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ABSTRACT
Objective: Early life trauma (ELT) and HIV are associated with social processing deficits. In people with HIV (PWH), we examined
whether facial emotion identification accuracy differs by ELT and whether neuroendocrine factors including cortisol, oxytocin (OT),
and arginine vasopressin, and/or immune system measures play a role in the ELT-performance association.
Methods:We used secondary data from the placebo condition of a pharmacologic challenge study in PWH. Presence of ELTwasmeasured
with the Childhood Trauma Questionnaire (at least moderate experiences of sexual, physical, and/or emotional abuse). Social processing
was measured with the Facial Emotion Perception Test (FEPT). Salivary immune system measures and cortisol were sampled across a
5-hour study session. Blood was collected at study session start (12 PM) to measure OT and arginine vasopressin. We examined the asso-
ciation of ELTwith FEPTand five biological moderators (from principal components analysis of 12 biomarkers) of ELT-FEPTassociations.
Results: Of 58 PWH (42 men; mean [standard deviation] age = 33.7 [8.9] years), 50% endorsed ELT. ELT-exposed PWH demonstrated
lower identification accuracy across all emotional expressions (unstandardized β [B] = 0.13; standard error [SE] = 0.05; p = .021, d = 0.63)
and had higher OT levels compared with ELT-unexposed PWH (t(1,56) = 2.12, p = .039; d = 0.57). For total accuracy, an OT/C-reactive
protein factor moderated the ELT-FEPT association (B = 0.14; SE = 0.05; p = .014); accuracy was lower in ELT-exposed PWH versus
ELT-unexposed PWH when the factor was low but not when high. Similar results were obtained for fearful, neutral, and happy faces
( p values < .05). Regardless of ELT, a myeloid migration (MCP-1/MMP-9) factor was associated with reduced accuracy ( p values < .05).
Conclusions: Our pilot findings suggest that ELT may alter social processing in PWH, and OTand C-reactive protein may be a target for
improving social processing in ELT-exposed PWH, and myeloid migration markers may be a target in PWH more generally.
Key words: early life trauma, HIV, inflammation, oxytocin, vasopressin, cortisol, social processing.
AVP=argininevasopressin,CRP=C-reactiveprotein,CTQ=Child-
hood Trauma Questionnaire, EIA = enzyme immunoassay,
ELT = early life trauma, FEPT = Facial Emotion Perception Test,
HPA = hypothalamic-pituitary-adrenal axis, IL = interleukin, IP-
10 = interferon γ–induced protein,MCP-1 = monocyte chemotac-
tic protein-1,MIG = monokine induced by interferon,MMP = ma-
trix metalloproteinase,OT = oxytocin, PTSD = posttraumatic stress
disorder, PWH = people with HIV, RT = reaction time, TNF-α = tu-
mor necrosis factor α, SCID = Structured Clinical Interview for Di-
agnostic and StatisticalManual ofMental Disorders (Fourth Edition)
INTRODUCTION

Compared with the general US population, people with HIV
(PWH) disproportionately experience stressful and traumatic

life experiences including physical, sexual, and emotional abuse
(1–3). The prevalence rate of childhood sexual abuse in PWH
ranges from 32% to 53% (2,3) versus 7.5% to 11.7% in the US
population (4). Notably, most trauma exposure occurs before the
age of 13 years (5), a neurodevelopmental period for brain areas
(e.g., temporal-limbic and prefrontal regions) critical for social
processing (6,7). Normative neurodevelopment of social process-
ing circuits contributes to adaptive social skills and peer relation-
ships, whereas alterations are associated with increased rates of
psychiatric disorders including mood and anxiety (8–10).
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for effective social interactions (11,12). Deficits in this function are
commonly observed in PWH (13–17) and early life trauma (ELT)–
exposed adults (18,19). PWH demonstrate reduced accuracy and
slower response times in identifying and discriminating facial ex-
pressions (13,15,16), and demonstrate particular difficulties identi-
fying negative emotions including sadness, fear, and anger
(13,14,17,20,21). Similar to PWH, ELT-exposed adults also dem-
onstrate difficulties identifying negative emotions and a bias to
identifying neutral faces as negative (18,19). To date, little is
known about the effect of ELT on facial emotion identification in
PWH and on biological factors associated with altered perfor-
mance in this population.

Two closely related neuroendocrine factors altered in ELT-
exposed individuals and associated with facial emotion identifica-
tion are cortisol and oxytocin (OT). Cortisol is a steroid hormone
secreted by adrenal glands and plays a major role in the regulation
of the hypothalamic-pituitary-adrenal (HPA) axis. OT is a neurohor-
mone synthesized in the hypothalamus and released into systemic
circulation by the posterior pituitary or into the brain (projections into
temporal-limbic and prefrontal regions) (22). There is a strong inter-
play between OT and cortisol; both are released in response to
stressors in animal models (23) and in anticipation of and after a va-
riety of stressors (pharmacologic, psychosocial, physical) in humans
(24,25). Given the relationship, it is not surprising that OTand corti-
sol are altered among ELT-exposed compared with ELT-unexposed
adults (26). ELT-exposed compared with ELT-unexposed adults
show lower basal cortisol levels, a blunted cortisol response to
psychosocial stressors (27,28), lower cerebrospinal fluidOT levels
(29), and alterations in OT levels, sometimes higher (30,31) and
sometimes lower (32). These neuroendocrine factors are reliably
associated with facial emotion identification (33), but these associ-
ations have not been investigated in HIV.

Arginine vasopressin (AVP) is a neuroendocrine factor likely
to be perturbed by ELT and contribute to social processing deficits
(34). AVP is closely related to OT differing by only two of nine
amino acids; consequently, OT receptors recognize AVP and OT
with high affinity (35). Similar to OT, AVP is synthesized in the
hypothalamus and transported to the posterior pituitary, where it
is released peripherally. AVP also stimulates the release of adreno-
corticotropic hormone into the blood stream—linking AVP to the
HPA axis—and AVP is also synthesized in the limbic system in
areas implicated in defensive responses (22), including (36) re-
gions important for facial emotion identification (37). Strong evi-
dence from animal models shows that early life experiences influ-
ence AVP and social recognition (34,38,39). In humans, less is
known about the relationship between ELT and peripheral AVP
(40). However, ELTwas previously shown to moderate the asso-
ciation between genetic variants in the AVP receptor AVPR1A
and self-reported measures of social attachment in a population-
based cohort (41). In addition, alterations in AVP occur in mental
health disorders such as psychosis where social processing def-
icits, including facial emotion identification, are a prominent
feature (42–44).

Although ELT may alter neuroendocrine factors in PWH and
contribute to facial emotion identification, immune markers warrant
consideration given the strong bidirectional communication path-
ways between the HPA axis, OT, and inflammation (45,46). ELT
has been examined as a contributor to peripheral inflammatory dys-
regulation in adults (47). The most common markers examined in-
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clude C-reactive protein (CRP), interleukin (IL) 6, and tumor necro-
sis factor (TNF) α. Although other immune markers have been ex-
amined, these predominately proinflammatory markers are reliably
elevated in ELT-exposed adults (47–50).With respect to facial emo-
tion identification, immunemarkers (composite score of CRP, TNF-
α, IL-6, IL-8, and IL-10) related to greater amygdala responsivity to
angry facial expressions (51). In addition, pharmacologic challenge
studies administering immune-activating drugs (e.g., endotoxin
versus placebo) indicate that drug-related increases in inflamma-
tion are associated with neural circuits involved in threat process-
ing (52). Finally, a meta-analysis of 24 neuroimaging studies indi-
cated consistent associations between peripheral inflammation and
temporal-limbic and prefrontal regions critical for facial emotion
identification, as well as the hypothalamus (53).

The overarching goal of these analyses is twofold. First, we
aimed to examine the association of ELTwith emotion processing
in PWH. As alterations in social processing in PWHmay be more
evident in ELT-exposed adults because of HIV-specific vulnerabil-
ities such as legacy effects (potential irreversible central nervous
system injury before ART), we hypothesized that ELT-exposed
PWHwould show reduced accuracy and slower response times iden-
tifying and discriminating facial expressions irrespective of emotional
expression compared with ELT-unexposed PWH. We also predicted
that ELT-exposed PWH would demonstrate difficulties specifically
in identifying negative emotions (e.g., sad, fear, anger) comparedwith
ELT-unexposed PWH. Lastly, we aimed to understand whether the
association between neuroendocrine, systemic immune markers and
facial emotion identification differs by reported ELT exposure in
PWH. We hypothesized that OT, AVP, cortisol, and commonly iden-
tified immune markers altered in ELT (CRP, IL-6, TNF-α) would be
biological moderators of the ELT–Facial Emotion Perception Test
(FEPT) performance associations in PWH. Thus, varying levels
of these markers would modify the relationship between ELT
and FEPT performance in PWH.

METHODS

Participants
This secondary analysis included data from PWH during the placebo con-
dition of a randomized, double-blind, placebo-controlled crossover phar-
macologic challenge (10 mg of hydrocortisone versus placebo) (54,55)
who provided blood and saliva samples and also completed the FEPT. Data
were collected betweenMarch 2013 andMarch 2017. Participants were re-
cruited through Chicago-based HIV primary care clinics and the surround-
ing community using advertisements and Web site postings. Participants
were aged 18 to 45 years with English as their first language and used
the same ART regimen for >3 months and did not have any of the follow-
ing: lifetime history of psychosis, neurological condition (e.g., loss of con-
sciousness >1 hour), body mass index >40 kg/m2, history of substance use
disorder in the past 6 months (excluding alcohol/nicotine), or an inability to
abstain from illicit substances 24 hours before study assessments (con-
firmed via urine toxicology screen). Participants were compensated for
their participation.

Of the 81 participants completing the placebo condition, 63 (78%) com-
pleted the FEPT, as the task was introduced into the study after the other 18
participants had completed the study. Of those 63 with FEPT data, OT data
on 58 participants (92%) were available. Thus, 72% (58 of 81) of participants
were included in the analysis. Importantly, the sociodemographic characteris-
tics of the 58 individualswere similar to the81participants in age (mean=33.7
versus 34.3 years), race (93.1% Black versus 93.8%), and ELTexposure to
the larger sample (50% versus 51.9%) (54,55).
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Procedures
During session 1, participants providedwritten informed consent after insti-
tution review board approval and then completed a urine toxicology screen,
blood draw, the Structured Clinical Interview forDiagnostic and Statistical
Manual of Mental Disorders (Fourth Edition) (SCID), and self-report ques-
tionnaires. As sensitive information was being collected (mental health,
childhood trauma), all procedures occurred in a private room. Participants
were told that they could choose to decline to answer any question, which
they were uncomfortable answering. Participants were provided with a
comprehensive list of mental health resources before the administration
of the SCID-IV. If it was discovered that participants had a diagnosis that
they were unaware of, the study psychiatrist informed them of this and pro-
vided them with a referral for further psychiatric evaluation and treatment.
A procedure was also in place so that in the event that we uncovered a di-
agnosis that made the individual a threat to herself or others, we would im-
mediately refer them to someone at the University of Illinois at Chicago
and/or escort them to the emergency department. During either session 2
or 3, masked placebo was given (data points used for this analysis)
followed by cognitive assessments at two time points (30 minutes and
4 hours) and social processing assessments at one time point (4 hours). Sa-
liva was sampled throughout the session (12 PM–6 PM).

Measures
At session 1, participants completed a number of self-report questionnaires,
including the Schedule of Life Events Checklist (56), Posttraumatic Stress
Disorder (PTSD) Checklist—Civilian version (57), Perceived Stress Scale
(58), Center for Epidemiologic Studies Depression Scale (59), Pittsburgh
Sleep Quality Index (60), Medication Adherence Self-Report Inventory
(61), and Childhood Trauma Questionnaire (CTQ) (62), which is described
in detail hereinafter because it is the primary exposure variable of interest in
the present analysis.

Childhood Trauma
The CTQ was used to assess childhood sexual, physical, and emotional
abuse (62). Statements such as “When I was growing up, someone tried
to touch me in a sexual way, or tried to make me touch them” or “When
I was growing up, I got hit so hard by someone in my family that I had
to see a doctor or go to the hospital” corresponded to a specific type of
trauma (e.g., sexual, physical) andwere rated on a 5-point Likert scale rang-
ing from “never true” to “very often true.” Each trauma subscale includes
five questions. Severity of sexual, physical, and emotional childhood abuse
was categorized used standard CTQ scoring guidelines with ratings of
statements that corresponded to each abuse subscale on the CTQ added.
A score of 8 or higher in the sexual abuse categorywas defined asmoderate
to extreme abuse, a score of 10 or higher in the physical abuse category was
defined as moderate to extreme abuse, and a score of 13 or higher in the
emotional abuse category was defined as moderate to extreme abuse. Par-
ticipants meeting the cutoff in any of the three categories were defined as
ELT exposed.

Blood Collection and Serum Hormone Assays
Blood samples were drawn at the beginning of each study session, between
11 AM and 12 PM. Samples were spun at 4°C, divided into aliquots (300μl),
and stored at −80°C. Serum aliquots were thawed and subsequently batch
tested in duplicates after dilution in an assay buffer to give reliable results
within the linear portion of the standard curve (OT, 1:4; AVP, 1:2). Enzyme
immunoassay (EIA) kits (Enzo Life Sciences/Assay Designs) were used to
quantify OT and AVP (63), and both hormones were assayed simulta-
neously. Samples were not extracted before performing the EIA because
studies using mass spectrometry demonstrate high levels of OT in plasma
and serum and indicate that methods involving extraction of samples
removes much of this peptide (64,65). These EIAs are highly sensitive
(minimal detection levels, <12 pg/ml for OT and 4 pg/ml for AVP), and
cross-reactivity between OT and AVP is low (<0.04%). All OT values
Psychosomatic Medicine, V 84 • 874-884 876
>2000 pg/ml and AVP values >400 pg/ml were rerun to confirm sample ac-
curacy. This was only the case for OT level; no cases had AVP values
>400 pg/ml. For both assays, intra-assay coefficients of variation were
<15%. OT and AVP levels are only being used from the placebo session
day. Details associated with the measurement of peptide hormones are
found in the study by MacLean et al. (66).

Saliva Collection, Cortisol, and Cytokines
During sessions 2 or 3, salivary samples from the placebo session day were
obtained at 10 time points (35 and 20 minutes before placebo pill admin-
istration and 30, 60, 90, 180, 210, 240, 270, and 300 minutes after pla-
cebo pill administration). See Refs. (54,55) for details regarding saliva
collection procedures. Samples were assayed for cortisol with an EIA
kit by Salimetrics. Area under the curve with respect to ground was com-
puted to assess basal afternoon cortisol concentrations (67). Salivary cy-
tokines were assessed at three time points (20 minutes before pill admin-
istration and 30 and 240 minutes after pill administration). For the present
analysis, we used salivary cytokines from the time point that was 240-
minute after pill administration on the placebo day because that coincided
with when the FEPTwas completed. Nine cytokines were assessed in the
original panel of markers, including IL-6, IL-8, IL-1β, TNF-α, CRP, in-
terferon γ–induced protein (IP-10), monocyte chemotactic protein
(MCP)-1, monokine induced by interferon (MIG), and matrix metallo-
proteinase (MMP)-9. See cytokine assay details (54,55). Samples below
the level of detection were assigned one-half of the lowest detectable
value for that analyte. This was needed for IL-6 (15% of values), IL-1β
(10% of values), TNF-α (10% of values), and MMP-9 (2% of values).
Because cytokine levels were not normally distributed, all markers were
log transformed. All markers were then z-scored so that they were on the
same scale for data visualization. Table S1 (Supplemental Digital Con-
tent, http://links.lww.com/PSYMED/A863) provides the median and in-
terquartile range for each of the raw cytokine values for reference.

Facial Emotion Perception Test
The FEPT is a computerized task that assesses the ability to categorize facial
expressions, a social processing task (68). The FEPT involves briefly show-
ing participants pictures of faces on a laptop screen with one of four primary
target emotions (fear, anger, happiness, sadness) or a neutral expression, or
pictures of animals that fall into one of four categories (primate, dog, cat,
bird). Each stimulus presentation (faces and animals) began with an orienting
cross in the center of the computer screen that was presented for 500millisec-
onds, followed by the stimulus presentation for 300 milliseconds, a visual
mask for 100 milliseconds, and then a response period of 2600 milliseconds.
Thus, each trial lasted for 3500 milliseconds, and there was no intertrial inter-
val. The primary outcome measure was accuracy of affect identification
across all faces and for each type of facial expression. Secondary outcomes
included reaction time (RT) for correct affect identification responses.

Statistical Analyses
To examine group differences (ELT exposed versus ELT unexposed) on
FEPT performance (accuracy, RT), we conducted three linear mixed
models with repeated effects. Primary predictor variables included group,
type of facial expression (happy, sad, etc.), and the interaction. Models
controlled for age, sex, and current cannabis use. We controlled for cur-
rent cannabis use because this factor differed by ELT status and related
to the outcome measures. Next, to understand whether the association be-
tween neuroendocrine and immune markers and performance differs by
ELT exposure, we did the following. First, in the total sample, we con-
ducted a principal components factor analysis (varimax rotation) of the
12 neuroendocrine and immune markers to address correlations between
markers and to minimize the number of statistical analyses. Five factors
emerged (Supplemental Table S2, http://links.lww.com/PSYMED/
A863) and were defined based on the markers demonstrating the highest
factor loadings: factor 1-proinflammatory cytokines (TNF-α, IL-1β,
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IL-8, IL-6); factor 2-myleoid migration (MCP-1, MMP-9); factor 3-OT/
CRP (OT, CRP), factor 4-chemokines regulating immune cell trafficking
(MIG, IP-10); and factor 5-HPA axis hormones (AVP, cortisol). The ex-
tracted factor scores from the principal components were then used as
predictor variables in subsequent multivariable linear regression models
TABLE 1. Demographic and Clinical Characteristics by Early Life

Expose

Sociodemographic factors

Age, mean (SD), y

Male

Education

<High school

High school graduate

>High school

Black, not Hispanic

Unemployed

Risky health behaviors

Currently smoking

No. alcohol drinks/wk, median (IQR)

Current cannabis use (via urine toxicology)

Psychological profile

CES-D, mean (SD)

PCL-C, mean (SD)

PSS-10, mean (SD)

CTQ, mean (SD)

≥Moderate sexual abuse

≥Moderate physical abuse

≥Moderate emotional abuse

PSQI total score, mean (SD)

Lifetime diagnosisa

MDD
PTSD

Clinical characteristics

Body mass index, mean (SD), kg/m2

Years living with HIV, mean (SD)

Efavirenz use

Dolutegravir use

Raltegravir use

Elvitegravir use

Medication (MASRI) missing ≥1 dose in the last monthc

CD4 count, median (IQR), cells/μl

Viral load (HIV RNA), copies/mlb

Undetectable

Lowest detectable limit (20)

<500

>500

SD= standard deviation; IQR = interquartile range; Current use = use in the last month; CES
Civilian Version; PSS-10 = Perceived Stress Scale-10; CTQ = Childhood Trauma Question
MASRI = Medication Adherence.
a Major depressive disorder based on the Structured Clinical Interview for Diagnostic and
b Data for viral load are missing for one participant in the exposed group and for two parti
c Visual analog scale for the proportion of doses taken in the last month.
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along with ELT-exposure status and the ELT-exposure status by factor
score interactions and covariates (same as the mixed models mentioned
previously). Interactions at p < .10 were removed from the models. To
facilitate interpretation and guide subsequent research, we conducted
Pearson correlations to identify which individual neuroendocrine and
Trauma in People With HIVat the Enrollment Visit, Session 1

Early Life Trauma

d (n = 29), n (%) Unexposed (n = 29), n (%) p

32.7 (9.1) 34.6 (8.7) .43

21 (72) 21 (72) 1.00

.95

8 (28) 8 (28)

9 (31) 8 (28)

12 (41) 13 (44)

28 (97) 26 (90) .30

18 (62) 19 (65) .78

20 (69) 14 (48) .11

1 (1) 1 (2) .38

17 (60) 8 (30) .035

14.3 (7.7) 10.2 (7.1) .041

31.6 (11.4) 22.6 (6.4) .001

21.6 (6.4) 19.4 (3.9) .12

21 (72) 0 (0) <.001

18 (62) 0 (0) <.001

15 (52) 0 (0) <.001

7.5 (3.3) 5.6 (2.3) .011

12 (41)
0 (0)

8 (28)
0 (0)

.27
—

24.1 (5.2) 24.4 (4.0) .83

8.9 (7.0) 10.4 (6.9) .44

10 (34) 12 (41) .58

0 (0) 1 (3) .31

5 (17) 4 (14) .71

2 (7) 6 (21) .13

10 (34) 13 (45) .42

567 (384) 476 (335) .50

.021

17 (61) 7 (26)

6 (21) 5 (19)

2 (7) 9 (33)

3 (11) 6 (22)

-D = Center for Epidemiologic Studies Depression Scale; PCL-C = PTSDChecklist—-
naire; PSQI = Pittsburgh Sleep Quality Index; MDD = major depressive disorder;

Statistical Manual of Mental Disorders (Fourth Edition).

cipants in the unexposed group.
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immune markers were driving the associations between the compo-
nent and FEPT performance. Significance was defined as p < .05
(two-sided; trends at p < .10). Cohen d (reported as d ) effect sizes
are reported where relevant (small effect, 0.2; medium effect, 0.5; large ef-
fect, 0.8) (69). Analyses were performed using SAS (version 9.4; SAS Insti-
tute Inc., Cary, North Carolina).

RESULTS
The 58 PWH ranged in age from 18 to 45 years (mean [standard
deviation] = 33.7 [8.9]), 93% were non-Hispanic African American,
72% were male, and 28% had less than 12 years of education. Of the
58 PWH, 50%were ELTexposed to moderate to severe physical, sex-
ual, and/or emotional abuse. Table 1 shows sociodemographic, behav-
ioral, and clinical characteristics by ELT-exposure status. ELT-exposed
PWH reported higher depressive and PTSD symptoms, and cannabis
use and were more likely to have an undetectable viral loads (p
values < .05). However, the proportion of PWH diagnosed with major
depressive disorder (via SCID-IV) was similar by ELTexposure status,
and none of the individuals in either groupmet the criteria for a lifetime
diagnosis of PTSD. In addition, ELT-exposed PWH had higher OT
levels compared with ELT-unexposed PWH (p = .039; d = 0.57;
Table 2). Serum AVP levels, salivary basal afternoon cortisol con-
centrations, and all salivary immune marker levels as well as the
related factor scores did not differ by ELT exposure status.
TABLE 2. Neuroendocrine and Inflammatory Markers by Early Lif

E

Blood-based markers

OT

AVP

Saliva-based markers

Basal afternoon cortisola

IL-6

IL-8

IL-1β

TNF-α

CRP

IP-10

MCP-1

MMP-9

MIG

Factor scoresb

1: Proinflammatory cytokines (TNF-α, IL-1β, IL-8, IL-6; 31%)

2: Myeloid migration (MCP-1, MMP-9; 13%)

3: OT/CRP (OT, CRP; 12%)

4: Chemokines regulating immune cell trafficking (MIG, IP-10; 10%)

5: HPA axis hormones (AVP, cortisol; 8%)

IQR = interquartile range; OT = oxytocin; AVP = arginine vasopressin; IL = interleukin; TNF
protein;MCP-1 =monocyte chemotactic protein-1;MMP-9 =matrix metalloproteinase-9;M
pituitary-adrenal.

Independent-samples Mann-Whitney U test used for blood- and saliva-based markers; inde
a Basal afternoon concentrations computed as area under the curve with respect to ground.
b Scores from the principal components factor analysis (varimax rotation) of the blood- and
loading on each factor and the percent of the total variance explained. All inflammatory m
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Does Facial Emotion Identification Differ by ELT in PWH?
ELT-exposed PWH performed worse compared with ELT-
unexposed PWH in total recognition accuracy ( p = .021, d = 0.63;
Figure 1A). This pattern did not significantly differ by facial ex-
pression ( p = .94). However, examination of the pairwise group
comparisons indicated that the differences in overall recognition
accuracy were strongest for neutral ( p = .067, d = 0.48) followed
by sad ( p = .096, d = 0.44), angry ( p = .10, d = 0.43), fearful
(p = .13, d = 0.39), and happy ( p = .36, d = 0.24).When examining
ELT exposure and errors misidentifing neutral faces (descriptive),
the proportion of errors in identifying neutral faces as happy, angry,
fearful, or sad was evenly distributed. For the ELT-unexposed
group, neutral faces were more likely to be identified as fearful
followed by angry (data not shown). There were no group differ-
ences in the RT (for total correct only; p = .31), and there were
no group differences by emotion ( p = .33; Figure 1B).

Do Associations Between Neuroendocrine Markers,
Immune Markers, and Facial Emotion Identification
Performance Differ by ELT Exposure in PWH?
Two consistent patterns of results emerged. First, the relationship
between ELTand performance (total recognition accuracy, neutral,
fearful, and happy faces) was moderated by factor 3-OT/CRP ( p
e Trauma in People With HIV

Early Life Trauma

xposed, Median (IQR) Unexposed, Median (IQR) p Cohen d

1693.9 (436.9) 1465.1 (508.6) .039 0.57

146.3 (75.1) 168.3 (56.9) .46 0.17

51.4 (29.1) 46.2 (26.5) .69 0.06

0.17 (1.1) 0.21 (1.9) .75 0.05

−0.14 (0.9) 0.04 (1.3) .30 0.25

0.30 (1.4) 0.26 (1.5) .79 0.09

−0.8 (1.4) −0.8 (2.0) .53 0.15

−0.2 (1.7) 0.3 (1.7) .71 0.13

0.2 (0.9) 0.1 (0.9) .83 0.13

0.2 (1.1) 0.3 (1.4) .54 0.18

0.6 (1.2) 0.2 (1.1) .87 0.37

−0.0 (0.3) −0.1 (1.3) .62 0.08

Mean (SD) Mean (SD)

−0.02 (1.0) 0.02 (0.9) .89 0.03

−0.15 (1.0) 0.15 (0.9) .24 0.31

−0.14 (1.0) 0.14 (0.9) .27 0.29

0.01 (1.0) −0.1 (0.9) .91 0.03

−0.11 (0.9) 0.11 (1.0) .38 0.23

-α = tumor necrosis factor α; CRP = C-reactive protein; IP-10 = interferonγ–induced
IG =monokine induced by interferon; SD= standard deviation; HPA = hypothalamic-

pendent t tests used for factor scores.

saliva-based markers listed in this table, and the markers with the strongest factor
arkers were log transformed and z-scored.
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FIGURE 1. FEPT performance (error bars indicate the standard error of the mean estimates) for (A) percent accuracy and (B) reaction time
for correct trials by ELTamong people with HIV. Model controlled for age, sex, and current cannabis use. ELT = early life trauma; FEPT =
Facial Emotion Perception Test.

Trauma, Social Processing, and HIV
values < .05 for the ELT by factor interactions; Figure 2). Specif-
ically, ELT-exposed PWH performed worse than ELT-unexposed
PWH among individuals with low factor 3-OT/CRP scores. This
group difference was no longer significant among individuals with
high scores on this factor. OTwas the primary biological moderator
of the ELT-FEPT performance relationship (Supplemental Table S3,
http://links.lww.com/PSYMED/A863). Second, irrespective of ELT
exposure, higher scores on factor 2-myeloid migration were associ-
ated with poorer total recognition accuracy (β = −0.39, p = .0026) as
well as on happy (β = −0.33, p = .017), angry (β = −0.32, p = .018),
sad (β = −0.32, p = .022), and fearful faces (β = −0.28, p = .038;
trend on neutral faces: β = −0.24, p = .061; Table 3). The third find-
ing was a trend for factor 5-HPA axis hormones to moderate the
ELT-FEPT performance association on neutral faces (p = .099 for
the ELT by factor interaction). Specifically, ELT-exposed PWH per-
formed worse than ELT-unexposed PWH among individuals with
high factor 5-HPA axis hormones scores (Figure 3). This group
difference was no longer significant among individuals with low
scores on this factor. Factor 1-proinflammatory cytokines and fac-
Psychosomatic Medicine, V 84 • 874-884 879
tor 4-chemokines regulating immune cell trafficking were not as-
sociated with FEPT performance and did not moderate the rela-
tionship between ELT and FEPT performance.

DISCUSSION
In our pilot study of 58 PWH, we examined the hypothesis that so-
cial processing difficulties in PWH would be more evident in
adults reporting ELT and that key neuroendocrine (OT, AVP, cor-
tisol) and immune markers (CRP, IL-6, TNF-α) would be biolog-
ical moderators of the ELT-performance associations. Several key
findings emerged from our analyses in this study of PWH, where
50% reported ELT, defined as childhood exposure ranging from
moderate to severe sexual, physical, and/or emotional abuse. First,
ELT-exposed PWH compared with ELT-unexposed PWH demon-
strated difficulties with social processing, specifically with respect
to their ability to accurately identify all emotional expressions,
with the greatest difficulty on neutral and negative emotions. This
finding aligns with prior studies demonstrating that ELT-exposed
adults show difficulties in accurate facial emotion identification
October 2022
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FIGURE 2. Factor 3-OT/CRP is a biological moderator of the association between ELT and FEPT performance for (A) percent accuracy
across all faces, (B) faces expressing fear, (C) neutral faces, and (D) happy faces. CRP = C-reactive protein; ELT = early life trauma; FEPT
= Facial Emotion Perception Test; OT = oxytocin.
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particularly negative emotions (18,19). Of note, ELT-exposed
PWH did not show a negative bias on neutral faces, identifying
them as fearful, sad, or angry. Rather, they incorrectly identified
these faces as happy, sad, fearful, or angry suggesting that PWH
and ELT exposure have a general difficulty identifying correct fa-
cial expressions rather than a particular pattern of bias. The finding
that ELTexposure in PWH is associated with decreased social pro-
cessing is important because the prevalence of ELTamong PWH is
common, and difficulties reading emotional expressions in others
can have negative impacts on interpersonal relationships. Further-
more, rates of depression and anxiety disorders are high in PWH,
and difficulties in interpersonal relationships can lead to, perpetu-
ate and/or exacerbate symptoms of these disorders (8–10).

Second, consistent with some (30,31) but not all studies (32),
ELT-exposed PWH had significantly higher OT levels compared
with those ELT-unexposed PWH. One of the two biological fac-
tors moderating the relationships between ELT and performance
was the factor (factor 3) where OT and CRP were the markers of
greatest relevance. Specifically, the greatest performance gap be-
tween those reporting and not reporting ELT was when factor
scores were lower, that is, lower levels of OT and CRP detected
in ELT-exposed compared with ELT-unexposed PWH. At higher
factor scores, that is, higher levels of OT and CRP detected in
ELT-exposed compared with ELT-unexposed PWH, the perfor-
mance gap was no longer significant between the two groups.
Analysis of individual biomarkers revealed that OT, not CRP,
moderated the ELT-FEPT performance relationship. One possible
Psychosomatic Medicine, V 84 • 874-884 880
explanation is that OT is acting in its traditional role as a neurohor-
mone to promote social processing and social adaptation by mod-
ulating emotion reaction and regulation networks (e.g., reward and
saliency networks) (70,71). Another explanation for the present
findings is that higher OT levels among ELT-exposed PWH may
reflect health-promoting OT effects including OT acting as an
anti-inflammatory (72–74) and have restorative actions for aspects
of social processing. CRP is an adaptive molecule and not simply
a “marker” for inflammation; CRP seems to be primarily anti-
inflammatory and capable of moderating various effects of inflam-
matory processes. However, complicating its interpretation, iso-
forms of CRP can be proinflammatory (75). Interactions between
OTand CRP are not well studied. However, data from our analysis
suggest that, separately or in combination, these molecules may
serve adaptive and potentially protective functions. The finding
that the ELT-related decrease in social processing was not apparent
when levels of OTwere high may inform efforts to identify thera-
peutic targets for improving emotional processing in PWH, a skill
that has been shown in many studies to be worse among PWH
compared with those without HIV (13–17,20,21).

With the exception of OT, there were no other differences in the
levels of salivary or systemic neuroendocrine and immune markers
or factors by ELT exposure. This was unexpected for cortisol and
proinflammatory cytokines because these levels are typically altered
with ELT in HIV-uninfected individuals (27,28,47–50). Rather,
findings with these markers were most notable in their associations
with performance on the facial emotion identification task.
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TABLE 3. Adjusted Associations Between Neuroendocrine and Inflammatory Factor Scores and FEPT Performance in People
With HIV

Factor Total Accuracy, B (SE) Neutral, B (SE) Sad, B (SE) Anger, B (SE) Fear, B (SE) Happy, B (SE)

Early life trauma (versus unexposed) — — −0.13 (0.09) −0.12 (0.08) — —

1: Proinflammatory cytokines
(TNF-α, IL-1β, IL-8, IL-6)

−0.03 (0.03) −0.01 (0.04) 0.02 (0.04) −0.07 (0.04)† −0.02 (0.03) −0.04 (0.04)

2: Myeloid migration (MCP-1, MMP-9) −0.09 (0.03)** −0.08 (0.04)† −0.11 (0.04)* −0.10 (0.04)* −0.07 (0.03)* −0.09 (0.04)*

3: OT/CRP (OT, CRP) — — −0.05 (0.04) −0.04 (0.04) — —

4: Chemokines regulating immune
cell trafficking (MIG, IP-10)

0.03 (0.03) 0.06 (0.04) −0.04 (0.04) 0.05 (0.04) 0.03 (0.03) 0.03 (0.03)

5: HPA axis hormones (AVP, cortisol) −0.04 (0.03) — −0.02 (0.04) −0.01 (0.04) −0.04 (0.03) −0.01 (0.03)

FEPT = Facial Emotion Perception Test; B = unstandardized β coefficients; SE = standard error; TNF-α = tumor necrosis factor α; IL = interleukin; MCP-1 = monocyte
chemotactic protein-1; MMP-9 = matrix metalloproteinase-9; OT = oxytocin; CRP = C-reactive protein; MIG = monokine induced by interferon; IP-10 = interferon γ–induced
protein; HPA = hypothalamic-pituitary-adrenal.

The dash (—) indicates that the factor was a biological moderator of the early life trauma–performance association at p < .10.

* p < .05.

** p < .01.

*** p < .001.
† p > .05 and p < .10.

Trauma, Social Processing, and HIV
Important to the ELT-performance association was factor 5-HPA
axis hormones where AVP and afternoon basal cortisol levels had
the highest factor loadings. This factor was a biological moderator
of the relationship between ELT and FEPT performance where
group differences in performance were evident among individuals
with high, but not low, levels of factor 5. In the context of high
HPA axis hormone levels, one possibility is that ELT may have a
greater capacity to modulate performance. This pattern suggests
alterations in downstream processes at the level of AVP and gluco-
corticoid receptors or in the integrity of brain regions dense in
these receptors that may be impacted by ELT rather than an abnor-
mality in levels.
FIGURE 3. Factor 5-HPA axis hormones (AVP, cortisol) is a biologica
for neutral faces. AVP = arginine vasopressin; ELT = early life trauma
pituitary-adrenal axis; OT = oxytocin.

Psychosomatic Medicine, V 84 • 874-884 881
One additional finding consistently emerged from the data was
that irrespective of ELT: higher levels of myeloid migration
markers (MCP-1, MMP-9) were associated with poorer per-
formance on identifying facial expressions. Because this was
observed in both groups, it is likely a general marker of HIV
infection that is not ELT specific. MCP-1, also known as CCL-2,
is a marker of myeloid migration and known to be upregulated
in PWH and result in enhanced migration of monocytes across
the blood-brain barrier (BBB), which may perpetuate HIV
neuropathogenesis (76,77). MMP-9 is a gelatinase that influ-
ences BBB permeability (78). For example, elevated cerebral
spinal fluid levels of MMP-9 are associated with HIV dementia
l moderator of the association between ELTand FEPT performance
; FEPT = Facial Emotion Perception Test; HPA = hypothalamic-
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(79,80), with activated microglia and monocyte migration in
brain tissue (81), and with increased BBB permeability and
HIV-infected leukocyte migration in an in vitro system (76).
Clearly, MCP-1 and MMP-9 have strong associations with HIV
and central nervous system dysfunction; however, they have
not been previously linked to a deficiency in social processing
in PWH, a novel finding of this study.

The present study had a number of strengths including the as-
sessment of numerous neuroendocrine and immune markers con-
current with behavioral performance on a social processing mea-
sure. Limitations include the cross-sectional analysis, small sam-
ple size for ELT status subgroups, and the number of analyses
that were conducted without adjustment for family-wise error rate
because these analyses are hypothesis generating for future stud-
ies. In addition, a majority of participants in the analysis were
men with HIV, and thus, these findings may not necessarily gener-
alize to women with HIV given reported sex differences in social
processing and biological markers including OT. We used saliva
as a noninvasive measure for assessing inflammation, but the reli-
ability of saliva as an index of systemic inflammation is debated
and fluctuation in values can occur because of factors such as oral
hygiene (82). However, 35 of the 58 participants in this analysis
(60%) participated in an oral examination as part of a substudy,
the majority (71%) did not have oral lesions, and this did not differ
by ELT status. Because our goal was generalizability, we did not
exclude individuals based on smoking or cannabis use, which
can alter the HPA axis (83). Controlling for cannabis did not
change the pattern of results, and current smoking status did not
differ by ELT. Future larger-scale studies are warranted to deter-
mine whether the same patterns of results would emerge with se-
rum or cerebral spinal fluid markers of inflammation.

One additional point to note is that OTand AVPwere measured
without extraction and controversy remains around this method.
The decision to measure these hormones without extraction was
based on tests for parallelism, spike recovery, and cross-reactivity/
specificity validating the present study’s EIA procedure and sug-
gesting that EIAwithout extraction produces useful measurements
of these hormones in human blood plasma (63,66). Although
nonextracted samples yield higher concentrations than extracted
samples (84), unextracted samples of OT and AVP are highly fa-
milial (42) and repeatedly relate to neurobehavioral outcomes
(measured using behavioral tasks and neuroimaging) in our
studies in healthy individuals as well as psychiatric populations
(42–44,85–87) and in studies conducted by others (88). Inter-
esting, in a study using both methods, unextracted OT but not
extracted OT related to social exclusion in young adults with a sui-
cide attempt history (89). A second study demonstrated similar as-
sociations of extracted and unextracted OTwith depressive symp-
toms; however, only unextracted levels were associated with anx-
iety symptoms (90). Thus, although differences in methods do not
enable levels to be compared across studies, unextracted measures
of OT and AVP seem to have important associations with clini-
cally relevant behavioral measures.

In sum, our findings provide preliminary support that ELT ex-
posure is associated with decreased social processing as measured
by a facial expression identification task in PWH. The OT/CRP
factor (driven primarily by OT) moderates the relationship be-
tween ELT and total facial emotion identification including neu-
tral, happy, and fearful faces. Irrespective of ELT, higher levels
Psychosomatic Medicine, V 84 • 874-884 882
of myeloid migration markers (MCP-1, MMP-9) were associated
with poorer performance on identifying facial expressions.
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