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Abstract

High uric acid (UA) is associated with hypertension and cardiovascular disease (CVD), both of
which occur disproportionately among African Americans. High UA also predicts greater blood
pressure reactivity responses to acute social stress. However, whether UA itself shows reactivity in
response to stress is unknown. We evaluated salivary uric acid (SUA) and blood pressure reactivity
in response to acute social stress. Healthy African Americans (AM=103; 32% male; Mage=31.36
years), completed the Trier Social Stress Test. SUA and blood pressure measurements were taken
before, during and after the stressor task. SUA showed significant reactivity and recovery,
especially among older African Americans. Total SUA activation was also associated with systolic
and diastolic blood pressure total activation. Findings illuminate that acute stress may be a way in
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which UA is implicated in hypertension and CVD, suggesting a critical need to explore UA
reactivity as a novel parameter of the acute stress response.

Keywords

Uric Acid; Trier Social Stress Test; Cardiovascular Disease; Blood Pressure; Health Disparities;
Stress Reactivity

Introduction

African Americans are disproportionately burdened by cardiovascular disease (CVD;
(Carnethon et al., 2017), and by hypertension (Flack, Ferdinand, & Nasser, 2003) — an
influential and modifiable CVD precursor (Mouton, Hayden, & Southerland, 2017).
Although access to medical care and low socioeconomic status contribute to racial
disparities in both CVD and hypertension, they do not fully explain them. Rather,
psychosocial stress is viewed as a parallel contributor (Dimsdale, 2008). In turn,
dysregulation of acute stress responses, including both reactivity to and recovery from
psychosocial stress, is prospectively associated with stress-related illness, including through
links to CVD (Chida & Steptoe, 2010; Obrist, 2012; Panaite, Salomon, Jin, & Rottenberg,
2015; Phillips & Hughes, 2011). One critical aspect of CVD prevention is thus to better
understand and promote adaptive stress reactivity (Lovallo, 2011), particularly among at-risk
individuals.

In the present study, we consider the potential of uric acid (UA) to portray reactivity in
response to acute social stress. In doing so, we consider whether this largely overlooked
biosocial pathway might furnish a route through which UA affects hypertension and CVD
disparities among African Americans (Kawai et al., 2012). Emerging research highlights that
a priori measures of UA predict blood pressure reactivity responses to acute social stress
(Mrug et al., 2017; Woerner, Lucas, Pierce, Riis, & Granger, 2019). However, whether UA
itself shows reactivity in response to acute stress is unknown. Our goal was thus to consider
whether UA responds to social evaluative stress, much like other psychobiological stress
systems. With an eye towards extant CVD and disparity, including connections to
hypertension, we also considered whether UA reactivity would predict blood pressure (BP)
reactivity responses to acute social stress.

UA occurs naturally and is mainly produced in the liver during purine nucleotide breakdown
(El Ridi & Tallima, 2017). UA is perhaps best known for the condition of hyperuricemia —
systemic elevation in UA stemming from dietary behaviors (Dornas, de Lima, Pedrosa &
Silva 2015; Kanbay et al., 2016), or from conditions such as impaired renal function
(Kushiyama, Tanaka, Hara & Kawazu 2014; Sah & Qing, 2015). Hyperuricemia is
implicated in the pathophysiology of several diseases, including gout, chronic kidney
disease, metabolic syndrome, insulin-resistance, obesity, and Type-2 diabetes (Feig, 2014;
Feig, Kang, & Johnson, 2008). Of relevance to CVD, hyperuricemia is also implicated in
hypertension through the capacity of UA to activate the renin-angiotensin system — high UA
concentrations signal growth factors, hormones, and cytokines that activate signal
transduction pathways (El Ridi & Tallima, 2017), which in turn express inflammation and

Biol Psychol. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lucas et al.

Page 3

increase arterial pressure that can eventuate in atherosclerosis, and in long-term sodium-
sensitive hypertension (Feig, 2014). Corroborating evidence suggests that UA may indeed
play a causal role in hypertension and CVD disparities (Johnson, Titte, Cade, Rideout, &
Oliver, 2005). However, these consequences of hyperuricemia must also be balanced against
the potential of UA to serve protective physiologic functions. Crucially, UA is both a
powerful antioxidant and a mediator and amplifier of the type 2 inflammatory response.
High levels of UA have also been linked to lower risk of age-related cognitive diseases, such
as Parkinson’s disease (de Lau, Koudstaal, Hofman, & Breteler, 2005; Latourte, Bardin, &
Richette, 2018). The seemingly double-edged implications of UA for long term health
underscore a critical need to better understand how UA is connected to stress, including
through acute stress response.

Potentially relevant, UA has been connected to a handful of stress-related mood disorders
that are likewise associated with CVD, including depression and anxiety (Cheffer et al.,
2018). UA has also been implicated in neurological regulation of the psychobiological stress
response (Goodman et al., 2016), and to personality traits that are linked to stress and coping
(Armon, 2016). Moreover, brain structures implicated in a range of mood disorders,
including bipolar disorder, contain numerous purinergic system receptors (for review, Ortiz,
Ulrich, Zarate, & Machadi-Vieira, 2015). However, to the best of our knowledge, the
reactivity of UA in response to social stress has not yet been directly considered (though see,
Manowitz, Amorosa, Goldstein & Carlton, 1993).

Available literature points to several potential functions that could be served by an acute UA
reactivity response. Perhaps most apparent is the potential of UA to play a role in regulating
co-occurring acute phase inflammatory stress responses. Elevated concentrations of UA
either precede or occur in parallel to several antibody immune responses (for review, El Ridi
& Tallima, 2017). For example, UA can both initiate and amplify allergic inflammation in
humans (Kool et al., 2011). In parallel, numerous studies have shown that acute stress can
induce changes in a range of inflammatory factors, most notably including C-reactive
protein (CRP), tumor necrosis factor alpha (TNF-a), and interleukin-6 (IL-6; for review,
Slavish, Graham-Engeland, Smyth, & Engeland, 2014). It follows that an acute UA
response, if present, could play a role in regulating these inflammatory stress responses.
Lending some support, UA and TNF-a concentrations appear to be positively associated
within the context of diagnosed CVD (Olexa et al., 2002). Moreover, epidemiological
evidence suggests that UA is positively associated with CRP, TNF-a,, and IL-6, including
after adjustment for sociodemographic characteristics and pre-existing health (Ruggiero et
al., 2006). However, associations between UA and inflammatory markers in the context of
acute stress response remain largely unclear.

An interconnected possibility concerns the potential of UA reactivity to contribute to
regulation of oxidative stress that can occur in response to acute stress. UA is a strong
reactive oxygen species (ROS; Ames, Cathcart, Schwiers, & Hochstein, 1981), and in
humans, UA comprises over half of the antioxidant capacity of blood plasma (for review, El
Ridi & Tallima, 2017). Although oxidative stress responses have been less well attended to
in the psychosocial stress literature than other biological stress systems, some available
research suggests that acute psychological stress can suppress phagocytic production of ROS
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(Atanackovic, Schulze, Kroger, Brunner-Weinzierl, & Deter, 2003). In turn, an increase of
UA in response acute stress could indicate a biological attempt to balance production of
ROS that is suppressed by stress exposure. Further buoying this potential, there is some
evidence that acute psychosocial stress bolsters production of peripheral lymphocytes, while
simultaneously lowering ROS production (Atanackovic et al., 2002).

Beyond potentially guiding concomitant inflammatory stress responses, UA reactivity could
also play a role in directing stress appraisal. Goodman and colleagues (2016) showed that
hippocampal and surrounding cortex activity increased as a function of higher UA
concentration. Psychosocial stress has been shown to decrease hippocampal activity, leading
to greater expression (i.e., disinhibition) of emotional response to stress. It follows that UA
could play a role in efforts to control or regulate affective stress responses, or that UA may
act as a stress alarm through activating limbic system structures (see also, Fleshner, 2013;
Maslanik et al., 2013). Connections to hippocampal activity further suggest that UA
responses could be linked to hypothalamic-pituitary-adrenocortilcal (HPA) axis and
autonomic nervous system (ANS) stress responses, which are similarly controlled by the
limbic system (for review, Ulrich-Lai & Herman, 2009). Thus, Goodman and colleagues
(2016) highlight that UA reactivity could be implicated in regulating cognitive and affective
stress responses, while also suggesting links to multisystem stress responses (Laurent,
Lucas, Pierce, Goetz & Granger, 2016; Lucas, Wegner, Pierce, Lumley, Laurent & Granger,
2017).

Mechanistically, available literature points to several signaling pathways that could be
implicated in an acute UA reactivity response (for overviews, Abbracchio, Burnstock,
Verkhratsky, & Zimmermann, 2009; Di Virgilio, Ceruti, Bramanti, & Abbracchio, 2009;
Ortiz, et al., 2015). Perhaps most notable, purine receptors for adenosine (P1) and adenosine
triphosphate (P2) are present in numerous brain structures that are implicated in stress
responses, especially including limbic system structures (Burnstock, 2008). Activation of
these receptors indicates increased purinergic transformation and results in elevated
downstream uric acid levels, which further accelerates purinergic transformation. Through
these signaling channels, uric acid could play a crucial role in stress appraisal processes that
are governed in part by the limbic system.

In the present study, we undertake a vital first step in better connecting uric acid to stress-
related health by examining whether sUA itself is reactive to acute social stress. In addition,
we extend recent research by evaluating whether BP reactivity responses are associated with
SUA reactivity. Although a handful of studies have considered whether a priori measurement
of UA predicts stress reactivity (Mrug et al, 2017; Woerner et al., 2019), little research to
date has attempted to consider the reactivity of UA in and of itself, and whether such
reactivity would be associated with concomitant BP responses to stress. Aligned with recent
research in this area, we again focus on BP given known connections to UA, hypertension,
and related CVD and disparity. A community sample of healthy African Americans
completed the Trier Social Stress Test (Kirschbaum, Pirke, & Hellhammer, 1993) to induce
social-evaluative stress. Systolic and diastolic blood pressure readings were recorded before,
during, and after the task to assess reactive change in BP. Salivary samples were taken
contiguously to BP measurements, and were subsequently assayed to evaluate SUA
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reactivity. Recent studies confirm a modest-to-strong positive association between
circulating and salivary levels of UA (Cheng, Xia, Peng, & Zhou, 2013; Nunes, Brenzikofer,
& Macedo, 2011), and that SUA can indicate trait-like individual differences (Riis et al.,
2018), which in turn are linked to cardiovascular risk measures (Soukup et al., 2012).
Moreover, the ease with which repeated oral fluid collections can be taken suggest that
salivary measurement offers a practical modality for evaluating reactivity of UA in response
to acute stress, highlighting a critical need to evaluate this potential application. To the
extent that SUA reactivity has not been evaluated in prior research, our focus was largely
exploratory. Nonetheless, our working hypothesis was that SUA reactivity responses would
be associated with more reactive BP responses to the stressor task (Mrug et al., 2017;
Woerner et al., 2019; see also Gerin, Goyal, Mostofsky, & Shimbo, 2008; Kannel, 2000).
Given much prior research that has shown sex and age differences in both levels and health
implications of UA (Fang & Alderman, 2000; Martinez, Ruelas, & Granger, 2017; Tuttle,
Short, & Johnson, 2001; Woerner et al., 2019), we also examined main and moderator
effects of these demographic variables on sUA reactivity.

This study was performed in adjunct to alternate considerations of this data (Lucas et al.,
2016; Woerner et al., 2019), after conducting additional assays to obtain the subsequently
described reactivity measurements of SUA. Our participant sample, as well as procedures for
recruiting participants and implementing the stressor task are therefore largely identical to
previous descriptions, excepting small changes in sample size due to requiring a complete
panel of SUA measurements from each participant to consider reactivity.

Participants

Participants were recruited from the Detroit metropolitan community via advertisements and
completed a brief online prescreen survey to determine eligibility. Eligibility criteria
included being 18 years of age or older and African American, and not taking an interfering
medication or having a pre-existing medical or psychiatric condition that would preclude
undertaking a minor stress induction. A sample of 118 participants enrolled and completed
all study procedures approved by the Institutional Review Board, of which 106 had complete
data for sUA. Data were excluded for 3 participants whose sUA levels were below the
acceptable threshold. Thus, the present sample was limited to the 103 participants (33 male,
70 female). Participant ages ranged from 18 to 60 years (M= 31.41, SD=13.84). Table 1
provides additional demographic information. All participants provided informed consent,
received modest financial compensation for participating in a single 3-hour laboratory
session, and were fully debriefed following study completion.

Procedures

Task procedure.

The Trier Social Stress Test (TSST) was used to induce mild psychosocial stress and
associated physiological responses (Kirschbaum, Pirke, & Hellnammer, 1993). All sessions
were scheduled for late morning or early afternoon. Participants were first given 10 minutes
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to acclimate, and the remaining TSST protocol was then presented, which 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, consisting of
one male and one female. Participants were given a 1-hour recovery period following task
performance. Participants completed paper and pencil questionnaires immediately following
the fourth salivary collection. To gauge a true recovery response, participants were instructed
to do nothing following the fifth and sixth salivary collections.

Saliva collection and preparation.

Saliva samples were collected in accordance with guidelines set forth by previous research
(Granger, Hibel, Fortunato, & Kapelewski, 2009; Granger et al., 2012; Riis et al., 2018). Six
saliva 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 provided at least 2 ml whole saliva by passive drool at each collection. Two
minutes were allotted to saliva collection, and time was added if participants failed to
produce 2 ml. Collection time and volume were recorded. After collection, samples were
stored at —80°C until shipped frozen overnight for laboratory analysis. Participants were
asked to refrain from consuming food, caffeine, citric drinks and dairy, and to avoid exercise
or brushing teeth in the 30 minutes prior to saliva collection, and to report adherence to these
guidelines. Participants also self-reported oral health by answering four yes-no questions
that asked ‘Did you brush your teeth today?” (Yes = 61, No=42), ‘did your gums bleed
today? (Yes=11, No=92), ‘Do you have any mouth bruises?’ (Yes = 4, No = 99), and ‘have
you had any recent dental work?” (Yes = 1, No = 102). Oral health variables were previously
probed for potential associations with SUA (Woerner et al., 2019).

Salivary uric acid.

Saliva samples were assayed in duplicate for SUA using a commercially available enzymatic
reaction kit specifically designed for use with saliva (Catalog #1-3802, Salimetrics,
Carlsbad, CA). The sUA test kit enables detection of UA in saliva through production of a
red chromogen after brief incubation, which is measured at a wavelength of 515 nm. The
amount of UA present in saliva is directly proportional to the increase in wavelength
absorbence. The test volume was 10 pl and the lower limit of detection (LLD) was 0.07
mg/dL. Uric acid determinations for three participants were undetectable (< LLD), who
were thus excluded from further consideration (see Participants). The average of duplicate
tests was used in subsequently described statistical analyses. Coefficients of variations for
sUA measurements across all six timepoints ranged from 2.89% (time 4) to 5.11% (time 1).
Bivariate correlations of SUA across the six timepoints ranged from r= .77, p<.001 (time 1
and time 5) to r=.89, p< .001 (time 4 and time 6).
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Blood pressure measurement.

Statistical

Blood pressure reactivity was measured using a Dinamap 8100 (Critikon, Tampa, FL). The
Dinamap 8100 is a fully portable, non-invasive blood pressure device that measures systolic
and diastolic pressure, as well as pulse rate and mean arterial pressure, using the
oscillometric technique. This instrument has been used and evaluated in numerous studies
and has achieved acceptable or better standards in a vast majority according to accuracy
criteria established by the British Hypertensive Society (BHS) and the Association for the
Advancement of Medical Instrumentation (Jin, Donaghue, Fairchild, Chan, & Silink, 2001).
Blood pressure readings were taken following the protocol established by the BHS (Gerin,
Goyal, Mostofsky, & Shimbo, 2008). The blood pressure cuff was applied to participants’
non-dominant arm, and the lower edge of the cuff was placed 2 cm above the elbow crease,
with the marked arrow placed over the brachial artery. An appropriate cuff size was selected
using measurement of the mid-upper arm circumference, and the cuff was wrapped
sufficiently tight to allow two fingers to be inserted at the top and bottom.

Blood pressure readings were collected from each participant at six time points that
corresponded to salivary collection timepoints. Readings were collected in triplicate at one
minute intervals for all six time points. Prior to taking measurements at all occasions,
participants were comfortably seated, with their feet flat to the floor, and the arm was raised
to heart level and supported. Participants were also instructed to relax and not to speak
during blood pressure measurements. An average systolic and diastolic reading was
calculated at each timepoint using all three readings. Coefficients of variation for systolic
blood pressure across all six timepoints ranged from 3.50% (time 2) to 4.75% (time 4).
Bivariate correlations of systolic blood pressure across the six timepoints ranged from r

= .85, p<.001 (time 3 and time 6) to r=.92, p<.001 (time 5 and time 6). Coefficients of
variation for diastolic blood pressure across all six timepoints ranged from 5.55% (time 6) to
6.22% (time 5). Bivariate correlations of diastolic blood pressure across the six timepoints
ranged from r=.78, p<.001 (time 2 and time 6) to r=.92, p<.001 (time 4 and time 5).
Across all six timepoints, correlations between systolic and diastolic blood pressure ranged
from r= .68, p<.001(time 2) to r=.78, p<.001(time 6).

analysis

To begin, we assessed the isolated reactivity and recovery profiles of sSUA and BP measures
across the six timepoints using one-way repeated measures ANOVAS and a series of
repeated measures t-tests. We then computed summative measures of SUA reactivity and
recovery. Based on available TSST literature, we anticipated heterogeneity in SUA peak
timing. Reactivity was therefore calculated following Miller and colleagues (2018)
recommended approach (see also Wadsworth et al., 2019). Specifically, we used each
participant’s highest post-TSST sUA level [time 3 (35%), time 4 (15.5%), time 5 (7.8%),
time 6 (19.4%)] to index peak sUA. Reactivity scores were then calculated by subtracting
each participant’s lowest pre-TSST sUA level [time 1 (62.1%), time 2 (37.9%)] values from
their peak value. Recovery scores were calculated by subtracting each participant’s peak
value from their lowest subsequent recovery point [time 4 (35.0%), time 5 (33.0%), time 6
(32.0%)] value. Specifically, we subtracted the lowest time 4 through time 6 value for
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participants who peaked at time 3, whereas we subtracted the lowest time 5 through time 6
for participants who peaked at time 4. We subtracted time 6 from time 5 for participants who
peaked at time 5, with negative values indicating no recovery for nine participants (i.e.,
linear increase across the recovery timepoints). We ran subsequently reported analyses with
and without non-recovering participants included and found no differences in statistically
significant results. Thus, these participants were retained. We also computed total activation
of sUA using a well-established area under the curve (AUCg) method of integration, and
mathematical formulas developed specifically for use in biological reactivity paradigms
(Pruessner, Kirschbaum, Meinlschmid, & Hellhammer, 2003). Identical sets of reactivity,
recovery, and total activation measures were calculated for systolic and diastolic BP.

Using summative measures, and after assessing multiple regression statistical assumptions,
we considered potential age and sex differences in SUA responses by conducting hierarchical
multiple regressions, with sex and age serving as predictor variables and sSUA reactivity,
recovery and total activation responses serving as criterion variables. Sex was contrast coded
(-1 =male, 1 = female) and age was mean centered. Main effects of sex and age were then
simultaneously entered at the first step. A sex x age interaction term was computed and
entered at the second step. At both steps, significance was assessed using /2 change and
individual regression weights of predictors newly entered at each step. Following
recommendations, we controlled for Time 1SUA when assessing total activation (Miller et
al., 2018).

Lastly, we considered associations between sSUA and BP stress responses by once again
conducting hierarchical multiple regressions, with sex, age, and SUA responses serving as
predictor variables, and systolic and diastolic BP responses serving as criterion variables.
SUA reactivity, recovery, and total activation responses were also mean centered. Sex and
age and sUA main effects were entered and evaluated on the first step of all regressions.
Two-way interactions of age, sex, and SUA reactivity measures were computed and entered
as on the second step of each multiple regression. At both steps, significance was again
assessed using /2 change and individual regression weights of predictors newly entered at
each step. Significant interactions that included sSUA x sex interactions were probed
separately for males and females, whereas significant SUA x age interaction were probed
separately for older versus younger (1 SD) participants (Aiken, West & Reno, 1991).
Although reactivity responses precede recovery responses, we included multiple regressions
in which sUA recovery predicted BP reactivity, given the potential for recovery stress
responses to indicate trait-like individual differences (Roy, Kirschbaum & Steptoe, 2001;
Williams, Smith, Gunn & Uchino, 2011).

For all hierarchical multiple regression that included either total activation or recovery
measures, we controlled for two minor variations to the traditional 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
implemented ten minutes prior to the fourth salivary collection timepoint. Substantive
consideration of these manipulations is provided elsewhere (Lucas et al., 2016; Lucas,
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Pierce, et al., 2017). Presently, we entered a dummy coded variable for each variation on the
first regression step, as well as a cross product variable to covary for their potential
interaction.

Prior to conducting multiple regressions, we also assessed for potential differences in SUA
reactivity, recovery, and total activation based on TSST panel composition. Specifically, we
probed for differences in SUA responses across each of 4 male TSST judges, which included
1 African American judge (n = 16), 2 Caucasian Americans judges (n’s = 27, 40), and 1
Asian American judge (n = 20). We also probed for differences across four Caucasian
American female TSST judges [judge 1 (n = 18), judge 2, (n = 40), judge 3 (n = 13), judge 4
(n = 32)]. One way ANOVASS revealed that there were no differences in SUA responses
across male judges for sUA reactivity (A3, 99) = 1.581, p=.199), sUA recovery (A3, 99) =
1.180, p=.321), or sUA total activation (A3, 99) = 0.705, p=.551). Likewise, there were
no differences in SUA responses across female judges for sUA reactivity (A3, 99) = 1.173, p
=.324), sUA recovery (A3, 99) = 0.070, p=.976), or sUA total activation (A3, 99) = 1.380,
p=.253). Thus, TSST panel composition was not subsequently considered.

Isolated sUA reactivity and recovery responses

An isolated consideration of SUA acute responses across the six measurements is portrayed
in Figure 1. Consistent with anticipated TSST reactivity, the highest concentration occurred
at the third timepoint, just after stressor task completion. A Greenhouse-Geisser corrected
repeated measures one-way ANOVA was significant (A5, 102) = 7.118, p<.001, npz
=.065), indicating overall differences in SUA concentration across the six timepoints. To
assess the reactivity phase response, we probed these differences using paired t-tests
between time 1 and time 3. Time 1 concentration did not significantly differ from time 2 (¢
(102) = -1.808, p=.074). However, time 3 sUA was significantly higher than time 1 (¢(102)
=5.597, p<.001) and time 2 (#(102) = 4.154, p< .001). In addition, there was a significant
linear trend from time 1 to time 3, (A2, 102) = 31.321, p<.001, np2 =.235). Thus, there
was strong evidence of sUA reactivity in response to the TSST over the preparation and
performance phases.

To assess the recovery phase, we computed paired t-tests between the third and sixth
timepoints. Time 3 concentration was significantly higher than time 4 (£(102) = 2.042, p
=.044), time 5 (#(102) = 3.343, p<.001), and time 6 (#(102) = 2.300, p=.023). However,
time 4 concentration was not significantly different than time 5 concentration, (#(102) =
1.033, p=.304), nor time 6 concentration (#(102) = —-0.222, p=.825). Time 5 concentration
also did not significantly differ from time 6 concentration (£(102) = -1.458, p=.148). As
with reactivity, there was a significant negative linear trend from time 3 to time 6, (A1, 102)
=6.824, p=.010, np2 =.063), though this trend was more robust when time 6 was excluded
(A1, 102) =11.176, p<.001, npz =.099). Thus, there was also evidence for SUA recovery.
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Isolated blood pressure reactivity and recovery responses

Isolated consideration of systolic and diastolic BP reactivity and recovery across the six
measurements are also portrayed in Figure 1. Similar to SUA, systolic and diastolic BP were
both highest at the third timepoint. A Greenhouse-Geisser corrected repeated measures one-
way ANOVA was significant for both systolic BP (A5, 102) = 53.191, p< .001, np2 =.343)
and diastolic BP (A5, 102) = 29.800, p < .001, npz =.226) indicating overall differences in
both BP measures across the six timepoints. To assess the reactivity phase responses, we
again probed differences using paired t-tests between time 1 and time 3. Time 1 systolic BP
was lower than time 2 (£(102) = -10.204, p< .001) and time 3 (£(102) = -11.692, p< .001),
although time 2 systolic was not significantly lower than time 3 (#(102) = -1.523, p=.131).
In addition, there was a significant linear trend from time 1 to time 3 for systolic BP, (A1,
102) = 33.939, p<.001, Tlp2 =.250). Results for diastolic BP reactivity were nearly
identical. Namely, time 1 diastolic BP was lower than time 2 (£(102) = -10.124, p<.001)
and time 3 (#(102) = —-11.086, p < .001), although time 2 was additionally lower than time 3
(¢(102) = -2.405, p=.018). There was also a significant linear trend from time 1 to time 3
for diastolic BP, (A1, 102) = 122.904, p< .001, np2 = .546). Overall, there was strong
evidence of both systolic and diastolic BP reactivity in response to the TSST.

To assess BP recovery, we again computed paired t-tests between the third and sixth
timepoints. Time 3 systolic BP was higher than time 4 (£(102) = 9.694, p < .001), time 5 (¢
(102) = 10.746, p< .001), and time 6 (£(102) = 9.326, p < .001). However, time 4 systolic
BP did not significantly differ from time 5 (¢#(102) = 0.503, p = .616), nor time 6 (#(102) =
-0.096, p=.924), and time 5 systolic BP did not differ from time 6 (#(102) = -0.671, p
=.504). As with reactivity, there was a significant negative linear trend from time 3 to time
6, (A1, 102) = 78.883, p<.001, npz =.436). Diastolic BP recovery results were identical.
Namely, time 3 diastolic BP was higher than time 4 (£(102) = 5.645, p<.001), time 5 (¢
(102) = 6.713, p<.001), and time 6 (#(102) = 5.611, p< .001). Likewise, time 4 diastolic
BP did not significantly differ from time 5 (¢#(102) = 1.417, p=.160), nor time 6 (¢(102) =
1.346, p=.181), and time 5 diastolic BP did not differ from time 6 (¢#(102) = 0.418, p
=.677). There was also a significant negative linear trend for diastolic BP from time 3 to
time 6, (A1, 102) = 30.694, p< .001, npz =.231). Thus, there was also evidence of a
recovery response for systolic and diastolic BP measures, in addition to BP reactivity.

Age and sex differences in sUA reactivity and recovery

Also seen in Figure 1, the overall SUA reactivity profile was more pronounced among older
and male participants, and this included both the reactivity and recovery phases. Formal
evaluation of age and sex differences via two-step hierarchical multiple regression revealed
significant main effects on the first step for each of SUA reactivity (Ar? = .070, p=.028),
and total activation (Ar? = .805, p < .001), though SUA recovery was not statistically
significant (Ar2 = .054, p=.064). Age was associated with greater SUA reactivity (B = .201,
p=.042), and greater SUA total activation (f = .256, p=.008), though not less SUA
recovery (f =.186, p=.064). Sex differences were not significant for SUA reactivity (p =
-.152, p=.122), recovery (B = -.121, p=.220), or total activation (g = -.060, p=.191). On
the second step, age x sex interactions were not significant for SUA reactivity (Ar? = .001, B
=-.037, p=.750), recovery (ArZ = .003, g = .056, p=.573), or total activation (Ar2 = .001,
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B =.029, p=.532), indicating that associations between age and SUA reactivity, recovery,
and total activation were not qualified by sex.

sUA predicting blood pressure reactivity

Hierarchical multiple regressions predicting systolic BP responses from sUA reactivity,
recovery, and total activation are presented in Table 2, Evaluation of main effects on the first
step revealed that SUA reactivity predicted greater total activation of systolic BP (§ = 0.20, p
=.037) and diastolic BP (p = 0.20, p < .029). sUA recovery responses also predicted greater
total activation of systolic BP (§ = 0.28, p=.006) and diastolic BP (p = 0.21, p=.031), in
addition to predicting greater reactivity of systolic BP (p = 0.21, p=.044). Lastly, total
activation of SUA predicted greater total activation of systolic BP (B = 0.44, p< .001) and
diastolic BP (p = 0.40, p<.001).

A significant sUA total activation x age interaction emerged for total activation of systolic
BP (AR2=.02, p=.02, p = 0.13, p=.02). As seen in Figure 2, SUA total activation was
more strongly associated with total activation of systolic BP among older African Americans
(p = 0.63, p<.001) than among younger African Americans (f = 0.41, p=.003). A
significant sUA total activation x sex interaction emerged for total activation of diastolic BP
(AR = .01, p=.05, p =0.10, p=.03). As seen in Figure 2, SUA total activation was more
strongly associated with higher diastolic BP total activation among females (f = 0.59, p
<.001) than among males (g = 0.38, p=.001).

Discussion

To our knowledge, this study is the first to both consider and establish reactivity of UA in
response to acute social stress. Among healthy African Americans, SUA concentration
significantly increased across the preparation and performance phases of the TSST,
indicating an acute SUA stress reactivity response. In addition, SUA concentration
significantly decreased after the performance phase, indicating an observable recovery
response. Although sUA reactivity and recovery were observed generally, these responses
were strongest among older African Americans. Finally, we observed that SUA reactivity
was associated with greater systolic and diastolic BP activation in response to the TSST.
Several implications and vital future directions can be extracted from these results.

Foremost, current findings provide the foundation for considering a new direction in stress
reactivity research. Paradigms such as the TSST have been extensively used to explore
cognitive, emotional, biological, and behavioral responses to social-evaluative threat, and in
turn, numerous markers of ANS, HPA-axis, and inflammatory stress response systems have
been evaluated. To our knowledge, the current study is the first to explore UA as a possible
marker of the purinergic system response to acute social stress induced either by the TSST,
or by other stress reactivity paradigms. In turn, results highlight that UA may respond to
acute stress, much like other biological stress systems and markers. A highly critical future
direction is thus to explore the function, health implications, and concomitants of this
hitherto overlooked acute stress response. For example, and much like ongoing debates
surrounding other acute stress responses, the extent to which UA reactivity comprises a
healthy versus harmful biological response to stress must be further considered. This
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direction may prove uniquely challenging to the extent that UA has been shown to promote
both harmful and healthy effects, and given multiple potential functions that UA could serve.
Related, prospective research linking UA reactivity to long term health outcomes may be
especially revelatory. This perhaps most readily includes evaluating links between
developing hyperuricemia and UA reactivity, although links to long term CVD outcomes
will also be especially valuable.

The potential function and resulting health implications of UA reactivity must also be further
considered by also evaluating links to concomitant acute stress responses. This encompasses
ANS and HPA-axis responses, and especially inflammatory stress responses that are directly
implicated in UA production. Related, the physiological processes underlying UA reactivity
should be further considered in future research. For example, although purinergic receptors
exist in a number of limbic system structures, the extent to which these receptors are
activated by acute social stress, and thus play a role in response to acute SUA production, is
not yet known. Better understanding these and other physiological processes can better
explain the role of UA in stress appraisal processes. Also related, the secretory delay of uric
acid into saliva should receive attention in future research, as this delay may lend to
interpretation of acute stress response processes and function, although there is initial
evidence that serum and salivary UA increase similarly after acute stress exposure
(Gonzalez-Hernandez et al., 2019).

In showing that UA is itself reactive to social evaluate stress, the current findings also
broaden the realm of potential connections between UA, stress, and CVD and disparity.
High UA is well linked to greater hypertension and CVD risk (Feig et al., 2008; Loeffler,
Navas-Acien, Brady, Miller, & Fadrowski, 2012; Viazzi et al., 2013). Related, Woerner and
colleagues (2019) have recently shown that baseline SUA may be positively associated with
acute BP responses to social evaluative stress (see also, Mrug et al., 2017), illuminating that
hyperuricemina may eventuate in hypertension and CVD and disparity in part through links
to stress reactivity responses (Panaite et al., 2015). The current findings extend and enrich
this literature by highlighting a potentially unique role of SUA reactivity among these
relationships.

This study also found that UA activation may be especially pronounced among older and
male African Americans. The implications of these potential differences are unclear at
present. For example, some research has suggested that links between UA and CVD are
more pronounced among women than men (Fang & Alderman, 2000; Tuttle et al., 2001).
Furthermore, the extent to which sex or age differences might be impacted by antecedent
sources of UA also remains unknown. For example, some evidence suggests that
hyperuricemia may be more strongly linked to diet in men than women (Gao et al., 2007).
Adding complexity, we also found sex and age moderator effects in the links between sUA
and BP reactivity. With respect to age, SUA total activation was more strongly associated
with systolic BP total activation among older participants. With respect to sex, we found that
sUA total activation was more strongly associated with greater diastolic total activation
among female participants. This sex difference is curious to the extent that males showed
more overall SUA reactivity than females. Future research should not only attend to whether
UA reactivity differs by age and sex, but also the origins and implications of these
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differences for accompanying stress responses and associated health outcomes. These future
studies are especially needed given the relatively modest number of males in the current
study.

Several limitations suggest both a cautious interpretation and other future directions. These
limitations are largely shared with prior consideration of this data (Woerner et al., 2019).
Foremost, our interpretations are limited in important ways by only evaluating African
Americans. Focusing only on African Americans is prudent to the extent that CVD and other
illnesses stemming from dysregulated UA very often disproportionately burden African
Americans. Nonetheless, we are unable to decipher whether the UA reactivity responses
observed presently extend more generally to non-African Americans. Future research should
therefore include racial comparisons and cultural explorations of the role that UA plays in
stress reactivity, which may further clarify contributions to stress-related health disparities,
including CVD. The current research is also limited by our relatively modest sample size, by
the largely correlational nature of the data, by the large number of multiple regression
analyses, and by only evaluating BP reactivity as an outcome. Related, several potential UA
covariates were not presently evaluated, notably including body mass index — a known
correlate of UA. Taken together, these limitations also suggest a critical need for replication
of the current findings in future explorations.

We note three additional limitations specific to evaluating stress reactivity. First, this
research did not include a resting control, which would provide additional fidelity to support
the presently observed reactivity responses. Second, this study used the TSST to induce
acute stress responses due to social evaluative threat. Although this paradigm is widely used,
and social evaluative stress is known to carry strong implications for health, it is not known
whether acute stress responses derived from other oft-used paradigms (e.g., cold
suppression) would produce similar UA reactivity responses. Future research therefore
should deploy additional stress reactivity protocols, which could better illuminate UA
reactivity structure and function. Third, this research does not link UA reactivity responses
to indices of long term health. Although several reactivity responses have been prospectively
linked to CVD, such links are unknown with respect to UA. Future studies should therefore
consider if and how UA reactivity predicts longer term health and disease states. Such
research may also carry implications for one day considering UA-oriented interventions,
including dietary and pharmacological interventions, although the potential of such
intervention approaches should be thoroughly evaluated, given some potential for
antioxidant or health-enhancing effects of UA (de Lau, Koudstaal, Hofman, & Breteler,
2005; Latourte, Bardin, & Richette, 2018).

Acknowledging limitations, this study provides a novel contribution in showing that UA is
reactive to acute social stress, and in turn is associated with BP reactivity. Additional
research is needed to further understand the function and concomitants of this hitherto
overlooked acute stress response. Future studies should also seek to establish if UA
reactivity responses carry implications for long term hypertension and CVD, including CVD
disparities among African Americans.
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Highlights
Salivary uric acid shows reactivity in response to acute social stress.
Salivary uric acid predicts blood pressure reactivity to acute social stress.

Uric acid reactivity may be critical to understanding hypertension.
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Figure 1.

Reactivity of salivary uric acid and blood pressure in response to Trier Social Stress Test by
age and sex. Shaded area indicates performance phase of the task. Error bars are standard
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error of the mean. Dashed line represents overall mean at each time point.
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Predicted total activation of systolic and diastolic blood pressure responses: Age and sex
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—— Male

— —-Female

moderator effects on salivary uric acid. For age, 1 SD below = 18 years (n = 9), 1 SD above
=> 45 years (n = 26). For sex male n = 33, female n = 70. Error bars represent one standard

error of the mean.
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Sample Characteristics (V= 103).
Demographic Characteristics n (%)
Sex
Male 33 (32.0%)
Female 70 (68.0%)
Age
18-20 26 (25.2%)
21-40 50 (48.5%)
41-60 26 (25.2%)
Missing 1(1.0%)
Income
Less than $25,000 57 (55.3%)

$25,000-$49,999

$50,000-$99,999

$100,000 and above
Education

High School/GED or Less

Some College or Trade School

College Graduate

Professional/Advanced Degree

22 (21.4%)
21 (20.4%)
3 (2.9%)

52 (50.5%)
27 (26.2%)
16 (15.5%)
8 (7.8%)
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