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Abstract

Subjective social status (SSS) reflects one’s perception of one’s standing within society. SSS has
been linked with health outcomes, over and above socioeconomic status, and is thought to
influence health in part by shaping stress responsivity. To test this, the present study examined the
links between SSS and psychological, hypothalamic-pituitary-adrenal (HPA) axis, and
cardiovascular responsivity in a sample of 87 ethnically diverse late adolescents (Mg = 18.39
years). Participants rated their family’s SSS while either in high school (n = 50) or one year
afterward (n = 37). Participants completed the Trier Social Stress Task (TSST) and reported their
fear during baseline and after task completion, provided six saliva samples throughout the task,
and had their heart rate monitored continuously throughout the task. Multilevel models, with time
points nested within participants, were conducted to assess reactivity and recovery for each
outcome. Results indicated that lower SSS was associated with greater fear reactivity and faster
rates of HPA axis reactivity and recovery to baseline. Regarding cardiovascular responses, no
differences were observed regarding heart rate. Lower SSS predicted increased respiratory sinus
arrhythmia during the stress task only among participants who rated their SSS while in high
school; no association was observed for those who rated SSS after high school. Results suggest
that perceptions of one’s family’s standing in society can shape responses to stress and potentially
broader health.
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Introduction

Subjective social status (SSS) refers to one’s perception of relative standing within a social
context (Adler, Epel, Castellazzo, & Ickovics, 2000). Contrasting single measures of
objective socioeconomic status (SES), such as income and education, SSS accounts for
people’s feelings about their status in society and thereby incorporates multiple facets of life
circumstances (e.qg., relative financial security, standard of living; Singh-Manoux, Adler, &
Marmot, 2003). As such, SSS tends to be only weakly to moderately correlated with markers
of objective SES (e.g., Adler et al., 2000; Demakakos, Nazroo, Breeze, & Marmot, 2008;
Elizabeth Goodman, Huang, Schafer-Kalkhoff, & Adler, 2007); Goodman, Huang, Schafer-
Kalkhoff, & Adler, 2007), and lower SSS has been linked to poorer mental and self-rated
health in adolescents and adults (Cundiff & Matthews, 2017; Quon & McGrath, 2014).
Unique effects of SSS on health suggest that, in addition to one’s objective status, one’s
perception of their status may negatively impact their health. The chronic toll of low SSS, or
feeling of low status relative to others, may promote greater threat sensitivity and ultimately
worse health outcomes, regardless of income or education (Brosschot, Verkuil, & Thayer,
2018).

Association of low SSS with poorer health may be partly mediated by alterations in negative
affect, hypothalamic-pituitary-adrenal (HPA) axis, and cardiovascular responses to stress.
People of lower SSS report more negative affect, with all results maintained over and above
SES (Adler et al., 2000; Ghaed & Gallo, 2007; Kraus, Adler, & David Chen, 2013;
Operario, Adler, & Williams, 2004). In the context of stress reactivity, people temporarily
placed in positions of less social power show greater increases in negative affect following
stress (Cundiff, Smith, Baron, & Uchino, 2016; Mendelson, Thurston, & Kubzansky, 2008).
Young adults with lower SSS show blunted HPA axis responses to stress, and adults of lower
SSS show lower resting heart rate even after controlling for socioeconomic status and lower
salivary alpha-amylase activity throughout the day relative to adults with higher SSS (Adler
et al., 2000; Gruenewald, Kemeny, & Aziz, 2006; Habersaat, Abdellaoui, Geiger, Urben, &
Wolf, 2018; Hellhammer, Buchtal, Gutberlet, & Kirschbaum, 1997). These health indicators
have been linked, in turn, with poorer health outcomes (e.g., Burke, Davis, Otte, & Mohr,
2005; Heim, Ehlert, & Hellhnammer, 2000; Tang, Rashid, Godley, & Ghali, 2016; Thayer,
Yamamoto, & Brosschot, 2010). In many of the above studies, SSS predicted health
indicators over and above SES, and meta-analyses suggest that SSS predicts health outcomes
even after controlling for SES (Cundiff & Matthews, 2017; Quon & McGrath, 2014). Given
this unique effect of SSS on health, it is likely that SSS may uniquely impact the stress
response as well. However, although it seems plausible that feeling of lower status can
influence health by shaping the stress response, a paucity of research has rigorously assessed
this mechanism using an experimental paradigm.

Thus, the current study aimed to examine links between SSS and psychological, HPA axis,
and cardiovascular reactivity and recovery. We hypothesized that lower SSS would be linked
to greater psychological reactivity, indexed by increased fear; slower rates of HPA axis
activity, indexed by less cortisol secretion per minute; and greater cardiovascular responses,
indexed by both increased heart rate and reduced respiratory sinus arrhythmia (RSA), a
measure of PNS activity. Importantly, we assessed whether effects were maintained over and
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above SES in order to distinguish between whether the perception of low status has an effect
unique from that of having low objective status. We addressed these aims in a sample of late
adolescents, as adolescence may be an optimal time to examine these associations. Low SSS
has been linked with differences in the stress responses previously in adults rather than
adolescents (Akinola & Mendes, 2014). SSS is robustly related to health during adolescence
(Quon & McGrath, 2014; Starfield, Riley, Witt, & Robertson, 2002), and heightened social
consciousness may amplify the unique effect of low SSS (i.e., viewing oneself as low status
relative to others) on health as well as predispose late adolescents to show enhanced
physiological and psychological responses to social-evaluative stress (Rankin, Lane,
Gibbons, & Gerrard, 2004; Sebastian, Viding, Williams, & Blakemore, 2010; Stroud et al.,
2009). Many previous studies also did not control for aspects of objective socioeconomic
status when assessing how status shapes the stress response. By controlling for income and
education, analyses test not only the effect of SSS but the unique effect of perceiving oneself
as low status. Moreover, consistent with previous studies of SES and SSS (Andersson, 2018;
Brown, Richardson, Hargrove, & Thomas, 2016; Kahneman & Deaton, 2010), we examined
non-linear associations between SSS and responsivity by including quadratic terms of SSS,
in order to differentiate whether associations were driven by having a distinctly low SSS or
lacking a high SSS. Finally, SSS generally decreases across the transition to adulthood as
adolescents gain experience beyond their home community and develop a less optimistic
view of their social status (Goodman et al., 2001). Because the transition to college can be
especially influential in shaping adolescents’ views of their status (Loeb & Hurd, 2017), we
also explored whether associations between SSS and responsivity differed between
participants rating SSS while in high school and those rating SSS after graduating.

Methods

Participants

Participants (n =91) were recruited from an ongoing three-wave longitudinal study
examining the transition from adolescence into adulthood. Participants were recruited for the
larger study via in-class presentations in four high schools in the Los Angeles area. After
completing the second wave of data collection for the larger study, individuals who were at
least 18 years of age and self-identified as either Latino or European-American were
contacted via phone to participate in an additional experimental task for $150. Participants
provided informed consent. Among these participants, 87 reported measures of SSS,
income, and parental education and comprised the analytic sample. Of the analytic sample,
50 had recently completed or were currently seniors in high school and 37 had graduated
approximately one year prior. Approximately two-thirds (64.4%) were from Latino
backgrounds and one-third (35.6%) was from European-American ethnic backgrounds, and
slightly over half (57.5%) identified as female. Participants in high school did not differ
from those who had already graduated when reporting SSS with respect to ethnicity, gender,
income, education, or SSS. Previously-published papers from the experimental sample
focused on the role of stress, adiposity, depressive symptoms, and psychological resources in
stress reactivity (Chiang et al., 2017, 2019).
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As part of the second wave of data collection, participants completed questionnaires and
caregivers participated in an interview. Late adolescents rated their SSS, and caregivers
reported income and highest levels of parental education. All study procedures of this and
the larger study were approved by the UCLA Institutional Review Board.

Participants came to UCLA an average of 5 months (+ 2.7) after completing the
questionnaires to take part in the Trier Social Stress Test (TSST), a well-established social-
evaluative stress task (Kirschbaum, Pirke, & Hellhammer, 1993). Participants completed the
TSST in the Clinical and Translational Research Center (CTRC) at the University of
California, Los Angeles between the hours of 12 pm and 6 pm, with most visits beginning at
12 or 1 pm. Heart rate was measured continuously throughout the session and six samples of
salivary cortisol were collected throughout. A nurse assessed vital signs after participants
entered, and participants then watched a neutral-content video for 20 minutes to facilitate
acclimation to the environment. After this baseline period, participants provided one cortisol
sample and completed the fear subscale of the Positive and Negative Affect Schedule-Short
Form (PANAS-SF).

Participants then learned that they would be preparing and presenting a speech in front of an
evaluative panel on why they were qualified for their ideal job. This marked the beginning of
the TSST. Participants had five minutes to prepare for the task and subsequently presented
for five minutes to two confederates who were trained to provide nonverbal negative
feedback. After finishing the presentation, participants completed a mental arithmetic task.
The confederates asked participants to subtract by 13’s from 2935 as quickly as possible.
Confederates instructed participants to start from the beginning after each error and to go
more quickly after any pauses or after three consecutive correct answers. After five minutes,
the participant was asked to stop. The confederates left and the experimenter reentered the
room and collected another cortisol sample from the participant. Participants completed the
fear-subscale of the PANAS-X again and other psychosocial questionnaires. During this
recovery period, participants provided four cortisol samples 15, 30, 45, and 60 minutes after
recovery began. The experimenter removed the sensors and fully debriefed the participant.

Subjective social status—~Participants completed the MacArthur Scale of Subjective
Social Status—Youth Version (Adler et al., 2000; Goodman et al., 2001) during the second
wave of the larger parent study. Participants were presented with a picture of a 10-rung
ladder and the following prompt: “Imagine that this ladder pictures how American society is
set up. At the top of the ladder are the people who are the best off — those who have the most
money, the highest amount of schooling, and the jobs that bring the most respect. At the
bottom are the people who are the worst off — they have the least money;, little or no
education, no job or jobs that no one wants or respects.” Using the ladder, participants then
rated their family’s standing relative to the rest of society on a 10-point scale, with the
bottom of the ladder (2) representing people who are worst off and the top of the ladder (Z0)
representing people who were best off.
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Family income and parental education—As part of the interview during the second
wave of data collection, participants’ primary caregivers (94.5% of whom were mothers)
reported the family’s total household income from all sources before taxes from all family
members who contribute to household expenses. They also reported how far each parent
went in school on an 11-point scale (Z = Some elementary school, 11 = Graduated from
medical, law, or graduate school). Values were averaged when information was provided on
two caregivers.

Fear—Participants completed the fear sub-scale of the PANAS X-Short form, a common
measure of situational emotions and emotional reactivity (Watson & Clark, 1994), at the end
of the baseline period and after completing the TSST. Items included “afraid”, “scared”,
“nervous”, “frightened”, and “shaky” and participants rated each item on a 5-point scale (Z =
Not at all, 5= Extremel)y), and responses were averaged across items. The scale showed

good reliability at baseline and post-task (as = .83 and .85, respectively).

Cortisol—Salivary cortisol was collected using oral swabs (Salimetrics). Each participant
provided six samples. These samples were collected after baseline, immediately after the
TSST, and 15, 30, 45, and 60 minutes after recovery began. Samples were stored at —80°C
and assayed using high-sensitivity chemiluminescence-immunoassays in the Laboratory of
Biological Psychology at the Technical University of Dresden, Germany. Inter- and intra-
assay coefficients of variation were below 10%, which is considered good and acceptable
(Schultheiss & Stanton, 2009).

Landmark registration was used to identify individuals’ peaks because this method has been
shown to be more sensitive than traditional methods (rANOVA, AUC, etc.) in the
identification of subtle differences in distinct aspects of the response (i.e., reactivity,
recovery) and better accounts for timing effects and individual variability in timing of peaks
(Lopez-Duran, Mayer, & Abelson, 2014). Each participant’s individual peak was identified,
defined as being the first point at least 10% greater than the baseline cortisol level and
followed by a decline. These individual peaks were used to create a new time axis reflecting
minutes before and after peak, with all peaks at the 0 point. For participants who did not
display a peak that met these criteria, the mode time of peak among responders was used as
their peak. A total of 67 participants (77.0% of the sample) had peaks that met criteria; all
other participants’ cortisol curves were anchored at the mode time of peak (15 min after
TSST completion).

Heart rate and respiratory sinus arrhythmia—Electrocardiogram (ECG) data were
collected continuously throughout baseline, the stress task, and the first 10 min of recovery
using a physiological recording system (BIOPAC Systems, Inc., Santa Barbara, CA). There
were technical issues in recording ECG for one participant, and one participant had a heart
rate of 106.40 bpm during baseline which rose to 120.95 bpm during task preparation,
values 3.83 and 4.13 standard deviations above the mean, respectively. These two
participants were excluded from heart rate and RSA analyses, leaving 85 participants for
these analyses. Average heart rate values were calculated in beats per minute (bpm) across
each section (i.e., baseline, task preparation, recovery), after sampling using a 500 msec
sampling interval. ECG data were converted to inter-beat-intervals and artifacts were edited
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in CardioEdit by two research assistants certified CardioEdit Reliable (Brain-Body Center,
2007). RSA values were generated from the software CardioBatch based on 30-second
epochs using the Porges-Bohrer Method (Brain-Body Center, 2007; Porges, 1985; Porges &
Bohrer, 1990). Research assistants separately edited six participants’ data, and all RSA
values derived were within 0.02 between research assistants.

Mean values were calculated for the nonverbal parts of the task (baseline, preparation for the
task, and recovery). Baseline and recovery were each 10 min, twice as long as the
preparation for the stress task. The RSA values from first 5 min and last 5 min were strongly
correlated for both baseline and recovery, as were the reactivity and recovery RSA values
derived for the first versus last 5 min of each section (ss (83) = .87 - .93, all g5 <0.001). No
significant differences were found between the first versus last 5 min of both reactivity or
recovery (& (84) = 0.98 — 1.15, ps = .25 - .33). Therefore, the entire baseline and recovery
periods were used for analysis.

Analysis plan

Piecewise multilevel modeling was used to assess fear reactivity and both reactivity and
recovery for cortisol, heart rate, and RSA. Using gPower (Faul, Erdfelder, Buchner, & Lang,
2013), we found that we had adequate power to detect associations between SSS and
reactivity and recovery changes scores for all analyses in regression (power ranging from .
96-.99), including interactions; power should be maintained and potentially increased by
using multilevel modeling with properly nested data (Lehman, Taylor, Kiefe, & Seeman,
2005). Time was nested within participants in all analyses. There were only two estimates of
fear reactivity, so one time variable was computed for the contrast of baseline (—1) and post-
task (1). Because each participant provided six cortisol samples, multilevel models nested
time within individuals. Cortisol was not normally distributed, so values were natural log
transformed to approximate a more normal distribution. Landmark registration was first used
to account for individual variability in individuals’ peal cortisol responses; time variables
were centered with 0 corresponding to the peak cortisol response. Two time variables were
included as predictors—one to correspond to reactivity and one to correspond to recovery,
such that reactivity and recovery could be assessed separately, while simultaneously
controlling for the other. The reactivity time variable coded the peak and all times afterward
as 0, and the recovery time variable coded the peak and all times before as 0 (Kahle, Miller,
Lopez, & Hastings, 2016). Hence, the reactivity time variable included the times
corresponding to reactivity and 0 for all other values, and likewise for the recovery time
variable. For heart rate and RSA, aggregate values were taken across baseline, prep, and
recovery. The time variables were dummy coded with preparation as the comparison group;
reactivity time was coded to compare baseline with task preparation (baseline = 1, task
preparation = 0, recovery = 0) and recovery time was coded to compare recovery with task
preparation (baseline = 0, task preparation = 0, recovery = 1). Again, by including both time
variables in the same model, estimates of reactivity and recovery control for the variability in
one another. Gender, ethnicity, and high school status were included as level 2 predictors.
SSS was included as a level 2 predictor, and its interaction with time was the predictor of
interest. To confirm that associations were unique to SSS, controls for income and
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education, as well as their interactions with time, were included in Model 2 for each
outcome.

In Model 1 of all analyses, stress responses were predicted from SSS, over and above
demographic controls (i.e., gender, ethnicity, whether the participant was in high school
when reporting SSS). Gender and ethnicity were effect coded (Male = -1, Female = 1,
European American = -1, Latino =1). For ease of interpretation of interaction terms,
whether the participant was in high school when reporting SSS was dummy coded
(Graduated from High School = 0, Enrolled in High School = 1). In Model 2, family income
and parental education were included to assess whether there were unique associations with
SSS over and above SES. All continuous predictors—SSS, family income, and parental
education—were grand mean-centered. To assess non-linear associations between SSS and
outcome variables, SSS was mean-centered and quadratic terms were included in the model
if significant.

These primary analyses were then followed by exploratory analyses of whether the
association between SSS and the stress response differed according to high school status by
including the interaction between SSS and high school status in Model 1. If an interaction
term was significant, we assessed whether the association was maintained after including
family income and parental education in Model 2. Interactions were probed by separately
estimating the simple slopes of participants who had completed high school and participants
who had not yet completed high school at the time that they reported SSS.

Descriptive statistics and correlations

Youth reported levels of SSS that were generally above the midpoint of the scale (M =7.30,
SD =1.60). Median family income was $79,000 and the average parental education (across
both parents, when available) was 7.41 (SD = 2.00), which was around “a 4-year college
degree.” Family income and parental education were significantly associated with SSS (s =
0.41, 0.34, respectively; ps < 0.01). SSS did not differ by gender or ethnicity (s > .1).

Psychological reactivity

Self-reported fear increased from baseline (M =1.38, SD = .49) to immediately after the
task (M =1.80, SD=0.85; #(86) = 4.291, p<.001). As shown in Table 1 and Figure 1,
lower SSS was associated with greater fear reactivity (& (SE) = -0.08 (0.03), p=.008), over
and above demographic variables and SES. There was no quadratic effect of SSS on fear
reactivity (p=.39). Although fear was the primary outcome of interest in this paper, the full
negative affect subscale of the PANAS was administered at both time points. SSS was not
associated with negative affect reactivity (b = —-0.03, se =.02, p =.12)

Cortisol reactivity and recovery rates

Participants showed an average increase in cortisol concentration from baseline to peak of
9.55 nmol/L and an average decrease in cortisol concentration from peak to the final time
point of 11.20 nmol/L. The natural log of cortisol significantly changed across the task (F (5,
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81) = 27.49, p<.001), such that each of the six samples significantly differed in
concentration from the previous and subsequent samples; & (86) = 2.371 - 8.601, all ps <.
05. The natural log of the concentration of cortisol in the first and last samples did not differ
from one another (£(86) = 0.79, p=.43), suggesting that participants’ cortisol values
generally returned close to their initial level by the end of the recovery period. Time of visit
was not related to baseline cortisol; (r [89] = -.19, p = .071).

As shown in Table 2 and Figure 2, lower SSS was associated with greater cortisol reactivity
rates (b (SE) = —0.003 (0.01), p=.027). There were no quadratic relationships between SSS
and cortisol reactivity rate (p=.2). In contrast, although there was no significant linear
relation between SSS and cortisol recovery rate, there was a significant quadratic
relationship between SSS and cortisol recovery rate (6 (SE) = —0.001 (0.003), p=.009;
Table 2; Fig. 2), such that low SSS was associated with higher (i.e., faster) rates of cortisol
recovery relative to mean or high SSS, over and above demographic variables and objective
SES. After accounting for both the linear and quadratic effects of SSS on cortisol recovery,
SSS was associated with quicker rates of cortisol recovery (=0.013 In(nMol/L)/min) at the
lower end of SSS (i.e., one SD below the mean) compared to at the mean and at the higher
end of SSS (-0.009 In(nMol/L)/min and —0.22 nMol/L/min, respectively). Both the linear
association between low SSS and faster cortisol reactivity (6 (SE) = —0.003 (0.001), p=.
029) and the quadratic association between low SSS and faster cortisol recovery (6 (SE) =
-0.0008 (0.0003), p=.005) remained significant over and above baseline cortisol.

Heart rate reactivity and recovery

Heart rate significantly increased from 68.51 bpm at baseline to 73.87 bpm during
preparation and remained elevated at 73.90 bpm during recovery; F(2, 82) =55.621, p<.
001. SSS was not related to heart rate reactivity (& (SE) = —0.78 (0.71), p=.27) or recovery
(6 (SE) = 0.88 (0.70), p=.21). Results remained non-significant after accounting for income
and parental education for both reactivity (o= .64) and recovery (p =.99). There was also
not a quadratic effect for reactivity (o= .25) or recovery (p = .46).

Respiratory sinus arrhythmia reactivity and recovery

Participants’ mean RSA for baseline, preparation for the stress task, and task recovery were
7.14,7.12, and 7.19, such that on average participants did not show a strong parasympathetic
response to the task (~(2, 82) = 0.28, p=.74). SSS was not associated with reactivity (&
(SE) = -0.06 (0.05), p=.30) but lower SSS was associated with greater recovery over and
above demographic factors (& (SE) = 0.12 (0.06), p =.029). Quadratic associations between
SSS and reactivity (p=.87) and recovery (p = .31) were non-significant.

Interactions with high school status

Given potential developmental changes in the significance of SSS, we explored interaction
effects between high school status and SSS. No interactions emerged for fear, cortisol, or
heart rate responsivity (s = .28 - .73). However, as shown in Table 3 and Figure 3, an
interaction emerged for RSA reactivity (b (SE) = —0.20 (0.10), p=.036) and a significant
interaction emerged for RSA recovery (b (SE) = 0.29 (0.10), p=.008) after accounting for
SES. Simple slopes analyses indicated that SSS predicted RSA reactivity (b (SE) = -0.18
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(0.08), p=.023) and recovery (6 (SE) = 0.26 (0.11), p=.015) among youth reporting SSS
while in high school, over and above income and parental education. By contrast, SSS was
not linked with cardiovascular changes in RSA reactivity (6 (SE) = 0.03 (0.08), p=.75) or
recovery (b (SE) = 0.0005 (0.06), p=.99) among those who had already graduated high
school when SSS was assessed. Despite variability in time between the report of SSS and
completion of the TSST, all results were maintained after controlling for the number of
months elapsed, and observed associations did not vary by the number of months that had
elapsed (s > .1).

Discussion

Low SSS has been robustly linked with poorer health outcomes, but the mechanisms by
which SSS shapes health remain unclear. This study aimed to assess whether SSS could
potentially shape health by influencing psychological and physiological responses to stress.
Specifically, the study assessed the association of SSS with psychological, HPA axis, and
cardiovascular responses to stress in a sample of late adolescents and whether these effects
were maintained over and above income and parental education. By controlling for income
and parental education, two major facets of socioeconomic status, we were able to assess the
unique effect of SSS on these stress response systems. Our findings suggest that SSS
predicts differences in psychological, HPA axis, and PNS responses, even after controlling
for income and education. Lower SSS was associated with greater fear reactivity as well as
faster HPA axis reactivity and recovery, over and above family income and parental
education. Finally, low SSS was associated with reduced RSA reactivity and recovery (i.e.,
vagal augmentation while preparing for the task and vagal withdrawal following the task)
among participants who evaluated their SSS while in high school. Taken together, the
perception of being of low status appears to be linked with differences in the stress response
across all systems and may thereby uniquely shape health outcomes among low-status
adolescents.

SSS was related to fear reactivity, such that lower SSS was associated with greater increases
in fear following the TSST. People of lower SSS may appraise ambiguous cues as more
threatening, similar to people of low SES (Chen, Langer, Raphaelson, & Matthews, 2004).
This may be because low SSS may signify more negative life events in general or that being
lower in the social hierarchy is an insecure position that necessitates greater sensitivity to
others and to potential threats. Greater sensitivity to threat can result in greater responses of
negative affect, and previous work has suggested that lower SSS results in poorer mental
health in part through chronic negative affect (Kraus, Tan, & Tannenbaum, 2013). Our
results suggest this dynamic exists during late adolescence, potentially setting the stage for
longer-term mental health problems during adulthood.

With respect to the HPA axis, low SSS was associated with faster reactivity and recovery.
This finding suggests that adolescents of lower status show more dynamic cortisol levels, in
that they are mounting a greater cortisol response but also able to recover to levels
comparable to baseline. In general, rapid HPA axis reactivity is maladaptive because of the
greater exposure to cortisol throughout the body, whereas recovery is considered beneficial
and more commonly seen in younger populations (Miller, Chen, & Zhou, 2007; Seeman &
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Robbins, 1994). If this recovery becomes dysregulated later in development, adolescents of
low SSS may be poised for poorer health outcomes from greater cortisol secretion. This
finding differs from recent work suggesting lower SES relates to slower rates of HPA axis
recovery in adults (L&-Scherban et al., 2018). SSS may be associated with faster HPA axis
reactivity and recovery over and above SES because it is especially relevant to
developmental changes during adolescence. Further work will be needed in adults to identify
whether low SSS is linked with blunted responses in adults, similar to how lower SES is
associated with blunted responses in adults. For instance, the more dynamic response
observed among low SSS adolescents may become further dysregulated and correspond to
blunting later in development.

In terms of cardiovascular responsivity, SSS was not related to heart rate. This finding is at
odds with previous literature; lower SSS has been linked with higher resting heart rate and
greater risk and prevalence of cardiovascular disease among adults (Adler et al., 2000; Tang
et al., 2016). Associations between SSS and heart rate responses may emerge during
adulthood rather than during adolescence, or SSS may correspond to poorer cardiovascular
health through another mechanism. For instance, lower SSS has been linked with poorer
health behaviors, including substance use (Finkelstein, Kubzansky, & Goodman, 2006;
Reitzel, Nguyen, Strong, Wetter, & McNeill, 2013; Russell & Odgers, 2019).

Lower SSS was associated with cardiovascular recovery with respect to RSA. Specifically,
people of lower SSS had smaller increases in RSA following the task, suggesting greater
recovery of the PNS specifically, although this effect was not unique from that of SES.
Greater PNS recovery following stress is associated with better health (Fuller-Rowell et al.,
2013), so these results may suggest that PNS recovery specifically may be a mechanism by
which lower SSS is associated with poorer physiological health. This effect was primarily
driven by participants who evaluated their SSS while in high school, as indicated by the
significant interactions between high school status and SSS in predicting PNS reactivity and
recovery. A significant association of SSS with PNS reactivity emerged for those who
reported SSS in high school when probing this interaction. SSS was unrelated to changes in
PNS activity among participants who reported SSS after graduating from high school.
However, for adolescents who reported SSS in high school, lower SSS was associated with
increases in RSA from baseline to task preparation and decreases in RSA during recovery,
whereas higher SSS was linked with decreases in RSA during task preparation and increases
in RSA during recovery. Among non-clinical populations, the response observed among
adolescents with higher SSS has been linked with emotion regulation whereas that observed
among adolescents with lower SSS has been linked with poorer mental health and emotion
regulation (Graziano & Derefinko, 2013). This finding aligns with past work suggesting that
SSS is more related to mental than physical health (Quon & McGrath, 2014).

Participants of low SSS may have shown such a pattern because they were less invested
during the task or unable to effectively cope. These results correspond well to the fear
reactivity results, as youth of lower SSS also reported greater fear immediately after
completing the task. They may be unable to regulate their fear, which is reflected in their
physiology, as lower SSS has been linked with maladaptive coping previously (Jackson,
Richman, LaBelle, Lempereur, & Twenge, 2015; Schubert, Siissenbach, Schéfer, &
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Euteneuer, 2016). They may have feared the evaluation of their performance and
consequently showed a sustained reduction in RSA during recovery rather than during the
preparation for the task itself. Reduced PNS activity can result in difficulty attending to and
maintaining normative function, as well as poorer health if sustained over time (Porges,
1995).

It is possible that SSS predicted PNS responses only among the younger cohort because SSS
changes with the transition from high school. Studies suggest SSS generally decreases with
age (Goodman et al., 2007). Additionally, the predictive importance of SSS for
psychological and physiological responses to threat may vary with time. The transition out
of high school may be especially influential for SSS as adolescents generally experience
broader contexts (i.e., college, work environment) which enable them to better evaluate their
status within society. By developing a broader understanding of their family’s status, their
SSS could change, and this difference may explain the interaction observed between society
SSS and cohort. Future studies should assess the trajectory of SSS and changes in its relation
to health outcomes.

Interestingly, lower SSS is linked with faster HPA axis rates of reactivity and recovery,
which could potentially be positive for health, and responses of fear and PNS activity linked
with poorer health. These differences across systems may be due to the temporal differences
in measuring HPA axis and PNS responses. Changes in PNS activity are apparent on the
scale of seconds to minutes, whereas, changes in HPA axis activity have a 20-30 minute lag
before being apparent in salivary cortisol. Adolescent of low SSS may fully recover—faster
than adolescents of mean or high SSS—by this later timepoint.

Taken together with the fear and parasympathetic findings, it seems that adolescents of low
SSS are reacting and responding to the stress differently from those of moderate or high
SSS. Lower SSS has been linked with differences in coping with stress (i.e., more depressive
thinking, rumination), which may influence psychological and physiological responses to
stress (Jackson et al., 2015; Schubert et al., 2016). Adolescents of lower SSS may show
greater increases in fear because these youth are either more sensitive to threat or are having
more difficulty regulating their affective responses to the task. Differences in autonomic
activity have been thought to index coping. Greater vagal withdrawal is often related to
engagement with the stressor (e.g., Porges, 2007). It is possible that adolescent of low SSS,
and not those of mean or high SSS, engage in a coping mechanism that is especially
beneficial for HPA axis recovery but not PNS or fear reactivity. Indeed, discordance between
physiological systems has been previously documented (e.g., Gordis, Granger, Susman, &
Trickett, 2006; Laurent, Lucas, Pierce, Goetz, & Granger, 2016). Future work can
interrogate whether SSS influences adolescents’ coping strategies and whether such
strategies contribute to discordance across psychological and physiological responses to
stress.

Because of the nature of this study, causal relations cannot be inferred from these data.
Although we find it unlikely that participants rate their SSS based on their stress
responsivity (and measures of SSS were taken prior to the stress session), further studies
manipulating SSS will be needed to assess whether such changes can induce temporary
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changes in physiological responsivity. Given that such a manipulation induced changes in
RSA in a previous study (Pieritz, Stissenbach, Rief, & Euteneuer, 2016), these effects may
carry over to responsivity. More rigorous measures of SNS activity such as pre-ejection
period can be used to more thoroughly assess relations between SSS and SNS activity. It
should also be noted that participants’ SSS was reported 4-10 months prior to experience of
the stressor. Again, although there is evidence that SSS is largely stable (Goodman et al.,
2007), the transition from high school is a major, stressful turning point that can likely
impact SSS. Although SSS undergoes normative changes, participants’ rating of SSS while
in high school appear more predictive than their ratings one year afterward.

Conclusions

Funding

These findings suggest that people of low SSS have differences in their psychological and
physiological stress responses. Differences in stress responses can contribute to poorer
health outcomes and may be one mechanism by which lower SSS relates to consistently
poorer health and well-being, and SSS may influence physiology distinctly from SES.
Increased fear reactivity suggests that adolescents of lower SSS may feel overwhelmed
facing a challenging or novel task, and differences in stress physiology may reflect
differences in emotion regulation which can have consequences for health. Although SSS
did not relate to heart rate, there were differences in HPA axis responses and cardiovascular
responses with respect to RSA. These findings suggest that adolescents interpret stressful
situations differently based on their SSS.

Adolescents who feel undervalued in society or their more proximal community are
especially likely to have low SSS and be preoccupied with stressors. These stressors can
activate the psychological and physiological stress response, thereby exacerbating
differences between adolescents of low and high SSS. Repeated activation of the stress
response can worsen health by redirecting physiological and psychological resources from
daily processes, such as academic learning (Levy, Heissel, Richeson, & Adam, 2016). In
light of these findings, it is especially important to consider adolescents’ perceived SSS
rather than solely their objective standing and resources in order for youth to succeed.
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Highlights

Subjective social status (SSS) was linked with differences in stress responsivity.
Specifically, lower SSS was associated with greater increases in fear following an acute
stressor and faster rates of cortisol reactivity and recovery. Adolescents with lower SSS in
high school showed less cardiovascular reactivity and recovery with respect to respiratory
sinus arrhythmia, a marker of parasympathetic nervous system activity.
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Figure 1.
Fear Reactivity as a Function of SSS.
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Figure 2.
HPA Axis Reactivity Rates and Recovery Rates as a Function of SSS Using Landmark

Registration.
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RSA Reactivity and Recovery as a Function of SSS among Participants Reporting SSS while
in High School.
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Fear reactivity as a function of SSS.

Fear Reactivity Summary

Variable B SE B SE
Constant 14577 011 q 4777 0.04
SSS -0.06 0.05 -0.08 0.05
Time 020" 004 19 004
SSS x Time -0.07™" 002 _gog* 003
Gender 0.07 0.09 0.07 0.09
Ethnicity -0.01 0.09 -0.09 0.10
High School 0.15 0.09 0.14 0.09
Income 224** 0.86
Income x Time 1.20 0.72
Education -0.05 0.03
Education x Time -0.04  0.02

Note.

*
p<.05,

Aok

p<.01,

Aok

Table 1.

Page 21

p < .001; SSS=subjective social status; Time was effect-coded (Baseline = —1; Post-task = 1); Gender was effect-coded (Male = -1, Female);
Ethnicity was effect-coded (European American = —1, Latino =1); High School was dummy coded and refers to whether participants were not in
high school when reporting SSS (High School = 0) or were in high school when reporting SSS (High School = 1); family income was divided by

106,
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Cortisol reactivity and recovery slopes as a function of SSS.

Table 2.

Cortisol Responsivity Summary

Variable B SE B SE
Constant 250%** 008  pag** 008
ssS _010% 005  -010 005
S552 0.01 0.01 0.01 0.01

Reactivity Time
SSS x Reactivity Time
Recovery Time

SSS x Recovery Time

SSS2 x Recovery Time

Gender
Ethnicity

High School

Income

Income x Reactivity Time

Income x Recovery Time

Education

Education x Reactivity Time

Education x Recovery Time

0017 0002 o1*** 0002
-0.003™* 0001 ggo3*  0.001
_001™* 0001 _ggop**  0.001

0001 000l 0001 0001
_0.0017* 00003 _ggop** 0.0002

-004 003  -0.04 003
0.08 003  go**  0.03

0.003 0.06 0.01 0.06

0.00 0.00
0.00 0.00
0.00 0.00
-0.04 0.04
-0.002 0.001
0.00 0.001

Note.
*
p<.05,

Ak
p<.01,

*:
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A A
p < .001; SSS=subjective social status; Reactivity Time was coded as O for all values after the time of peak cortisol level; Recovery Time was

coded as O for all values after the time of peak cortisol level; Gender was effect-coded (Male = -1, Female); Ethnicity was effect-coded (European
American = -1, Latino =1); High School was dummy coded and refers to whether participants were not in high school when reporting SSS (High

School = 0) or were in high school when reporting SSS (High School = 1); family income was divided by 1086
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Table 3.

RSA reactivity and recovery as a function of SSS.

RSA Responsivity Summary

Variable B SE B SE
Constant 709%* 017 797*** 016
SSs 001 012 -001 013
Reactivity Time 0.20 0.11 -0.19 011
SSS x Reactivity Time -0.05 0.07 0.04 0.08
Recovery Time 0.04 0.11 0.05 0.11
SSS x Recovery Time -0.01 0.07 -0.02 0.08
High School 0.12 0.21 0.12 0.21
SSS x High School -0.16 0.17 -0.14 0.16
Reactivity Time x High School —031* 014 3p* 014
Recovery Time x High School -0.01 0.07 0.04 0.14
SSS x Reactivity Time x High School ~ _gog* 010 _gpg* 0.10
SSS x Recovery Time x High School 028 010 (og** 0.10
Gender -0.06 0.09 -0.07 0.09
Ethnicity -0.03 0.10 -0.10 0.11
Income 3.52 1.91
Income x Reactivity Time 0.52 1.29
Income x Recovery Time 2.72 131
Education -0.04 0.06
Education x Reactivity Time 0.00 0.04
Education x Recovery Time 0.01 0.04

Note.

*
p<.05,

Aok

p<.01,

Aok

Page 23

p < .001; SSS=subjective social status; Reactivity Time was coded as O for all values after the time of peak cortisol level; Recovery Time was
coded as O for all values after the time of peak cortisol level; Gender was effect-coded (Male = -1, Female); Ethnicity was effect-coded (European
American = -1, Latino =1); High School was dummy coded and refers to whether participants were not in high school when reporting SSS (High

School = 0) or were in high school when reporting SSS (High School = 1); family income was divided by 106,
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