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Abstract

Objective—Understanding individual differences in the psychobiology of the stress response is 

critical to grasping how psychosocial factors contribute to racial and ethnic health disparities. 

However, the ways in which environmentally sensitive biological systems coordinate in response 

to acute stress is not well understood. We employed a social-evaluative stressor task to investigate 

coordination among the autonomic nervous system (ANS), hypothalamic-pituitary-adrenal (HPA) 

axis, immune/inflammatory system, and neurotrophic response system in a community sample of 

85 healthy African American men and women.

Methods—Six saliva samples – two collected before and four collected during and after the 

stressor – were assayed for cortisol and dehydroepiandrosterone-sulfate (DHEAs; HPA-axis 

markers), salivary α amylase (sAA; ANS marker), salivary c-reactive protein (sCRP; 

inflammatory/immune marker), and salivary nerve growth factor (sNGF; neurotrophic marker). 

Individual differences in perceived discrimination and racial identity were also measured.

Results—Factor analysis demonstrated that stress systems were largely dissociated before 

stressor exposure, but became aligned during event and recovery phases into functional biological 

stress responses (factor loadings .71to.96). Coordinated responses were related to interactions of 

perceived discrimination and racial identity: when racial identity was strong, high perceived 

discrimination was associated with low hypothalamic-pituitary-adrenal (HPA) axis arousal at 
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baseline (B’s = .68 to.72, p < .001) and during the task (B’s =.46 to .62, p ≤ .049), and a robust 

inflammatory response (sCRP) during recovery (B’s =.72 to.94, p ≤ .002).

Conclusion—Culturally-relevant social perceptions are linked to a specific pattern of changing 

alignment in biological stress responses. Better understanding these links may significantly 

advance understanding of stress-related illnesses and health disparities.

Keywords

social stress; perceived discrimination; racial identity; multisystem stress response

Psychosocial factors contribute to a broad range of racial and ethnic health disparities, 

including cardiovascular disease, metabolic illness, and cancer (1–3). These disparities 

persist even after accounting for structural and economic differences, such as exposure to 

harmful environments and access to preventative care (4). Although several pathways have 

been identified (5), the effects of psychosocial factors on health and illness can be especially 

traced to their influence on biological stress responses known to link social and 

environmental factors to disease processes (6). The mechanistic capacity of stress 

underscores that characterizing adaptive biological reactivity and regulation is critical to 

better understanding how psychosocial factors influence the health and well-being of 

minority groups and individuals (7, 8).

A number of environmentally sensitive biological systems are implicated in acute stress 

response, including the autonomic nervous system (ANS), the hypothalamic-pituitary-

adrenal (HPA) axis, the immune/inflammatory system, and also the neurotrophic response 

system (9). These biological systems govern physiological responses that are fundamental to 

adaptively regulating stress. For example, the ANS controls catecholamines that regulate 

rapid fight-or-flight behavioral responses, whereas glucocorticoids controlled by the HPA 

axis guide sustained behavioral responses to stressors (9, 10). In similar fashion, immune 

and neurotrophic responses control physiological processes that promote biological 

protection against harmful environmental stressors, including fighting infection and 

repairing injured tissue (11). Together, these systems contribute to and protect against the 

physiological wear and tear of allostatic load (5).

Valuable insight into the links between psychosocial factors, biological stress processes, and 

illness has been achieved by separately examining ANS, HPA, immune, and neurotrophic 

stress systems. However, recent perspectives emphasize that changes in any one system, 

studied individually, may offer an incomplete picture of biological stress processes, and that 

attending to coordinated change across multiple systems may be necessary to fully grasp 

how psychosocial factors contribute to stress-related illness (12, 13). Enthusiasm for 

multisystem approaches coincides with technical advances that have enabled simultaneous 

and non-invasive measurement of multiple stress systems in oral fluids (14–16). In turn, 

multisystem approaches have gained momentum as emerging research has further revealed 

the interconnected nature of biological stress systems, including their co-occurring responses 

to social stressors (17).
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Typically, multisystem responses have been operationalized as parallel change in two intra-

individual stress response systems, especially including HPA and ANS responses (17). 

Although assessing dual alignments has proven valuable, the capacity to simultaneously 

assess inflammatory and neurotrophic stress responses in addition to HPA and ANS 

responses illuminates a broader potential for multisystem measurement. The next step in this 

research involves testing dynamic alignment of many biological stress responses, 

encompassing temporary, functional, and shifting coordination of an array of biological 

systems across time and in response to stressful episodes. Available literature suggests that 

attending to changing alignments of stress systems across time is both possible and 

potentially useful (18, 19). For example, prior research has demonstrated changes in the 

structure of stress-related illnesses such as post-traumatic stress disorder across time (18), 

which suggests that underlying biological stress systems may be similarly dynamic. To date 

however, such an approach has not been applied to multisystem biological stress responses.

Of critical importance, attending to the dynamic nature of stress system alignment may be 

needed to reveal function-oriented features of temporary alignments. For example, outputs 

of HPA, ANS, inflammatory, and neurotrophic systems might momentarily synchronize at 

different times for specific purposes, such as actively mobilizing against a stressor or aiding 

in post-exposure recovery. Considering dynamic alignment also may be timely given 

increasing awareness of the multiple adaptive functions that many biological stress 

responses serve. For example, Dehydroepiandrosterone-sulfate (DHEAs) may be thought of 

not only as indicating general HPA axis arousal, but also as exerting neuroprotective effects 

via antiglucocorticoid action (20). Dynamic alignment suggests that DHEAs might 

functionally align with cortisol early in an acute stress response, but with recovery-oriented 

biological factors during later phases, including neurotrophic responses that also aid in stress 

recovery and neuroprotection (21–23).

In parallel to developing methods to operationalize dynamic alignments, there is a specific 

need to comprehend how biological systems align in ways that ultimately contribute to 

health disparities. A deeper understanding of dynamic alignment may be especially critical 

in linking stress responses to psychosocial factors, including individual difference 

characteristics. For African American men and women, one such individual difference is 

perceived racial discrimination, or feelings of interpersonal discrimination attributed to one’s 

race or ethnicity (24). Perceived discrimination is a strong determinant of minority physical 

and mental health (23), and racial discrimination is recognized as a major contributing factor 

in African American health disparities (26). Perceived racial discrimination is also 

implicated in chronically deregulated stress response among African American men and 

women, including overexpressed HPA, autonomic, and inflammatory arousal (27, 28). 

Despite known links to basal activity in individual stress systems, the ways in which 

perceived racial discrimination affects acute stress reactivity are less well understood (29), 

including whether perceived discrimination contributes to deregulated multisystem 

alignments.

Another important individual difference is racial identity. Racial identity among African 

American individuals has been conceptualized as an individual difference in the significance 

to the self-concept of being Black (30, 31). Being strongly identified as a member of one’s 
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race or ethnicity has been shown to buffer against health-harming racially-based stressors 

(32, 33), and in this respect, racial identity may confer a health benefit (34). However, strong 

racial identity may augment attention to discrimination, which some have suggested could 

be health-harming (35, 36). It is not yet known how racial identity relates to acute stress 

response, both as a stand-alone influence and in conjunction with perceived discrimination.

This study examines coordination among biological systems at baseline, in response to a 

social stressor, and during recovery. The alignment of autonomic, adrenocortical, 

inflammatory, and neurotrophic measures was examined and associations with psychosocial 

perceptions implicated in stress-related health disparities were evaluated. The present 

research addressed the following questions:

1. How do autonomic, adrenocortical, inflammatory, and neurotrophic systems 

align with one another in response to acute stress?

2. Do alignments of autonomic, adrenocortical, inflammatory, and neurotrophic 

systems change across phases of an acute stress response, and do changing 

alignments reveal functional aspects of stress system coordination?

3. Are biological system alignments linked to perceived discrimination and racial 

identity among African-American individuals, and do these individual 

differences conjointly affect stress reactivity?

Method

Sample and Procedure

Participants were recruited between April, 2011 and May 2013 from the metropolitan 

Detroit area via advertisements and snowball sampling. After completing a Wayne State 

University IRB-approved online prescreen to determine eligibility, participants were 

contacted by phone or email and invited to participate. Individuals were eligible to 

participate if they were over 18, African American, and if they did not report a pre-existing 

mental health condition that would prohibit undertaking a mild stress induction, specifically 

including medically diagnosed anxiety or depression. Individuals were also excluded if they 

reported poor oral health, any type of endocrine disorder, or if they were using steroid based 

anti-inflammatory medication or adrenergic agonists or antagonists (i.e., beta blockers).

A sample of 118 African American adults met criteria and enrolled in this research. 

Participants were excluded from current analyses if any of the five subsequently described 

biological assay values were missing or out of range (i.e., above or below acceptable 

detection thresholds for any assay). Missing values resulted when a participant did not 

provide a sufficient amount of oral fluid to conduct the full assay panel. Listwise deletion 

based on these parameters resulted in a final sample of 85 participants (64 women and 21 

men). All participants received modest financial compensation for participating in a single 

laboratory session that lasted about three hours. The laboratory protocol was IRB-approved 

and took place at least one week after completing the prescreen measure.

The Trier Social Stress Test (TSST) was used to induce mild psychosocial stress and 

associated physiological responses (37). All sessions took place between 11:30 and 13:30 to 
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minimize diurnal influence. Sessions were conducted using two adjacent testing rooms. 

After providing informed consent, participants were given 10 minutes to acclimate. The 

remaining TSST protocol was then employed and included a task description phase, a 10-

minute speech preparation period, and a 10-minute performance (5-minute speech and 5-

minute arithmetic task) given in front of a 2-person panel (one male and one female). 

Participants remained standing in front of this panel for both tasks. Participants were allotted 

a 1-hour recovery period following task performance.

Six salivary samples were collected from each participant. An initial sample was collected 

following the 10-minute acclimation period. The second and third samples were collected 

immediately before and after the TSST performance. Samples 4 through 6 were collected 

during the recovery period 15, 30 and 60 minutes after task completion. Participants drank 

2.5ml of water upon arrival to the laboratory, as well as after each salivary collection. 

Participants were asked to refrain from consuming food, caffeine, citric drinks and dairy, to 

avoid exercise or brushing teeth in the 30 minutes prior to saliva collection, and to report 

adherence to these guidelines (15). Participants provided 2 mls whole saliva by passive drool 

at each timepoint (16). Saliva samples were divided into approximately 1 mL aliquots to 

minimize the impact of freeze-thaw cycles on salivary analyte data. Aliquoted samples were 

stored at −80 C until shipped frozen overnight to Salimetrics laboratories (State College, 

PA). Samples were assayed for salivary α amylase (sAA; ANS marker), cortisol and DHEAs 

(HPA axis markers), salivary C-reactive protein (sCRP; inflammatory/immune marker), and 

salivary nerve growth factor (sNGF; neurotrophic marker) at each of the six collection 

timepoints for all participants. The time required to collect 2 mls whole saliva was recorded 

for each participant in order to correct for flow rate for both sAA and DHEAs.

Measures

Perceived discrimination—Perceived racial discrimination was assessed using the 

Everyday Discrimination Scale (38). This nine-item measure assesses perceptions of 

everyday discrimination. Items are rated on a scale ranging from 1 (Almost every day) to 6 

(Never). All items were reverse-scored so that higher scores indicated greater perceived 

discrimination. A total score was calculated by averaging scale items (α = .85).

Racial identity—Racial identity was measured using the eight-item centrality subscale of 

the Multdimensional Inventory of Black Identity (39). The centrality subscale measures the 

extent to which race is a core component of self-concept. Responses were rated from 1 

(Strongly Agree) to 7 (Strongly Disagree). After reverse-scoring three items, an overall score 

was calculated by averaging all subscale items, with higher scores indicating stronger racial 

identity (α =.78).

Biological Stress Measures—Oral fluids were assayed for five biological stress 

markers. The mean concentration for each marker was within an acceptable range. 

Moreover, the current concentrations were similar to other stress reactivity studies (17), 

suggesting that the current iteration of the TSST was comparable.
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Alpha-Amylase (sAA): All samples were assayed for sAA in singlet using commercially 

available kinetic reaction assays (Salimetrics, State College, PA) without modification to the 

manufacturers recommended protocols. The assay employs a chromagenic substrate, 2-

chloro-4-nitrophenol, linked to maltotriose. The enzymatic action of sAA on this substrate 

yields 2-chloro-p-nitrophenol, which can be spectrophotometrically measured at 405 nm 

using a standard laboratory plate reader. The amount of sAA activity present in the sample is 

directly proportional to the increase (over a 2 minute period) in absorbance at 405 nm. Intra-

assay variation (CV) computed for the mean of 30 replicate tests was less than 7.5 percent. 

Inter-assay variation computed for the mean of average duplicates for 16 separate runs was 

less than 6 percent. All sAA scores were corrected for salivary flow rate prior to analysis. 

The mean concentration of sAA across the six collection points was 157.97 U/ml (SD = 

159.74).

Cortisol: Saliva samples were assayed for cortisol in duplicate using a highly sensitive 

enzyme immunoassay (Salimetrics, State College, PA). The test used 25 μL of saliva per 

determination, has a lower limit of sensitivity of 0.007 μg/dL, standard curve range from 

0.012 μg/dL to 3.0 μg/dL, an average intra-assay coefficient of variation of 5.32 percent and 

an average inter-assay coefficient of variation less than 10 percent. The mean concentration 

of cortisol across the six collection points was 0.18 μg/dL (SD = 0.12).

Dehydroepiandrosterone-sulfate (DHEAs): Saliva samples were assayed in duplicate for 

DHEAs using a highly sensitive enzyme immunoassay (Salimetrics, State College, PA). The 

test used 100 μl of saliva per determination, has a lower limit of sensitivity of 43 pg/mL, 

standard curve range from188.9 pg/mL to 15,300 pg/mL, an average intra-assay coefficient 

of variation of 5.20 percent and an inter-assay coefficient of variation less than 10 percent. 

DHEAs scores were also corrected for salivary flow rate. The mean concentration of DHEAs 

across the six collection points was 4058.56 pg/mL (SD = 3622.78).

C-reactive Protein (sCRP): Samples were assayed for salivary sCRP in duplicate using a 

highly sensitive enzyme immunoassay (Salimetrics, State College, PA). The test used 50 ìl 

of a 10× dilution of saliva per determination (15 ìl of saliva), has a lower limit of sensitivity 

of 10 pg/mL, a standard curve range from 93.75 to 3000 pg/mL, an average intra-assay 

coefficient of variation of 4.00 percent and an average inter-assay coefficient of variation 

less than 10 percent. The mean concentration of sCRP across the six collection points was 

2282.27 pg/mL (SD = 2779.01).

Nerve Growth Factor (sNGF): Saliva samples were assayed for NGF in triplicate using a 

commercially available enzyme immunoassay kit (Promega NGF Emax immunoassay 

system Cat.# G7631; Madison, WI) modified for use with saliva.1 All saliva samples were 

diluted 1:4 before testing. The assay standard curve range is 3.9–250 pg/mL, average intra-

assay coefficient of variation 12.60 percent, average inter-assay coefficient of variation less 

than 15 percent. The mean concentration of sNGF across the six collection points was 

223.58 pg/mL (SD = 169.54).
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Analytic Strategy

Factor analysis was used to explore alignment of biological measures across the six 

collection timepoints. Standardized scores were first computed at all timepoints. This 

ensured that biological responses were described by a common metric, and that unique 

biological response measurement scales did not affect to-be-derived factor structures (Figure 

1). Two sets of factor analysis were then conducted on non-log transformed data. First, we 

empirically derived the reactivity structure of each individual biomarker across the task (i.e., 

across-timepoint structures). Although we considered these analyses exploratory, structural 

equation modeling was used because many different across-timepoint factor structures could 

be specified and formally compared. These analyses were performed using LISREL 8.80 

(40). In all instances, the covariance structure was analyzed using maximum likelihood. 

Because it was assayed in singlet, models for sAA were evaluated using a manifest-level 

indicator at each timepoint. Accordingly, a six factor model for sAA was fully saturated and 

fit perfectly. Models for all other biomarkers were specified using latent variables formed 

from treating the multiple assays at each timepoint as indicators. Degrees of freedom for 

cortisol, DHEAs and sCRP reflected assays performed in duplicate, whereas degrees of 

freedom for sNGF reflected that this assay was performed in triplicate. Model fit was 

assessed using the non-normed fit index (NNFI), the comparative fix index (CFI), and the 

standardized root mean square residual (SRMR). Acceptable fit was indicated by values 

approaching or above .90 for the NNFI and CFI, and below .08 for SRMR (41). Importantly, 

several possible factor structures were directly compared. As a starting point, and informed 

by literature indicating that biological stress response processes may be characterized by 

baseline, event, and recovery phases (42), our theoretical model specified a tripartite factor 

structure in which a baseline factor was indicated by the first and second measurement 

timepoint variables, an event factor was indicated by the third and fourth measurement 

timepoint variables, and a recovery factor was indicated by the fifth and sixth measurement 

timepoint variables (for measurement model see Figure S1, Supplemental Digital Content 

1). With the exception of sAA, which was assayed in singlet and thus used manifest level 

indicators of timepoints, higher-order baseline, event, and recovery factors were specified 

from lower-order measurement timepoint latent variables. The tripartite model was 

compared to several alternatives, and a significant chi square difference or change in CFI > .

01 indicated a meaningful difference between two models (43). For all biomarkers, the 

tripartite and alternative model latent variables were always correlated.

Second, we used exploratory factor analysis to functionally characterize coordination among 

all five biomarkers at each collection timepoint (within-timepoint structures). Due to 

subsequently described variation in the across-timepoint factor structures, we conducted a 

separate exploratory factor analysis at each of the six collection timepoints. Based on 

literature suggesting distinct HPA axis, autonomic, and inflammatory systems (9, 44), we 

used Varimax rotation to consider uncorrelated three factor solutions, and we examined 

Pearson correlations among to-be-derived factors to verify their orthogonal structure. 

Finally, we used hierarchical multiple regression to consider unique and interactive 

associations of perceived discrimination and racial identity with empirically-derived 

biological structures at each timepoint.
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Results

Demographic characteristics are presented in Table 1 for 85 participants who provided 

adequate assays of all five analytes needed for the current analysis. Participants ranged in 

age from 18 to 63 (M = 31.28; SD = 13.60). Information to calculate body mass index was 

supplied by 18 male (M = 24.47; SD = 3.58) and 50 female participants (M = 25.95; SD = 

4.74). Thirty-nine participants were employed, 18 were unemployed, and 28 were students. 

Thirty-nine participants reported a high school education, while 27 reported some college or 

technical training, 18 reported a bachelor’s degree or higher, and one participant reported not 

graduating high school. The median reported annual income was $15,000 to $25,000.

Across-Timepoint Factor Structures

Table 2 presents means, standard deviations, and bivariate associations of each salivary 

marker across the task. To evaluate across-timepoint factor structure of each individual 

biomarker, we specified and compared a single-factor structure to two-factor (event, 

recovery), three-factor (baseline, event, recovery), four-factor (baseline, transition, event, 

recovery), and six-factor structures (see Table S1, Supplemental Digital Content 1). For two- 

and three-factor structures, we assessed two alternative models by considering the potential 

for some timepoints to load with an alternate underlying factor (e.g., timepoint 4 potentially 

indicating event or recovery). A three-factor structure provided the best fit for DHEAs 

(χ2(45, N = 85) = 135.58, p < .001, NNFI = .95, CFI = .96, SRMR = .05) and sNGF 

(χ2(126, N = 85) = 166.10, p = .009, NNFI = .99, CFI = .99, SRMR = .02). This model 

comprised baseline (T1,T2), event (T3,T4) and recovery (T5,T6) task phases. This three-

factor structure was also supported for cortisol (χ2(45, N = 85) = 91.41, p < .001, NNFI = .

92, CFI = .95, SRMR = .06) though alternative six-factor structure fit somewhat comparably 

(Δχ2(6, N = 85) = 16.05, p< .001, ΔCFI= .01). Likewise, the three-factor structure was 

plausible for sAA (χ2(6, N = 85) = 34.80, p < .001, NNFI = .87, CFI = .95, SRMR = .03), 

though a six-factor structure also fit well (Δχ2(6, N = 85) = 34.80, p< .001, ΔCFI= .05). Fit 

indices and model comparison both suggested that sCRP could be adequately characterized 

only by a six-factor structure (χ2(39, N = 85) = 384.92, p < .001, NNFI = .81, CFI = .89, 

SRMR = .01). For all selected models, factor loadings were large and significant at p <.010 

or better.

Dynamic Alignment: Within-Timepoint Factor Structures

Overall, exploratory factor analysis supported the proposed hypothesis in that factor 

structures changed across baseline, event, and recovery phases (Table 3). At the first and 

second timepoints (baseline phase) we extracted an HPA axis factor indicated by cortisol and 

DHEAs, an autonomic system factor indicated by sAA, and a coordinated inflammatory 

factor indicated by sNGF and sCRP. At the third and fourth timepoints (event phase), we 

again derived a coordinated inflammatory factor indicated by sNGF and sCRP. However, 

cortisol and sAA loaded together during this phase, whereas DHEAs alone indicated a third 

biological response factor. We functionally characterized the emergent cortisol and sAA 

factor as an active mobilization stress response. Factor structure once again shifted over 

timepoints 5 and 6 (recovery phase). Cortisol and sAA continued to indicate an active 

mobilization factor. However, in contrast to earlier phases, sNGF and DHEAs loaded 
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together during the recovery phase, whereas sCRP alone continued to indicate an 

inflammation-oriented factor. Based on literature that suggests NGF and DHEAs both may 

aid in stress recovery and neuroprotection, we characterized the emerging coordinated factor 

as indicating a recovery-oriented biological response.

Although factor loadings were large (>.70) and no cross-loadings were observed, third factor 

eigenvalues less than 1.0 at second (0.85), third (0.97), fourth (0.92), and sixth (0.97) 

timepoints suggested a plausible cortisol-DHEAs-sAA and sCRP-sNGF two-factor 

structure. We used structural equation modeling to specify and formally compare this 

alternative factor solution. We also computed bivariate correlations among empirically 

derived factors to verify that within-timepoint factors were uncorrelated. The derived three-

factor solution was parsimonious and fit comparably to the suggested two-factor structure at 

the second (Δχ2(1, N = 85) = 3.00, p = .083, ΔCFI = .00), (Δχ2(1, N = 85) = 47.13, p< .001, 

ΔCFI= .00), third (Δχ2(1, N = 85) = 0.47, p= .49, ΔCFI= .00), and fourth timepoints (Δχ2(1, 

N = 85) = 2.03, p = .15, ΔCFI= .00), and was superior at the sixth timepoint (Δχ2(1, N = 85) 

= −4.04, p = .044, ΔCFI= −.46). Nonsignificant factor correlations corroborated that within-

timepoint structures were orthogonal (r’s = −.06– .12, p’s > .25).

Influence of Racial Identity and Perceived Discrimination on Coordinated Reactivity

Pearson correlations were considered to initially assess links between perceived 

discrimination, racial identity and each of the five biomarkers (see Tables S2 and S3, 

Supplemental Digital Content 1). At baseline, perceived discrimination was significantly 

positively associated with cortisol (r = .269, p = .013) and DHEAs (r = .227, p = .038). 

Positive associations with cortisol (r = .273, p = .012) and sCRP (r = .276, p = .011) were 

significant during the event phase, whereas positive associations with DHEAs (r = .229, p = .

036) and sCRP (r = .258, p = .018) were significant over the recovery phase. For racial 

identity, there were significant negative associations with DHEAs (r = −.305, p = .005) at 

baseline and with DHEAs (r = −.315, p = .003) and sCRP (r = .272, p = .012) at recovery. 

Racial identity was also related to a positive change in DHEAs across the event (r = .258, p 
= .017).

To consider links to coordinated multisystem responses, we computed unweighted average 

linear composites of biological responses derived through exploratory analysis at each 

timepoint. We then conducted hierarchical multiple regressions to assess whether perceived 

discrimination and racial identity, which were independent of one another (r = −.04, p = .72), 

predicted biological response factors (Table 4).

At the first and second timepoints, the HPA axis factor was associated positively with 

perceived discrimination, but negatively with racial identity. These divergent main effects 

were qualified by a significant discrimination x identity interaction, which we probed by 

modeling effects of perceived discrimination separately for participants high and low (± 1 

SD) in racial identity (45). As seen left in Figure 2, perceived discrimination was not 

associated with HPA axis arousal among high racial identity participants (BHPAAxis1 = .16, 

S.E.= .19, p = .40; BHPAAxis2 = .19, S.E. = .19, p = .31). However, perceived discrimination 

was associated with greater HPA-axis arousal among low racial identity participants 

(BHPAAxis1 = .72, S.E. = .18 p < .001; BHPAAxis2 = .68, S.E. = .18, p < .001).
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At the third and fourth timepoints, perceived discrimination was again positively associated 

with the sCRP/sNGF inflammatory factor. In addition, perceived discrimination was 

positively associated with cortisol/sAA mobilization and DHEAs factors at the fourth 

timepoint only. For racial identity, a moderate positive association with the inflammatory 

factor and a moderate negative association with the DHEAs recovery factor were observed at 

the fourth timepoint. In addition to main effects, a significant interaction emerged for the 

DHEAs recovery factor at both the third and fourth timepoints, and also the aligned sCRP/

sNGF inflammatory factor at the fourth timepoint. As seen center in Figure 2, perceived 

discrimination was not associated with DHEAs among high racial identity participants 

(BDHEAs3 = −.22, S.E. = .23, p = .35; BDHEAs4 = .06, S.E. = .23, p = .78); however, 

perceived discrimination was positively associated with DHEAs among low racial identity 

participants (BDHEAs3 = .46, S.E. = .23, p = .049; BDHEAs4 = .62, S.E. = .23, p = .004). 

Additionally, perceived discrimination was positively associated with the coordinated sCRP/

sNGF stress response among high racial identity participants (BInflammatory4 = .63, S.E. = .

19, p < .001), but was not associated with inflammatory response among low racial identity 

participants (BInflammatory4 = .23, S.E. = .18, p = .21).

At the fifth and sixth timepoints, the emergent NGF/DHEAs recovery factor was positively 

associated with perceived discrimination, but negatively with racial identity. In parallel, the 

sCRP inflammatory factor at both timepoints was positively associated with perceived 

discrimination and racial identity. In addition to main effects, a significant discrimination x 

identity interaction emerged for the sCRP inflammatory factor at both the fifth and sixth 

timepoints. As seen to the right in Figure 2, perceived discrimination was positively 

associated with inflammatory stress response among high racial identity participants 

(BInflammatory5 = .72, S.E. = .23, p = .002; BInflammatory6 = .94, S.E. = .21, p < .001), but was 

not associated with inflammatory response among low racial identity participants 

(BInflammatory5 = .11, S.E. = .22, p = .61; BInflammatory6 = .33, S.E. = .21, p = .12).

To ensure that associations of perceived discrimination and racial identity with coordinated 

stress reactivity were robust, multiple regressions were also conducted while covarying trait 

measures of positive and negative affectivity, as well as gender. Perceived discrimination x 

racial identity interactions were robust to including positive and negative affectivity 

covariates (all p’s < .050), and no new significant interactions emerged (all p’s > .10). 

Additionally, the prior notable (p’s < .10) and significant (p’s < .050) main effects of racial 

identity were also unaffected. Only the main effect of perceived discrimination was slightly 

diminished by including affectivity covariates. This attenuation was observed for the 

inflammatory factor at timepoints two through five (βInflammatory2 = .20, p = .079; 

βInflammatory3 = .20, p = .077; βInflammatory4 = .22, p = .051; βInflammatory5 = .16, p = .15). All 

discrimination x racial identity interactions were robust to including gender as a covariate 

(all p’s < .050), and no new significant interactions emerged (all p’s > .10). Additionally, the 

prior notable (p’s < .10) and significant (p’s < .050) main effects of perceived discrimination 

and racial identity were also unaffected by gender.

To assess whether reported associations of biological responses with perceived 

discrimination and racial identity were affected by socioeconomic characteristics, multiple 

regressions were also repeated while including age, education and income as covariates. The 
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reported results and statistical significance were generally unaffected. One exception was 

that the perceived discrimination x racial identity time 3 interaction was enhanced for 

inflammatory response (βDCRP/NGF3 = .21, p = .060). The pattern of this interaction was 

identical to the pattern reported for the time 4 inflammatory response. In addition, the 

initially marginal main effect of perceived discrimination for time 5 repair/recovery was 

attenuated (βDHEAs/NGF5 = .16, p = .14).

This study also included two minor variations to the traditional Trier Social Stress Test 

(TSST) protocol. One variation led participants to believe that their individual performance 

during the TSST was judged to be either satisfactory or unsatisfactory by a speech expert. A 

second variation called for a laboratory assistant to treat participants either politely or 

slightly impolitely just prior to the post-task recovery portion of the session. These 

variations were fully crossed and simultaneously implemented ten minutes prior to the 

fourth salivary collection timepoint. A substantive consideration of these manipulations is 

provided elsewhere (46). Of current interest, hierarchical multiple regressions were also 

repeated while controlling for both protocol variations to ensure that links between 

perceived discrimination, racial identity and coordinated biological responses were robust. 

On no occasion did we observe a significant main effect of either protocol variation (all p’s 

> .15). More importantly, perceived discrimination x racial identity interactions were robust 

to including TSST protocol covariates (all p’s < .050), and no new significant interactions 

emerged (all p’s > .10). Additionally, prior notable (p’s < .10) and significant (p’s < .050) 

main effects of perceived discrimination and racial identity were largely unaffected, 

although the marginal association between racial identity and DHEAs response was further 

reduced at the fourth timepoint (βDHEAs4 = −.16, p = .16).

Discussion

Building on recent attempts to define multisystem coordination of biological stress systems, 

we predicted that HPA, ANS, autoimmune, and neurotrophic systems would display 

dynamic alignment, defined as a temporary, function-oriented, and shifting alignment of 

system outputs across time in response to social evaluative threat. We also expected that 

coordinated biological responses would be predicted by perceived racial discrimination and 

racial identity – two culturally important individual differences implicated in stress 

regulation processes among African American men and women.

Overall, the across-timepoint structure of individual stress system outputs was largely 

characterized by a three-factor structure that indicated baseline, event, and recovery phases 

of biological response, particularly for DHEAs and sNGF. However, evidence also supported 

a viable six-factor structure for cortisol, sAA, and especially sCRP. This suggests that 

individual timepoints may characterize a functionally unique biological phase for some 

biomarkers, while highlighting the potential for differences in response patterns to underlie 

multisystem alignments. Better recognizing the potential for reactivity patterns to diverge 

may inform attempts to examine multisystem coordination through this and other 

methodological approaches. For example, non-identical reactivity patterns could suggest 

caution is warranted in operationalizing paired reactivity responses as aggregated ratios (47, 

48).
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The current research took an important step by revealing the dynamic alignment of four 

unique stress systems. Prior to stressor exposure, biological measures were largely 

characterized by non-aligned system structures, although we did observe an initially 

coordinated sCRP and sNGF factor, suggesting a preexisting and cooperative self-protection 

function of the immune and neurotrophic systems, which is consistent with some available 

research (49, 50). In response to stress, biological systems further aligned in ways that 

revealed function-oriented stress regulation processes. Over the event phase, sCRP and 

sNGF continued to indicate a common factor, whereas cortisol and sAA benchmarked the 

emergence of an active mobilization coordinated response. Alignment of cortisol and sAA is 

consistent with prior studies that suggest coordinated ANS and HPA responses may be an 

especially important facet of adaptive stress regulation (17, 51–53). Alignments observed 

during the event phase further illuminated a change in the role of DHEAs, which no longer 

functionally coordinated with cortisol. A temporary dissociation at this phase is consistent 

with evidence that other biological processes relate in divergent ways to cortisol and DHEAs 

during stressor exposure. For example, DHEAs is positively associated with testosterone 

during acute stress response (54), whereas cortisol and testosterone responses may be 

unrelated or negatively associated (55, 56). Positive associations with testosterone further 

underscore that DHEAs may be implicated in resiliency-oriented biological reactivity 

processes, as increased testosterone in response to acute stress has also been linked to 

sustained competitiveness and dominance (57).

The emergence of a common sNGF and DHEAs factor suggested a new alignment over the 

recovery phase. This late phase re-alignment is consistent with emerging literature that 

suggests DHEAs and NGF may work in concert to exert neuroprotective and recovery-

oriented functions in an acute stress response. Animal studies suggest that the DHEAs–NGF 

interface may be initiated when DHEAs binds with transmembrane NGF receptors tyrosine 

kinase-A (TrkA) and p75 neurotrophin receptor (p75NTR) on target cells to alter the 

function of proteins governing cell death (22). The current research may support ongoing 

attempts to isolate similar mechanistic pathways in humans. We also observed that a self-

protection and inflammatory response was maintained over the recovery phase, but this facet 

was indicated only by sCRP at this stage. Attending to late phase acute stress response 

processes could bolster attempts to link psychosocial factors to isolated immune responses.

Our findings also provide new insight into two culturally important individual difference 

variables that are highly relevant to stress-related illness among African American 

individuals. Importantly, these insights came from examining acute stress reactivity–an area 

that is underdeveloped in ethnic minority stress research (58). Significant main effects 

observed at every collection timepoint suggested divergent associations of perceived 

discrimination and racial identity with stress reactivity; higher levels of perceived 

discrimination generally predicted greater biological arousal, and a stronger racial identity 

predicted less. However, these main effects were often qualified by interactions between 

perceived discrimination and racial identity. When racial identity was weak, perceived 

discrimination was associated with greater HPA (cortisol and DHEAs) activity over the 

baseline phase of the task, and greater DHEAs response over the event phase. When racial 

identity was strong, however, perceived discrimination was associated with greater 

inflammatory response over the recovery phase. Thus, a strong racial identity appeared to 
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confer a stress-buffering effect, which attenuated early overexpression of the HPA response, 

and which facilitated self-protection inflammatory processes, but only when accompanied 

by a high level of perceived discrimination. Although a strong racial identity appears to be 

salutogenic, it should be noted that we do not know what level of biological arousal 

constitutes a functionally beneficial or adaptive response. For example, inflammatory 

responses to acute social stress have been characterized as potentially deleterious (59), even 

though immunoenhancement reduces susceptibility to disease when individuals are exposed 

to naturalistic stressors (60).

Some limitations suggest a cautious interpretation of our results, as well as directions for 

future research. First, the correlational nature of the current study does not establish a 

definitive causal role of perceived discrimination and racial identity in multisystem stress 

response. This concern is attenuated by prospectively administering individual difference 

measures prior to stress induction, and by a considerable body of literature that suggests 

perceived discrimination and racial identity are causally implicated in racial minority stress 

and well-being (26, 34). Second, this study focused on a single racial group. Although 

theory and research suggest many universal biological and cognitive stress response 

adaptations (5, 44, 61, 62), future research will also be needed to address whether the 

present multisystem alignments occur in other racial or ethnic groups. Multiracial 

comparison will especially be needed to more fully consider the ways in which stress-related 

health disparities relate to differences in multisystem alignments. Third, although we 

selected widely used and well-validated individual difference measures, alternative 

conceptualizations and measurement of both constructs are available and could reveal 

additional nuance. Similarly, although our multiple regression results were generally robust 

to a comprehensive set of covariates, results for perceived discrimination and racial identity 

could also be influenced by sociodemographic or other individual difference characteristics 

that were not currently considered.

A final potential limitation concerns measurement of stress responses via oral fluids. One 

issue is that the dynamic alignments that were presently considered may be conflated with 

the physiological kinetics of each marker in oral fluids. Related, although oral fluid 

measurement of cortisol and sAA is well established, the assessment of sCRP and sNGF in 

oral fluids is newer and less validated. The Promega assay used in this study to estimate 

sNGF is the current state of the art and was selected because it is the most commonly 

employed assay to date for measuring NGF in saliva. Our subsequent work with this assay 

revealed an issue overlooked by prior research—the antibody used in this assay system 

cross-links with sIgA. We suspect that current results were not driven by this immune 

system marker, particularly because sNGF and sCRP did not load onto a common factor at 

either of the recovery phase within-timepoint structures. To fully explore this potential 

confound, future research will be needed to improve assay strategies and to explore basic 

questions about the nature and timing of connections across salivary and blood levels of 

NGF. Until future research is available, we are encouraged in that some initial research 

suggests that salivary measures of CRP and NGF may effectively indicate a biological stress 

response of the inflammatory and neurotrophic system, respectively. For example, research 

has shown that salivary and blood measures are positively associated for both CRP (63) and 

NGF (64), and other recent studies have successfully linked sCRP and sNGF responses to 
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interpersonal perception (17, 59, 65). However, the measurement and meaning of sCRP and 

sNGF reactivity are not yet well understood. Moreover, evidence for the effectiveness of 

measuring sCRP in stress reactivity research continues to be debated (65, 66). Thus, caution 

should be used when interpreting biological measurements of stress in oral fluids, and 

results pertaining to sCRP and sNGF are best considered suggestive at this stage.

These limitations notwithstanding, this research suggests that attending to multisystem stress 

responses may further clarify pathways linking psychosocial factors to stress-related health 

disparities. This research also illustrates an analytic framework for tracking dynamic and 

function-oriented alignments of stress systems. Such integrative approaches will be 

increasingly important as multisystem measurement via oral fluids gains momentum in 

social and behavioral research. Finally, this research suggests that dynamic alignments can 

be linked to psychosocial factors (i.e., perceived discrimination and racial identity) 

specifically relevant to the health of African American men and women.
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Refer to Web version on PubMed Central for supplementary material.
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Glossary

HPA hypothalamic-pituitary-adrenal axis

ANS autonomic nervous system

sNGF salivary nerve growth factor

sAA salivary α-amylase

DHEAs Dehydroepiandrosterone-sulfate

sCRP salivary C-reactive protein

TSST Trier Social Stress Test
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Figure 1. 
Mean standardized biological response values for study participants across sample 

timepoints. Grey portion represents stress induction period of task.
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Figure 2. 
Perceived discrimination and racial identity predicting multisystem stress responses.
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Table 1

Sample Demographics (N=85).

Gender

 Male 21 (24.7)  

 Female 64 (75.3)  

Age

 18–20 19 (22.35)

 21–30 33 (38.82)

 31–40 9 (10.59)

 41–50 10 (11.76)

 51–60 13 (15.29)

 Over 60 1 (1.18)

 Missing 3 (3.53)

Income

 Less than $15,000 31 (36.47)

 $15,000–$24,999 16 (18.82)

 $25,000–$34,999 11 (12.94)

 $35,000–$49,999 9 (10.59)

 $50,000–$74,999 8 (9.41)   

 $75,000–$99,999 7 (8.24)   

 $100,000 and above 2 (2.35)   

 Missing 1 (1.18)   

Education

 Less than High School 1 (1.18)   

 High School/GED 39 (45.88)

 Some College or Trade School 27 (31.76)

 College Graduate 10 (11.76)

 Professional/Advanced Degree 8 (9.41)   

Notes. Percentages parentheses (may add to less than 100 due to rounding).
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