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Abstract

Objective

Women living with HIV (WLWH) experience psychosocial stress related to social-structural
vulnerabilities. To investigate neuroendocrine pathways linking stress and increased cardio-
vascular disease risk among WLWH, we evaluated associations between psychosocial
stress (i.e., perceived stress, posttraumatic stress, and experiences of race- and gender-
based harassment) and a composite neuroendocrine biomarker index among WLWH and
women without HIV.

Methods

In 2019—2020, Women'’s Interagency HIV Study participants in Washington, DC completed
a questionnaire and provided blood and 12-hour overnight urine samples for testing of
serum dehydroepiandrosterone sulfate (DHEA-S) and urinary free cortisol, epinephrine,
and norepinephrine. Psychosocial stress was measured using the Perceived Stress Scale,
PTSD Checklist-Civilian Version, and Racialized Sexual Harassment Scale. Latent profile
analysis was used to classify participants into low (38%), moderate (44%), and high (18%)
stress groups. Composite biomarker index scores between 0-4 were assigned based on
participants’ number of neuroendocrine biomarkers in high-risk quartiles (>75™ percentile
for cortisol, epinephrine, and norepinephrine and <25 percentile for DHEA-S). We evalu-
ated associations between latent profile and composite biomarker index values using multi-
variable linear regression, adjusting for socio-demographic, behavioral, metabolic, and HIV-
related factors.
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they are of a highly sensitive nature. Data are
available to investigators in two ways. First, the
MWGCS Public Use Data Set is available upon
request. This data set provides de-identified data
(meeting HIPAA criteria) that may assist anyone
interested in public health research. Access to the
MWCCS Public Data Set may be obtained by filling
out the MWGCS Public Data Set Request form at
https:/statepi.jhsph.edu/wihs/wordpress/?page_
id=10771/. Alternatively, the MWCCS welcomes
collaborations with investigators and with other
cohorts, both nationally and internationally, who
can access the entire richness of data and
specimens that are available. To collaborate, a
concept sheet must be submitted, reviewed, and
approved by the MWCCS Executive Committee.
Details on how to submit a concept sheet can be
found at https://statepi.jhsph.edu/mwcces/work-
with-us/. This is a requirement of cohort IRB
approvals ensuring secure, timely, and ethical
sharing of the cohort’s data. Questions about how
to access data may be directed to the MWCCS Data
Analysis and Coordination Center (mwccs@jhu.
edu) or to senior author Dr. Seble Kassaye
(sgk23@georgetown.edu).

Funding: This research was funded in part by a
2019 pilot award from the District of Columbia
Center for AIDS Research (DC CFAR), a National
Institutes of Health (NIH)-funded program
(P30AI117970), which is supported by the
following NIH Co-Funding and Participating
Institutes and Centers: National Institute of Allergy
and Infectious Diseases (NIAID); National Cancer
Institute (NCI); Eunice Kennedy Shriver National
Institute of Child Health and Human Development
(NICHD); National Heart, Lung, and Blood Institute
(NHLBI); National Institute on Drug Abuse (NIDA);
National Institute of Mental Health (NIMH);
National Institute on Aging (NIA); National Institute
of Diabetes and Digestive and Kidney Diseases
(NIDDK); National Institute on Minority Health and
Health Disparities (NIMHD); National Institute of
Dental and Craniofacial Research (NIDCR);
National Institute of Nursing Research (NINR);
Fogarty International Center (FIC); and Office of
AIDS Research (OAR). The contents of this
publication are solely the responsibility of the
authors and do not represent the official views of
the NIH. Data in this manuscript were collected by
the Women'’s Interagency HIV Study (WIHS), now
the MACS/WIHS Combined Cohort Study
(MWCCS). MWCCS (Principal Investigators): Data
Analysis and Coordination Center (Gypsyamber
D’Souza, Stephen Gange, and Elizabeth Golub),
U01-HL146193; and Metropolitan Washington
Clinical Research Site (Seble Kassaye and Daniel
Merenstein), U01-HL146205. The MWCCS is

Results

Among 90 women, 62% were WLWH, 53% were non-Hispanic Black, and median age was
55 years. In full multivariable models, there was no statistically significant association
between psychosocial stress and composite biomarker index values among all women inde-
pendent of HIV status. High (vs. low) psychosocial stress was positively associated with
higher mean composite biomarker index values among all monoracial Black women
(adjusted B = 1.32; 95% CI: 0.20—2.43), Black WLWH (adjusted = 1.93; 95% CI: 0.02—
3.83) and Black HIV-negative women (adjusted 3 = 2.54; 95% CI: 0.41-4.67).

Conclusions

Despite a null association in the overall sample, greater psychosocial stress was positively
associated with higher neuroendocrine biomarker concentrations among Black women,
highlighting a plausible mechanism by which psychosocial stress could contribute to cardio-
vascular disease risk.

Introduction

Over the last two decades, the aging of people living with HIV (PLWH) and the widespread
use of antiretroviral therapy have been accompanied by a decrease in AIDS-related deaths and
a concomitant increase in deaths attributed to cardiovascular disease (CVD) and other non-
AIDS-related chronic conditions [1, 2]. PLWH have an elevated risk of subclinical atheroscle-
rosis and atherosclerotic CVD, attributed in large part to chronic inflammation and immune
activation [3-5]. Cisgender women living with HIV (WLWH) have an approximately three-
times greater CVD risk compared with HIV-negative women [6-9], suggesting that the HIV-
associated CVD risk is greater among women compared with men, the etiology of which is not
well understood [10].

Psychosocial stress is one CVD risk pathway that remains understudied among WLWH,
despite WLWH and particularly WLWH of color being disproportionately affected [11].
Forms of psychosocial stress experienced by WLWH include those directly related to manag-
ing one’s HIV diagnosis (e.g., rigid medication regimens, side effects, sense of physical vulner-
ability based on immunodeficiency), those indirectly related (e.g., stigma, emotional
challenges), and intersecting social-structural vulnerabilities related to interdependent and
mutually constitutive identities such as being female, Black or Hispanic, and HIV-positive
[12-19]. Experiences of abuse and trauma are also common among WLWH. In a meta-analy-
sis of studies conducted among WLWH, there was a high estimated overall prevalence of inti-
mate partner violence (55%), sexual abuse (35%), physical abuse (55%), and recent
posttraumatic stress disorder (PTSD) (30%) [11].

At the end 0f 2019, 57% of all WLWH in the United States were Black women [20]. Among
Black women, discrimination attributed to racism and sexism is common and is associated
with elevated stress [21, 22]. Gendered racism, or the simultaneous experience of both racism
and sexism, is an inherent stressor that can negatively affect personal relationships, profes-
sional and economic opportunities, and mental and physical health outcomes among Black
women [23-26]. Gendered racism causes psychosocial stress both directly and through
increased vulnerability to other stressors [21, 23-25]. Further, among Black WLWH, the
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effects of gendered racism and HIV-based discrimination can compound one another, repre-
senting key social-structural barriers to HIV care [27].

Psychosocial stress is known to contribute to atherosclerosis through heightened activity of
the hypothalamic pituitary adrenal (HPA) axis and sympathetic nervous system (SNS) [28].
This physiologic response to perceived stress involves the release of glucocorticoid hormones
such as cortisol and the production of epinephrine and norepinephrine, which collectively
raise blood pressure, reduce insulin sensitivity, decrease hemostasis, and cause endothelial dys-
function [29]. Psychosocial stress is also associated with adverse health behaviors including
physical inactivity, suboptimal diet, and smoking [30-33]. Among WLWH, higher levels of
psychosocial stress were positively associated with subclinical carotid atherosclerosis [34]. In
the general population, chronic daily stressors such as work-related stress as well as PTSD
symptoms have been associated with increased CVD risk [35, 36]. Racial discrimination as a
chronic stressor has also been identified as a key contributor of increased CVD risk among
Black individuals [37-40].

Largely outside the context of HIV-related research, neuroendocrine biomarkers have been
measured as part of a larger set of biomarkers collectively used to measure allostatic load, or
the dysregulation of multiple biologic systems, including the neuroendocrine system, as a
result of wear and tear brought on by cumulative exposure to stress [41-47]. The four neuro-
endocrine biomarkers most commonly evaluated have included cortisol and dehydroepian-
drosterone sulfate (DHEA-S) as markers of HPA axis activity and epinephrine and
norepinephrine as markers of SNS activity [48]. Higher levels of these biomarkers (lower for
DHEA-S) under basal (resting) states have been taken to indicate a chronic heightened neuro-
endocrine response that might be attributed to psychosocial stress. Among women in one
study, current life stressors were associated with more extreme levels of these four biomarkers
[49]. These biomarkers have also been associated with increased CVD risk [50-52].

Several studies conducted among PLWH have employed a composite biomarker index for
allostatic load that incorporated the aforementioned neuroendocrine biomarkers along with
measures for inflammatory (e.g., C-reactive protein), metabolic (e.g., glucose), and cardiovas-
cular (e.g., heart rate) markers [53-57]. To our knowledge, there have been no published stud-
ies specifically examining a composite neuroendocrine biomarker index and its correlates
among WLWH. The objective of this study was to evaluate associations between psychosocial
stress (i.e., perceived stress, posttraumatic stress, and experiences of race- and gender-based
harassment) and a composite neuroendocrine biomarker index among WLWH and HIV-neg-
ative women. We focused on neuroendocrine biomarkers because they are proximal markers
of the physiologic stress response and serve as mediators of the effects of stress on inflamma-
tion and metabolic and cardiovascular dysfunction [28, 58, 59]. We hypothesized that this
association would be stronger among WLWH compared with HIV-negative women. Given
that Black WLWH disproportionately experience stress related to intersecting social-structural
vulnerabilities [60-62], we also conducted a secondary subgroup analysis in which we evalu-
ated this association specifically among Black women. Psychosocial correlates of neuroendo-
crine biomarkers could provide potential targets for interventions to prevent CVD among
WLWH.

Methods
Study population

This cross-sectional sub-study was conducted within the Women’s Interagency HIV Study
(WIHS) at the Washington, DC site. The WIHS is an ongoing multicenter prospective obser-
vational study of WLWH and demographically similar women without HIV who were eligible
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based on sexually transmitted infection history, intravenous drug use, and/or sexual risk
behaviors [63-65]. Participants were initially recruited and enrolled in the WIHS in 1994-
1995, 2001-2002, or 2011-2013. At semi-annual visits, data were collected through structured
interviews and standardized physical, psychological, and laboratory assessments. HIV status
was assessed by enzyme-linked immunosorbent assay (ELISA) with Western blot for confir-
mation at study enrollment for WLWH, and semi-annually for HIV-negative participants. The
WIHS study protocol was approved by the Georgetown University Institutional Review Board
(IRB). All participants provided written informed consent.

Between August 2019 and January 2020, 90 participants were enrolled in this sub-study,
including 56 WLWH (62% of the sample) and 34 HIV-negative women (38% of the sample).
Participants were recruited at their routine semi-annual visits or by phone. We administered a
brief screening questionnaire to evaluate potential participants’ eligibility and their ability to
complete study procedures. Women were eligible if they reported no non-topical use of hor-
mone supplements or therapy in the last three months (e.g., corticosteroids, epinephrine, nor-
epinephrine, dehydroepiandrosterone, estrogen, progesterone, and their derivatives). For
participants screened by phone, this eligibility criterion was re-confirmed at their study visit.
The protocol for this sub-study was approved by Georgetown University and George Wash-
ington University IRBs. All participants provided written informed consent.

Study procedures

Visit procedures. At the study visit, participants completed a questionnaire on perceived
stress, posttraumatic stress, and experiences of race- and gender-based harassment (see Psy-
chosocial Stress), provided a blood sample, and received materials for home-based collection of
a 12-hour overnight urine sample. The 15-minute questionnaire was either self-administered
on a tablet computer or administered by a trained interviewer, per participants’ preference.
One 3-mL serum-separating tube of blood was collected from each participant. Women sched-
uled their overnight urine collection for a night of their choice, preferably within one week of
their visit and within a maximum of 30 days. Supplies provided included a 3-L urine collection
container with 25 mL of 6N hydrochloric acid preservative, a toilet ‘hat,” an insulated cooler
bag, and an ice pack. Participants were also provided with detailed verbal and written
instructions.

Home-based urine collection. We contacted participants by phone with reminders of
their scheduled urine collection and asked them to reschedule if they were menstruating or
feeling ill. We also asked participants to refrain from strenuous activity, sexual intercourse,
alcohol use, and non-prescribed substance use during the collection period. On a urine collec-
tion log, participants recorded their collection start and end times and all void times during
the 12-hour period. Participants were asked to void urine at 7 pm and to collect all subsequent
urine until 7 am the following day. A 12-hour collection period was chosen over a 24-hour col-
lection period to maximize feasibility and compliance and to obtain biomarker measurements
under basal (resting) conditions over a relatively non-stimulated period. Participants could
store their sample in their refrigerator or in the cooler bag provided. On the day on which
their collection ended, participants transported their sample to the clinic using the cooler bag
and ice pack. Following specimen receipt, we administered a second questionnaire to assess
compliance with the urine collection protocol and collect data on behaviors and other factors
that could have influenced urinary concentrations of free cortisol or catecholamines (e.g., sub-
stance use, illness). Participants received $75 for completing the study.

Laboratory procedures. Following blood collection, the serum-separating tube was
inverted five times, allowed to clot upright for 30 minutes, and centrifuged at 1100-1300x g

PLOS ONE | https://doi.org/10.1371/journal.pone.0261746 December 23, 2021 4/20


https://doi.org/10.1371/journal.pone.0261746

PLOS ONE

Psychosocial stress and neuroendocrine biomarkers among women with or without HIV

for 10-15 minutes. For urine samples, we measured the volume, inverted the container five
times, and aliquoted the sample into two 10-mL vials for testing of free cortisol and catechol-
amines. The blood sample was shipped at room temperature on the collection day and an
immunoassay was performed to determine the serum concentration of DHEA-S (in pg/dL).
The urine vials were shipped in a refrigerated shipping container on the same day as specimen
receipt. Concentration of urinary free cortisol (in ug/12 hrs) was determined using liquid chro-
matography/tandem mass spectrometry and concentrations of urinary fractionated catechol-
amines (i.e., epinephrine and norepinephrine) (in ug/12 hrs) were determined using high
performance liquid chromatography. All laboratory testing was performed at Quest Diagnos-
tics (Baltimore, MD) using standard clinical laboratory methods. Urinary concentrations were
standardized by grams of creatinine because dissimilar body size leads to differential concen-
trations in the urine.

Composite neuroendocrine biomarker index

We created a composite neuroendocrine biomarker index using laboratory test results for the
four biomarkers of interest. Since there are no accepted thresholds for defining ‘high-risk’ lev-
els that signify a heightened neuroendocrine response, the high-risk range has commonly been
defined using distribution percentiles—often, the 25 and 75" percentiles [41-47]. Following
this convention, we assigned one ‘point’ for each test result in the high-risk quartile, that is, the
upper quartile (>75" percentile) for urinary free cortisol and catecholamines and the lower
quartile (<25™ percentile) for serum DHEA-S. Thus, values of the biomarker index could
range from 0-4, representing the number of biomarkers for each participant that were in the
high-risk quartile. Although we could not establish whether biomarker concentrations were
abnormal using percentile cutoffs, this approach allowed us to evaluate whether higher levels
of psychosocial stress were associated with more extreme biomarker concentrations within the
sample. However, because individuals with PTSD have been found to have low resting cortisol,
we also conducted a sensitivity analysis in which we used a bidirectional cutoff approach for
defining high-risk levels for urinary cortisol (i.e., < 12.5% or >87.5" percentiles) [66, 67].

Psychosocial stress

Three different types of psychosocial stress were measured via self-report: perceived stress,
posttraumatic stress, and experiences of race- and gender-based harassment. Using latent pro-
file analysis [68], we created three mutually exclusive groups (i.e., low, moderate, and high lev-
els of psychosocial stress) based on participants’ reported levels of each type of psychosocial
stress (see Statistical Analysis).

Perceived stress. Perceived stress was measured using the Perceived Stress Scale (PSS-10),
which assesses the degree to which life situations in the previous month are appraised as
unpredictable, uncontrollable, and overloaded [69]. Ten items are rated on a 5-point Likert
scale from “never” (assigned a score of 0) to “very often” (assigned a score of 4), with four posi-
tively stated items reverse-coded (o = 0.86). Items assessing the frequency of perceived stress
include “Felt that you were unable to control the important things in your life” and “Found
that you could not cope with all the things that you had to do.” The summarized score has a
possible range of 0-40.

Posttraumatic stress. Posttraumatic stress was measured using the PTSD Checklist-Civil-
ian Version (PCL-C), which assesses PTSD symptoms in the last month, including re-
experiencing, avoidance, and hyperarousal, as defined by the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-IV) [70]. The PCL-C asks about symptoms in rela-
tion to generic stressful experiences rather than in relation to a specific index event. Although
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this aspect of the PCL-C facilitates its use in different populations, it also limits its ability to
identify sources of stress and determine whether stressful experiences meet criteria for a trau-
matic event. Seventeen items are rated on a 5-point Likert scale from “not at all” (assigned a
score of 1) to “extremely” (assigned a score of 5) (o = 0.95). Items assessing the frequency of
symptoms include “Repeated, disturbing memories, thoughts, or images of a stressful experi-
ence,” “Avoiding activities or situations because they reminded you of a stressful experience,”
and “Feeling distant or cut off from other people.” The summarized score has a possible range
of 17-85.

Experiences of race- and gender-based harassment. Experiences of race- and gender-
based harassment in the last year were measured using the Racialized Sexual Harassment Scale
(RSHS), which assesses harassment related to one’s race or ethnicity, harassment related to
one’s gender, and harassment related simultaneously to one’s race or ethnicity and gender
[71]. Twenty-one items are rated on a 5-point Likert scale from “never” (assigned a score of 0)
to “very often” (assigned a score of 4) (o = 0.97). Items assessing the frequency of experiences
include “Someone said things to insult people of your race/ethnicity (for example, saying peo-
ple of your race/ethnicity can’t handle certain jobs),” “Someone made comments about your
body that emphasized your gender (for example, comments about the size of your breasts or
penis),” and “Someone said they expected you to behave certain ways because of your gender
and ethnicity (for example, expected you as a Black or Latina woman to wear inappropriate
clothes, expected you as an Asian man to be self-controlled and disciplined, as an Asian
woman to try to please others, as a Latino man that you would be unfaithful in relationships,
etc.).” The summarized score has a possible range of 0-84.

Covariates

Covariates were measured at participants’ most recent core study visit prior to the visit con-
ducted for this sub-study. The median duration between participants’ core and sub-study visits
was 162 days (interquartile range [IQR]: 125-194; range: 0-275). Socio-demographic and
behavioral factors were self-reported and included age, race/ethnicity, education upon study
entry (did not complete high school, completed high school, or attended/completed college),
income (<$30,000 or >$30,000 per year), current smoking, current alcohol use (abstainer,
1-7 drinks/week, 8-12 drinks/week, or >13 drinks/week), recent substance use since last visit
(crack/cocaine, heroin, or methamphetamines), and current use of a prescribed psychotropic
medication. Postmenopausal status was self-reported and defined as not having menstruated
in 12 or more months, unless related to pregnancy or medication use. Body mass index (BMI)
in kg/m” was calculated based on weight and height measurements. HIV-related measures
included current use of antiretroviral therapy, current CD4+ T cell count, and current HIV
RNA viral load (<20 copies/mL or >20 copies/mL). If covariates had missing values at the
most recent visit, then the most recent non-missing value was carried forward from a prior
visit (for a total of n = 1 for income; n = 1 for smoking, alcohol use, and substance use; n = 11
for psychotropic medication use; n = 1 for menopausal status; n = 1 for CD4+ cell count; and
n = 3 for HIV viral load).

Statistical analysis

Socio-demographics, behavioral factors, psychosocial stress measures, and neuroendocrine
biomarker concentrations were summarized using frequencies and proportions or medians
and IQRs and were compared by HIV serostatus using Chi-square, Fisher’s exact, or Wil-
coxon rank sum tests. Pairwise correlations were evaluated among the three psychosocial
stress measures using Spearman’s correlation coefficients. We assessed whether differences in
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Table 1. Fit statistics for latent profile models of psychosocial stress among women in the Women’s Interagency
HIV Study, Washington, DC, 2019-2020 (n = 90).

Fit statistics 2 classes 3 classes 4 classes
AIC 625.9 605.1 611.5
BIC 650.9 640.1 656.5
ABIC 619.3 595.9 599.7
Adj. LMR-LRT (p) 68.7 (0.0002) 27.3 (0.0049) 1.5 (0.72)
BLRT (p) 72.6 (<0.0001) 28.8 (<0.0001) 1.5 (1.0)
Entropy 0.807 0.886 0.790

Abbreviations: ABIC, sample size adjusted Bayesian information criterion; AIC, Akaike information criterion; BIC,
Bayesian information criterion; BLRT, bootstrap likelihood ratio test; adj. LMR-LRT, adjusted Lo-Mendell-Rubin
likelihood ratio test; p, p-value.

Boldface indicates optimal fit (i.e., lowest for AIC, BIC, and ABIC; p<0.05 for adj. LMR-LRT and BLRT; highest for
entropy).

https://doi.org/10.1371/journal.pone.0261746.t001

neuroendocrine biomarker concentrations between WLWH and women without HIV per-
sisted after adjustment for confounders using multivariable linear regression. Psychosocial

stress measures and neuroendocrine biomarker concentrations were also compared among
racial/ethnic subgroups using Fisher’s exact or Kruskal-Wallis tests.

We used latent profile analysis to classify participants into mutually exclusive psychosocial
stress groups based on participants’ PSS-10, PCL-C, and RSHS scores. Latent profile analysis is
a classification method that identifies discrete profiles (or classes) of individuals who share
similar response patterns to a set of continuous variables [68]. Using MPlus Version 7.4, we
considered models with 2—4 classes. The best fitting model was determined by several criteria:
lower Akaike information criterion (AIC), Bayesian information criterion (BIC), and sample-
size adjusted BIC values; statistically significant p-values for the adjusted Lo-Mendell-Rubin
and boot-strapped likelihood ratio tests; and higher entropy values. A three-class model was
preferable over two- and four-class models (Table 1). We assigned participants to the latent
profile for which they had the highest posterior probability of membership. We named the
profiles ‘low psychosocial stress’ (38% of participants assigned), ‘moderate psychosocial stress’
(44% of participants assigned), and ‘high psychosocial stress’ (18% of participants assigned),
based on the distribution of PSS-10, PCL-C, and RSHS scores in each class (Table 2). The

Table 2. Patterns of perceived stress, posttraumatic stress, and race- and gender-based harassment by latent profile membership (3-class model).

Latent profile 1: low psychosocial stress Latent profile 2: moderate psychosocial stress Latent profile 3: high psychosocial stress
(n=34) (n =40) (n=16)
median (IQR) median (IQR) median (IQR)

PSS-10* | 11.5 (8-16) 17 (14.5-21) 26 (22.5-29.5)

PCL-C | 24 (21-27) 44.5 (40.5-51.5) 67.5 (64-71)

RSHS® | 6.5 (0-21) 21 (6-34) 34.5 (22.5-52)

Abbreviations: IQR, interquartile range; PSS-10, PCL-C, PTSD Checklist-Civilian Version; Perceived Stress Scale; RSHS, Racialized Sexual Harassment Scale.

* The PSS-10 is a 10-item, 5-point Likert scale that measures perceived stress in the last month. Response options range from “never” (assigned a score of 0) to “very
often” (assigned a score of 4) and four positively stated items are reverse-coded. The possible range of the total score is 0-40.

® The PCL-C is a 17-item, 5-point Likert scale that measures symptoms of posttraumatic stress disorder in the last month. Response options range from “not at all”
(assigned a score of 1) to “extremely” (assigned a score of 5). The possible range of the total score is 17-85.

© The RSHS is a 21-item, 5-point Likert scale that measures experiences of race- and gender-based harassment in the last year. Response options range from “never”

(assigned a score of 0) to “very often” (assigned a score of 4). The possible range of the total score is 0-84.

https://doi.org/10.1371/journal.pone.0261746.t1002
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mean probability of membership for each respective profile was 0.98 for women in the low
psychosocial stress profile, 0.91 for women in the moderate psychosocial stress profile, and
0.99 for women in the high psychosocial stress profile.

We used linear regression, overall and stratified by HIV serostatus, to evaluate the associa-
tion between latent class and the composite biomarker index. Although ordinal regression is a
possible alternative, because the difference between the scores of 0 and 1, 1 and 2, 2 and 3, and
3 and 4 have the same interpretation (i.e., one additional biomarker in the high-risk range), we
were able to appropriately harness the greater statistical power of linear regression for this
analysis. This increased power is particularly useful in this study with a smaller sample size.
This approach has been applied successfully elsewhere [72-76]. In full multivariable models,
we adjusted for socio-demographics, behavioral factors, menopausal status, BMI, and CD4+
cell count and HIV viral load (among WLWH only). Given the sample size, we also created
parsimonious models by removing covariates with the highest p-values from full multivariable
models in a stepwise manner until the maximum adjusted R-squared value was reached,
beyond which further covariate removal would result in lower adjusted R-squared values. Age,
race/ethnicity, and HIV status (in the overall sample) were retained in parsimonious models
regardless of p-values. We also assessed associations between CD4+ cell count/HIV viral load
and the composite biomarker index.

Regression analyses were further conducted separately among all non-Hispanic Black par-
ticipants, non-Hispanic Black WLWH, and non-Hispanic Black HIV-negative women. Recog-
nizing that Black individuals who identify with at least one other race (i.e., biracial, mixed-
race, or multiracial individuals) are often racialized as Black, yet have unique experiences asso-
ciated with existing at the intersections of multiple racial identities, we conducted these sub-
group analyses once among participants who identified exclusively as Black and again among
all participants who identified as Black regardless of whether they also identified with another
race. There were insufficient sample sizes to conduct similar analyses among other racial/eth-
nic subgroups.

In sensitivity analyses, we repeated analyses with data excluded for participants who
reported either not collecting all urine during the 12-hour period or use of substances on the
day of urine collection that could have influenced biomarker concentrations (i.e., heavy alco-
hol use, crack cocaine use). P-values <0.05 were considered statistically significant. Statistical
analyses (except latent profile analysis) were conducted using SAS Version 9.4.

Results
Participant characteristics

Among 90 participants, 56 (62%) were WLWH. Characteristics are provided in Table 3 for the
full sample and stratified by HIV serostatus. Socio-demographics were similar between
WLWH and HIV-negative women. Overall, the median age was 55 years (IQR: 49-62; range:
36-73), 53% were non-Hispanic Black, 34% were multiracial, 6% were non-Hispanic white,
and 6% were Hispanic. One-third of participants were current smokers, 8% reported recent
substance use, and 27% reported current use of a prescribed psychotropic medication. WLWH
were more likely than HIV-negative women to abstain from alcohol use (66% vs. 27%). Nearly
three-quarters of women (72%) were postmenopausal and median BMI was 32.6 kg/m? (IQR:
28.5-38.4). Among WLWH, 91% currently used antiretroviral therapy (66% with an integrase
strand transfer inhibitor; 30% with a non-nucleoside reverse transcriptase inhibitor; 16% with
a protease inhibitor), 86% had CD4+ cell counts >500 cells/pL, and 89% had HIV viral loads
<20 copies/mL.
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Table 3. Characteristics by HIV serostatus among women in the Women’s Interagency HIV Study, Washington, DC, 2019-2020 (n = 90).

Overall (n = 90) WLWH (n = 56) HIV-negative women (n = 34)
n (%) n (col %) n (col %)

Socio-demographics
Age (years), median (IQR) 55 (49-62) 54.5 (50-62) 55.5 (49-61) 0.69
Race/ethnicity 0.79*

Non-Hispanic Black 48 (53.3) 31 (55.4) 17 (50.0)

Non-Hispanic white 5(5.6) 4(7.1) 1(2.9)

Hispanic 5(5.6) 3(5.6) 2 (5.9)

Other® 32 (35.6) 18 (32.1) 14 (41.2)
Education at study entry 0.56

Did not complete high school 14 (15.6) 10 (17.9) 4(11.8)

Completed high school 37 (41.1) 24 (42.9) 13 (38.2)

Attended or completed college 39 (53.3) 22(39.3) 17 (50.0)
Income <$30,000 per year 62 (68.9) 41(73.2) 21 (61.8) 0.26
Behavioral characteristics
Current smoker 30 (33.3) 17 (30.4) 13 (38.2) 0.44
Current alcohol use 0.0004*

Abstainer 46 (51.1) 37 (66.1) 9 (26.5)

1-7 drinks/week 39 (43.3) 18 (32.1) 21 (61.8)

8-12 drinks/week 2(2.2) 0(0) 2 (5.9)

>13 drinks/week 3(3.3) 1(1.8) 2(5.9)
Recent substance use since last visit® 7(7.8) 4(7.1) 3(8.8) 1.0%
Use of prescribed psychotropic medication 24 (26.7) 18 (32.1) 6(17.7) 0.13
Cardiometabolic factors
Postmenopausal 65 (72.2) 44 (78.6) 21 (61.8) 0.084
Body mass index (kg/mz), median (IQR) 32.6 (28.5-38.4) 31.3(28.3-38.1) 35.0 (28.6-41.8) 0.096
Psychosocial stress
PSS-10%, median (IQR) 17 (12-22) 16 (10-21) 17 (13-24) 0.17
PCL-C¢, median (IQR) 41 (26-52) 40 (26-52) 42.5 (25-57) 0.45
RSHS', median (IQR) 18 (4-34) 12.5 (2.5-31.5) 21.5 (6-36) 0.34
Latent profile membership 0.44

Low psychosocial stress 34 (37.8) 24 (42.9) 10 (29.4)

Moderate psychosocial stress 40 (44.4) 23 (41.1) 17 (50.0)

High psychosocial stress 16 (17.8) 9 (16.1) 7 (20.6)

Abbreviations: IQR, interquartile range; PSS-10, PCL-C, PTSD Checklist-Civilian Version; Perceived Stress Scale; RSHS, Racialized Sexual Harassment Scale; WLWH,

women living with HIV; col, column.

* P-values for race/ethnicity, current alcohol use, and recent substance use were obtained using Fisher’s exact testing.

® Other race/ethnicity includes 1 American Indian/Alaska Native participant and 31 multiracial participants. Among multiracial participants, reported races included

Black (n = 28), American Indian/Alaska Native (n = 24), white (n = 18), Asian (n = 4), and Native Hawaiian/Pacific Islander (n = 1) (non-mutually exclusive categories).

© Substance use includes use of cocaine (n = 2), crack/freebase cocaine (n = 5), heroin (n = 2), or methamphetamines (n = 1).

4 The PS$S-10 is a 10-item, 5-point Likert scale that measures perceived stress in the last month. Response options range from “never” (each assigned a score of 0) to

“very often” (each assigned a score of 4) and four positively stated items are reverse-coded. The possible range of the total score is 0-40.

¢ The PCL-C is a 17-item, 5-point Likert scale that measures symptoms of posttraumatic stress disorder in the last month. Response options range from “not at all” (each

assigned a score of 1) to “extremely” (each assigned a score of 5). The possible range of the total score is 17-85.

fThe RSHS is a 21-item, 5-point Likert scale that measures experiences of race- and gender-based harassment in the last year. Response options range from “never”

(each assigned a score of 0) to “very often” (each assigned a score of 4). The possible range of the total score is 0-84.

https://doi.org/10.1371/journal.pone.0261746.1003
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Although distributions of age, race/ethnicity, HIV serostatus, current alcohol use, and BMI
were similar among participants in low, moderate, and high psychosocial stress latent profiles,
women with high psychosocial stress were more likely than women with low psychosocial
stress to not have completed high school (38% vs. 12%), have an income <$30,000 per year
(94% vs. 44%), currently smoke (50% vs. 9%), report recent substance use (19% vs. 0%), and
use a prescribed psychotropic medication (44% vs. 9%) (all p<0.05; data not shown).

Psychosocial stress

Distributions of perceived stress, posttraumatic stress, experiences of race- and gender-based
harassment, and latent profile membership were similar between WLWH and HIV-negative
women (Table 3). These measures were also similar across racial/ethnic subgroups (all
p>0.30), although there were small numbers of non-Hispanic white and Hispanic participants.
Psychosocial stress measures were moderately correlated: p = 0.65 for the correlation between
PSS-10 and PCL-C scores (p<0.0001); p = 0.35 for the correlation between PSS-10 and RSHS
scores (p = 0.0008); and p = 0.46 for the correlation between PCL-C and RSHS scores
(p<0.0001).

Urine collection compliance and behaviors

The median duration between participants’ study visit and the start of their 12-hour overnight
urine collection was 1 day (IQR: 0-5; range: 0-19). The majority of participants (n = 83; 92%)
reported collecting their urine every time they urinated during the 12-hour collection period,
whereas the remaining seven participants reported missing exactly one void. An additional
four participants (4%) reported that more than a few drops of urine were missing from the col-
lection container due to another reason such as spilling. Aside from one reported asthma
attack, no respiratory illnesses (e.g., cold, flu), fevers, or other acute illnesses were reported
during the collection period. Three participants (3%) reported alcohol use (two reported one
drink and one reported five drinks), five (6%) reported marijuana use, and one (1%) reported
crack cocaine use on the day of the collection. Most (n = 75; 83%) reported waking up at least
once during the night of the collection.

Neuroendocrine biomarkers

Distributions of neuroendocrine biomarker concentrations stratified by HIV serostatus are
provided in Fig 1 and Table 4. Based on distribution percentiles in the sample, high-risk quar-
tiles were defined as >18.9 pg/g creatinine for urinary free cortisol, <35 pg/dL for serum
DHEA-S, >3.7 ug/g creatinine for urinary epinephrine, and >43.9 ug/g creatinine for urinary
norepinephrine. Overall, the value for the composite neuroendocrine biomarker index was 0
for 33 participants (37%), 1 for 32 participants (36%), 2 for 16 participants (18%), 3 for eight
participants (9%), and 4 for one participant (1%). The distribution of the composite biomarker
index was similar between WLWH and HIV-negative women (p = 0.47).

Regarding specific biomarkers, DHEA-S concentrations were lower among WLWH
(median 47 pg/dL) compared with HIV-negative women (median 73 ug/dL; p = 0.0048),
whereas distributions of cortisol, epinephrine, and norepinephrine were similar. After adjust-
ing for light (B = 6.6; p = 0.52) and moderate/heavy (B = 58.9; p = 0.0066) alcohol use and psy-
chotropic medication use (B = -21.4; p = 0.046), WLWH no longer had significantly lower
serum DHEA-S concentrations compared with HIV-negative women (B = -11.0; 95% confi-
dence interval [CI]: -31.3, 9.3; p = 0.29).

Biomarkers were not different across racial/ethnic subgroups (p = 0.12 for cortisol; p = 0.82
for epinephrine; p = 0.96 for norepinephrine; p = 0.60 for composite biomarker index),
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Fig 1. Dot and box plots of concentrations of (A) urinary free cortisol, (B) serum DHEA-S, (C) urinary epinephrine, and (D) urinary
norepinephrine by HIV serostatus (n = 90). Laboratory test results below the lower limit of quantification were coded as 0 (n = 5 for urinary free
cortisol, n = 52 for urinary epinephrine, and n = 1 for urinary norepinephrine). The central line, top border, and bottom border of box plots represent
the median, 25th, and 75th percentiles, respectively, and the whiskers display 1.5 times the interquartile range. Abbreviations: DHEA-S,
dehydroepiandrosterone sulfate; WLWH, women living with HIV.

https://doi.org/10.1371/journal.pone.0261746.g001

although DHEA-S showed a trend toward significance: median 49 pg/dL (IQR: 32-77) among
non-Hispanic Black women, median 57 pg/dL (IQR: 46-64) among non-Hispanic white
women, median 119 pug/dL (IQR: 75-178) among Hispanic women, and median 64 pg/dL
(IQR: 30-92) among multiracial or American Indian/Alaska Native women (p = 0.064).

Association between latent profile and composite neuroendocrine
biomarker index

Unadjusted and adjusted associations between psychosocial stress latent profile and the com-
posite neuroendocrine biomarker index are presented in Table 5 for all women, WLWH, and
HIV-negative women. Prior to covariate adjustment, women with moderate psychosocial
stress had a 0.51-higher (95% CI: 0.06, 0.97) mean composite biomarker index compared with
women with low psychosocial stress. Among WLWH, women with high psychosocial stress
had a 0.85-higher (95% CI: 0.06, 1.64) mean composite biomarker index compared with
women with low psychosocial stress. Associations for CD4+ T cell count and HIV viral load
(detectable vs. undetectable using a 20 copies/mL threshold) with the composite biomarker
index were not significant (p = 0.56 and p = 0.23, respectively). In full multivariable models,
psychosocial stress was not significantly associated with the composite biomarker index
among all women, WLWH, or HIV-negative women. Results based on parsimonious models
were largely similar, although high (vs. low) psychosocial stress appeared marginally associated
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Table 4. Distribution of neuroendocrine biomarkers by HIV serostatus (n = 90).

Overall (n = 90) WLWH (n = 56) HIV-negative women (n = 34)
median (IQR) median (IQR) median (IQR) p
HPA axis biomarkers
Cortisol (ug/g creatinine) 9.3 (5.7-18.9) 7.8 (5.1-17.1) 12.0 (6.3-22.8) 0.12
DHEA-S (ug/dL) 58 (35-89) 47 (28-76.5) 73 (59-99) 0.0048
SNS biomarkers
Epinephrine (ug/g creatinine)® UD (UD-3.7) UD (UD-3.3) UD (UD-4.3) 0.83
Norepinephrine (ug/g creatinine) 31.1(21.1-43.9) 28.2 (19.3-41.9) 33.3(21.3-43.9) 0.40
n (%) n (col %) n (col %) P
Composite neuroendocrine biomarker index” 0.47°
0 33 (36.7) 22 (39.3) 11 (32.4)
1 32 (35.6) 17 (30.4) 15 (44.1)
2 16 (17.8) 12 (21.4) 4(11.8)
3 8 (8.9) 4(7.1) 4(11.8)
4 1(L1) 1(1.8) 0(0)

Abbreviations: DHEA-S, dehydroepiandrosterone sulfate; HPA, hypothalamic pituitary adrenal; IQR, interquartile range; SNS, sympathetic nervous system; UD,

undetectable; WLWH, women living with HIV; col, column.

* Fifty-two participants (58%) had epinephrine concentrations less than the lower limit of quantification (i.e., <2 pg per L urine).

® Calculated as the number of the four neuroendocrine biomarkers in the highest risk quartile (i.e., the upper quartile for cortisol, epinephrine, and norepinephrine, and

the lower quartile for DHEA-S).

¢ The p-value for the composite neuroendocrine biomarker index was obtained using Fisher’s exact testing.

https://doi.org/10.1371/journal.pone.0261746.t004

Table 5. Association between psychosocial stress and composite neuroendocrine biomarker index among all women and by HIV serostatus (n = 90).

Unadjusted model Full model * Parsimonious Model ®
B (95% CI) B (95% CI) p B (95% CI) P
Overall (n = 90)
Psychosocial stress latent profile membership
Low ref ref ref
Moderate 0.51 (0.06, 0.97) 0.028 0.31 (-0.25, 0.88) 0.27 0.38 (-0.12, 0.87) 0.13
High 0.33 (-0.27, 0.92) 0.28 0.31 (-0.45, 1.08) 0.41 0.38 (-0.29, 1.05) 0.26
Among WLWH (n = 56)
Psychosocial stress latent profile membership
Low ref ref ref
Moderate 0.42 (-0.17, 1.01) 0.16 0.08 (-0.82, 0.99) 0.85 0.29 (-0.36, 0.94) 0.26
High 0.85 (0.06, 1.64) 0.036 0.66 (-0.47, 1.78) 0.24 0.80 (-0.004, 1.61) 0.051
Among HIV-negative women (n = 34)
Psychosocial stress latent profile membership
Low ref ref ref
Moderate 0.61 (-0.12, 1.35) 0.10 0.61 (-0.47, 1.68) 0.25 0.64 (-0.19, 1.47) 0.13
High -0.37 (-1.28, 0.54) 0.41 -0.07 (-1.71, 1.58) 0.93 -0.21 (-1.15,0.73) 0.65

Abbreviations: CI, confidence interval; WLWH, women living with HIV; ref, reference group.

Bolded numeric values indicate p<0.05.

* Adjusted for HIV status (only in the overall sample), age, race/ethnicity, education at study entry, income, current smoking, alcohol use, recent substance use, use of a
prescribed psychotropic medication, body mass index, menopausal status, CD4+ T cell count (only among WLWH), and HIV viral load (only among WLWH).

® In the overall sample, adjusted for HIV status, age, race/ethnicity, education at study entry, income, alcohol use, recent, substance use, and body mass index. Among

WLWH, adjusted for age, race/ethnicity, income, current smoking, and body mass index. Among HIV-negative women, adjusted for age, race/ethnicity, education at

study entry, current smoking, and recent substance use.

https://doi.org/10.1371/journal.pone.0261746.1005
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Table 6. Association between psychosocial stress and composite neuroendocrine biomarker index among monoracial non-Hispanic Black women overall and by
HIV serostatus (n = 48).

Unadjusted model Full model * Parsimonious Model
B (95% CI) p B (95% CI) p B (95% CI) p
Overall (n = 48)
Psychosocial stress latent profile membership
Low ref ref ref
Moderate 0.53 (-0.06, 1.13) 0.078 | 0.30 (-0.42, 1.03) 0.40 0.33 (-0.24, 0.90) 0.25
High 0.73 (-0.11, 1.57) 0.088 1.32 (0.20, 2.43) 0.022 1.31 (0.41, 2.21) 0.0053
Among WLWH (n = 31)
Psychosocial stress latent profile membership
Low ref ref ref
Moderate 0.37 (-0.35, 1.09) 0.30 0.13 (-1.41, 1.68) 0.86 0.06 (-0.76, 0.88) 0.88
High 0.98 (0.01, 1.96) 0.049 1.93 (0.02, 3.83) 0.048 1.64 (0.54, 2.73) 0.0052
Among HIV-negative women (n = 17)
Psychosocial stress latent profile membership
Low ref ref ref
Moderate 0.72 (-0.37, 1.81) 0.18 0.36 (-0.66, 1.38) 0.38 0.32 (-0.41, 1.06) 0.32
High 0.17 (-1.52, 1.86) 0.84 2.54 (0.41, 4.67) 0.030 2.51 (0.93, 4.08) 0.0080

Abbreviations: CI, confidence interval; WLWH, women living with HIV; ref, reference group.

Bolded numeric values indicate p<0.05.

* Adjusted for HIV status (only in the overall sample), age, education at study entry, income, current smoking, alcohol use, recent substance use, use of a prescribed
psychotropic medication, body mass index, menopausal status, CD4+ T cell count (only among WLWH), and HIV viral load (only among WLWH).

® In the overall sample, adjusted for HIV status, age, income, alcohol use, recent substance use, and body mass index. Among WLWH, adjusted for age, recent substance
use, use of a prescribed psychotropic medication, and HIV viral load. Among HIV-negative women, adjusted for age, education at study entry, current smoking, alcohol

use, recent substance use, body mass index, and menopausal status.

https://doi.org/10.1371/journal.pone.0261746.1006

with higher mean composite biomarker index values among WLWH (B = 0.80; 95% CI:
-0.004, 1.61).

Unadjusted and adjusted associations among the subgroup of non-Hispanic Black women
identifying exclusively as Black (and not another race) are presented in Table 6. Prior to covar-
iate adjustment, monoracial Black WLWH with high psychosocial stress had a 0.98-higher
(95% CI: 0.01, 1.96) mean composite biomarker index compared with monoracial Black
WLWH with low psychosocial stress. In full multivariable models, high (vs. low) psychosocial
stress was positively and significantly associated with higher mean composite biomarker index
values among all monoracial Black women (B = 1.32; 95% CI: 0.20, 2.43), monoracial Black
WLWH (B = 1.93; 95% CI: 0.02, 3.83), and monoracial Black HIV-negative women (f = 2.54;
95% CI: 0.41, 4.67). Results based on parsimonious models were similar. Associations were
attenuated and none remained significant in analyses among all non-Hispanic Black women,
which included those who identified exclusively as Black plus those who also identified with
another race (data not shown).

Sensitivity analyses

Results were similar after excluding 13 participants who reported either not collecting their
urine every time they urinated during the collection period, losing more than a few drops of
urine from the collection container due to spilling, or heavy alcohol use (i.e., 5 drinks) or crack
cocaine use on the day of the collection. In multivariable models, psychosocial stress was not
significantly associated with the composite biomarker index among all women, all WLWH, or
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all HIV-negative women. Among monoracial non-Hispanic Black women, high (vs. low) psy-
chosocial stress remained positively and significantly associated with higher mean composite
biomarker index values based on results from full multivariable models: § = 1.41 (95% CI:
0.23, 2.59; p = 0.021) among all Black women, 8 = 2.17 (95% CI: 0.16, 4.17; p = 0.037) among
Black WLWH, and B = 2.25 (95% CI: 1.37, 3.13; p = 0.0038) among Black HIV-negative
women.

After using a bidirectional cutoff to define the high-risk quartile for urinary free cortisol
(i.e., <2.9 ug/g creatinine or >29.1 ug/g creatinine), the fully adjusted association between
latent profile and the composite biomarker index remained non-significant for all women, all
WLWH, and all HIV-negative women. The fully adjusted association between high (vs. low)
psychosocial stress and the composite biomarker index was attenuated among all monoracial
Black women (B = 1.11; 95% CI: -0.17, 2.38; p = 0.086), whereas it changed little among mono-
racial Black WLWH (B = 1.88; 95% CI: 0, 3.76; p = 0.050) and monoracial Black HIV-negative
women (B = 2.70; 95% CI: 0.23, 5.17; p = 0.039).

Discussion

In this study, we found a null association between psychosocial stress and a composite neuro-
endocrine biomarker index among the overall sample of WLWH and HIV-negative women
and did not find evidence of a difference in this association between WLWH and HIV-nega-
tive women. However, our data demonstrate that higher levels of self-reported psychosocial
stress were associated with more extreme concentrations of neuroendocrine biomarkers spe-
cifically among Black WLWH and HIV-negative women, although this was only the case
among monoracial Black participants (and not among all Black participants, including those
who identified with at least one other race). By incorporating multiple measures of psychoso-
cial stress (i.e., general perceived stress, posttraumatic stress, and experiences of race- and
gender-based harassment), we were able to more fully capture different domains of stress expe-
rienced by women. Given the strength of the association detected among subgroups of Black
WLWH and HIV-negative women, findings among Black women reached statistical signifi-
cance even with a relatively small sample size. Although this cross-sectional study cannot
establish temporality or causality, our findings provide some support that psychosocial stress
promotes hyperactivity of the HPA axis and SNS among Black WLWH and those who are
HIV-negative, and highlights a potential mechanism by which chronic stress could contribute
to increased inflammation and metabolic or cardiovascular abnormalities over time. Impor-
tantly, in this study, psychosocial stress appeared to be relevant in these neural pathways irre-
spective of HIV status. Additional studies are needed to further distinguish the relative
contributions of psychosocial stressors from the effects of chronic HIV infection.

This study builds upon prior research examining correlates of composite biomarker indices
based on neuroendocrine, inflammatory, metabolic, and/or cardiovascular markers among
other subpopulations of PLWH [53-57]. Previously identified correlates of having greater
composite biomarker index values have included HIV-positive status among Black and Latina
mothers [54], lower psychological resilience among older Black PLWH [56], PTSD among
Black bisexual men living with HIV [55], and adverse childhood experiences among middle-
aged PLWH [53]. We specifically focused on neuroendocrine biomarkers, which are proximal
markers of HPA axis and SNS activation that influence inflammation and metabolic and car-
diovascular dysfunction [28, 58, 59]. Unlike prior similar studies, we measured an intersec-
tional form of stress experienced by women of color (i.e., race- and gender-related).

Although results were null for the larger sample of women of all races and ethnicities, our
findings for Black WLWH and HIV-negative women are consistent with prior research of
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discrimination and neuroendocrine activity among Black populations. The association
between racial discrimination and HPA axis dysregulation due to repeated and prolonged cor-
tisol secretion is well documented in Black Americans [77-79]. Greater racial discrimination
has also been linked to increased catecholamine activity among Black men and women [80,
81]. Importantly, some evidence suggests that protective factors such as higher educational
attainment, higher income, and greater religious engagement can buffer the association
between discrimination and neuroendocrine activity among Black Americans [82, 83].

Although we assessed recent experiences of race- and gender-related harassment, our use of
general symptom-based measures for perceived stress and posttraumatic stress limited our
ability to identify the sources of those types of stress reported by participants. Previously
reported stressors among WLWH have included difficulties with HIV serostatus disclosure,
challenges with medication adherence, HIV-related discrimination, mental health or sub-
stance use problems, relationship challenges, caretaking for family members, and financial dif-
ficulties [84]. Null findings among the overall study population may have been related to the
use of general measures for perceived and posttraumatic stress. Such general forms of stress
may have had limited influence on the neuroendocrine biomarkers evaluated in this study.

Results should be interpreted within the context of several limitations. First, a 12-hour over-
night urine collection period was chosen because it was more practical and acceptable for
study participants compared with a full 24-hour collection period. Thus, biomarker measures
correspond to the nadir of HPA axis and SNS activity and do not reflect the full diurnal cycle
of cortisol, norepinephrine, and epinephrine release. Second, sample sizes were relatively small
in analyses stratified by HIV status and/or restricted to non-Hispanic Black participants,
which resulted in less precise estimates for associations. There were too few white and His-
panic participants to meaningfully conduct analyses among those racial/ethnic subgroups.
Third, we used data-driven methods to classify psychosocial stress as low, moderate, or high
(i.e., latent profile analysis) and to define high-risk ranges for each biomarker (i.e., upper or
lower quartiles). While this approach facilitated comparisons of composite biomarker index
values according to varying degrees of stress levels within the sample, it limits our ability to
determine whether stress levels and biomarker concentrations were clinically meaningful. This
initial study demonstrated feasibility and additional research should evaluate the association
between levels of stress and clinical endpoints. Fourth, covariates were measured at core
WIHS visits that occurred up to nine months before the date of data collection for this study.
The fact that values for time-varying covariates could have changed between when they were
measured and when psychosocial stress and neuroendocrine biomarkers were measured could
have resulted in residual confounding. Fifth, we lacked data on relevant behavioral factors
such as regular diet, exercise, and sleep habits, which could have resulted in unmeasured
confounding.

Conclusions

In summary, this study found that higher levels of psychosocial stress were associated with
more extreme concentrations of neuroendocrine biomarkers among monoracial Black women
living with or without HIV, but not among the larger study population. Findings point to a
plausible mechanism by which chronic stress could contribute to increased inflammation and
metabolic or cardiovascular abnormalities over time among Black WLWH and HIV-negative
women. Future research with larger study samples should evaluate whether this association
differs by HIV status among Black women, by race or ethnicity among WLWH, or by gender
among PLWH. The effects of psychosocial stress and neuroendocrine biomarker concentra-
tions on inflammatory, metabolic, and cardiovascular outcomes among WLWH should also
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be further evaluated. Finally, research is needed to determine if interventions to manage or
reduce psychosocial stress can influence clinical outcomes among Black and other WLWH.

Acknowledgments

We would like to thank Margo Daniel, Dao Mai, Kimberly Bennett, Millicent Rawle, Kathleen
Digilio, Mable Torre, Sheree Bailey-Johnson, Gloria Woodfork, Cuiwei Wang, and all study
participants for their important contributions to this research project. Data in this manuscript
were collected by the Women’s Interagency HIV Study (WIHS), now the MACS/WIHS Com-
bined Cohort Study (MWCCS). MWCCS (Principal Investigators): Data Analysis and Coordi-
nation Center (Gypsyamber D’Souza, Stephen Gange, and Elizabeth Golub); and Metropolitan
Washington Clinical Research Site (Seble Kassaye and Daniel Merenstein). The contents of
this publication are solely the responsibility of the authors and do not represent the official
views of the National Institutes of Health (NIH).

Author Contributions

Conceptualization: Matthew E. Levy, Sabyasachi Sen, Amanda D. Castel, Michael Plankey,
Sherry Molock, Federico Asch, Lakshmi Goparaju, Seble Kassaye.

Formal analysis: Matthew E. Levy, Ansley Waters, Sabyasachi Sen, Amanda D. Castel,
Michael Plankey, Sherry Molock, Federico Asch, Lakshmi Goparaju, Seble Kassaye.

Funding acquisition: Matthew E. Levy, Sabyasachi Sen, Amanda D. Castel, Michael Plankey,
Sherry Molock, Federico Asch, Lakshmi Goparaju, Seble Kassaye.

Investigation: Matthew E. Levy, Ansley Waters, Sabyasachi Sen, Amanda D. Castel, Michael
Plankey, Sherry Molock, Federico Asch, Lakshmi Goparaju, Seble Kassaye.

Project administration: Matthew E. Levy, Lakshmi Goparaju, Seble Kassaye.
Writing - original draft: Matthew E. Levy, Ansley Waters.

Writing - review & editing: Matthew E. Levy, Ansley Waters, Sabyasachi Sen, Amanda D.
Castel, Michael Plankey, Sherry Molock, Federico Asch, Lakshmi Goparaju, Seble Kassaye.

References

1. Feinstein MJ, Bahiru E, Achenbach C, Longenecker CT, Hsue P, So-Armah K, et al. Patterns of cardio-
vascular mortality for HIV-infected adults in the United States: 1999 to 2013. American J Cardiol. 2016;
117: 214-220. https://doi.org/10.1016/j.amjcard.2015.10.030 PMID: 26639041

2. Hanna DB, Ramaswamy C, Kaplan RC, Kizer JR, Daskalakis D, Anastos K, et al. Sex-and poverty-spe-
cific patterns in HIV-associated cardiovascular disease mortality in New York City, 2007—2017. Clin
Infect Dis. 2020; 71: 491-498. https://doi.org/10.1093/cid/ciz852 PMID: 31504325

3. Shah ASV, Stelzle D, Lee KK, Beck EJ, Alam S, Clifford S, et al. Global burden of atherosclerotic cardio-
vascular disease in people living with HIV: systematic review and meta-analysis. Circulation. 2018; 138:
1100-1112. https://doi.org/10.1161/CIRCULATIONAHA.117.033369 PMID: 29967196

4. NouE, Lo J, Grinspoon SK. Inflammation, immune activation, and cardiovascular disease in HIV. AIDS.
2016; 30: 1495-1509. https://doi.org/10.1097/QAD.0000000000001109 PMID: 27058351

5. Hsue PY, Hunt PW, Schnell A, Kalapus SC, Hoh R, Ganz P, et al. Role of viral replication, antiretroviral
therapy, and immunodeficiency in HIV-associated atherosclerosis. AIDS. 2009; 23: 1059-1067. https://
doi.org/10.1097/QAD.0b013e32832b514b PMID: 19390417

6. Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased acute myocardial infarction rates and cardiovas-
cular risk factors among patients with human immunodeficiency virus disease. J Clin Endocrinol Metab.
2007; 92: 2506-2512. https://doi.org/10.1210/jc.2006-2190 PMID: 17456578

7. LangS, Mary-Krause M, Cotte L, Gilquin J, Partisani M, Simon A, et al. Increased risk of myocardial
infarction in HIV-infected patients in France, relative to the general population. AIDS. 2010; 24: 1228—
1230. https://doi.org/10.1097/QAD.0b013e328339192f PMID: 20400883

PLOS ONE | https://doi.org/10.1371/journal.pone.0261746 December 23, 2021 16/20


https://doi.org/10.1016/j.amjcard.2015.10.030
http://www.ncbi.nlm.nih.gov/pubmed/26639041
https://doi.org/10.1093/cid/ciz852
http://www.ncbi.nlm.nih.gov/pubmed/31504325
https://doi.org/10.1161/CIRCULATIONAHA.117.033369
http://www.ncbi.nlm.nih.gov/pubmed/29967196
https://doi.org/10.1097/QAD.0000000000001109
http://www.ncbi.nlm.nih.gov/pubmed/27058351
https://doi.org/10.1097/QAD.0b013e32832b514b
https://doi.org/10.1097/QAD.0b013e32832b514b
http://www.ncbi.nlm.nih.gov/pubmed/19390417
https://doi.org/10.1210/jc.2006-2190
http://www.ncbi.nlm.nih.gov/pubmed/17456578
https://doi.org/10.1097/QAD.0b013e328339192f
http://www.ncbi.nlm.nih.gov/pubmed/20400883
https://doi.org/10.1371/journal.pone.0261746

PLOS ONE

Psychosocial stress and neuroendocrine biomarkers among women with or without HIV

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Quiros-Roldan E, Raffetti E, Foca E, Brianese N, Ferraresi A, Paraninfo G, et al. Incidence of cardiovas-
cular events in HIV-positive patients compared to general population over the last decade: a population-
based study from 2000 to 2012. AIDS Care. 2016; 28: 1551-1558. https://doi.org/10.1080/09540121.
2016.1198750 PMID: 27321070

Womack JA, Chang CCH, So-Armah KA, Alcorn C, Baker JV, Brown ST, et al. HIV infection and cardio-
vascular disease in women. J Am Heart Assoc. 2014; 3: e001035. https://doi.org/10.1161/JAHA.114.
001035 PMID: 25324353

Stone L, Looby SE, Zanni MV. Cardiovascular disease risk among women living with HIV in North
America and Europe. Curr Opin HIV AIDS. 2017; 12: 585-593. https://doi.org/10.1097/COH.
0000000000000413 PMID: 28832367

Machtinger EL, Wilson TC, Haberer JE, Weiss DS. Psychological trauma and PTSD in HIV-positive
women: a meta-analysis. AIDS Behav. 2012; 16: 2091-2100. https://doi.org/10.1007/s10461-011-
0127-4 PMID: 22249954

Muessig KE, Panter AT, Mouw MS, Amola K, Stein KE, Murphy JS, et al. Medication-taking practices of
patients on antiretroviral HIV therapy: control, power, and intentionality. AIDS Patient Care STDS.
2015; 29: 606—616. https://doi.org/10.1089/apc.2015.0058 PMID: 26505969

Siegel K, Lekas HM. AIDS as a chronic iliness: psychosocial implications. AIDS. 2002; 16: S69-S76.
https://doi.org/10.1097/00002030-200216004-00010 PMID: 12699002

Pellowski JA, Kalichman SC, Matthews KA, Adler N. A pandemic of the poor: social disadvantage and
the U.S. HIV epidemic. Am Psychol. 2013; 68: 197—209. https://doi.org/10.1037/a0032694 PMID:
23688088

Bowleg L. The problem with the phrase women and minorities: intersectionality-an important theoretical
framework for public health. Am J Public Health. 2012; 102: 1267—1273. https://doi.org/10.2105/AJPH.
2012.300750 PMID: 22594719

Logie C, James L, Tharao W, Loutfy M. Associations between HIV-related stigma, racial discrimination,
gender discrimination, and depression among HIV-positive African, Caribbean, and Black women in
Ontario, Canada. AIDS Patient Care STDS. 2013; 27: 114-122. https://doi.org/10.1089/apc.2012.0296
PMID: 23373665

Logie CH, James L, Tharao W, Loutfy MR. HIV, gender, race, sexual orientation, and sex work: a quali-
tative study of intersectional stigma experienced by HIV-positive women in Ontario, Canada. PLoS
Med. 2011; 8: e1001124. https://doi.org/10.1371/journal.pmed.1001124 PMID: 22131907

Calabrese SK, Meyer IH, Overstreet NM, Haile R, Hansen NB. Exploring discrimination and mental
health disparities faced by Black sexual minority women using a minority stress framework. Psychol
Women Q. 2015; 39: 287-304. https://doi.org/10.1177/0361684314560730 PMID: 26424904

Mclntosh RC, Rosselli M. Stress and coping in women living with HIV: a meta-analytic review. AIDS
Behav. 2012; 16: 2144-2159. https://doi.org/10.1007/s10461-012-0166-5 PMID: 22434282

Centers for Disease Control and Prevention. HIV surveillance report, 2019. Vol. 32; 2021. hitp://www.
cdc.gov/hiv/library/reports/hiv-surveillance.html. Accessed 20 August 2021.

Perry BL, Harp KLH, Oser CB. Racial and gender discrimination in the stress process: implications for
African American women’s health and well-being. Sociol Perspect. 2013; 56: 25-48. PMID: 24077024

Thomas AJ, Witherspoon KM, Speight SL. Gendered racism, psychological distress, and coping styles
of African American women. Cultur Divers Ethnic Minor Psychol. 2008; 14: 307-314. https://doi.org/10.
1037/1099-9809.14.4.307 PMID: 18954166

Spates K, Evans N, James TA, Martinez K. Gendered racism in the lives of Black women: a qualitative
exploration. J Black Psychol. 2020; 46: 583—-606.

Lewis JA, Williams MG, Peppers EJ, Gadson CA. Applying intersectionality to explore the relations
between gendered racism and health among Black women. J Couns Psychol. 2017; 64: 475-486.
https://doi.org/10.1037/cou0000231 PMID: 29048194

Stevens-Watkins D, Perry B, Pullen E, Jewell J, Oser CB. Examining the associations of racism, sex-
ism, and stressful life events on psychological distress among African-American women. Cultur Divers
Ethnic Minor Psychol. 2014; 20: 561-569. https://doi.org/10.1037/a0036700 PMID: 25313434

Dale SK, Safren SA. Gendered racial microaggressions predict posttraumatic stress disorder symp-
toms and cognitions among Black women living with HIV. Psychol Trauma. 2019; 11: 685-694. https:/
doi.org/10.1037/tra0000467 PMID: 31033304

Dale SK, Dean T, Sharma R, Reid R, Saunders S, Safren SA. Microaggressions and discrimination
relate to barriers to care among Black women living with HIV. AIDS Patient Care STDs. 2019; 33: 175—
183. https://doi.org/10.1089/apc.2018.0258 PMID: 30932695

Steptoe A, Kiviméaki M. Stress and cardiovascular disease. Nat Rev Cardiol. 2012; 9: 360—370. https://
doi.org/10.1038/nrcardio.2012.45 PMID: 22473079

PLOS ONE | https://doi.org/10.1371/journal.pone.0261746 December 23, 2021 17/20


https://doi.org/10.1080/09540121.2016.1198750
https://doi.org/10.1080/09540121.2016.1198750
http://www.ncbi.nlm.nih.gov/pubmed/27321070
https://doi.org/10.1161/JAHA.114.001035
https://doi.org/10.1161/JAHA.114.001035
http://www.ncbi.nlm.nih.gov/pubmed/25324353
https://doi.org/10.1097/COH.0000000000000413
https://doi.org/10.1097/COH.0000000000000413
http://www.ncbi.nlm.nih.gov/pubmed/28832367
https://doi.org/10.1007/s10461-011-0127-4
https://doi.org/10.1007/s10461-011-0127-4
http://www.ncbi.nlm.nih.gov/pubmed/22249954
https://doi.org/10.1089/apc.2015.0058
http://www.ncbi.nlm.nih.gov/pubmed/26505969
https://doi.org/10.1097/00002030-200216004-00010
http://www.ncbi.nlm.nih.gov/pubmed/12699002
https://doi.org/10.1037/a0032694
http://www.ncbi.nlm.nih.gov/pubmed/23688088
https://doi.org/10.2105/AJPH.2012.300750
https://doi.org/10.2105/AJPH.2012.300750
http://www.ncbi.nlm.nih.gov/pubmed/22594719
https://doi.org/10.1089/apc.2012.0296
http://www.ncbi.nlm.nih.gov/pubmed/23373665
https://doi.org/10.1371/journal.pmed.1001124
http://www.ncbi.nlm.nih.gov/pubmed/22131907
https://doi.org/10.1177/0361684314560730
http://www.ncbi.nlm.nih.gov/pubmed/26424904
https://doi.org/10.1007/s10461-012-0166-5
http://www.ncbi.nlm.nih.gov/pubmed/22434282
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.ncbi.nlm.nih.gov/pubmed/24077024
https://doi.org/10.1037/1099-9809.14.4.307
https://doi.org/10.1037/1099-9809.14.4.307
http://www.ncbi.nlm.nih.gov/pubmed/18954166
https://doi.org/10.1037/cou0000231
http://www.ncbi.nlm.nih.gov/pubmed/29048194
https://doi.org/10.1037/a0036700
http://www.ncbi.nlm.nih.gov/pubmed/25313434
https://doi.org/10.1037/tra0000467
https://doi.org/10.1037/tra0000467
http://www.ncbi.nlm.nih.gov/pubmed/31033304
https://doi.org/10.1089/apc.2018.0258
http://www.ncbi.nlm.nih.gov/pubmed/30932695
https://doi.org/10.1038/nrcardio.2012.45
https://doi.org/10.1038/nrcardio.2012.45
http://www.ncbi.nlm.nih.gov/pubmed/22473079
https://doi.org/10.1371/journal.pone.0261746

PLOS ONE

Psychosocial stress and neuroendocrine biomarkers among women with or without HIV

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

Miller DB, O’Callaghan JP. Neuroendocrine aspects of the response to stress. Metabolism. 2002; 51:
5-10. https://doi.org/10.1053/meta.2002.33184 PMID: 12040534

Hamer M. Psychosocial stress and cardiovascular disease risk: the role of physical activity. Psychosom
Med. 2012; 74: 896—9083. https://doi.org/10.1097/PSY.0b013e31827457f4 PMID: 23107839

Stults-Kolehmainen MA, Sinha R. The effects of stress on physical activity and exercise. Sports Med.
2014; 44: 81-121. https://doi.org/10.1007/s40279-013-0090-5 PMID: 24030837

Isasi CR, Parrinello CM, Jung MM, Carnethon MR, Birnbaum-Weitzman O, Espinoza RA, et al. Psycho-
social stress is associated with obesity and diet quality in Hispanic/Latino adults. Ann Epidemiol. 2015;
25: 84—89. https://doi.org/10.1016/j.annepidem.2014.11.002 PMID: 25487969

Siegel A, Korbman M, Erblich J. Direct and indirect effects of psychological distress on stress-induced
smoking. J Stud Alcohol Drugs. 2017; 78: 930-937. https://doi.org/10.15288/jsad.2017.78.930 PMID:
29087829

Levy M, Anastos K, Levine SR, Plankey M, Castel AD, Molock S, et al. Depression and psychosocial
stress are associated with subclinical carotid atherosclerosis among women living with HIV. J Am Heart
Assoc. 2020; 9: e016425. https://doi.org/10.1161/JAHA.120.016425 PMID: 32564652

Kivimaki M, Virtanen M, Elovainio M, Kouvonen A, Vaananen A, Vahtera J. Work stress in the etiology
of coronary heart disease—a meta-analysis. Scand J Work Environ Health. 2006; 32: 431-442. https://
doi.org/10.5271/sjweh.1049 PMID: 17173200

Edmondson D, Kronish IM, Shaffer JA, Falzon L, Burg MM. Posttraumatic stress disorder and risk for
coronary heart disease: a meta-analytic review. Am Heart J. 2013; 166: 806—814. https://doi.org/10.
1016/j.ahj.2013.07.031 PMID: 24176435

Lukachko A, Hatzenbuehler ML, Keyes KM. Structural racism and myocardial infarction in the United
States. Soc Sci Med. 2014; 103: 42-50. https://doi.org/10.1016/j.socscimed.2013.07.021 PMID:
24507909

Chae DH, Nuru-Jeter AM, Lincoln KD, Arriola KRJ. Racial discrimination, mood disorders, and cardio-
vascular disease among black Americans. Annals Epidemiol. 2012; 22: 104-111.

Ayotte BJ, Hausmann LR, Whittle J, Kressin NR. The relationship between perceived discrimination
and coronary artery obstruction. Am Heart J. 2012; 163: 677—683. https://doi.org/10.1016/j.ahj.2012.
01.006 PMID: 22520534

Lewis TT, Williams DR, Tamene M, Clark CR. Self-reported experiences of discrimination and cardio-
vascular disease. Curr Cardiovasc Risk Rep. 2014; 8: 365. https://doi.org/10.1007/s12170-013-0365-2
PMID: 24729825

Juster RP, McEwen BS, Lupien SJ. Allostatic load biomarkers of chronic stress and impact on health
and cognition. Neurosci Biobehav Rev. 2010; 35: 2-16. https://doi.org/10.1016/j.neubiorev.2009.10.
002 PMID: 19822172

Karlamangla AS, Singer BH, McEwen BS, Rowe JW, Seeman TE. Allostatic load as a predictor of func-
tional decline: MacArthur studies of successful aging. J Clin Epidemiol. 2002; 55: 696—710. https://doi.
org/10.1016/s0895-4356(02)00399-2 PMID: 12160918

McClain AC, Xiao RS, Gao X, Tucker KL, Falcon LM, Mattei J. Food Insecurity and odds of high allo-
static load in Puerto Rican adults: the role of participation in the Supplemental Nutrition Assistance Pro-
gram during 5 years of follow-up. Psychosom Med. 2018; 80: 733—741. https://doi.org/10.1097/PSY.
0000000000000628 PMID: 30045347

Nugent KL, Chiappelli J, Rowland LM, Hong LE. Cumulative stress pathophysiology in schizophrenia
as indexed by allostatic load. Psychoneuroendocrinology. 2015; 60: 120—129. https://doi.org/10.1016/].
psyneuen.2015.06.009 PMID: 26142568

Lehrner A, Flory JD, Bierer LM, Makotkine |, Marmar CR, Yehuda R. Sexual dysfunction and neuroen-
docrine correlates of posttraumatic stress disorder in combat veterans: preliminary findings. Psycho-
neuroendocrinology. 2016; 63: 271-275. https://doi.org/10.1016/j.psyneuen.2015.10.015 PMID:
26529050

Bellingrath S, Weigl T, Kudielka BM. Chronic work stress and exhaustion is associated with higher allos-
tastic load in female school teachers. Stress. 2009; 12: 37—48. https://doi.org/10.1080/
10253890802042041 PMID: 18951244

Dowd JB, Goldman N. Do biomarkers of stress mediate the relation between socioeconomic status and
health? J Epidemiol Community Health. 2006; 60: 633—639. https://doi.org/10.1136/jech.2005.040816
PMID: 16790837

Piazza JR, Almeida DM, Dmitrieva NO, Klein LC. Frontiers in the use of biomarkers of health in
research on stress and aging. J Gerontol B Psychol Sci Soc Sci. 2010; 65: 513-525. https://doi.org/10.
1093/geronb/ghq049 PMID: 20647348

PLOS ONE | https://doi.org/10.1371/journal.pone.0261746 December 23, 2021 18/20


https://doi.org/10.1053/meta.2002.33184
http://www.ncbi.nlm.nih.gov/pubmed/12040534
https://doi.org/10.1097/PSY.0b013e31827457f4
http://www.ncbi.nlm.nih.gov/pubmed/23107839
https://doi.org/10.1007/s40279-013-0090-5
http://www.ncbi.nlm.nih.gov/pubmed/24030837
https://doi.org/10.1016/j.annepidem.2014.11.002
http://www.ncbi.nlm.nih.gov/pubmed/25487969
https://doi.org/10.15288/jsad.2017.78.930
http://www.ncbi.nlm.nih.gov/pubmed/29087829
https://doi.org/10.1161/JAHA.120.016425
http://www.ncbi.nlm.nih.gov/pubmed/32564652
https://doi.org/10.5271/sjweh.1049
https://doi.org/10.5271/sjweh.1049
http://www.ncbi.nlm.nih.gov/pubmed/17173200
https://doi.org/10.1016/j.ahj.2013.07.031
https://doi.org/10.1016/j.ahj.2013.07.031
http://www.ncbi.nlm.nih.gov/pubmed/24176435
https://doi.org/10.1016/j.socscimed.2013.07.021
http://www.ncbi.nlm.nih.gov/pubmed/24507909
https://doi.org/10.1016/j.ahj.2012.01.006
https://doi.org/10.1016/j.ahj.2012.01.006
http://www.ncbi.nlm.nih.gov/pubmed/22520534
https://doi.org/10.1007/s12170-013-0365-2
http://www.ncbi.nlm.nih.gov/pubmed/24729825
https://doi.org/10.1016/j.neubiorev.2009.10.002
https://doi.org/10.1016/j.neubiorev.2009.10.002
http://www.ncbi.nlm.nih.gov/pubmed/19822172
https://doi.org/10.1016/s0895-4356%2802%2900399-2
https://doi.org/10.1016/s0895-4356%2802%2900399-2
http://www.ncbi.nlm.nih.gov/pubmed/12160918
https://doi.org/10.1097/PSY.0000000000000628
https://doi.org/10.1097/PSY.0000000000000628
http://www.ncbi.nlm.nih.gov/pubmed/30045347
https://doi.org/10.1016/j.psyneuen.2015.06.009
https://doi.org/10.1016/j.psyneuen.2015.06.009
http://www.ncbi.nlm.nih.gov/pubmed/26142568
https://doi.org/10.1016/j.psyneuen.2015.10.015
http://www.ncbi.nlm.nih.gov/pubmed/26529050
https://doi.org/10.1080/10253890802042041
https://doi.org/10.1080/10253890802042041
http://www.ncbi.nlm.nih.gov/pubmed/18951244
https://doi.org/10.1136/jech.2005.040816
http://www.ncbi.nlm.nih.gov/pubmed/16790837
https://doi.org/10.1093/geronb/gbq049
https://doi.org/10.1093/geronb/gbq049
http://www.ncbi.nlm.nih.gov/pubmed/20647348
https://doi.org/10.1371/journal.pone.0261746

PLOS ONE

Psychosocial stress and neuroendocrine biomarkers among women with or without HIV

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Gersten O. Neuroendocrine biomarkers, social relations, and the cumulative costs of stress in Taiwan.
Soc Sci Med. 2008; 66: 507-519. https://doi.org/10.1016/j.socscimed.2007.09.004 PMID: 18022742

Vogelzangs N, Beekman ATF, Milaneschi Y, Bandinelli S, Ferrucci L, Penninx BWJH. Urinary cortisol
and six-year risk of all-cause and cardiovascular mortality. J Clin Endocrinol Metab. 2010; 95: 4959
4964. https://doi.org/10.1210/jc.2010-0192 PMID: 20739384

Barrett-Connor E, Khaw KT, Yen SS. A prospective study of dehydroepiandrosterone sulfate, mortality,
and cardiovascular disease. N Engl J Med. 1986; 315: 1519-1524. https://doi.org/10.1056/
NEJM198612113152405 PMID: 2946952

Parati G, Esler M. The human sympathetic nervous system: its relevance in hypertension and heart fail-
ure. Eur Heart J. 2012; 33: 1058-66. https://doi.org/10.1093/eurheartj/ehs041 PMID: 22507981

Wallace M, Felker-Kantor E, Madkour A, Ferguson T, Welsh D, Molina P, et al. Adverse childhood expe-
riences, smoking and alcohol use, and allostatic load among people living with HIV. AIDS Behav. 2020;
24:1653-1662. https://doi.org/10.1007/s10461-019-02684-5 PMID: 31559525

Glover DA, Garcia-Aracena EF, Lester P, Rice E, Rothram-Borus MJ. Stress biomarkers as outcomes
for HIV+ prevention: participation, feasibility and findings among HIV+ Latina and African American
mothers. AIDS Behav. 2010; 14: 339-350. https://doi.org/10.1007/s10461-009-9549-7 PMID:
19350378

Glover DA, Williams JK, Kisler KA. Using novel methods to examine stress among HIV-positive African
American men who have sex with men and women. J Behav Med. 2013; 36: 283—294. https://doi.org/
10.1007/s10865-012-9421-5 PMID: 22538773

Fazeli PL, Waldrop-Valverde D, Yigit |, Turan B, Edberg J, Kempf M, et al. An exploratory study of corre-
lates of allostatic load in older people living with HIV. J Acquir Immune Defic Syndr. 2020; 83: 441—-449.
https://doi.org/10.1097/QAI1.0000000000002293 PMID: 31914006

Williams JK, Glover DA, Wyatt GE, Kisler K, Liu H, Zhang M. A sexual risk and stress reduction inter-
vention designed for HIV-positive bisexual African American men with childhood sexual abuse histories.
Am J Public Health. 2013; 103: 1476—1484. https://doi.org/10.2105/AJPH.2012.301121 PMID:
23763412

Golbidi S, Frisbee JC, Laher I. Chronic stress impacts the cardiovascular system: animal models and
clinical outcomes. Am J Physiol Heart Circ Physiol. 2015; 308: H1476—H1498. https://doi.org/10.1152/
ajpheart.00859.2014 PMID: 25888514

Inoue N. Stress and atherosclerotic cardiovascular disease. J Atheroscler Thromb. 2014; 21: 391-401.
https://doi.org/10.5551/jat.21709 PMID: 24561512

Sangaramoorthy T, Jamison A, Dyer T. Intersectional stigma among midlife and older Black women liv-
ing with HIV. Cult Health Sex. 2017; 19: 1329—-1343. https://doi.org/10.1080/13691058.2017.1312530
PMID: 28418279

Caiola C, Docherty SL, Relf M, Barroso J. Using an intersectional approach to study the impact of social
determinants of health for African American mothers living with HIV. ANS Adv Nurs Sci. 2014; 37: 287—
298. https://doi.org/10.1097/ANS.0000000000000046 PMID: 25365282

Webel AR, Cuca Y, Okonsky JG, Asher AK, Kaihura A, Salata RA. The impact of social context on self-
management in women living with HIV. Soc Sci Med. 2013; 87: 147—-154. https://doi.org/10.1016/j.
socscimed.2013.03.037 PMID: 23631790

Adimora AA, Ramirez C, Benning L, Greenblatt RM, Kempf MC, Tien PC, et al. Cohort profile: the Wom-
en’s Interagency HIV Study (WIHS). Int J Epidemiol. 2018; 47: 393-394i. https://doi.org/10.1093/ije/
dyy021 PMID: 29688497

Barkan SE, Melnick SL, Preston-Martin S, Weber K, Kalish LA, Miotti P, et al. The Women'’s Inter-
agency HIV Study. Epidemiology. 1998; 9: 117—-125. PMID: 9504278

Bacon MC, von Wyl V, Alden C, Sharp G, Robison E, Hessol N, et al. The Women’s Interagency HIV
Study: an observational cohort brings clinical sciences to the bench. Clin Diagn Lab Immunol. 2005; 12:
1013-1019. https://doi.org/10.1128/CDLI.12.9.1013-1019.2005 PMID: 16148165

Glover DA, Poland RE. Urinary cortisol and catecholamines in mothers of child cancer survivors with
and without PTSD. Psychoneuroendocrinology. 2002; 27: 805-819. https://doi.org/10.1016/s0306-
4530(01)00081-6 PMID: 12183216

Yehuda R. Post-traumatic stress disorder. N Engl J Med. 2002; 346: 108—114. https://doi.org/10.1056/
NEJMra012941 PMID: 11784878

Lazarsfeld PF, Henry NW. Latent structure analysis. 1sted. New York: Houghton Mifflin Company;
1968.

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav. 1983;
24: 385-396. PMID: 6668417

PLOS ONE | https://doi.org/10.1371/journal.pone.0261746 December 23, 2021 19/20


https://doi.org/10.1016/j.socscimed.2007.09.004
http://www.ncbi.nlm.nih.gov/pubmed/18022742
https://doi.org/10.1210/jc.2010-0192
http://www.ncbi.nlm.nih.gov/pubmed/20739384
https://doi.org/10.1056/NEJM198612113152405
https://doi.org/10.1056/NEJM198612113152405
http://www.ncbi.nlm.nih.gov/pubmed/2946952
https://doi.org/10.1093/eurheartj/ehs041
http://www.ncbi.nlm.nih.gov/pubmed/22507981
https://doi.org/10.1007/s10461-019-02684-5
http://www.ncbi.nlm.nih.gov/pubmed/31559525
https://doi.org/10.1007/s10461-009-9549-7
http://www.ncbi.nlm.nih.gov/pubmed/19350378
https://doi.org/10.1007/s10865-012-9421-5
https://doi.org/10.1007/s10865-012-9421-5
http://www.ncbi.nlm.nih.gov/pubmed/22538773
https://doi.org/10.1097/QAI.0000000000002293
http://www.ncbi.nlm.nih.gov/pubmed/31914006
https://doi.org/10.2105/AJPH.2012.301121
http://www.ncbi.nlm.nih.gov/pubmed/23763412
https://doi.org/10.1152/ajpheart.00859.2014
https://doi.org/10.1152/ajpheart.00859.2014
http://www.ncbi.nlm.nih.gov/pubmed/25888514
https://doi.org/10.5551/jat.21709
http://www.ncbi.nlm.nih.gov/pubmed/24561512
https://doi.org/10.1080/13691058.2017.1312530
http://www.ncbi.nlm.nih.gov/pubmed/28418279
https://doi.org/10.1097/ANS.0000000000000046
http://www.ncbi.nlm.nih.gov/pubmed/25365282
https://doi.org/10.1016/j.socscimed.2013.03.037
https://doi.org/10.1016/j.socscimed.2013.03.037
http://www.ncbi.nlm.nih.gov/pubmed/23631790
https://doi.org/10.1093/ije/dyy021
https://doi.org/10.1093/ije/dyy021
http://www.ncbi.nlm.nih.gov/pubmed/29688497
http://www.ncbi.nlm.nih.gov/pubmed/9504278
https://doi.org/10.1128/CDLI.12.9.1013-1019.2005
http://www.ncbi.nlm.nih.gov/pubmed/16148165
https://doi.org/10.1016/s0306-4530%2801%2900081-6
https://doi.org/10.1016/s0306-4530%2801%2900081-6
http://www.ncbi.nlm.nih.gov/pubmed/12183216
https://doi.org/10.1056/NEJMra012941
https://doi.org/10.1056/NEJMra012941
http://www.ncbi.nlm.nih.gov/pubmed/11784878
http://www.ncbi.nlm.nih.gov/pubmed/6668417
https://doi.org/10.1371/journal.pone.0261746

PLOS ONE

Psychosocial stress and neuroendocrine biomarkers among women with or without HIV

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Weathers FW, Huska JA, Keane TM. PCL-C for DSM-IV. Boston: National Center for PTSD, Behavioral
Science Division; 1991.

Buchanan NT. Incorporating race and gender in sexual harassment research: the Racialized Sexual
Harassment Scale (RSHS). Symposium presented at the meeting of the International Coalition Against
Sexual Harassment, Philadelphia, PA; 2005.

Van Dyke ME, Baumhofer NK, Slopen N, Mujahid MS, Clark CR, Williams DR, et al. Pervasive discrimi-
nation and allostatic load in African American and white adults. Psychosom Med. 2020; 82: 316-323.
https://doi.org/10.1097/PSY.0000000000000788 PMID: 32108740

Currie CL, Copeland JL, Metz GA, Chief Moon-Riley K, Davies CM. Past-year racial discrimination and
allostatic load among indigenous adults in Canada: the role of cultural continuity. Psychosom Med.
2020; 82: 99—-107. https://doi.org/10.1097/PSY.0000000000000754 PMID: 31609919

Freire A do NF, Barbosa JF de S, Pereira DS, Gomes CDS, Guerra RO. Allostatic load and stress bio-
markers in a sample of community-dwelling older adults. Arch Gerontol Geriatr. 2020; 87: 104006.
https://doi.org/10.1016/j.archger.2019.104006 PMID: 31891890

Hux VJ, Catov JM, Roberts JM. Allostatic load in women with a history of low birth weight infants: the
National Health and Nutrition Examination Survey. J Womens Health (Larchmt). 2014; 23: 1039—-1045.
https://doi.org/10.1089/jwh.2013.4572 PMID: 25495368

Schenk HM, Jeronimus BF, van der Krieke L, Bos EH, de Jonge P, Rosmalen JGM. Associations of
positive affect and negative affect with allostatic load: a lifelines cohort study. Psychosom Med. 2018;
80: 160—166. https://doi.org/10.1097/PSY.0000000000000546 PMID: 29215457

Lee DB, Peckins MK, Heinze JE, Miller AL, Assari S, Zimmerman MA. Psychological pathways from
racial discrimination to cortisol in African American males and females. J Behav Med. 2018; 41: 208—
220. https://doi.org/10.1007/s10865-017-9887-2 PMID: 28942527

Busse D, Yim IS, Campos B, Marshburn CK. Discrimination and the HPA axis: current evidence and
future directions. J Behav Med. 2017; 40: 539-552. https://doi.org/10.1007/s10865-017-9830-6 PMID:
28155003

Korous KM, Causadias JM, Casper DM. Racial discrimination and cortisol output: a meta-analysis. Soc
Sci Med. 2017; 193: 90-100. https://doi.org/10.1016/j.socscimed.2017.09.042 PMID: 29028560

Hill LK, Sherwood A, McNeilly M, Anderson NA, Blumenthal JA, Hinderliter AL. The impact of racial dis-
crimination and hostility on adrenergic receptor responsiveness in African Americans. Psychosom Med.
2018; 80: 208—215. https://doi.org/10.1097/PSY.0000000000000547 PMID: 29206724

Thomas KS, Nelesen RA, Malcarne VL, Ziegler MG, Dimsdale JE. Ethnicity, perceived discrimination,
and vascular reactivity to phenylephrine. Psychosom Med. 2006; 68: 692—-697. https://doi.org/10.1097/
01.psy.0000238214.80871.e6 PMID: 17012522

Allen AM, Thomas MD, Michaels EK, Reeves AN, Okoye U, Price MM, et al. Racial discrimination, edu-
cational attainment, and biological dysregulation among midlife African American women. Psychoneur-
oendocrinology. 2019; 99: 225-235. https://doi.org/10.1016/j.psyneuen.2018.09.001 PMID: 30286445

Lee DB, Peckins MK, Miller AL, Hope MO, Neblett EW, Assari S, et al. Pathways from racial discrimina-
tion to cortisol/DHEA imbalance: protective role of religious involvement. Ethn Health. 2018: 1-18.
https://doi.org/10.1080/13557858.2016.1246431 PMID: 27781495

Brown JL, Vanable PA, Naughton JD, Carey MP. Identifying HIV-infected women’s psychosocial stress-
ors: findings from a qualitative study. J HIV AIDS Soc Serv. 2015; 14: 188—205. https://doi.org/10.1080/
15381501.2013.806235 PMID: 26834511

PLOS ONE | https://doi.org/10.1371/journal.pone.0261746 December 23, 2021 20/20


https://doi.org/10.1097/PSY.0000000000000788
http://www.ncbi.nlm.nih.gov/pubmed/32108740
https://doi.org/10.1097/PSY.0000000000000754
http://www.ncbi.nlm.nih.gov/pubmed/31609919
https://doi.org/10.1016/j.archger.2019.104006
http://www.ncbi.nlm.nih.gov/pubmed/31891890
https://doi.org/10.1089/jwh.2013.4572
http://www.ncbi.nlm.nih.gov/pubmed/25495368
https://doi.org/10.1097/PSY.0000000000000546
http://www.ncbi.nlm.nih.gov/pubmed/29215457
https://doi.org/10.1007/s10865-017-9887-2
http://www.ncbi.nlm.nih.gov/pubmed/28942527
https://doi.org/10.1007/s10865-017-9830-6
http://www.ncbi.nlm.nih.gov/pubmed/28155003
https://doi.org/10.1016/j.socscimed.2017.09.042
http://www.ncbi.nlm.nih.gov/pubmed/29028560
https://doi.org/10.1097/PSY.0000000000000547
http://www.ncbi.nlm.nih.gov/pubmed/29206724
https://doi.org/10.1097/01.psy.0000238214.80871.e6
https://doi.org/10.1097/01.psy.0000238214.80871.e6
http://www.ncbi.nlm.nih.gov/pubmed/17012522
https://doi.org/10.1016/j.psyneuen.2018.09.001
http://www.ncbi.nlm.nih.gov/pubmed/30286445
https://doi.org/10.1080/13557858.2016.1246431
http://www.ncbi.nlm.nih.gov/pubmed/27781495
https://doi.org/10.1080/15381501.2013.806235
https://doi.org/10.1080/15381501.2013.806235
http://www.ncbi.nlm.nih.gov/pubmed/26834511
https://doi.org/10.1371/journal.pone.0261746

