

indicating that the difference between men and women in their SBP response pattern was not 

significantly modulated by age. 
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In the basic model, DBP change scores increased with both increasing V and increasing A and 

were overall lowest for the younger participants and highest for the older participants. As for 

SBP, the V x A interaction was also significant, but contrary to SBP, the V x A x Sex 

interaction did not reach significance (p = .13). As shown in Figure 3, DBP change scores 

were lowest for pleasant and unpleasant low-arousal ratings and highest for pleasant high-

arousal ratings. 

For both SBP and DBP, the interactions V x Age Group, A x Age Group, and V x A x Age 

Group were not significant (ps > .32), indicating that age had no modulatory effects. The 

analyses with only participants not using cardiovascular medication yielded the same pattern 

of findings as the analyses with the full sample for both SBP and DBP. 

3.2.3 Skin conductance level (SCL). The estimated models for SCL are presented in Table 5. 

In the basic model, SCL change scores increased with increasing arousal. Furthermore, we 

found that the interactions A x Age Group and V x A x Sex were significant. The A x Age 

Group effect reflected a decrease in the A estimate (i.e., flatter slope) from younger to older 

adults (younger: V estimate = -0.010, SE = 0.008, p = .76; A estimate = 0.039, SE = 0.008, p 

< .001; middle-aged: V estimate = 0.001, SE = 0.007, p = .84; A estimate = 0.027, SE = 

0.007, p < .001; older: V estimate = 0.001, SE = 0.003, p = .87; A estimate = 0.011, SE = 

0.004, p = .024). The A x Age Group x Sex interaction and the V x A x Age Group were not 

significant (ps > .71), indicating that the A x Age Group effect did not differ as a function of 

sex or self-rated V. Figure 4 illustrates the estimated models for men and women, averaged 

across age groups. It can be recognized that men demonstrated larger SCL increases along A 

when V was pleasant, whereas women had larger SCL increases along A when V was 

unpleasant. Consequently, men’s largest SCL changes occurred for pleasant high-arousal 

states, whereas women’s largest SCL changes occurred for unpleasant high-arousal states. 

The V x A x Age Group x Sex interaction was not significant (p = .17). Figure 4 also shows 
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that, on average, SCL decreased from baseline. This can be explained by the fact that SCL 

tends to decrease over time during blocks of pictures of the same affective valence. 

Importantly, this time-related effect does not significantly impact affective discrimination 

(Bradley et al., 1996). 

3.2.4 Pupil size (PS). The estimated models for PS are presented in Table 6. As expected, PS 

change scores increased with increasing A. However, the effect of A was modulated by both 

Age Group and Sex. As illustrated in Figure 5, the arousal estimate was highest (i.e., steeper 

slope) for younger adults and lowest for older adults and was higher for women than men. 

These Age Group and Sex effects combined so that all three age groups of female participants 

had a significant A effect, whose estimate decreased across age groups (younger: V estimate 

= -0.35, SE = 0.54, p = .52; A estimate = 3.79, SE = 0.60, p < .001; middle-aged: V estimate = 

0.72, SE = 0.46, p = .12; A estimate = 2.15, SE = 0.52, p < .001; older: V estimate = 0.01, SE 

= 0.27, p = .96; A estimate = 1.18, SE = 0.33, p < .001). Among men, the A effect was 

significant for the younger participants (V estimate = 0.03, SE = 0.56, p = .96; A estimate = 

2.69, SE = 0.60, p < .001) and the middle-aged participants (V estimate = -0.10, SE = 0.51, p 

= .85; A estimate = 1.25, SE = 0.57, p = .030) but was not significant for the older participants 

(V estimate = 0.14, SE = 0.47, p = .77; A estimate = 0.62, SE = 0.60, p = .30). The A x Age 

Group x Sex and the V x A x Age Group interactions were not significant (ps > .53). The V x 

A x Sex interaction was not far from significance (p = .15). Given our hypothesis about sex 

differences in defensive and appetitive activation, we deemed justified to explore whether the 

A x Sex interaction was more evident among the six pleasant or six unpleasant series. The A x 

Sex interaction was not significant among the pleasant contents (estimate = -0.39, SE = 0.76, 

p = .61), whereas it was significant among the unpleasant contents (estimate = -1.66, SE = 

0.67, p = .013). This suggests that the overall A x Sex interaction was primarily driven by sex 

differences in response to the unpleasant series. 
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3.2.5 Hormonal contraception (HC). Among younger women, the use of HC did not have 

any significant effects on the responses of HR (ps > .45), SBP (ps > .25), DBP (ps > .20), 

SCL (ps > .47), and PS (ps > .28). 

3.2.6 Hormonal replacement therapy (HRT). Among older women, the use of HRT did not 

have any significant effects on the responses of HR (ps > .35), SBP (ps > .26), and DBP (ps > 

.61). There was a significant modulatory effect of HRT on the relationship between SCL 

change scores and A (p = .027). Women on HRT showed a stronger correlation between A 

and SCL change scores than women not on HRT. However, the impact of this effect on the 

analyses with the entire sample was minimal. The p-value of the V x A x Sex interaction of 

the model reported above was .038 when older women on HRT were excluded and .057 when 

older women not on HRT were excluded. The A x Age Group interaction was significant in 

both analyses (ps < .01). Women on HRT had also a more positive correlation between self-

rated V and PS than women not on HRT (p = .004). Again, this effect had no appreciable 

influences on the models with the full sample. In both analyses without women on HRT and 

without women not on HRT, the A x Age Group interaction remained significant (ps < .001) 

as well as the A x Sex interaction (ps < .05).  

3.3 Sex and age effects on the ANS responses to specific series 

Significant Sex and Age Group effects for the psychophysiological responses to specific 

series are given in Table 7. Mean changes of the ANS variables and affective ratings by sex 

and age group for the fourteen picture series are provided as supplementary material at (enter 

URL here).  

4. Discussion 
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As hypothesized, HR deceleration covaried with ratings of unpleasantness, and both SCL and 

PS increased as a function of judgments of arousal. SBP and DBP increased with increasing 

self-rated arousal for pleasant but much less for unpleasant valence so that the largest BP 

increases were observed for pleasant high-arousal states. Responses of all five ANS measures 

were influenced by sex and age, except DBP for which no sex effects were obtained. 

4.1 Sex differences in ANS activation 

Men exhibited a stronger valence-HR relationship with lower HR change scores for 

unpleasant series than women. In two studies, men exhibited a HR response pattern across 

valence more consistent with a linear decrease across pleasant, neutral, and unpleasant 

contents compared to women (Bianchin and Angrilli, 2012; Gomez and Danuser, 2010). In 

contrast, Bradley et al. (2001b) reported that college-aged women reacted with larger initial 

HR deceleration in response to unpleasant, neutral, and erotic pictures than their male 

counterparts. These authors interpreted the larger initial HR deceleration to unpleasant 

pictures among young women as a sign of increased defensive activation (enhanced fear 

bradycardia). This reasoning applied to our findings would imply that men rather than women 

activated more strongly their defensive system when looking at unpleasant series. However, 

this interpretation seems untenable considering that two of the three series characterized by 

significantly less deceleration among women than men were rated as either more unpleasant 

or arousing by women than by men. 

According to the defense cascade model (Lang and Bradley, 2010), defense reactivity is 

organized along a threat imminence dimension. Whereas the cardiac response is initially 

decelerative as a threat is perceived but confrontation is not imminent, it then progressively 

shifts toward acceleration as the threat approaches and its circa-strike zone is reached 

(Bradley et al., 2001a). Accordingly, animal phobics respond with cardiac acceleration to 

pictures of feared animals (Globisch et al., 1999). The weaker valence-HR relationship 
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observed among women may reflect a partial shift in the cardiac response from deceleration 

to acceleration to unpleasant mainly high-arousal contents in women (Sanchez-Navarro et al., 

2006). The specific picture presentation used here (i.e., 1-min series of thematically related 

images), which differs from the presentation mode of the majority of other similar studies 

(i.e., single 6-s pictures) may contribute to this shift. Indeed, more prolonged duration of 

affective stimulation leads to progressively greater emotion intensity (Goldin et al., 2005), 

and women habituate more slowly than men to unpleasant stimulation as they show more 

persistent amygdala activation over repetitions of unpleasant pictures than men (Andreano et 

al., 2014). Another factor possibly influencing findings are differences among studies in the 

operationalization of HR reactivity. 

Because the parasympathetic system dominates the control of cardiac chronotropy in response 

to sensory information, lower PNS outflow may explain the reduced HR deceleration among 

women in response to negatively valenced stimuli. Women’s smaller HR deceleration when 

processing unpleasant contents may also be driven by larger SNS cardiac outflow. This idea is 

most strongly supported by our findings for the SCL response pattern (see below). 

Relative to women, men exhibited higher SBP increases for pleasant high-arousal states and  

lower SBP change scores for several valence-arousal combinations in the pleasant low-

arousal and unpleasant high- and low-arousal quadrants of the affective space. , These 

findings suggest that men’s BP reactivity is influenced by the affective tone of the pictures 

more than women’s BP reactivity (Cellini et al., 2015; Dan-Glauser and Gross, 2011, 2015; 

Gomez and Danuser, 2010; Hempel et al., 2007; Sarlo et al., 2005) but are only partly in line 

with the view of enhanced defensive activation among women and enhanced appetitive 

activation among men as both women’s and men’s largest SBP increase was for pleasant 

high-arousal contents.  
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The autonomic regulation of the cardiovascular system differs between men and women. 

Studies on sex differences in HR variability (HRV) suggest that women have higher 

parasympathetic cardiac autonomic activity than men, whereas men have a preponderance of 

sympathetic over vagal control of cardiac function  (Antelmi et al., 2004; Barnett et al., 1999; 

Dart et al., 2002; Kuo et al., 1999; Liao et al., 1995; Sloan et al., 2008). Animal studies have 

found that the ventricular beta-adrenergic receptor responsiveness is greater in males than 

females (Hoeker et al., 2014; McIntosh et al., 2011), whereas the anti-adrenergic effect of 

adenosine via the A1 adenosine receptors is greater in females than males (McIntosh et al., 

2011). Men and women also differ in alpha- and beta-adrenergic receptor sensitivity in the 

vasculature (Freedman et al., 1987; Kneale et al., 2000) and in the sympatho-hemodynamic 

balance controlling BP at rest and in response to sympathoexcitatory maneuvers (Hogarth et 

al., 2007; Joyner et al., 2015; Yang et al., 2013). Sex differences may also exist in the relative 

sensitivity of and balance between cardiac and sympathetic arterial baroreflexes (Barnes et al., 

2012; Barnett et al. 1999; Christou et al., 2005; Dutoit et al. 2010; Hogarth et al., 2007), 

although the exact nature of these differences is still controversial (Joyner et al., 2015).  

Further investigation is needed to understand to what extent sex differences in basic 

regulation of the cardiovascular system contribute to sex effects in cardiovascular reactivity to 

affective pictures. 

Men’s and women’s increase in SCL along the arousal dimension were differently modulated 

by valence. Women exhibited a steeper SCL increase with increasing arousal when valence 

was unpleasant, and their largest SCL changes were for contents rated as unpleasant and 

arousing. Men displayed a steeper SCL increase with increasing arousal when valence was 

pleasant, and their largest SCL changes were found for contents associated with pleasant 

high-arousal feelings. These results are in line with the hypothesis that across adulthood, 

women demonstrate enhanced defensive activation, whereas men exhibit enhanced appetitive 
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activation. We are not aware of well-established basic sex differences in the regulation of the 

electrodermal activity that could explain our findings. Magnitude and direction of sex 

differences in electrodermal reactivity seem to depend on the nature of the stimulation 

(Boucsein et al., 2012). 

Across age groups, women exhibited a stronger arousal-PS relationship than men mainly 

stemming from sex differences in reactivity to the unpleasant series.  These findings also 

support the hypothesis that women exhibit stronger defensive activation in response to 

unpleasant contents than men across the adult lifespan. To the best of our knowledge, there 

are no fundamental biological sex differences in the regulation of the pupil that may be 

responsible for our findings (Winn et al., 1994). Thus, the observed sex differences in PS 

changes likely reflect differences in emotional processing. 

Taken together, the observed sex effects in the ANS responses support the notion that, across 

adulthood, women respond more strongly to aversive arousing stimuli, whereas men respond 

more strongly to appetitive arousing stimuli. These psychophysiological findings accords well 

with a recent meta-analysis of neuroimaging studies indicating greater left amygdala response 

to negative emotional stimuli for women and greater left amygdala response to positive 

emotional stimuli for men (Stevens and Hamann, 2012). Increased neurobiological reactivity 

to unpleasant stimuli in women has been theorized to be linked to an increased risk of 

psychopathologies such as anxiety disorders and depression (Craske, 2003; Hyde et al., 2008). 

Both biological (e.g., genetic, hormonal, neural) and sociocultural (e.g., social learning and 

reinforcement) factors have been hypothesized to explain sex differences in reactions to 

emotional events (Bradley et al., 2001b; Fischer, 2000; Rupp and Wallen, 2008; Troisi, 2000; 

Wood and Eagly, 2002).   

4.2 Age differences in ANS activation 
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The age effect on the response magnitude and pattern was not unitary across ANS measures 

Older adults exhibited overall less deceleration than younger adults, and the strength of the 

valence-HR relationship decreased across age groups with younger adults exhibiting 

significantly larger HR deceleration in response to unpleasant contents than both middle-aged 

and older adults. These results extend  studies showing increasing age to be associated with 

less HR deceleration irrespective of the affective tone of the pictures (Burriss et al., 2007; 

Overbeek et al., 2012, Smith et al., 2005). Contrary to HR, age had an effect on SBP and DBP 

response magnitude but did not modulate the relationship between SBP/DBP and self-ratings 

of valence and arousal. No study had previously investigated age effects on BP reactivity to 

pictorial stimuli. Studies using other perceptual stimuli eliciting specific emotions found 

evidence of larger SBP increases in older as compared to younger adults (Seider et al., 2011; 

Sze et al., 2012) or no age differences (Kunzmann et al., 2005; Vieillard et al., 2015). Cross-

sectional and longitudinal studies showed that BP reactivity to a broad range of (stressful) 

emotional events increases with age (Uchino et al., 2005; Uchino et al., 2010). Finally, the 

strength of the arousal-SCL relationship and the arousal-PS relationship decreased across age 

groups. These findings are an important extension of previous work (Dietz et al., 2011; 

Gavazzeni et al., 2008; Lemaire et al., 2014; Neiss et al., 2009). 

The observed age effects for all five ANS measures could be explained by biological changes 

that take place with advancing age in industrialized areas. Most relevant to the cardiovascular 

findings are the decline of the parasympathetic control of HR (Barnett et al., 1999; 

Bonnemeier et al., 2003; Fukusaki et al., 2000; Sloan et al., 2008; Umetani et al., 1998), 

which could explain damped HR deceleration in late adulthood, and the interrelated increase 

in arterial stiffness and decrease in cardiac baroreflex sensitivity (Fleenor, 2013; Matsukawa 

et al., 1996), which were shown to be associated with enhanced BP reactivity to emotional 

tasks in middle-aged and older individuals (Lipman et al., 2002). Age-related decreases in the 
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density and number of active sweat glands and in their output may account for reduced 

electrodermal responsiveness in combination with changes in brain areas important for 

electrodermal activity (Boucsein et al., 2012). Finally, advancing age is characterized by more 

restricted range of pupil size change (Winn et al., 1994).  

The present study provides no evidence that the relative activation of the appetitive and 

defensive systems at the level of ANS reactivity might substantially change with advancing 

age. In fact, the reduction in the strength of the arousal-SCL and arousal-PS relationships was 

not different depending on self-reported valence, and age had no modulatory effect on BP. 

Only the reduction in the strength of the valence-HR relationship across age group may reflect 

a progressive shift from cardiac deceleration to cardiac acceleration because of enhanced 

defensive activation across age groups. However, this remains speculative. 

Seider et al. (2011) found that, compared to younger adults, older adults demonstrated greater 

physiological responses (in particular BP) to film clips depicting irreversible loss but not to 

film clips inducing disgust. This finding was interpreted as support for the notion that sadness 

reactivity is heightened in older age. There might be differential adult lifespan trajectories in 

the experience and associated physiological activation of some discrete emotions (Kunzmann 

et al., 2014) that are not captured by the valence-arousal dimensional perspective. 

The valence-dependent age differences in the activation of brain structures involved in 

emotional processing (Dolcos et al., 2014; Leclerc and Kensinger, 2011; Mather et al., 2004; 

Nashiro et al., 2012) do not seem to translate into clear valence-dependent age differences in 

ANS reactivity. It is possible that the biological changes in ANS functioning associated with 

aging mentioned above completely override age differences in physiological reactivity 

resulting from age differences in emotional processing, which are likely be relatively small 

compared to the age-related biological changes. Future studies should address this important 
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question by assessing simultaneously brain activity and physiological reactivity to affective 

stimuli in younger and older adults. 

4.3 Limitations and conclusion 

First, caution in interpreting our results is required regarding age-related vs. cohort effects. 

Research using sequential designs is needed. Second, the use of HC and HRT did not 

significantly influence the main findings. The inclusion of data on menstrual cycle/sex steroid 

hormone levels and adherence to gender- and age-related stereotypes/roles may refine the 

picture. Third, the present sample consisted of relatively affluent, educated, and almost 

exclusively Caucasian individuals of a highly industrialized western country. A question for 

future studies is the extent to which the present findings are valid in ethnically, socially, and 

culturally diverse populations. Finally, examining impedance-derived measures of cardiac 

output and total peripheral resistance, along with estimates of sympathetic (pre-ejection 

period) and parasympathetic (high-frequency HRV) cardiac control would shed light on the 

more specific processes underlying sex and age differences in cardiovascular reactivity to 

emotional stimuli.  

In conclusion, men and women across adulthood exhibit different ANS response pattern 

within the valence-arousal affective space, which are partly consistent with the idea of 

increased activation of the defensive motivational system in response to unpleasant arousing 

contents among women and increased activation of the appetitive motivational system in 

response to pleasant arousing contents among men. With advancing age, the relationships 

between self-rated affect and HR, SCL, and PS become progressively weaker, whereas BP 

overall reactivity increases. There is no evidence that aging is associated with changes in the 

relative activation of the appetitive and defensive systems at the level of ANS reactivity 

within the valence-arousal model. 
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The findings of this study underscore the importance of considering sex and age and, more 

broadly, individual differences in understanding the psychophysiology of emotion (Hamann 

and Canli, 2004). They have implications for biopsychological models of emotion and for 

more applied research fields such as biofeedback and human-technology interaction.  
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Table 1 Participants’ characteristics by sex and age group 

 Men  Women 
Variable Younger Middle-aged Older All  Younger Middle-aged Older All 
Sample size (n) 30 23 22 75  34 29 38 101 

Age (years) 26.4 (0.9) 47.0 (0.8) 66.6 (0.9) 44.5 (2.0)  26.7 (0.8) 46.7 (0.9) 66.1 (0.6) 47.3 (1.7) 

Marital status (#)          

     Single 9 10 5 24  13 9 27 49 

     In a relationship 20 13 17 50  21 20 11 52 

Employment status (#)          

     Student 15 0 0 15  13 0 0 13 

     Working 11 18 0 29  17 21 5 43 

     Unemployed 3 5 1 9  4 8 0 12 

     Retired 0 0 21 21  0 0 33 33 

Educational level (#)a          

     Level I 0 1 1 2  0 3 7 10 

     Level II 4 13 11 28  12 15 19 46 

     Level III 26 9 10 45  22 11 12 45 

Self-reported health          

     Anxietyb 4.8 (0.4) 4.5 (0.5) 5.2 (0.5) 4.9 (0.3)  5.4 (0.4) 5.3 (0.4) 5.1 (0.4) 5.2 (0.2) 

     Depressionb 1.5 (0.2) 2.7 (0.4) 2.9 (0.5) 2.3 (0.2)  1.9 (0.3) 1.8 (0.4) 2.2 (0.4) 2.0 (0.2) 

     Mental healthc 71 (3) 75 (3) 75 (4) 73 (2)  71 (3) 72 (3) 77 (3) 74 (2) 

     Physical functioningc 99 (0) 97 (1) 94 (1) 97 (1)  98 (1) 94 (2) 82 (4) 91 (2) 

     General healthc 

 

82 (2) 81 (3) 74 (3) 79 (2)  82 (2) 82 (3) 80 (3) 81 (2) 

Verbal fluency          

     Animal naming taskd 23.6 (1.2) 21.6 (1.2) 23.4 (1.3) 22.9 (0.7)  23.7 (1.0) 24.8 (1.2) 20.9 (0.9) 23.0 (0.6) 

BMI (kg/m2) 23.0 (0.5) 24.0 (0.8) 26.3 (0.9) 24.3 (0.4)  21.4 (0.4) 22.1 (0.5) 22.5 (0.5) 22.0 (0.3) 
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Notes for Table 1 

a Educational level was divided into three categories: level I = no vocational training with or without practical on-the-job training; education level II: 

completed vocational training equivalent to apprenticeship or a degree judged equivalent; education level III: baccalaureate with or without later 

academic studies; values for age, self-reported health, verbal fluency, and body mass index (BMI) are means with SEs in brackets; b HADS 

(Zigmond and Snaith, 1983), scores between 0 and 21; c SF-36 (Ware and Sherbourne, 1992), scores between 0 and 100 with higher scores 

corresponding to better health; d (Kertesz, 1982), number of animal names in 1 minute. 
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Table 2 ANS baseline means for younger, middle-aged, and older men and women (SEs in parentheses) with F-values for the Age Group main 

effect and the Sex main effect 

  Men    Women  Age Group 

Main Effect 

Sex 

Main Effect Variable Younger Middle-aged Older  Younger Middle-aged Older 

HR (bpm) 68.7 (1.2) 69.4 (2.2) 66.2 (1.7)  73.4 (1.5) 67.9 (1.9) 66.0 (1.1) 
F(2, 165) = 7.46 

p = .001a, ηp
2 = .083 

F(1, 165) = 0.64 

p = .43, ηp
2 = .004 

SBP (mmHg) 114.2 (2.1) 121.4 (2.5) 130.9 (2.9)  113.1 (1.9) 123.5 (3.8) 132.9 (3.9) 
F(2, 165) = 15.19 

p < .001bcd, ηp
2 = .156 

F(1, 165) = 0.04 

p = .84, ηp
2 = .000 

DBP (mmHg) 67.0 (1.5) 72.9 (1.6) 68.2 (1.8)  65.4 (1.3) 70.7 (2.0) 69.4 (1.6) 
F(2, 165) = 3.28 

p = .040e, ηp
2 = .038 

F(1, 165) = 0.74 

p = .39, ηp
2 = .004 

SCL (μS) 5.03 (0.64) 3.82 (0.76) 3.19 (0.55)  3.65 (0.49) 2.55 (0.40) 2.40 (0.52) 
F(2, 170) = 3.21 

p = .043, ηp
2 = .036 

F(1, 170) = 16.44 

p < .001, ηp
2 = .088 

PS (px2) 138.7 (8.1) 112.2 (7.2) 115.8 (6.1)  151.6 (7.3) 121.9 (5.5) 106.0 (4.6) 
F(2, 167) = 8.06 

p < .001fg, ηp
2 = .088 

F(1, 167) = 0.01 

p = .94, ηp
2 = .000 
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Notes for Table 2 

The reported means are the mean scores of the fourteen 10-s baseline intervals preceding each 

series. HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; SCL: skin 

conductance level; PS: pupil size. The reported Age Group and Sex effects are adjusted for 

BMI and educational level. a
 younger adults > older adults, p < .001, d = 0.72; b

 younger 

adults < middle-aged adults, p = .042, d = 0.47; c younger adults < older adults, p < .001, d = 

1.04; d middle-aged adults < older adults, p = .008, d = 0.58; e younger adults < middle-aged 

adults, p = .036, d = 0.48; f younger adults > middle-aged adults, p = .010, d = 0.56; g younger 

adults > older adults, p < .001, d = 0.72. After excluding participants taking cardiovascular 

medication, there were two small changes in the results for BP: DBP, Age Group effect, F(2, 

141) = 2.58, p = .079,  ηp
2 = 0.04;  SBP, middle-aged adults < older adults, p = .079, d = 0.49. 

The age effects for baseline means are largely in line with previous work indicating that 

compared to young adults (generally < 35 years old), older adults (generally > 60 years old) in 

industrialized areas have lower resting/baseline HR (Antelmi et al., 2004), higher BP, in 

particular SBP (Kunzmann et al., 2005) , lower SCL (Boucsein et al., 2012; Kunzmann and 

Grühn, 2005; Tsai et al., 2000), and smaller PS (Winn et al., 1994). Compared to women, men 

have been found to exhibit higher resting SCL from early to late adulthood (Eisdorfer et al., 

1980). 
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Table 3 Estimated models for the relationships between HR change scores and valence ratings, arousal ratings, age group, and sex 

 
Predictors 

  
 

   

ANS 
variable  

Intercept V A Age Group Sex V x Age Group V x Sex 

HR1 
0.21 (0.28) 

p = .10 
0.10 (0.02) 

p < .001 
0.04 (0.03) 

p = .20 

Y: -0.92 (0.31) 
M: -0.19 (0.30) 

p = .009a 

♂: -0.41 (0.26) 
p = .12   

HR2 
0.22 (0.29) 

p = .099 
-.02 (0.04) 
p < .001 

0.02 (0.03) 
p = .41 

Y: -0.93 (0.31) 
M: -0.19 (0.31) 

p = .008 

♂: -0.42 (0.26) 
p = .11 

Y: 0.16 (0.05) 
M: 0.09 (0.05) 

p = .013 

♂: 0.12 (0.05) 
p = .008 
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Notes for Table 3 

V: valence rating; A: arousal rating; 1 basic model with the main effects of the predictors V, 

A, Age Group, and Sex; 2 model with significant interactions (see Figure 1 for the graphical 

representation). Estimates are adjusted for BMI and educational level. Estimates for Age 

Group and V x Age Group are differences of the younger group (Y) and middle-aged group 

(M) from the older group who is the reference set to zero. Estimates for Sex and V x Sex are 

differences of the male participants (♂) from the female participants who are the reference set 

to zero. The p values are from the Type III tests of fixed effects. a
 Comparison of younger vs. 

older adults is significant at p < .01. R2
LMM(c) for HR1 and HR2 are .166 and .174, respectively. 
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Table 4 Estimated models for the relationships between change scores in SBP and DBP and valence ratings, arousal ratings, age group, and sex 

 
Predictors 

  
 

     

ANS 
variables  

Intercept V A Age Group Sex V x A V x Sex A x Sex V x A x Sex 

SBP1 
1.94 (0.44) 

p < .001 
0.08 (0.04) 

p = .053 
0.20 (0.04) 

p < .001 

Y: -1.84 (0.47) 
M: -0.62 (0.47) 

p = .001ab 

♂: -0.86 (0.40) 
p = .034     

SBP2 
2.06 (0.44) 

p < .001 
-0.02 (0.05) 

p = .38 
0.11 (0.06) 

p < .001 

Y: -1.95 (0.48) 
M: -0.63 (0.47) 

p < .001 

♂: -0.78 (0.41) 
p = .058 

0.03 (0.02) 
p < .001 

♂: 0.12 (0.08) 
p = .15 

♂: 0.17 (0.09) 
p = .054 

♂: 0.07 (0.03) 
p = .024 

DBP1 
1.18 (0.25) 

p < .001 
0.07 (0.02) 

p = .002 
0.11 (0.03) 

p < .001 

Y: -1.09 (0.28) 
M: -0.48 (0.27) 

p = .001b 

♂: -0.21 (0.23) 
p = .36     

DBP2 
1.25 (0.26) 

p < .001 
0.06 (0.02) 

p = .016 
0.11 (0.03) 

p < .001 

Y: -1.12 (0.28) 
M: -0.47 (0.27) 

p < .001 

♂: -0.24 (0.23) 
p = .31 

0.02 (0.01) 
p = .016    
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Notes for Table 4 

V: valence rating; A: arousal rating; 1 basic model with the main effects of the predictors V, 

A, Age Group, and Sex; 2 model with significant interactions (see Figures 2 and 3 for the 

graphical representations). Estimates are adjusted for BMI and educational level. Estimates 

for Age Group are differences of the younger group (Y) and middle-aged group (M) from the 

older group who is the reference set to zero. Estimates for Sex, V x Sex, A x Sex, and V x A x 

Sex are differences of the male participants (♂) from the female participants who are the 

reference set to zero. The p values are from the Type III tests of fixed effects. a Comparison of 

younger vs. middle-aged adults is significant at p < .05. b
 Comparison of younger vs. older 

adults is significant at p < .001. R2
LMM(c) for SBP1, SBP2, DBP1, and DBP2 are .150, .161, 

.150, and .153, respectively. 
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Table 5 Estimated models for the relationships between change scores in SCL and valence ratings, arousal ratings, age group, and sex 

 
Predictors 

  
 

      

ANS 
variable  

Intercept V A Age Group Sex V x A A x Age Group V x Sex A x Sex V x A x Sex 

SCL1 
-0.136 (0.043) 

p < .001 
0.001 (0.002) 

p = .81 
0.023 (0.003) 

p < .001 

Y: -0.107 (0.047) 
M: -0.030 (0.046) 

p = .068 

♂: -0.051 (0.039) 
p = .20 

 
 

 
 

 

SCL2 
-0.138 (0.043) 

p < .001 
-0.002 (0.003) 

p = .82 
0.010 (0.005) 

p < .001 

Y: -0.109 (0.047) 
M: -0.033 (0.046) 

p = .066 

♂: -0.041 (0.040) 
p = .31 

-0.001 (0.001) 
p = .29 

Y: 0.030 (0.006) 
M: 0.017 (0.006) 

p < .001 

♂: 0.004 (0.005) 
p = .47 

♂: -0.008 (0.006) 
p = .17 

♂: 0.004 (0.002) 
p = .043 
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Notes for Table 5 

V: valence rating; A: arousal rating; 1 basic model with the main effects of the predictors V, 

A, Age Group, and Sex; 2 model with significant interactions (see Figure 4 for the graphical 

representation). Estimates are adjusted for BMI and educational level. Estimates for Age 

Group and A x Age Group are differences of the younger group (Y) and middle-aged group 

(M) from the older group who is the reference set to zero. Estimates for Sex, V x Sex, A x 

Sex, and V x A x Sex are differences of the male participants (♂) from the female participants 

who are the reference set to zero. The p values are from the Type III tests of fixed effects. 

R2
LMM(c) for SCL1 and SCL2 are .361 and .372, respectively. 
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Table 6 Estimated models for the relationships between change scores in PS and valence ratings, arousal ratings, age group, and sex 

 
Predictors 

  
 

   

ANS 
variable  

Intercept V A Age Group Sex A x Age Group A x Sex 

PS1 
-14.75 (10.58) 

p = .28 
0.13 (0.19) 

p = .50 
2.03 (0.22) 

p < .001 

Y: 6.91 (2.95) 
M: 3.00 (2.91) 

p = .066 

♂: -2.82 (2.48) 
p = .26   

PS2 
-12.94 (10.53) 

p = .37 
0.05 (0.19) 

p = .80 
1.33 (0.39) 

p < .001 

Y: 6.94 (2.94) 
M: 2.86 (2.90) 

p = .062 

♂: -2.73 (2.47) 
p = .27 

Y: 2.43 (0.49) 
M: 0.60 (0.50) 

p < .001 

♂: -0.93 (0.41) 
p = .024 

 

 

49 
 
 



AUTONOMIC ACTIVATION, EMOTION, SEX, and AGING 

Notes for Table 6 

V: valence rating; A: arousal rating; 1 basic model with the main effects of the predictors V, 

A, Age Group, and Sex; 2 model with significant interactions (see Figure 5 for the graphical 

representation). Estimates are adjusted for BMI, educational level, and picture brightness. 

Estimates for Age Group and A x Age Group are differences of the younger group (Y) and 

middle-aged group (M) from the older group who is the reference set to zero. Estimates for 

Sex and A x Sex are differences of the male participants (♂) from the female participants who 

are the reference set to zero. The p values are from the Type III tests of fixed effects. R2
LMM(c) 

for PS1 and PS2 are .256 and .267, respectively. 
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Table 7 Significant Sex and Age Group effects for the psychophysiological responses to specific series 

Dependent measures Effects Series 

 Sex  

HR ♂ < ♀ U: mutilated/burned bodies (.067), physical violence (.063), sick/injured human beings (.024) 

SBP ♂ < ♀ P: pleasant nature (.045); U: human loss (.025), suffering/dead animals (.037) 

 ♂ > ♀ P: erotic heterosexual couples (.037) 

SCL ♂ < ♀ P: pleasant nature (.024); U: mutilated/burned bodies (.033) 

PS ♂ < ♀ U: sick/injured human beings (.029) 

Valence rating ♂ > ♀ U: physical violence (.035), suffering/dead animals (.080) 

Arousal rating ♂ < ♀ U: mutilated/burned bodies (.026), physical violence (.031), suffering/dead animals (.049) 

 Age Group  

HR Y < O U: human loss (.059), mutilated/burned bodies (.025), physical violence (.032)  

SBP Y < O P: erotic heterosexual couples (.056), pleasant nature (.092), sport scenes (.024); N: household objects (.024), neutral human activities (.067); 

     U: human loss (.036), physical violence (.036), suffering/dead animals (.029) 

DBP Y < O P: erotic heterosexual couples (.029); pleasant nature (.049); N: household objects (.028), neutral human activities (.063); U: human loss (.037), 

     mutilated/burned bodies (.026), physical violence (.042) 

SCL Y < O P: romantic heterosexual couples (.031), sport scenes (.066); N: household objects (.029), neutral human activities (.039) 

PS Y > O P: erotic heterosexual couples (.076); U: sick/injured human beings (.030), suffering/dead animals (.052)  

Valence rating Y < O P: pleasant family scenes (.045), pleasant nature (.052), romantic heterosexual couples (.066)  

 Y > O U: environmental contamination (.038), mutilated/burned bodies (.035), physical violence (.091)  

 

51 
 
 



AUTONOMIC ACTIVATION, EMOTION, SEX, and AGING 

Notes for Table 7 

HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; SCL: skin 

conductance level; PS: pupil size; Y: younger adults; O: older adults; ♂: male participants; ♀: 

female participants; P: pleasant series; N: neutral series; U: unpleasant series. Reported Sex 

and Age Group effects are significant at p < .05 and are based on comparisons of estimated 

marginal means adjusted for BMI and educational level. Partial eta squared is given in 

parentheses. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 

 

56 
 
 



AUTONOMIC ACTIVATION, EMOTION, SEX, and AGING 

 

Figure 5 
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Figure captions 

Figure 1 

Model-predicted estimated marginal means (SEs) of the relationship between HR change 

scores and valence ratings (1 = most negative valence, 9 = most positive valence) for men 

(left) and women (right), by age group and adjusted for BMI and educational level (see Table 

3 for predictors’ estimates). * younger adults < middle-aged and older adults at the same 

valence level (p < .05); § younger adults < older adults at the same valence level (p < .05); # 

men < women at the same valence level (p < .05). 

 

Figure 2 

Contour plot showing the model-predicted estimated marginal means for SBP change scores 

in the space defined by valence ratings (1 = most negative valence, 9 = most positive valence) 

and arousal ratings (1 = lowest arousal, 9 = highest arousal) for men (left) and women (right) 

averaged across age groups and adjusted for BMI and educational level (see Table 4 for 

predictors’ estimates). SEs range from 0.30 to 0.69 for men and from 0.26 to 0.62 for women. 

Compared to women, men had lower SBP change scores for the following valence-arousal 

combinations: 1-5, 1-7, 1-9, 3-3, 3-5, 5-1, 5-3, 7-1, 7-3, 9-1; and higher SBP changes scores 

for the combination 9-9 (ps < .05). 

 

Figure 3 

Contour plot showing the model-predicted estimated marginal means for DBP change scores 

in the space defined by valence ratings (1 = most negative valence, 9 = most positive valence) 

and arousal ratings (1 = lowest arousal, 9 = highest arousal) for all participants averaged 

across age groups and adjusted for BMI and educational level (see Table 4 for predictors’ 

estimates). SEs range from 0.11 to 0.27. 
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Figure 4 

Contour plot showing the model-predicted estimated marginal means for SCL change scores 

in the space defined by valence ratings (1 = most negative valence, 9 = most positive valence) 

and arousal ratings (1 = lowest arousal, 9 = highest arousal) for men (left) and women (right) 

averaged across age groups and adjusted for BMI and educational level (see Table 5 for 

predictors’ estimates). SEs range from 0.030 to 0.050 for men and from 0.025 to 0.043 for 

women. Compared to women, men had lower SCL change scores for the following valence-

arousal combinations: 1-7, 1-9, 3-7, 3-9 (ps < .05). 

 

Figure 5 

Model-predicted estimated marginal means (SEs) of the relationship between PS change 

scores and arousal ratings (1 = lowest arousal, 9 = highest arousal) for men (left) and women 

(right), by age group and adjusted for BMI, educational level, and picture brightness (see 

Table 5 for predictors’ estimates). * younger adults > middle-aged and older adults at the 

same arousal level (p < .05); § younger adults > older adults at the same arousal level (p < 

.01); # men < women at the same arousal level (p < .05). 
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