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Abstract

Individuals who grow up in families with lower socioeconomic status (SES) tend to

experience disproportionate rates of chronic stress. The “freeze” response, char-

acterized by blunted cardiovascular reactivity and reduced engagement with the

environment, is associated with chronic stress and may be utilized when an individual

is unable to escape or overcome environmental stressors. Using a diverse commu-

nity sample of 184 adolescents followed from the age of 13 to 29 years, along with

their friends and romantic partners, this study examined links between family SES and

stress responses in adulthood. Low family SES at the age of 13 years directly pre-

dicted blunted heart rate responding and fewer attempts to answer math problems

during a modified version of the Trier Social Stress Task at the age of 29 years. Indi-

rect effects were found from low family SES to blunted respiratory sinus arrhythmia

responding and the number of words spoken during a speech task. SES at the age of

29 years mediated many of these relations. Findings held after accounting for a num-

ber of potential confounds, including adolescent academic and attachment functioning

and bodymass index.We interpret these findings as evidence that low familial SESmay

predict freezing-type responses in adulthood.
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1 INTRODUCTION

Low familial socioeconomic status (SES) is associated with a host of

stressors, including poorer access to education, poorer health care,

greater incidence of maltreatment, greater exposure to violence,

and more taxed caregivers (Adler & Ostrove, 1999; Garmezy et al.,

1984). Adolescents growing up in lower SES households continually

encounter the threats of structural disadvantages and accompanying

problems that are not readily solved by attempts to engage or escape

the stress. Although acute stress is often associated with sympathetic
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activation and parasympathetic withdrawal in order to prepare the

body for action (the autonomic responses of fight-or-flight), chronic,

inescapable stress may be associatedwith a third autonomic response:

freezing (Niermann et al., 2015). The current paper examines whether

adolescents who grow up in lower SES homes might later display more

freezing-type responses during a laboratory stressor task in adulthood.

The freeze response is often associatedwith blunted cardiovascular

responding, reduced vocalizations, and reduced movement (Azevedo

et al., 2005; Jelen et al., 2003; Roelofs et al., 2010). Responses on the

freeze continuum are thought to reduce the individual’s salience as
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a target and may be employed when fight-or-flight strategies are not

possible or not effective (Hagenaars et al., 2014; McLaughlin et al.,

2014; Volchan et al., 2011). Other related constructs include tonic

immobility (“playingdead”) anddemobilizing (“involuntarydefeat strat-

egy”; Davies et al., 2016; Volchan et al., 2011). Increasingly, evidence

supports the idea that chronic stress predicts blunted physiological

responding (whereas acute stress often predicts heightened reactiv-

ity (Lovallo, 2013)). For example, retrospective reports of childhood

adversity have been found to predict blunted cardiovascular and corti-

sol responding to stress (Bloomfield et al., 2019; Heleniak et al., 2016;

Lovallo et al., 2012). In addition to blunted physiological respond-

ing, individuals who exhibit freezing-type responses may also show

reduced engagement with the environment and slower responding in

some types of tasks (Estes & Verges, 2008). For example, one study

found that individuals who had more blunted cardiovascular respond-

ing also displayed (but did not self-report) lower persistence during

a stressor task (Chauntry et al., 2019). Physiologically, tempering the

fight-or-flight response through blunted cardiovascular responding

can be considered adaptive at least in the short term by allowing for

the conservation of crucial resources (Sandner et al., 2020). On the

other hand, some studies have found blunted cardiovascular respond-

ing to be predictive of cardiac events and even death in the long term

(Eguchi et al., 2009; Phillips, 2011). Similarly, chronically stressed indi-

viduals who show reduced persistence may be displaying an effective

short-term strategy to preserve energy—though reduced persistence

may carry long-term consequences for academic, vocational, and social

domains (Del Giudice et al., 2011; Liu et al., 2020).

Two types of cardiovascular reactivity are particularly useful indi-

cators of freezing-type responses: Heart rate and respiratory sinus

arrhythmia (RSA). Heart rate normatively and adaptively increases

during acute stress and this process is influenced by both sympa-

thetic and parasympathetic processes. RSA is a measure of heart rate

variability that covaries with breathing and reflects parasympathetic

activation. Greater resting RSA is associated with positive outcomes

not just in cardiovascular disease, but also in mental health (Dema-

ree et al., 2004). However, RSA normatively and adaptively decreases

under stress, representing parasympathetic withdrawal and readying

of the body to face a threat (Cribbet et al., 2020). Human studies

suggest that blunted heart rate or bradycardia can be indicative of a

freeze-type response (Lojowska et al., 2018; Löw et al., 2015; Roelofs,

2017). Similarly, human studies have found that the freeze response

is associated with attenuated RSA withdrawal (i.e., keeping on the

parasympathetic “brake” in the face of a stressor) (Buss et al., 2018;

Liu et al., 2020). Blunted heart rate acceleration and attenuated or

absent RSA withdrawal under stress suggests a lack of mobilization

(and potentially a degree of burnout) in the body’s “fight-or-flight”

responses (Brotmanet al., 2007;McLaughlin et al., 2014). Both types of

blunted reactivity are associated with poor health outcomes (Bylsma

et al., 2014; Cavanagh & Obasi, 2021; Liu et al., 2020; Phillips et al.,

2013).

If there is a link from low SES in adolescence to freezing-type

responses in adulthood, one key question is what might mediate

such a long-term link? First, the presence of high versus low quality

social relationships appears as a likely critical mediator. Social with-

drawal behavior, for example, has been found to mediate effects of

adolescent-era relational stressors to blunted cardiovascular respond-

ing in adulthood (Loeb et al., 2021). In contrast, social support has

been shown to protect against some negative effects of socioeconomic

disadvantage (Gorman & Sivaganesan, 2007), including cardiovascu-

lar mortality (Stringhini et al., 2012). The biopsychosocial model of

challenge and threat suggests that the body responds differentially

when the individual has the needed resources to meet a demand (chal-

lenge) than when adequate resources are not available (threat) (Hase

et al., 2020). It may be that the presence of warm, supportive relation-

ships function as a psychological resource to mobilize the individual in

response to the environment rather than freezing. This is consistent

with both social baseline theory and attachment theory, which sug-

gest that people need and expect social support to be available in order

to regulate physically and emotionally (Beckes & Coan, 2011; Bowlby,

1980).

However, quality social support may be more difficult to obtain

for individuals from lower SES backgrounds (Conger et al., 2010).

Those from underprivileged backgrounds are generally exposed to

more interpersonal stress and trauma (Gallo et al., 2006). In addition,

the strain of socioeconomic disadvantage andmarginalization for care-

givers negatively impacts the quality of social support available to

children (Matthews et al., 2010). In response, individuals from lower

SESbackgrounds are likely todevelopwaysof interacting that aremore

guarded and less vulnerable even in intimate relationships (Consedine

et al., 2007), which can be considered adaptive and even necessary

in the short term in order to protect against harm from others. How-

ever, without adequate social resources to help regulate autonomic

responses to threat, individuals may implement more freezing-type

responses as the body copes with chronically elevated stress (Hughes

et al., 2018; McMahon et al., 2020). In line with this idea, one study

found that men from lower SES backgrounds reported more use of

emotional suppression, less social support, and showedmore evidence

of cardiovascular blunting during an anger recall task (Cundiff et al.,

2019).

In addition to the adequacy of social support, ongoing socioeco-

nomic stressors are likely to play a major role in the path from SES in

adolescence to adults’ response strategies (Luo & Waite, 2005). Adult

experiences of poverty generally succeed childhood experiences of

poverty, resulting in greater overall magnitude of cumulative stress

and subsequently greater autonomic wear and tear (Bartley & Plewis,

2007). Questions remain about the timing of socioeconomic stressors

and health outcomes: Some theories posit adolescence as a sensitive

period, such that low SES in adolescence will affect physiological func-

tioning over and above concurrent SES (Cohen et al., 2010; Fuhrmann

et al., 2015). Others describe “chains of risk” whereby socioeconomic

disadvantage in adolescence is likely to predict ongoing socioeco-

nomic disadvantage, which in turn will predict physiological outcomes

(Chapman et al., 2009). In the current study, we examined potential

evidence for both the sensitive period and chains of risk perspectives.

To attempt to account for other known sequelae of family SES in ado-

lescence that are predictive of adult social and emotional functioning
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(i.e., attachment security and academic achievement), we included ado-

lescent attachment security and grade point average (GPA) in analyses

predicting adult outcomes (Conger et al., 2010; Hasl et al., 2019). Body

weight is closely tied to cardiovascular functioning (Phillips, 2011), so

we includedBMIas a control variable. In addition, because racial/ethnic

minority status and gender have both been implicated in differences in

cardiovascular reactivity (e.g., Hoggard et al., 2015; Hughes, 2007), we

examined possible interactions withminority status and gender.

A diverse community sample followed from the ages of 13 to 29

years was used to assess the following specific predictions regarding

links between SES, observable social support in romantic relationships,

and freezing-type responses during a standardized social-evaluative

stressor task in adulthood:

It was specifically hypothesized that:

1. Lower SES at the age of 13 yearswould predict higher propensity to

freezing-type responsesduring stressor tasks at theageof29years,

reflected in blunted heart rate reactivity, blunted RSA reactivity,

and less behavioral persistence.

2. Lower SESat the ageof 13yearswould predict both lower observed

social support from romantic partners from the ages of 18–24years

and lower SES at the age of 29 years.

3. Lower social support from romantic partners from the ages of 18—

24 years and lower SES at the age of 29 years would both predict a

greater propensity to freezing-type responses during stressor tasks

at the age of 29 years.

4. Lower social support from partners from the ages of 18–24 years

and concurrent SES would mediate some relations between SES

at the age of 13 years and propensity to freezing-type responses

during stressor tasks at the age of 29 years.

2 METHODS

Interview and observational data were obtained longitudinally from a

community sample of 184 adolescents (86 boys, 98 girls) along with

parents, friends, and romantic partners, first assessed in seventh and

eighth grade (mean age = 13.3 years), and reinterviewed annually up

through the age of 29 years. Adolescents were originally recruited

from the seventh and eighth grades at a public middle school draw-

ing from suburban and urban populations in the Southeastern United

States. The sample was demographically diverse and representative

of the population from which it was drawn (age of 13 years median

family income was in the $40,000 to $59,000 range; the sample was

58%White, 29%African-American, 1% Asian, 1%Hispanic, .5%Native

American, 8% mixed race, and 2% other races/ethnicities). Students

were recruited via an initial mailing to all parents of students in the

school, along with follow-up contact efforts at school lunches. Adoles-

cents who indicated they were interested in the study were contacted

by telephone. Of all students eligible for participation, 63% agreed to

participate either as target participants or as peers providing collateral

information.

Three times during late adolescence to early adulthood, eligible par-

ticipants came to the laboratory with their romantic partners. Each

wave of romantic partner data collection spanned 3 years to max-

imize the number of dyads that could participate. Participants in a

romantic relationship of at least 3 months were invited to complete

videotaped interaction tasks with their romantic partners. During the

M age of 18 years data collection, 85 (46%) of the original participants

were in eligible romantic relationships and, of these, 75 dyads (88%

of eligible dyads) provided interaction data. Participants reported an

average relationship length of 1.18 years (SD = 1.25 years). During

the M age of 21 years data collection, 124 participants were eligible

(67% of original sample) and 99 dyads (80% of those eligible) pro-

vided interaction data. They reported an average relationship duration

of 1.82 years (SD = 1.76 years). During the M age of 24 years data

collection, 124 (67%) participants were eligible and 84 dyads (68%

of those eligible) provided interaction data. Participants reported an

average relationship duration of 2.40 years (SD = 2.24 years). Five

participants (4.17%) brought the same romantic partner to all three

visits.

For the purposes of the present study, data were drawn from six

time points: Two consecutive years in early adolescence (participant

M age = 13.35, SD = .64 and M age = 14.27, SD = .77); in late ado-

lescence and early adulthood, three assessments of target participants

and their romantic partners (participant M age = 18.33, SD = .95,

range=16.7–22.7; participantM age=20.98, SD=1.08, range=19.3–

24.6; participantM age = 23.78, SD = .97, range = 22.1–27.6). Finally,

participants completed anadult assessment of their cardiovascular and

behavioral responses to a standardized stress task (M age = 28.55,

SD= 1.03, range= 26.6–31.0).

2.1 Attrition

Attrition analyses were conducted to determine whether individuals

who did versus did not participate at a given wave differed in terms

of the previouslymeasured constructs. Adolescents whowere rated as

less securely attached at the age of 14 years were slightly less likely

to have any observation data with romantic partners from the ages of

18–24 years (t=−2.10, p= .04).Menwere slightly less likely to partici-

pate thanwomen at the age of 29 years (χ2 = 4.82, p= .03). Therewere

no other significant differences between those who did versus did not

participate in any of thewaves in terms of gender, family SES, or earlier

levels of the variables measured.

To best address any potential biases due to attrition and miss-

ing data in longitudinal analyses, full information maximum likelihood

methods were used, with analyses including all variables that were

linked to future missing data (i.e., where data were not missing com-

pletely at random). Because these procedures have been found to yield

less biased estimates than approaches (e.g., simple regression) that use

listwise deletion of cases with missing data, the entire original sample

of 184 for the larger study was utilized for these analyses (Arbuckle

et al., 1996).
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2.2 Procedure

In the initial introduction and throughout all sessions, confidential-

ity was assured to all study participants and adolescents/adults were

told that no one would be informed of any of the answers they

provided. Participants’ data were protected by a Confidentiality Cer-

tificate issued by the U.S. Department of Health and Human Services,

which protected information from subpoena by federal, state, and local

courts. Transportation and childcare were provided if necessary. Ado-

lescent/adult participants and participants’ romantic partners were all

paid for participation.

2.3 Measures

2.3.1 SES (ages 13 and 29 years)

When adolescents were 13 years old, parents or caregivers reported

on the total household income before taxes, the number of people

supported by the income, and the highest level of education they had

obtained. Using total income and family size, we created a continu-

ous variable that represented the percentage of the federal poverty

level of income for each family and standardized this number. Accord-

ing to the concurrent federal poverty guidelines, 22 families (12%)

were at or below 100% of the poverty line, 45 families (24.59%) were

at or below 150%, 61 families (33%) were at or below 200%, and 74

(40.44%) of familieswere at or below250%.We standardized the high-

est education level obtained by either parent (or the level obtained

by a single caregiver). Responses were coded from 1 (less than an

eighth grade education) to 9 (postcollege degree). Looking at the high-

est level of education completed by either parent, one parent (.54%)

completed less thaneighth grade; five parents (2.72%) completed some

high school; 21 parents (11.41%) were regular high school graduates;

six parents (3.26%) earned a general equivalency diploma (GED); 47

parents (25.54%) completed some college or technical training beyond

high school; 14 parents (7.61%) completed an associate’s degree; 27

(14.67%) completed a bachelor’s degree; 13 (7.07%) completed some

graduate work; and 50 parents (27.17%) completed a postcollege

degree. We then averaged the standardized values for percentage

of the poverty level and highest parental education level to create a

marker of SES. When participants were 29 years old, they reported

on their own total income before taxes, as well as their romantic part-

ners’ (if they lived together) and the number of people supported by

the income. According to concurrent federal poverty guidelines, 26

adult participants (20.31% of those who provided income data) were

at or below 100% of the poverty line; 44 (34.38%) were at or below

150%; 55 (42.97%) were at or below 200% while 63 (49.22%) were

at or below 250%. Participants also reported the highest level of edu-

cation they had obtained. Nine participants (5.88%) completed some

high school; 20 participants (13.07%) obtained a GED; 45 participants

(29.41%) earned a high school diploma; 12 participants (7.84%) com-

pleted an associate’s degree; 35 participants (22.88%) completed a

bachelor’s degree; eight participants (5.23%) completed some gradu-

ate work; whereas 24 participants (15.69%) completed a postcollege

degree. We created an SES variable for participants at the age of 29

years using the same approach described above.

2.3.2 Racial/ethnic minority status (age 13 years)

When participants were 13 years old, they self-reported on their own

racial/ethnic identity. This information was used to create a dichoto-

mous variable of racial/ethnic minority status (i.e., participants who

solely identified as White were assigned a dummy code of 0 while

participants of color were assigned a code of 1).

2.3.3 Observed social support from partners (ages
18–24 years)

Three timesbetween theagesof18and24years, participants and their

romantic partners participated in a 6-min observed Supportive Behav-

ior Task, duringwhich they asked their partner for helpwith a “problem

they were having that they could use some advice or support about.”

These interactions were coded using the Supportive Behavior Cod-

ing System (Allen et al., 2001) on the degree to which partners were

engaged in the support-provision task. Observed support was reliably

coded as the extent to which the partner appeared to be connected

and engaged with the target participant during the interaction based

on both quantity and quality of signs of connection. Examples of low

levels of support were little eye contact, turning away from the partici-

pant, or ignoring or interrupting the participant. High levels of support

included behaviors like finishing sentences, asking open-ended ques-

tions to draw the support seeker out, and using nonverbal cues such

as nodding, facing the participant, and eye contact. The coding system

employed yields ratings fromzero to four for the partner’s engagement

in supporting their partner in the interaction, with lower scores indi-

cating less engagement in providing support. Interrater reliability was

calculated using intraclass correlation coefficients and was in what is

considered the “good” to “excellent” range for this statistic across years

(intraclass r= .69 to .85;Cicchetti&Sparrow,1981). Support frompart-

ners (rated 0–4) was averaged across the three waves of interactions

(M= 2.87, SD= .62).

2.3.4 Social stressor task (age 29 years)

Adult participants were invited to come into the laboratory to par-

ticipate in a modified version of the Trier Social Stress Task (TSST;

Kirschbaum et al., 1993) a well-established protocol for studies of

stress reactivity (see Cacioppo et al., 1995 for the modified proto-

col). When participants entered the laboratory, there were one or

two research assistants present who were blind to study hypothe-

ses. Participants had their height and weight measured and were then

equipped with the heart-rate, skin-conductance, and blood-pressure

monitoring equipment. The modified TSST protocol consisted of a 10-

min baseline resting period, a 6-min speech task (including a 3-min
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preparation period and a 3-min speech delivery), a 6-min math task,

and a 5-min recovery period. During the resting period, participants

watched a relaxing nature video. Participants were given instructions

just before the stressor tasks began tomitigate anticipatory stress. The

research assistants were instructed to remain neutral in face and body

language throughout the tasks. For the speech task, participants were

told to imagine that they were in a department store shopping and the

security guard falsely accused them of shoplifting a belt. They were

to think about what they would say to the store manager for three

minutes then give a 3-min speech defending themselves to the store

manager. The participant was instructed to continue talking through-

out the 3-min speech period and the research assistant had a list of

prompts to give if the participant stopped talking. Next, participants

were asked to subtract numbers out loud for six 1-min segments. If

they gave an incorrect response, they were corrected and told to begin

from the corrected number. For both tasks, there was a video camera

in the room and participants were told that their responses would be

video recorded and rated later to compare their performance to other

participants in the study.

2.3.5 Heart rate response during stressor tasks
(age 29 years)

Before the resting period, five-lead electrodes were placed according

to standard ECG placement recommendations (Hoetink et al., 2002).

Heart rate was continuously monitored (with sampling at 1 kHz) using

a Mindware 2000Dmodule and each waveform was verified or edited

prior to analyses. Baseline heart rate was subtracted from the average

heart rate across the two stressor tasks to create themeasure of heart

rate reactivity (i.e., a higher score would indicate a greater increase in

heart rate during the stressor tasks).

2.3.6 RSA reactivity during stressor tasks (age 29
years)

RSA provides a noninvasive measure of parasympathetic control of

the heart and was calculated based on the digitized interbeat intervals

that were checked and edited for artifacts using the detection algo-

rithm of Berntson et al. (1990). Following linear detrending, the heart

period time series was band pass filtered from .12 to .40 Hz (Berntson

et al., 1993; Litvack et al., 1995). The power spectrum of the heart

period time series was calculated using a Fast Fourier Transform and

scaled to ms2/Hz. RSA was calculated as the natural log of the area

under the heart period power spectrum within the corner frequencies

of the band pass filter (Litvack et al., 1995). RSA was calculated on

a minute-by-minute basis and aggregated across minutes within each

epoch to increase measurement reliability. RSA reactivity was calcu-

lated as task RSA minus baseline RSA (a higher score would indicate

a greater decrease in RSA during the task; in otherwords, a greater RSA

withdrawal response, whereas a lower score would indicate a more

blunted withdrawal response).

2.3.7 Behavioral persistence during stressor tasks
(age 29 years)

During the math task, the total number of math problems attempted

during the 6 min were recorded. The difficulty of problems was cali-

brated based on the participant’s performance (e.g., a higher number

of correct answers during the first minute would lead to harder ques-

tions during the second minute, etc.). Total attempts across all 6 min

ranged from 24 to 200. Research assistants administering the math

task were blind to study hypotheses and were trained to administer a

standard protocol. The speech that participants gave during the speech

taskwas recordedand transcribedby research assistants blind to study

hypotheses. The total number of words spoken by participants, exclud-

ing interjections such as “um” or “uh,” ranged from 18 to 667, with a

mean of 369 and a standard deviation of 122.

2.3.8 Body mass index (age 29 years)

Bodymass index (BMI)was assessedat the ageof 29yearswhenpartic-

ipants came in for the stressor tasks. Height (in meters) and weight (in

kilograms) were assessed with light clothing, and BMI was calculated

using the standard formula (BMI=weight (kg)/height (m)2) (M=29.53,

SD=9.75), whichwas then log-transformed due to skewness frompar-

ticularly high BMI scores. (Three BMI scores were greater than three

SDs above the mean and the skewness was 1.95. Analyses using the

untransformed variable and the variablewith outliers removed yielded

very similar results.)

2.3.9 Attachment security (age 14 years)

The structured Adult Attachment Interview (AAI) and Q-set were uti-

lized to assess attachment security (George et al., 1996; Kobak et al.,

1993). Interviews probed adolescents’ childhood relationships with

caregivers and lasted about an hour. All interviews were blindly rated

by at least two reliable raterswith extensive training in both theQ-sort

and themain AAI Classification System. TheseQ-sorts were then com-

pared with a dimensional prototype: secure versus anxious interview

strategies, reflecting the overall degree of coherence of discourse, the

integration of episodic and semantic attachmentmemories, and a clear

objective valuing of attachment. We used the overall security score as

a measure of adolescents’ perceptions/expectations of social support

(M= .25, SD= .42). The Spearman–Brown interrater reliability for the

overall security scale score was .82.

2.3.10 Grade point average (age 13 years)

Participants’ academic recordswere collectedand theirGPAwascalcu-

lated on a 0.0–5.0 scale (participants could earn higher than a 4.0 due

to gradeweighting, where a set numberwas added to the total GPA for

each advanced, honors, and advanced placement course). At the age of
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13 years, themeanGPAwas 3.0 (SD= .72), ranging from a low of 1.0 to

a high of 4.07.

2.3.11 Subjective stress (age 29 years)

Immediately following the baseline resting period and the laboratory

stressor tasks, participants reported on their subjective feelings of

stressusing the short formof theSpielberger State-TraitAnxiety Inven-

tory (Marteau&Bekker, 1992). Participants respondedon aone to four

scale, from “Not at all” to “Very much” to six statements (e.g., “I am

tense,” “I feel calm”) at three points: following the initial resting period

and following the speech and math tasks, respectively. Positive emo-

tional stateswere reverse codedandaveragedwithnegative emotional

states to create a baseline stress score (M= 8.34, SD= 2.63) and a task

stress score (M = 11.17, SD = 3.24). Total change in stress (M = 2.84,

SD= 3.02) was calculated by subtracting stress level reported immedi-

ately following the tasks frombaseline stress report (i.e., a higher score

would indicate a greater increase in subjective stress).

3 RESULTS

3.1 Analytic plan and descriptive statistics

All primary analyseswere conducted inMPlus using FIML (Version 7.2;

Muthén & Muthén, 2007). Hierarchical regressions were conducted,

where control variables of participant gender, age of 14 years attach-

ment security, age of 13 years GPA (for behavioral outcomes), and

age of 29 years BMI (for physiological outcomes) were entered first,

followed by hypothesized predictors. We also examined the possible

moderating effects of gender and racial/ethnic minority status with

family SES on each of the markers of freezing-type responses in adult-

hood (i.e., blunted heart rate, blunted RSA responding, number ofmath

problems attempted, and number of words spoken during the speech

task). All moderating effects analyzed were obtained by creating inter-

action terms based on the product of mean-centered variables. Next,

mediational models were tested in MPlus using bootstrapped confi-

dence intervals (5000 bootstrap iterations were specified). Table 1

presentsmeans, standard deviations, and intercorrelations of substan-

tive variables.

3.2 Primary analyses

Hypothesis 1: Lower SES at the age of 13 years would predict higher

propensity to freezing-type responses during stres-

sor tasks at the age of 29 years, reflected in blunted

heart rate reactivity, blunted RSA reactivity, and less

behavioral persistence.

We first considered cardiovascular reactivity. Accounting for con-

trol variables, we found a main effect of family SES on heart rate

F IGURE 1 Gender interaction predicting heart rate reactivity

F IGURE 2 SES interaction predicting heart rate reactivity

reactivity. In addition, there was an interaction between family SES

and gender in predicting heart rate during stressor tasks in adulthood

(t=−2.61, p= .01). As shown in Figure 1, when examined separately by

gender, lower family SES significantly predicted a more blunted heart

rate for girls (β=−.43, p= .001), whereas the effect was nonsignificant

for boys.

As shown in Figure 2, when the sample was split by the median

of family SES, female gender predicted a more blunted heart rate

response (β=−.31, p= .01) in the lower SES group, whereas there was

no significant prediction of heart rate response by gender in the higher

SES group.

This suggests the possibility that girls from low SES backgrounds

were at greater risk of developing blunted heart rate responses in

adulthood when compared with boys. When included in the same

model, both family SES and the interaction between gender and family

SES positively predicted heart rate reactivity during stressor tasks at

the ageof 29 years (family SES β= .23, p= .006; family SES× gender β=
.19, p= .02; see Table 2). This suggests that, even accounting for poten-

tial confounds and the differential gender effects, lower family SES at

the age of 13 years was associated with more blunted heart rate in

adulthood. On the other hand, accounting for control variables, family

SES at the age of 13 years did not significantly predict RSA withdrawal

during stressor tasks.



LOEB ET AL. 7 of 15

T
A
B
L
E
1

C
o
rr
el
at
io
n
s
am

o
n
g
an
d
d
es
cr
ip
ti
ve

st
at
is
ti
cs

fo
r
ke
y
st
u
d
y
va
ri
ab

le
s

M
(S
D
)

N
1
.

2
.

3
.

4
.

5
.

6
.

7
.

8
.

9
.

1
0
.

1
1
.

1
2
.

1
3
.

1
.F
am

ily
SE

S
(1
3
ye
ar
s)

4
.5
6
(1
.6
6)

1
8
4

–
5
4
**
*

3
0
**
*

4
9
**
*

3
8
**
*

-2
3
**

3
3
**
*

1
4

5
0
**
*

2
2
**

1
7
*

0
3

-1
7

2
.S
E
S
(2
9
ye
ar
s)

5
.1
3
(2
.0
4)

1
5
4

–
3
5
**
*

5
9
**
*

3
5
**
*

-2
3
**

3
7
**
*

2
2
**

3
6
**
*

3
2
**
*

0
8

1
2

0
2

3
.A

tt
ac
h
.S
ec
u
ri
ty

(1
4

ye
ar
s)

.2
5
(.4

2)
1
7
4

–
4
7
**
*

2
5
**

0
2

1
8
*

1
2

2
1
**

2
8
**

0
0

0
9

1
2

4
.G

PA
(1
3
ye
ar
s)

3
.0
0
(.7

2)
1
4
5

–
3
2
**
*

-1
9
*

2
7
**

1
2

3
4
**
*

2
6
**

0
0

0
9

1
2

5
.O

b
se
rv
ed

su
p
p
o
rt

fr
o
m
p
ar
tn
er

(1
8
–
2
4

ye
ar
s)

2
.8
7
(.6

2)
1
2
7

–
-0
5

4
0
**
*

2
5
**

4
5
**
*

1
5

1
2

0
5

-2
4
**

6
.B
M
I(
2
9
ye
ar
s)

2
9
.5
3
(9
.7
5)

1
4
5

–
-2
2
**

-1
4

-1
0

0
1

-1
7
*

0
0

1
0

7
.H

ea
rt
ra
te

re
ac
ti
vi
ty

(2
9
ye
ar
s)

8
.2
2
(6
.6
3)

1
3
8

–
4
6
**
*

3
5
**
*

2
8
**

0
0

1
2

-1
1

8
.R
SA

w
it
h
d
ra
w
al
(2
9

ye
ar
s)

.0
2
(.7

7)
1
4
1

–
1
6

1
3

0
2

1
5

0
1

9
.M

at
h
at
te
m
p
ts
(2
9

ye
ar
s)

8
9
.3
6
(3
6.
06

)
1
4
6

–
3
5
**
*

-0
6

-0
1

-4
7
**
*

1
0
.S
p
ee
ch

w
o
rd
s
(2
9

ye
ar
s)

3
6
8
.5
2

(1
21

.7
2)

8
.3
4
(2
.6
3)

1
3
2

–
-0
6

2
2
**

-1
0

1
1
.B
as
e
st
re
ss
(2
9

ye
ar
s)

1
2
.S
tr
es
s
ch
an

ge
(2
9

ye
ar
s)

2
.8
4
(3
.0
2)

1
4
6

–
-3
5
**
*

0
8

1
3
.G

en
d
er

(1
=
M
,

2
=
F
)

–
1
8
4

–
0
9

–

*p
≤
.0
5
,*
*p

≤
.0
1
,*
**
p

≤
.0
0
1
.N

o
te
:C

o
rr
el
at
io
n
s
m
u
lt
ip
lie
d
by

1
0
0
.



8 of 15 LOEB ET AL.

TABLE 2 Predicting heart rate reactivity and number of math attempts (age 29 years) from family SES (age 13 years)

Heart rate reactivity (age 29 years) Math attempts (age 29 years)

β entry β final ΔR2 Total R2 β entry β final ΔR2 Total R2

Step I.

Gender (1=M; 2= F) −.12 −.07 −.51*** −.45***

GPA (13 years) – – .27** .05

Attachment security (14 years) .19* .10 .17* .10

BMI (29) −.22** −.15 – –

Statistics for step .092* .092* .350*** .350***

Step II.

Family SES (13 years) .25** .23** .33*** .23**

.040* .132** .077*** .427***

Step III.

Gender× family SES (13 years) .19** .19* – –

.017 .149** – –

Step IV.

Adult SES (29 years) – – .24** .24**

– – .036** .463***

Note. ***p≤ .001, **p≤ .01, *p< .05

In terms of behavioral persistence, after accounting for control vari-

ables, family SES positively predicted the number of math attempts

(β = .33, p = .001; see Table 2). We also considered whether higher

adult levels of education and incomemight explain this link. This effect

of family SES remained significant even accounting for concurrent SES

(concurrent SES β = .24, p = .003; family SES β = .23, p = .004). This

suggests that participants from low SES backgrounds ventured fewer

attempts at answeringmath problems than their peers frommore priv-

ileged backgrounds, even accounting for current education level and

income. In contrast, after accounting for control variables, family SES

did not significantly predict fewer words spoken during the speech

task.

Hypothesis 2: Lower SES at the age of 13 years would predict lower

observed social support from romantic partners from

the ages of 18–24 years and lower SES at the age of

29 years.

As shown in Table 3, after accounting for control variables, family

SES at the age of 13 years positively predicted levels of observed social

support from romantic partners from the ages of 18–24 years (β= .24,

p = .01). This suggests, after accounting for gender and markers of

adjustment in early adolescence, individuals from lower SES back-

grounds had romantic partners who were observably less supportive

through early adulthood.

In addition, family SES at the age of 13 years positively predicted

SES at the age of 29 years (β = .35, p = .001; see Table 3), suggest-

ing a sizable degree of continuity in SES from early adolescence to

adulthood.

Hypothesis 3: Lower social support from romantic partners from the

ages of 18–24 years would predict a greater propen-

sity to freezing-type responses during stressor tasks

at the age of 29 years.

We first considered cardiovascular markers of freezing-type

responses. As shown in Table 4, accounting for control variables,

social support from romantic partners from the ages of 18–24 years

positively predicted heart rate reactivity during stressor tasks at the

age of 29 years (β = .33, p = .001). In addition, social support from

romantic partners from the ages of 18–24 years positively predicted

RSA withdrawal response during stressor tasks at the age of 29 years

(β = .21 p = .03; see Table 4). These results suggest that participants

with less supportive romantic partner experiences through early

adulthood were more likely to show blunted cardiovascular respond-

ing (i.e., relatively lower sympathetic and/or higher parasympathetic

engagement) consistent with a freezing-type reaction.

Next, we considered behavioralmarkers of freezing-type responses.

As shown in Table 5, accounting for adolescent-era control variables,

social support from romantic partners from the ages of 18–24 years

positively predicted math attempts at the age of 29 years (β = .27,

p = .001). This effect remained even after accounting for concurrent

SES (support β = .19, p = .02). This suggests that participants with

less supportive romantic partner experiences through early adulthood

ventured fewer math attempts, even accounting for indicators of

academic and attachment functioning in adolescence and SES in adult-

hood. However, social support from romantic partners from the ages

of 18–24 years did not significantly predict words spoken during the

speech task at the age of 29 years.
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TABLE 3 Predicting observed social support (age 18–24 years) and adult SES (age 29 years) from family SES (age 13 years)

Observed social support (ages 18–24 years) SES (age 29 years)

β entry β final ΔR2 Total R2 β entry β final ΔR2 Total R2

Step I.

Gender (1=M; 2= F)

GPA (age 13 years)

−.28***.24** −.23**.14 .00.54*** .07.39***

Attachment security (14 years) .17 .14 .12 .06

Statistics for step .181** .181** .363*** .363***

Step II.

Family SES (age 13 years) .24** .24** .35*** .35***

.049** .230*** .078*** .441***

Note. ***p≤ .001, **p≤ .01, *p≤ .05.

TABLE 4 Predicting heart rate reactivity and RSAwithdrawal (age 29 years) from observed social support (ages 18–24 years)

Heart rate reactivity (age 29 years) RSAwithdrawal (age 29 years)

β entry β final ΔR2 Total R2 β entry β final ΔR2 Total R2

Step I.

Gender (1=M; 2= F) −.13 −.04 .01 .04

GPA (age 13 years) .19 .10 .06 .02

Attachment security (14

years)

.11 .06 .09 .05

BMI (age 29 years) −.18* −.19* −.14 −.14

Statistics for step .124* .124* .039 .039

Step II.

Observed social support (ages

18–24 years)

.33*** .33*** .21* .21*

.092*** .216*** .036* .075

Note. ***p< .001, **p≤ .01, *p< .05.

TABLE 5 Predicting number of math attempts and during stressor tasks (age 29 years) from observed social support (ages 18–24 years)

Math attempts (age 29 years)

β entry β final ΔR2 Total R2

Step I.

Gender (1=M; 2= F) −.51*** −.46***

GPA (13 years) .27*** .04

Attachment security (14 years) .16* .09

Statistics for step .350*** .350***

Step II.

Observed social support (18–24 years) .27*** .19*

.064*** .414***

Step III.

Adult SES (29 years)

.27*** .27***

.037** .451***

Note. ***p≤ .001, **p< .01, *p< .05.
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F IGURE 3 Mediationmodel

Hypothesis 4: Lower social support from partners from the ages of

18–24 years and concurrent SES would mediate the

relations between SES at the age of 13 years and

propensity to freezing-type responses during stressor

tasks at the age of 29 years.

Using bootstrapped confidence intervals (5000 bootstrap itera-

tions) and control variables previously specified, potential indirect

effects through social support from partners and concurrent SES were

examined (see Figure 3 for the full model; model fit indices indicated

that themodel fit the data well).

We first examined cardiovascular markers of freezing-type

responses. When examining predictions from family SES to blunted

heart rate, we found that the interaction between family SES and

participant gender was significant after including the mediators

(β = .19, p = .01). Therefore, we examined mediation models for males

and females separately. There was no significant indirect effect for

either group. However, for girls, lower family SES continued to directly

predict a more blunted heart rate over and above concurrent SES

(β= .22, p= .04).

When looking at males and females together, there was an omnibus

significant indirect effect of family of origin SES at the age of 13 years

on heart rate reactivity during stressor tasks at the age of 29 years

through concurrent SES and social support from romantic partners

from the ages of 18–24 years (total indirect β = .158; 95% CI = .076

to .259; p = .002). After including the mediators, the direct effect of

family SES on heart rate was not significant. In terms of specific paths,

only the indirect effect of concurrent SESwas significant (β= .107; 95%

CI= .041 to .199; p= .008). This suggests that the overall association of

family SES in early adolescence on heart rate reactivity during stressor

tasks in adulthoodmay have beenmediated by later SES.

Though there was no direct effect from family SES at the age of 13

years to RSA withdrawal during stressor tasks at the age of 29 years,

therewas a significant omnibus indirect effect through concurrent SES

and social support from romantic partners from the ages of 18–24

years (total indirect β= .116, 95%CI= .038 to .227, p= .01).When the

mediators were examined individually, only the indirect path through

concurrent SES was statistically significant (β= .075; 95% CI= .014 to

.163; p = .04). This suggests that there was a significant indirect effect

of low family SES to lower RSAwithdrawal through concurrent SES.

In terms of behavioral markers of freezing-type responses, there

was a significant omnibus indirect effect of family SES on number of

math problems attempted at the age of 29 years via concurrent SES

and social support from romantic partners (total indirect β = .101,

95% CI = .029 to .190, p = .01). The relation between family SES and

number of math problems attempted remained significant with the

mediators in the model (β = .23, p = .002). However, neither individual

indirect pathwas significant on its own. This suggests that therewas an

omnibus association of family SES on persistence in attempting math

problems in adulthood through concurrent SES and social support from

romantic partners but that neither of these two paths was statistically

significant without the other.

Though there was no direct effect from family SES to number of

words spoken during a speech task at the age of 29 years, there was a

significant omnibus indirect effect through concurrent SES and social

support from romantic partners from the ages of 18–24 years (total

indirect β = .114, 95% CI = .030 to .239, p = .04). In terms of specific

paths, only the indirect effect through concurrent SES was significant
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(β= .129; 95%CI= .051 to .244; p= .01). This suggests that family SES

was indirectly associated with the number of words spoken during a

speech task via later SES.

3.2.1 Post hoc analyses

While our hypotheses centered around predictions of freezing-type

responses during stressor tasks, there is an important alternate expla-

nation: perhaps individuals from lower SES backgrounds, who had

likely experienced chronic stressors in day-to-day life, were simply less

affectedbyour laboratory tasks. Toaddress this possibility,we included

participants’ self-reported change in stress from baseline to their aver-

age stress following the social-evaluative tasks as an indicator of how

affectedparticipants reported feeling by the tasks.We found that, even

with the inclusion of change in subjective stress, all significant predic-

tions from SES to freezing-type responses remained significant. These

results suggest that perceptions of stress in response to the tasks can-

not account for effects observed,which is consistentwith prior blunted

cardiovascular reactivity research (Whittaker et al., 2021).

Next, we considered whether the observed predictions to freezing-

type responses might also be driven by racial/ethnic minority status,

another source of marginalization and chronic stress for many (Troxel

et al., 2003). Family SES was very highly correlated with minority

status (r = .60, p = .001), so we examined predictions without fam-

ily SES included to avoid multicollinearity. We found that, accounting

for gender, attachment security, early adolescent GPA (for behav-

ioral outcomes), and BMI (for physiological outcomes), minority status

did not predict freezing-type responses with the exception of math

attempts (β minority status on math attempts = .31, p = .001). This

effect held even when we included concurrent SES (minority status

β = .24, p = .01). Gender also remained a significant predictor in all

models predicting math attempts. In other words, it appears that two

includedmarginalized statuses (female gender and racial/ethnicminor-

ity status) in adolescence were predictive of fewer math attempts

ventured in adulthood, even accounting for adult educational attain-

ment and income. Descriptively, participants who identified as White

and male at the age of 13 years attempted an average of 121 math

problems at the age of 29 years. On the other hand, participants who

had identified as female and a person of color at the age of 13 years

attempted half as many (an average of 62).

Since there was a three-year window for participants to provide

romantic partner data each wave, we examined participant age as

a control variable in predicting social support from romantic part-

ners.We found that participant agewas unrelated to partner-provided

social support from the ages of 18–24 years.

To examine whether social support from romantic partners might

moderate (rather than mediate) relations between family SES and

freezing-type responses in adulthood, we created a mean-centered

interaction term between family SES and romantic partner social sup-

port from the ages of 18–24 years.We found no significant predictions

to freezing-type responses from this moderation variable.

4 DISCUSSION

This 16-year prospective study identified long-lasting associations

from family SES in early adolescence to physiological and behavioral

reactions to social-evaluative stressors in adulthood that are con-

sistent with freezing-type responses. Low family SES encompasses

persistent sources of stress that are not easily escapable and are

often self-perpetuating due tounfair social systemsanddiscrimination.

Individuals from low SES backgrounds may begin to conserve energy

required for an active fight-or-flight response and thus rely more on

freezing-type responses (Niermann et al., 2015).

Predictions remained after accounting for a variety of potential

confounds such as participant gender, attachment security, BMI, and

early adolescent academic achievement. In addition, we found evi-

dence that some of these associations were mediated by concurrent

SES. This suggests that adults from low SES backgrounds who remain

in a low SES status in adulthood are subsequentlymore likely to display

freezing-type responses as a strategy during as adults. Such a pattern

likely reflects an adaptive strategy to conserve physical and emotional

energywhen individuals are chronically under-resourced, both socially

and economically. However, in the long term, there are likely some neg-

ative consequences to freezing-type responses: blunted cardiovascular

reactivity is associated with cardiovascular disease and even death

(Eguchi et al., 2009) and lower levels of behavioral persistence could be

associated with difficulty in academic or vocational tasks. These find-

ings are consistentwith several lines of theory, including social baseline

theory, attachment theory, and the biopsychosocial model of challenge

and threat (Beckes & Coan, 2011; Bowlby, 1980; Hase et al., 2020), all

of which converge on the idea that expectations of resources allow for

adequate physical and emotional regulation.

An important alternate explanation for our findings was the pos-

sibility that participants from low SES backgrounds were simply less

affected by our laboratory stressors. However, post hoc analyses

showed that all significant paths to freezing-type responseswere inde-

pendent of change in self-reported stress from baseline to stressor

tasks. This is consistent with previous work that has found that phys-

iological responses are typically only weakly related to self-perceived

stress (DePierro et al., 2013).

An unexpected finding of note was that there was a significant

gender interaction with family SES in predicting blunted heart rate

response. Participants from low SES backgrounds who identified as

girls at theageof13years showedsignificantheart ratebluntingduring

stressor tasks in adulthood, whereas the same was not true for boys.

We would posit that perhaps girls from disadvantaged backgrounds

experience more chronic stressors in terms of gender discrimination,

sexual harassment, more caregiving expectations, and so on. In other

words, low SES may relate to girls’ later heart rate reactivity, whereas

boys—even those from low SES backgrounds—are able to enjoy male

privilege which could counteract the effects of early stressors in pre-

dicting heart rate blunting (Brown et al., 2016). Overall, more research

is needed to better understand the interplay of gender and family SES

in predicting cardiovascular responses.
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In addition, reduced engagement specifically during the math task

was much more prevalent in individuals from certain marginalized

groups: female-identified and participants of color attempted fewer

math problems at the age of 29 years than their more privileged coun-

terparts, even accounting for early adolescent academic achievement

and adult SES. This may be at least partially reflective of stereotype

threat (Croizet & Claire, 1998; Spencer et al., 1999), where girls and

participants of color have internalized themessage that they are not as

capable in math as others.

We initially hypothesized direct links, not just from low family SES

to blunted heart rate and fewer math attempts, as were found, but

also from low family SES to blunted RSA withdrawal and the number

of words spoken during the speech task. However, neither of these

latter direct paths were significant. Nonetheless, significant indirect

effects through concurrent SES are consistent with a “chains of risk”

perspective: Participants from low SES backgrounds are exposed to

disadvantages and stressors that help maintain their low SES status,

which then predicts freezing-type responses. However, although we

accounted for early adolescent attachment and academic functioning,

we did not have access to adolescent stress responses. It is possible

that adolescents who showed a dispositional tendency toward active

stress responses were more likely to have upward socioeconomic

mobility. Prior research, though, suggests that upward socioeconomic

mobility likely involves external opportunities such as attending a

higher performing school or having a caring natural mentor (Hao &

Pong, 2008; Hurd et al., 2012; Timpe & Lunkenheimer, 2015). More

research with larger samples is needed to untangle these complex

relations.

Even given the advantages of an intensive longitudinal study that

incorporated observational and physiologicalmeasurements, there are

important limitations to note. First, the study did not include an ado-

lescent response to a standardized stressor task. This limits our ability

to delineate the developmental trajectory of cardiovascular changes.

For example, children from low SES backgrounds may initially show

heightened fight-or-flight responses, which may develop into freezing-

type responses after repeated exposure to chronic stress (Miller et al.,

2007). Future research should incorporate indicators of cardiovascu-

lar functioning and behavioral persistence throughout development to

better understand these patterns. Next, our findings were somewhat

inconsistent regarding direct predictions from family SES and mediat-

ing variables. This may reflect the relative lack of power: Though our

sample size was consistent with or larger than those of other inten-

sive longitudinal studies of health outcomes (Turner et al., 2020), we

may not have had sufficient power to detect more subtle effects (espe-

cially in terms of differences between racial/ethnic identities since

we had to combine several groups together). In addition, we utilized

a modified version of the TSST, which is a widely used standardized

stressor task (Goodman et al., 2017). However, a laboratory stressor

task is necessarily somewhat artificial and may not reflect situations

that arise in an individual’s day-to-day life. In particular, our speech

prompt (defending oneself against the accusation of shoplifting a belt)

may elicit different reactions for participants from more versus less

privileged backgrounds. Future studies should include a more neu-

tral speech prompt where possible. Similarly, although we completed

follow-up analyses that accounted for participants’ subjective stress,

it is possible that participants from lower SES backgrounds may have

engaged less with the tasks, particularly if they had experienced more

extreme forms of stress in their day-to-day lives. In addition, because

we did not have a control math task under non evaluative conditions,

we cannot ascertain whether participants were showing a freezing-

type response specifically to stress or would generally have reduced

performance on these types of tasks overall due to relative depriva-

tion earlier in life (McLaughlin et al., 2019). Controlling for concurrent

SES helps address this issue (in that it accounts somewhat for general

levels of “success” in academic and vocational functioning outside of

the laboratory tasks), but does not definitively show that fewer math

attempts are part of a stress-specific freezing response rather than a

general blunting of effort or performance.

A potential limitation of our RSA measurement is that we did not

control respiration rate or depthwhich can influencemeasures of RSA.

However, “corrected” and “uncorrected” RSA are often highly corre-

lated (Denver et al., 2007; Kotani et al., 2007) and RSA is not suscepti-

ble to speech artifacts within many behavioral contexts (e.g., listening

and speaking periods) (Cribbet et al., 2020). In addition, RSA during

both speech and math tasks as used in this study reflect parasym-

pathetic influences as revealed by pharmacological blockade studies

(Berntson et al., 1993). Finally, this research can be complemented by

experimental designs.

Toour knowledge, this is the first study to examine long-termassoci-

ations between SES in early adolescence and freezing-type responses

in adulthood. Our findings provide further evidence of low family SES

as a source of chronic developmental stress and contribute to under-

standing physiological and behavioral associations of socioeconomic

disadvantage with stress responses in adulthood.
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